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ABSTRACT

Thompson, Roberta Gail, M.Sc., The University of Manitoba, May, L976.
Detection and Estimation of Cereal- and Oil-seed Flours in Wheat-Based
Composite Illours.

Major Professor: Dr. W. Bushuk.

Some biochemicaf properties of corn, millet, sorghum, soybean and wheat

flours were investigated in order to identify constituents that would be

useful for detectíng and estimating non-wheat flours in admixtures with wheat 
¡

flour. proximate anallzses, amino acid anal-yses and protein solubility frac- |

tionations revealed significant differences in the compositions of these 
,

.,
flours. Protein, fibre, ash, and ce:¡tain amino acids (tysine, arginine,

asparticacid,g1utamicacid,pro1ine'alanineand1eucine)werehi9h1y
tt

correlated with percent non-wheat flour in wheat-based composite flours 
l

These parameters may be useful for estimating blend proportions once the types 
l

of flours pïesent in a composite have been identified by more specific methods. l
:

I

by ion-exchange chromatography indicated that soybean flour could be detected .,,,,'.,r.,'.
:ì ,:t:'..: :.i,:'.:

in wheat flour on the basis of its stachyose content. The proportion of

stachyose in f1our extracts was linearly related to the soybean flour content

of soybean-wheat flour blends,containing O-1OO% soybean flour. Further in-
] . t '',',t.-t :: ,:,1l-.:.:.:-.'

vestigation is requíred to identify constituents of corn, millet and sorghum i:ìr':::'::':

flours that can be used to detect and estimate these cereal ffours in wheat-

based composite flours.

Ttrin-layer isoelectric focusing in polyacrylamide gel (pH range 4-6) identi-

fied a protein zone specific to soybean flour. The densitometric area of

this zone (pI a.65) was directly proportional- to percent soybean flour in

soybean-wheat flour blends containing 0-302 solzbean flour' sugar analysís
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TNTRODUCTION

In L964 the Food and Agriculture Organization of the United Nations

initiated a composite flour research pïogram. The aim of this project has

been "to determine through intensive research whether it is possible to pro-

duce a wide range of accepta-ble, high quality, nutritious bakery, confec-

tionary and paste goods, from flours and starches other than wheat that can

be, or are being processed in the major wheat-importing developing countries.

Íühen this is achieved, and such prod.ucts become part of an established dietary

pattern, the potential savings in foreign exchange could be considerable.

Further, the stimulation of l-ocal agriculture and industry, through creating

a growing demand for sr:bstantial quantities of raw.materials, should have a

most beneficiat effect on the economies of many countries now dependent on

outside sources for one of their basic foodstuffs" (Asselbergs 1973) -

As a resul-t of this program numerous cereal, root and oilseed fl-ours

have been investigated as potential replacements for part or all of the wheat

flour in bread, biscuits and pasta products. Most of the research on compo-

site flours has been directed toward solving the technological problems of

prod.ucing acceptable baked products from materials that do not form the visco-

elastic doughs that are required for most baked goods. Other studies have

been concerned with the marketing of composite flours and their products,

and with improving nutritional quality through incorporation of high protein

oilseed flours or protein ísolates.

As composite ffours become more widely used it will be necessary to be

able to identify and quantitate various cereal and oilseed flours in admix-

ture with wheat flour. The purpose of this study was to investigate some of

the biochemical properties of several flours that have been used successfully

l.:l-:-:::¡ Îi: ":



2

in the composite flour pïogram (corn, mill-et, sorghum and soybean), and to

identify biochemical characteristics that could be used to detect and esti-

mate each of tÌìese fl-ours in admixture with wheat f lour.
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1T. LITERATURE REVTEW

A. General

Research on the analysis of composite flours has concentrated on two

types of flour mixtures: firstl-y, determination of conmon wheat or barley

fl-our in durum wheat semolina, and secondly, determination of soybean flour

in wheat flour.

In France and Ïtaly, the presence of any other cereal in durum semolina

intended for pasta production is considered an adulteration. Therefore,

considerable effort has been'made to devise tests to detect non-durum com-

ponents in semolina and pasta producÈs.

One of the first tests for determining the amount of common wheat in

durum semolina was proposed by Matveef (1952) and involved measuring sitos-

terol palmitate. The test hias based on an observation by lfalde and Mangels

(1930) that a maÈerial, thought to be an ester of sitosterol, could be

crystallized from ether extracts of common wheat flour but not from extracts

of durum wheat flour. To further investigate Matveef's test, Gilles and

Young (L964) used quantitative thin layer chromatography to separate and

identify the sitosterol esters in common wheat, durum wheat, barley, rye,

oats, corn and soybeans. Although palmitate, oleater linoleate and

Iinolenate esters of sitosterol were present in all- samples, sitosterol

palmitate was a major component of common wheat, barley and rye lipids,

but was a minor component in durum wheat, corn, oats and soybean tipids.

In extracts from mixtures of common and durum wheat, sitosterol palmitate

increased linearly with the proportion of common \^Iheat in the flour mix-

ture. These authors concluded that the technique would be useful for

detecting flours of other cereals in admixture with durum semolina.

.'r l; '
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Ho\n/ever'subsequentana1ysesofnumerousvarietiesofTy¿ti'cumaest¿Dum
.'t'

(common wheat) anð, Iz,iticwt du.rwn indicated that the method \^ias not reliable t

as some varieties of comnon wheaÈ contained amounts of sitosterol palmitate

similar to those found in durum wheats (Gruener and Bernaerts 1968'

Chindemi and Zampa L969).

Another approach based on differences in lipid composition vlas pïo- :-,'.: :.', 
.',,

posed by Brogioni and Franconi (1963). They reported that infrared spec

troscopy of acetone extracts could be used to quantitatively determine the

proportion of common wheat in durum wheat products. Several investigators ,,ì .,,,
:.,'.:'l:l':t,

compared this method with the Gil1es-Young modification of Matveefrs ': :

',t:,,,t:,t. a

sitosterol palmitate assay (Montefredine and Salvioni Lg67 , Salvioni Lg68, 
'..,.,1,,, 

,,

Zampa and Chindemi 1968), and concluded thaÈ both tests were limited by

varietal d.ifferences in Iipid composition. Better resufts were obtained

ifbothtestswereusedthanwitheithermethoduseda1one.

Other investigators attacked the problem of detecting pasta adultera-

tion using recently-developed techniques of protein chemistry, particularly

gel electrophoresis. In L967, Silano and co:workers reported a method for

determining barley flour in durum wheat flour. The proteins in 90% aqueous

ethanol extracts of durum wheat flour, barley flour and mixtures of the

t\^¡o cereals were separated by disc electrophoresis on polyacrylarnide gel'

and determined quantitatively by densitometry. The densitometric area of

a protein band specific to barley was found to be directly proporÈional to

the barfey content of mixtures containLng 2-2O% barley flour.

Similarly, several studies showed that the \^rater solul¡le. proteins of

conmon and durum wheats coul-d. be readily differentiated on the basis of

their electrophoretic behaviour (Feillet and Bourdei- L967, Silano et aL,1968)

and that this parameter could be used to detect conmon wheat flour in durum

flour and pasta products if the proportion of common wheat was at least l-0%
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(Resmini 1968, Silano et aL,L968, D'Errico et aL.L969). However, the method

proved difficult to quantitate due to varietal differences in the composi-

tion of the water solubre proteins (Gaçcia-ratrre et aL. lgog, Feilret et aL,

L972). Modifications were required for use with pasta products dried at

high tenrperatures (Cubadda and Resmini 1968, Resmini L974) and the presence

of eggs in pasta products interfered with this method (Feillet et aL, L972) .

Recently, FeiIIet and Kobrehel (I974) demonstrated that estimation

of a specific polyphenol oxidase could..be used to determine conrmon wheat in

durum products. lVater soluble proteins were fractionated by gel electro-

phoresis and then stained with catechol to detect polyphenol oxidase acti-

víty. Analysis of L7 varieties of durum wheat and 48 varieties of common

wheat indicated that one of the polyphenol oxidase isozymes was specific

Eo T. a.est¿Dum. This isozyme was deteimined quantitatively by densitometry,

and was directly proportional to the common wheat content of pasta pro-

ducts over the range 3-50% common wheat. fn addition, the assay \n/as not

disturbed by the drying temperature of pasta up to 70", milling extraction

rate, or ttre presence of eggs.

Several investigators have .ppii"a immunochemical techniques to Èhe

problem of deÈecting other cereals, especially common wheat and barley, in

durum products (CantagalLí et aL,L969, Líuzzi and Angeletti 1969, Piazzi

and Cantagalli L969, Bracciali L974). For example, PLazzJ- and Cantagalli

separated. the proteins in phosphate-buffered saline extracts of common and

durum wheats by gel filtration, and identified two fractions in common

úheat extracts that were not present in d.urum extracts. fk¡ese fractions

were isolated and used to prepare a rabbit antiserum to T. aestí'uum proteins.

Cross-reacting antibodies rtreïe removed. by adsorption to durum wheat proteins.

!ühen the purified antiserum was tested by immunodiffusion against extracts

of 16 varieties of common wheats a single precipitin band formed, but no
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reaction was observed \4rith extracts of 16 varieties of durum I^lheat. About 
., ,,.,, .,,

' : i..

5-10e" conrmon \^rheat flour in durum flours and pasta products could be detec-

ted by this method (Cantagall-j- et aL.L969, PLazzí and Cantagalli L969).

Using a similar technique, LLuzzL and Angeletti (1969) could detect 5%

barley flour in dun¡n wheat flour. Immunodiffusion is a highly specífic

qualitatíve test, but quantitative analysis of mixtures by this method has ,i .'i.,':: '.'',.'ì t: _.:. ..-:.-,1

not been reported.

Although electrophoretic and immunochemical techniques have been used

extensively to detect durum wheat pasta adulteration, these methods have

not been applied to other tlpes of fl-our mixtures. Several other methods

have been proposed for determining soybean flour in cereal products.

In L934, La VüalI and Harrisson noted that increase in pH due to urease

activity could be used to detect soybean flour in manufactured foods.

Pomeranz (1953) developed a modification of the urease test for semi-

quantitatively detecting O.O3-3.0% soybean flour in wheat flour, bread dough

and macaroni. However, the test was unrel-iable with flours that had been

heat treated above the temperature of urease inactivation. To avoid this

problem, Pomeranz and Mil-Ier (f960) suggested a method based on the yellow

fluorescence of soybean flour particles when viewed under ultra violet

Iight at low magnification. As little as 0.01% soybean flour could be

detected, and the proportion of soybean flour could be estimated by count-

ing the fluorescent particles and comparing to stand.ards of known composition.

In l97l-, Ponte and DeStefanis reported that the soybean flour content

of bakery ingredients and products coul-d be estimated by determining the

tetrasaccharide stachyose and its breakdown prod.uct manninotriose. The

concentrations of these sugars were determined by quantitative thin layer

chromatography and were directly proportional to the soybean flour content

of mixtures containing 0.5-62 soybean flour.
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The characteristic color of flours from several cereal grains and soy-

beans was used by Murthy and Ðietz (1974) to evaluate the compositíon of

flour blends. Using an Agtron reflectance spectTophotometer, they demon-

strated that when two flours are blended the resultant color reading is

directly related to the proportion in which the flours are mixed. The com-

positions of mixtures of coInmon wheat flour with rye or soybean flour, and

of durum wheat flour with whole egg solids or soybean flour could be accu-

rately determined. from color readings if standards were prepared from the

same materials used to prepare the composite blends.

The above review of the liÈerature indicates that several methods can j

be used to detect the presence of different cereals and soybeans in a flour ."''.''l.
._, .'i:. .-

mixture. Detection of specific proteins, by electrophoresis, immunod.iffu-

sion, or enzyme activity, appears to be the most promising analytical '

approach. Techniques based on differences in lipid or carbohydrate compo-

sition, color, or fluorescence can be useful.

The problem of quantitation is common to all of the proposed methods

for analyzing composite flours. Accurate determination of one component

in a blend can be achieved only if standards are prepared with the same in-

gredients as the composite. In cerÈain situations, such as control of

blending operations in a bakery, where a set of standards could be prepared

for each new batch of ingredients, this may not be a severe disadvantage.

| .l:

Quantitation is more difficult if the nature of the materials in a

composite blend is not known. The exact amount of one component probably

cannot be calculated accurately as a function of any biochemical charac-

teristic, due to the variability of the characteristic within each species.

However, if the range of values for a biochemical characteristic within a

species can be established, then a reasona.ble estimate of the minimum and

maximum cor¡tent of a component in a mixture can be made.



B. Proximate Analyses

The compositions of corn, millet, sorghum, soybean and wheat flours

have been reported by many investigators including lfatt and Merrill (1963),

Diml-er (f969) , Brekke (1970) , Jones and Beckwith (f970), Jones et a.L.(197O) ,

Vüolf (1970), and Smith and Circle (L972). Some variability in the results

for each species is evident, as chemical composition is affected by variety'

and growing, stoïage and milling conditions. The values presented in Table I

are represenÈative of published proximate analyses of these materials. It

is apparent from the data in Table I that the amounts of some of the com-

ponents differ quite widely among species. Accordingly it should be possible

to use these components to obtain an estimate of the amounts of different

species in a composite blend afÈer the species present have been identified.

I I -:.::1.: í/:i r: il'l
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Table 1. Published compositions of corn' millet' sorghum' defatted
soybean and hard red spríng wheat flours (%, dry basis).

Proteinl Lipid Fibre Ash Reference

Corn 8.I 3.0 0.8 0.9 !{att and. Merrill 1963

Mill-et LL.A 4.g O.7 -2 Jones and Beckwith 1970

Sorghum 9.8 I.3 O.4 0.6 Jones et a.L. L97O

Soybean 46.7 1.0 2.5 6.5 V'Iatt and Merrill 1963

V'Iheat 11.8 1.I 0.3 O.4 Watt and Merritl 1963

I l¡ * 5.7

2 not determined

l::tr.i,l:
i:t ":
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c. Amino Acid Analyses

1. Corn

The amino acid composition of a commercially available corn flour was

reported by Ewart (1967 ), but unfortunately other analyses of corn flour

are not available for comparison. Earlier analyses of corn grain (Wolfe

and Fowden L957, Bressani and Mertz 1958) do not agree with each other or

with Ewart's data for flour. lrlolfe and Fowden (1957) noted that consider-

able variations exist in the amino acid compositíons of different varieties

of corn, particularly in the values for arginine, histidine, lysine, threo-

nine, valine, leucine and amide nitrogen.

2. l¡tillet

Information on the amino acid. composition of proso milIet is limited.

Complete analyses have been reported by Tkachuk and Ïrvine (1969) for whole

seeds, and by Jones and co-workers (1970) for dehulled grain. The results

of Èhese two studies show excellent agreement.

3. Sorghum

The amino acid. compositions of three sorghum hybrids and theír dry-

milled fractions were determined. by Jones and Beckwith (f970). No signi-

ficant differences r¡/ere observed in the results for the three hybrids.

Sorghum flour had essentially the same amino acid composition as the grain.

In a study of fifteen sorghum hybrids, Deyoe and Shellenberger (1965)

showed that variety and environmental conditions significantly affect amino

acid composition. The results of subsequent studies (Virupaksha and Sastry

1968, Skoch et aL.L97O, Haikerwal and Mathieson l97IÀ)confirmed this find-

irg, and are generally within the range of values reported by Deyoe and

Shellenberger (1965).
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4. Soybean

In 1961 Rackis reported the amino acid compositíon of dehulled, solvent

extracted soybean meal. The results of this study are in general agree-

ment with the data of Tkachuk and frvine (f969) for defatted whole seeds'

although large differences in the values for some amino acids, notably argi-

nine and. glutamic acid, are apparent- Partial analyses of defatted soybean

flour reported by Inglett (1969) and Meyer (1969) agree with the studies

by Rackis (1961) and Tkachuk and frvine (1969).

5. Vrlheat ;: ;:,-;:;:.: .: . r

The amino acid composition of hard red spring wheat flour has been 
i"'.""'i""''r'' 

"

¡, r, , -l,. 
:, 

,,,:,: :,:-.

reported by many investigators, including Nunnikhoven and Bigwood (f959) , ,;::.::, :,,:;-::,:

McDermott and Pace (1960), Ikachuk (1966), E\n/art (L967), and Tkachuk and
i

Irvine (Lg69)

The results of these analyses are similar, despite sample differences

in bakíng quality, genetíc background, and the enviTonmental conditions

under which the wheat l¡las grown.



D. Protein Solubility Fractíonations

Solubility fractionations have been used to characterize plant proteins

since Osborne (1907) first classified proteins according to their solubility

in water, salt solutions, aqueous alcohol, and dilute acid or alkali ..,,,1.,.,,
'I .:

Ideally a classification scheme should be based on structural aspects, but'

as present understanding of protein structure is inadequate for this pur-

pose, classification on the basis of solubility is still used. ,,._., 
,.,,1 :,

, t,t,:"t :; 
"Unfortunately the usefulness of the solubility fractionation system

is timited by the lack of distinct boundaries between the various solubil-

ity groups. Fractionation depends on rigorous control of experimental con-

diÈions, and consequently, the results of studies employing different con-

ditions cannot be compared. Hohrever, useful information can be obtained

from studies in which a single fractionation procedure is used to compare

the proteins of different specíes or varieties.

Protein solubility fractionations have been used extensively to inves-

tigate the relationship between protein composition and the breadmaking

quality of different cereals and of different varieties of wheat. E\nlart

(1968) reported that cereal flours that did not form viscoelastic doughs

(oats, maize) \^/ere characterized by negligible amounts of acetic acid

soluble protein and high proportions of insoluble residue protein after

successive extractions with 0.04M sodium chloride, water, '7Oz ethanol and

O.lN acetic acid. In contrast, wheat flour contained the lowest proportion

of insoluble residue protein and the highest proportion of glutelin of the

flours analyzed. Ewart concluded that the breadmaking quality of cereals

is related to the structule of the prolamine and glutelín proteins.

L2

Chen and Bushuk (1970) compared the protein soh:bility characteristics
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of hard red spring \^rheat, durum wheat, rye and triticale flours. The super-

ior breadmaking quality of hard red spring wheat flour was attributed to low

content of water soluble protein and high proportion of insoluble gluten

protein compared to the other three species. The stud.y also demonstrated

Èhat the solubility distribution of tritical-e proteins is intermediate

between those of its durum wheat and rye parents.

The effect of wheat variety on protein sotu-bil-ity was examined by

Orth and Bushuk (L972). Although intervarietal differences r,rlere found in

all protein classes, tkre proportions of glutenin and insoluble residue t.,.,.:..¡,,

protein showed the greata"a -rcrr"tíon. Glutenin content r^ras negatively 
¡'::"'t"';:'

i,'::: :,.'.

correlated with baking performance, while the proportion of residue protein i,''"'i¡:,ì,'

was positively correlated.. Tanaka and Bushuk (L972) showed that within a

variety, the protein solubility pattern is independent of protein content. I

l

Solubility fractionations of proteins from other cereals, such as corn !

j

and sorghum, have been used to determine the effect of breeding for increased

protein, Iysine content, or starch composition on protein composition.

Boundy and co-workers (L967) fractionated the proteins of three types of

corn to determine whether selection for high amylose or high amylopectin

influences the quantity and kind of protein in the grain. The dent' \rirâxlr

and amylomaize hybrids used in the study were alike in all hereditary fac-

tors except the ae and z.ræ genes which control the amylose and amylopectin

'contents of the starch. Although protein content varied from ll.0% in waxy

corn to 15.3% in high amylose corn the proportion of toÈal nitrogen extrac-

ted from the three corns hras approximately the same. The solubility charac-

teristics of the dent corn and amylomaize proteins were similar, but waxy

maize contained a higher proportion of water and. salt soluble proteins and

a lower proportion of alcohol soluble proteins than the other two corn types.

virupaksha and. sastry (1969) used sorubility fractionation to compare 
i..,ìi.,:rr



L4

the protein composition of five varieties of sorghum grain of both high-

and low-protein types. Ítrey concluded that the prolamines and glutelins

are the major fractions, and Èhat the higher protein content of some varie-

ties is due to an increase in the prolamine fraction.

In contrast, Skoch and co-workers (1970) reported that the distribution

of proteins in the soluble fractions was similar for five varieties of sor-

ghun of high and low protein content, and that glutelin was the major frac-

tion in each case. When compared with opague-2 corn protein, sorghum pro-

teins were relatively insolubte. Ttre fractionation procedure used extracted

86.1? of corn proteins, but only 26.4-40.0% of sorghum proteins.

Jones and Beckwith (1970) studied the proteins of three varieties of

sorghum and found that the soh¡bility of the prolamine fraction was híghly

d.ependent on temperature and on the nature of the alcohol used. At room

temperature (ca. 2O") , 6Oe. ethanol dissofved only 3% of total protein,

whereas 60% butanol at room temperature, or either of these alcohofs at 60";

extracted 35-40% of total protein. This finding may explain the different

conclusions reached by Skoch and co-workers (1970), who performed all ex-

tractions at room temperature, and Virupaksha and Sastry (1968), who extrac-

ted prolamines with alcohol at 650.

Jones and co-\¡rorkers (f970) fractionated millet proteins by the same

method used for sorghum (Jones and Beckwith (1970). The solubility charac-

teristics of the proteins of the two cereals were quite similar. Millet

proteins were relatively insoluble in alcohols at room temperature, but solu-

bility of the prolamines \^7as not d.ependent on the type of alcohol used.

A variety of aqueous solvents has been used to extract proteins from

defatted soybean meal, but in most stud.ies only the percentage of total

protein extracted by a single solvent is reported. lVater, dilute alkali

(pH 7-9) or aqueous solutions of sodium chlorid.e (0.5-2M) solubitize 9O-95e"
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of total protein (snitn and. circle 1938, smith et q.L,1938, Lg66). The pH

of the medium had a more dramatic effect on sotubilíty than the nature of

the sol-vent. Only about 10u of total protein can be extracted at pH 4-5'

the isoelectric region for the major proteins (Smith and. Circle 1938). As

soybean proteins are dispersed so readily in most aqueous solutions, frac-

tional extractions of the Osborne type have not been used.

The results of published protein solubility studies are difficuft to

compare because minor variations in the fractionation procedure can give

rise to major differences in results. Accordingly, to make a valid com-

parison of the results of different studies it is necessary Èo establ-ish

that the fractionation procedu::es were identical.
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E. Tsoelectric Focusing

The technique for performing isoelectric focusing in columns of acryla-

mide gel was reported independently and almost simul-taneously by several

investigators, including Catsimpoolas (f968) using soybean whey proteins,

and Inlrigley (1968) using wheat albumins and gliadins. Isoelectric focusing

of proteins from other cereals used in this study (corn, millet, sorghum)

has not been reported. The method has been used to investigate genotypic

variations in wheat proteins (I,rlrigl-ey I97O, lVrigley and Shepherd 1973)

and to isolate and characLeríze individual soybean whey proteins

(Catsimpoolas 1969, Catsimpoolas and Meyer L969).

fsoelectric .focusing in thin layers of acrylamide gel was reported

initially by Awdeh.and Williamson (1968) and Leaback and Rutter (1968) .

The main advantage of this technique over isoelectric focusing in ge1

columns is that many samples can be focused simultaneously on the same gel

under identical- cond.itions. This greatly facilitates sample comparisons

and simplifies ge1 preparation, staining, sectioning, pH determinations and

photography.

A serious drawback of the original method was insufficient cooling of

the gel layer. To prevent overheating the voltage had to be kept Iow, and

consequently, long focusing times were required. Such conditions \^¡ere con-

ducive to denaturaÈion of the proteins during the erçeriment. The technique

was improved significantly by Vesterberg (L972) who designed an apparatus

in which the gel layer rested on a glass plate cooled from beneath by water

circuLated from a thermostatically controlled bath. This all-owed the use

of higher voltage without overheating, and. shortened the time required to

obtain optimal resolution. Separations of cereal or soybean proteins by

this technique have noÈ been published.

.::;::
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The advantage of isoelectric focusing over most other separation tech-

niques is that the zones become sharpened as the fractionation proceed.s

because the forces producing the separation minimize zone spreading due to

di,ffusion. Fractionation of cereaL and legn-rme flour proteins by isoelectric

focusj-ng may reveal proteins specific to each species that can be used to

identify the components of a composite flour. ff such marker proteins can

be determined quantitativelyr ên estimate of the proportion of each compo-

nent in the blend can be made.
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F. Sugar Analyses

!Íide divergence exists in the results of sugar analyses of cereal

grains and soybeans, both in regard to the quantity of specific sugars and

the identity of sugars present. This variabifity arises from two major

sources, the analytical methods used and the nature of the material-s ana-

lyzed.

Variability in early work was primarily due to inadequate extraction :.: ,: :

it::':' 
"''procedures and the lack of reliabfe, precise techniques for quantitative ' . ,,

analysis of individual carbohyd.rates. The advent of paper chromatography i:,..,,;.',...

in 1951 and the subsequent development of ne\¡r separation and identifica-

tion techniques led to considerable progress in carbohydrate analysis.

Ho\^/ever, results obtained by different methods often differ quite substan-

tially.

Vüith the use of the more rel-iable techniques for sugar analysis, si9-

nificant variations in sugar composition among species have become apparent.

In addition, recent studies have shown that both variety within a species

and environmental cond.itions influence the sugar composition of seeds

(Tollier et aL, 1968, deMan et aL. L975).

The sugar compositions of ffours milled from corn, millet, sorghum and ;':'::
:-:,r:-: ::, 

,:

soybeans have not been published. therefore, analyses of whole seeds of

these species wil-I be discussed in this review.

1. Corn

.Free sugars in the corn kernel range from 1-3% of dry matter with sucrose

being the most predominant component (Taüfel et aL.1960). Raffinose, glucose

and fructose have also been identified in corn extracts, but are present in

much smaller amounts (peat et aL.L954, Taüfel et aL.L96ot Bond and Glass 1963).
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2. Millet

The sugars of millet grain were investigated by Rakimbaev (1968) using

paper chromatography. The major components are glucose, fructose and

sucrose. Smafler amounts of rhamnose and galactose, and traces of maltose

and raffinose \À¡ere detected.

3. Sorghum

The free sugar content of mature sorghum grain ranges from 0.9 to 2.O%

in normal varieties (Edwards and Curtis 1943) but sugary mutants may con- 1: ;::.

':ii.j.ì',tain up to 3.9e" sugâr (Karper and Quinlcy 1963). Using paper chromatography, ','

''.:-.
Nordin (1959) identified. raffinose, stachyose, sucrose, fructose and glucose i,,,r,,..,'' .. ... :

in grain sorghum extracts. lVatson and Hirata (f960) established that sucrose

was the most predominant sugar in all sorghum types. They confirmed the
l

presence of the sugars reported by Nordin (1959), with the excepÈion of 
'I

stachyose, and in addition, detected maltose. ;

4. Soybeans i

The free sugar content of soybeans varies widely with variety and en-

vironmental conditions during growth. Values from 1.6 to 13.3% of dry

matter have been reported (Kawamura L967, Hymowitz et aL. L972, deMan et aL.

L975). The types of sugars present are also a function of variety. Although

the major components are usually sucrose, raffinose and stachyose (Kawamura

L967, Hymowitz et aL L972), it appears that only stachyose is present in

all varieties. In a study of the sugar compositions of fifty-five varieties

of Ontario soybeans, deMan and co-workers (1975) found that fructose was

also common to all the varieties analyzed. Fructose has not been detected

in any other investigation of soybean sugars. Other sugars which have been

identified include melibiose in extracts of whole soybeans (deMan et aL, L975)

and galactose and manninotriose in defatted meal (Del-ente and Ladenburg 1972).

19

ì,.:-:,:!)¡,:
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5. V{heat

V'lheat flour contains L.4>" Eo 2.6>" free sugars (Vaisey and Unrau L964,

Audidier et aL. L966, Tollier et aL. f968), but the absolute amount is subject

to varietaf and environmental influences (Tollier et aL f968). The sugars

present in wheat flour have been determined by paper chromatography of

70-80% ethanol extracts by several investigators (Koch et aL. l-951, Vlilliams

and Bevenue 1951, MacKenzie l-958, Taüfel et aL. L959, Vaisey and Unrau L964) .

The largest component is an oligosaccharide fraction first called levosine by

Tanret (f891). Vaisey and Unrau (1964) found that this fraction accounted

for about 75s" of the total ethanol soluble sugars in spring wheat fl-our.

Koch et a,L- (L951) and Williams and Bevenue (1951) demonstrated that levosine

\^ras not a single chemical entity, as it coul-d be resolved into 6 Eo 7 compo-

nents by paper chromatography. On acid. hydrolysis, these components

yielded fructose and glucose in varying ratios (White and Secor 1953) r sü9-

gesting that levosine is a mixture of glucofructans. Glucofructans, or fruc-

tosans, are now known to comprise a homologous series of oligosaccharides

having increasing nrunlcers of fructose residues with single terminal glucose

residues.

Sucrose, raffinose, small amounts of maltose, fructose and glucose were

also'detected in these paper chromatographic studies. More recent analyses

by ion-exchange chromatography have confirmed the'presence of these sugars

in wheat flour (Abou-Guendia and D'Appolonla L972, DrAppolonia and MacArthur

L975). Abou-Guendia and DrAppolonia (L972) observed that the first two peaks

eluted from the ion-exchange column yielded only fructose and glucose on acid

hydrolysis, and concluded that these components corresponded. to the gluco-

fructans reported by earlier workers.

t,..:
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ITI. MATERIA],S

The corn, millet and. sorghum fl-ours used in this study r¡¡ere conmercial

products supplied by Grain Process Enterpríses Ltd., Scarborough, Ontario.

Ttrese fl-or:rs were milled on an experimental Palyi mill. Defatted soybean

flour was obtained from Lauhoff Grain Company, Danville, Illinois.

Commercíal grade hard red spring wheat fl-our was supplied by Soo Line Mills

(L969) Ltd. , Vüinnipeg, Manitoba.

Each non-wheat flour was mixed with wheat fl-our at four levels, to give ',,',''i

a series of composite fl-ours containing 5, 10, 20 and 30% non-wheat fl-our i.'l ,,-.ri,.i
i Ì ri.. ]'.l.

(dry basis).

All- other materials used in this study will be described in the Methods

section of this thesis.
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IV. METHODS

A. Proximate Analyses

I. Protein content

Determinations were made using the macro Kjeldah1 procedure and the

nitrogen to protein.conversion factor 5.7. (A,A.C.C. 1962).

2. Lipid content

Analyses were made according to Method l-4.0I8 of the Official Methods

of Analysis of the Association of Official Analytica] Chemists (A.O.A.C. L975). :':.':-
::::ii:

3. Fibre content

Crude fibre was determined according to Method L4.O2O of A.O.A.C. (f975).

4. Ash content

Determinations were made according to the Approved Method 08-01 of the

American Association of Cereal- Chemists (A.A.C.C. L962).

i.:.r.:":
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B. Amino Acid Analyses

Amino acid. compositions of flours and blends \^iere determined on a

Beckman Model l2I automatic amino acid analyzer using the standard 4 hr

procedure (Tkachuk L966). The proteins were hydrolyzed under vacuum with

6N hydrochloric acid for 24 hr at 110o. Concentrations of individual amino

acids \^rere computed against a Beckman standard.
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C. Protein Solubility Fractionation

Corn, millet, sorghum, soybean and wheat flour proteins were fraction-

ated on the basis of their solubility using the modified Osborne fractiona-

tion described by Chen and Bushuk (f970). This procedure separates the pro-

teins into five fractions: \^¡ater soluble or albumins, salt soluble or

globulins, alcohol soh:ble or prolamines, acetic acid soluble or glutenins'

and an insoluble residue.

Nitrogen determinations were made on aliquots (1 to l0 mI) of each

soluble fraction by the automated method of Mitcheson and StoweII (1970).

The insoluble residues were freeze-dried and ground in a Krupp coffee grinder.

Fifty to 100 mg portions \^Iere used for nitrogen determinations.

i::-.
:. .i. _::

; :;:r:



D. Isoelectric focusing

Isoelectric focusíng was performed in a thin layer of polyacrylanide

gel using the IKB Multiphor apparatus (LKB-Produkter AB, S-16f 25 Bromma l,

Sweden).

l. Gel preparation

The gel sotution was prepared by mixing 10 ml 4O"< actyLamide (BDH), 10

ml O.9eo N¡N'-methylene bisacrylamide (BDH Aristar) dissolved in 36 ml dis-

tilled water, and 3 ml pH 4-6 Ampholine (f,ie¡ . The solution was deaerated , ,, ,.,,
,: .:l:..':.-.: .:::.r

by evacuation. Riboflavin (0.5 ml of a O.OO4% solution) was added immediately 1': ¡:"':::'

t:t :: .: :' .: :.: .

before castíng the gel. Polymerization was effected by placing the gel layer i.,,,;,.:,,.:,.':,

l0 cm from a fluorescent light for 18 hr.

2. Sample preparation

Tivo-gsamp1esofwheatf1ourandsoybean-wheatfIourblendsandI-9

samples of soybean flour were stirred with 10 ml distill-ed water at room tem- '

25

perature for l hr. fkre extracts were clarified'by centrifugatíon (12r500 x

gt 10 min, 20o) and used immediately for isoelectric focusing.

Twice recrystallized ovalbumin (Schwarz-Mann, Orangeburg, N.Y.) was used

as an internal standard. TLre standard solution was prepared by dissolving

5 mg ovalbumin in 1 ml distilled \¡¡ater. Fifty pI portions \^rere used for iso-
i 'li: -l

electric focusing with. the flour protein extracts ..,.",1',-,,': -.:: :: ::.i
: i,':...:t:.-;: -.:

3. Isoelectric focusing conditions

After polymerization, the ge1 was placed on a glass cooling plate main-

tained at 4" ' ,..: ::,:.::

Samples (50 ul) were applied Èo the gel surface using whatman No. f i'":-'ii':-ì'i'o

filter paper (2 layers 5 x 15 mm) . The papers \^/ere placed about 5 mm from

the cathode with their long axes perpendicular to the electrode.
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The electrod.e solutions were IM phosphoric acid at the anode and lM

sodium hydroxide at the cathode. The current v/as maintained at 14 mA for

about 1.5 hr until the maximum voltage of 600 was achieved. Focusing was

continued for an additionaL 2.5 hr, by which time the current decreased to

about I mA.

4. Detection of protein zones

After focusing, the proteins were visualized by staining (Coomassie

Brilliant Blue R250) and destaining the gel at room temperature using the

solutions described by Vesterberg (197.1). When the background stain was

completely removed the gel was placed over'a fluorescent light and photo-

graphed using a Polaroid 545 Land f,ilm holder with Polaroid 4x5 Land film,

TVpe 55 P/N.

Densitometric. evaluation of the negatives was performed. using a Carl 
l

Zeiss Chromatogram Spectrophotometer (Zeiss, Oberkochen, W. Germany) equipped 
i

i

to record percent transmittance. The relative areas of densitographic peaks 
ì

\^/ere obtained by multiplying peak height (percent transmittance) by peak 
l

width (mm) at one-half peak height.

5. Determination of the pH gradient

A'I-cmwidesectionwascutoutofthege1immediateIyafterthefocusin9

experirent and divided into 2 mm segments. Each section was homogenized with i:¡'i;...i'lli..

,.,,..,,. ,,,a,

0.5 mI freshly boiled, distilled water and allowed to stand overnight. The :,,;'.,.:,:,.,.
-.:.;r.:.:: :_: l

homogenates were equilibrated to 40 in a thermostated bath and the pH of each

was determined using a pH meter equipped with a microelectrode.
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E. Sugar Analyses

Free sugars hiere extracted from the flour samples, separated and deter-

mined quantitatively as negatively-charged borate derivatives by anion-

exchange chromatography on substituted polystyrene resin as d.escribed by

LaBerge et aL.(1973)

.' lì1'r:

,,'...:-.j _.:

Ìr"..;.. t::::
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V. RESULTS AND DISCUSSTON

A. Proximate Analyses

The proximate analysis of Èhe fl-ours was undertaken to characterize the
,,..¡',,...,..1,

materials used. in the study and to determine whether there $/ere any gross

differences in their composition which would be useful in the analysis of

flour blends. The results of the analyses, expressed as percent of dry matter,
,t,:: 

: 
: '

are pr.esented in Table 2. These data are not directly comparable to the find- r:t:,:;;1;,,.r'

ings of other studies, as the chemical- composition of a flour is affected by :r;:;.,

varietal and environmental factors, as weII as milling conditions. However,

with the exception..of the lipid content of the corn and millet flours, the

data fall within the range of values previously reported for these materials.

(Bressani et aL.L962, V'Iatt and Merrill L963, Oke 1965, Dimler L969, Jones and

Beckwith I97O, Jones et aL.L97O, wol-f 1970,4t1as of Nutritional DaLa L97L,

Smith and Circle L972).

l. Protein content

Protein content of the flours ranged from IO.l-g" of corn and millet flours

to 53% of the defatted soybean flour. V'Iheat and sorghum flours had interme- l: ,..

2. Lipid content

Corn and millet flours were characterized by relatively high proportions

of crude fat, 6.8% and 6.5å respectívely. Very few analyses of corn and

millet flours are available for comparison'; but these results are signifi- i.::t..;-,t'

cantly higher than the previously reported values of 3.0% for corn flour

(Watt and Merrill 1963) and 4.9>" for ground, dehulled proso millet (Jones

et aL. L97o) -

diate protein contents of 15.I% and L2.32 respectively.

¡4...t...:..':
In contrast to the high fat content of corn and millet flours, the
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Table 2. Composition of corn, millet, sorghum, soybean and
wheat flours (%, dry basis).

Corn Millet Sorghum Soybean Wheat

Proreinl 10. r ro. r L2.3 53. o 15.1

Lipid 6. I 6. 5 2.O 1. I L.2

Crude fibre L.4 L.7 I.0 2.5 O.2

Ash I. I 2.3 1. 0 5 .9 O.4

I l¡ * 5.7



sorghum, soybean arrd wheat flours contained less than 2% lipid-

3. Fibre cor¡tent

Fibre content ranged from 0- 2% for wheat flour Eo 2.5å for soybean flour.

The greater proportion of crude fibre in the non-wheat flours indicates l-ess

efficient removal of the bran or hul-I during the milling of these flours.

4. Ash content

The ash content of the cereal flours ranged from 0.4%of wheat Lo 2.3%

of millet. The mineral- content of soybean flour (5.9%) was markedly greater

than that of the cereal flours. Like fibre content, ash content of the

flours reflected varying degrees of milling efficiency.

proximate analysis of the flour blends was undertaken to determine

whether there \^rere obse:rvable differences in chemical composition between

wheat flour and the composite flours, and to determine whether the protein,

fipid, ash and fibre contents of the composite flours were linearly related

to Ëhe percentage of non-wheat flour in the bfend.

The compositions of the flour blends are given in Tables 3 to 6. AI-

though differences. in chemical composition were evid.ent, in most cases, at

the lower blend levels, the non-specific nature of such data would limit

its usefulness in the analysis of an unknown composite flour. The soybean-

wheat blends were characterized by high protein contents, but the protein

contents of the corn, millet and sorghum blends \¡¡ere within the range nor-

mally found in wheat flours. Differences were detectable in ash content

in blends containing 5% non-wheat flour, and in fibre content aE 20 to 30%

non-wheat flour, but these parameters are extremely dependent on the milting

r':'"t: .:.:
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of the flours. ff used in the analysis

proximate analysis could indicate only

expected composition of a wheat flour.

The linear regression equation was

of an unknown composite flour,

that the sample does noÈ have the

i,',, ;
ir'.:'

used to determine the refationship
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Table 3. Composition of corn-wheat flour blends (%, dry basis).

Corn, Z

10 20 30 100

Proteinl

Lipid

15.1 L4.9 L4.7 L4.3 LA.L 10.1

L.2 1.r 1.1 1.0 1.9 6.8

Crude fibre O.2 O.2 0.3 O.4 0.5 L.4

Ash O.4 0.6 0.6 0.8 0.9 1.8

I ri * 5.7

Table 4. Composition of millet-wheat flour blends (%, dry basis).

l4ilLet, eo

10 20 30 100

Proteinl

Lipid

ls. I 15. I L4.8 L4.2 13.8 10.1

I.2 r.2 1.1 I.r I.0 6.5

Crude fibre O.2 O.2 O.2 0.3 O-4 1.0

Ash o.4 0.6 0.7 0.9 I.0 2.3

I N * 5.7
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Table 5. Composition of sorghum-wheat flour blends ("<, ð'ry basis).

Sorghum, eo

0 5 l0 20 30 l-00

proteinl 15.1 LA.g LA.a L4.7 L4.3 L2.3

Lipid I.2 I.2 1.1 I.l 1.0 2.O

Crude fibre O.2 O.2 O.2 0.3 O.4 1.0

o.4 0. 5 0. 6 0. 6 0.7 r.0

I x * 5.7

Table 6. Composition of soybean-wheat flour blends (%, dry basis).

Soybean, eo

os102030ro0

proteinl 15. I 16.9 18. 6 22.6 23.8 53. 0

Lipid I.2 L.2 L.2 L.2 L.2 1.1

Crude fibre O.2 0.3 0.3 0.6 0.6 2-5

Ash o.4 0.7 1.0 L.7 1.8 5.9

I w * 5.7
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between percentage of non-wheat fl-our and each chemical component (protein,

Iipid, fibre, ash) for each type of composite flour. Correlation coeffi-

cients were calculated and are presented in Table 7. The data for protein,

fibre and ash were significant at the .OOl tevel (df = 5, {) .951) indicat-

ing that these components were accurately determined in wheat,/non-wheat

flour blends. However, lipid content was not so híghly correlated with

percentage of non-wheat flour in the bfend. Blend.s containing higher fat

contents than wheat (corn, miflet, sorghum) appeared to have lipid contents

lower than wheat flour (Tal¡les 3-5). These results indicate that there \^/as

an interaction between the componenÈs of the blend which decreased the ex-

tractability of lipids from the composite flours. Further investigation is

required to determine the nature of this inËeraction and to develop a method

for accurately determining the lipid content of flour bfends.



Table 7. Correlation coefficients for linear regression analysis of
protein, lipid, fibre and ash content vs. % non-wheat flour-

Non-wheat flour, 0-100%

Corn ltillet Sorghum Soybean

34

Protein -.995 -.999 -.997

.996

.965

.997

.992

.997

Lipid

Fibre

Ash

.97s .e47 (.OL) .881 (.01) -.es7

.998 .996

.995 .997

The above r values are significant at the .001 level except as
otherwise noted in the table.

t'-



B. Amino Acid Analyses

The amino acid. compositions of corn, millet, sorghum, soybean and

wheat flours are presented in Table 8. The results are expressed as grams

of amino acid per 100 grarns of sample nitrogen. Tryptophan, cysteine,

cystine, asparagine and glutamine were not determined, however, the ammonia

released on.hydrolysis of asparagine and glutamine is indicative of the

amounts of these two amino acids. Nitrogen recovery for the five flours was 
1,.,,,,1.: ,:.,:
ll : :. : :-; 1., : :':

simiIar,a11owingcomparisonoftheiraminoacidpatternS.
:.-.....,..-.. -

Corn, millet and sorghum flours were very similar ín amino acid com- iì';,:'::.,';,,;';,;

position. Compared. to wheat, they were especially high in the hydrophobic

amino acids alanine and leucine but had only hal-f as much proline. These
:

three flours contained more aspartic acid than wheat, but much less glutamic 
i

l

acid and amide nitrogen. Corn and millet were slightty richer than wheat in l

the basic amino acids llzsine and arginine. The remaining amino acids did
i

not vary appreciably in the four ceïeal fl-ours. ,

Soybean flour was distinguishable from the cereal flours by its high

proportion of basic amino acids, notably lysine and arginine. fn addition,

soybean flour had the highest aspartic acid content of all the samples.

Compared to wheat, soybean flour was low in proline, glutamic acid and

amide nitrogen.

35

Comparison of the data obtained in this study with previously published

amino acid compositions was complicated by several factors. Different

varieties or composite samples were used in each study, and within each

species the samples analyzed varied widely in protein content. Whole seeds

rather than flours were used in most studies of corn, millet and sorghum

proteins, although a few analyses of dehulled or milled grain have been

reported. In view of these differences in the materials analyzed it was

l:i::Ì:1.'¡
i. r.i:liì..:. j1,,i.
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Table 8. Amino acid compositions of corn, millet' sorghum, soybean
and wheat flours (g amino acid/IOO g sample N) .

Corn Mill-et Sorghum Soybean V'lheat

Lysine

Histidine

Ammonia

Arginine

Aspartic acid

Threonine

Serine

Glutamic acid

Proline

Glycine

Al-anine

Valine

Methionine

Isoleucine

Leucine

Tlzrosine

Phenylaline

N, % recovery

17.6

14.7

TL.7

28.4

40.4

20.5

26.6

I13.0

47.7

23. O

43.6

24.3

9.6

20.9

7L.4

19. 5

27.4

8L.97

L4.3

L3.1

t_8.0

26.L

40.7

L9.7

38.2

136.3

39.4

r8. 3

6r.6

31.9

11. 9

24.9

72.3

16. 6

32- 4

9r.59

11. 6

12.9

r7 .2

r8. 3

42.6

18. 5

24.4

r39. 6

45.5

18. 5

59. t

31.5

9.1

25.7

89.7

22.5

32.6

88.59

40.5

16. I

L2.8

46.O

75.9

24.8

32.O

I23.L

29.2

26.7

27.4

30. I

6.7

29.3

50.2

22.7

30. 3

94.30

L3.2

L2.3

23.7

20.o

26.9

L6.6

26.2

224.8

82.2

2L.8

L7.8

26.2

7.9

23.6

44.3

16.0

32. O

93.44



37

difficult to assess the significance of variations in their amino acid com-

positions. However,.aÍL attempt was made to relate the data of this study

to the results of similar experiments reported in the literature.

The amino acid,composition of corn flour determined in this study was

in agreement with the microbiological analysis of whole kernels by Bressani

and Mertz (1958) but not with other published analyses of corn grain (Vlolfe

and Fowden 1957, Atlas of Nutritional Data 1971) or Ewartrs (L967) analysis of

corn flour.

The data for. mil-let flour was compared with that reported for ground 
:, .., ,,,

whole seeds (Tkachuk and 1rvine Lg6g, Jones et aL. LglO, ALlas of Nutritional '-'1''',""

Data 1971). The values for lysine, arginine and-glycine found in this study ',: .,,.:,.l: ,:1 :':..

were significantly higher than Èhose previously reported, while values for

tyrosine and methionine were lower. 
:

1

The amino acid composition of sorghum flour was within the range of 
i

values reported for whole grain by Deyoe and Shellenberger (f965), Virupaksha 
l

and Sastry (1968), Jones and Beckwith (1970) and Skoch et aL, (f970) , but did 
l

not agree with the composition given by the Atlas of Nutritional Oata (l-97I) - 
l

Jones and Beckwith (1970) also determined the amino acid composition of i

sorghum flour, but they reported significantly lower amounts of the basic
j..'.

amino acids and methionine than were found in this study. i.''i,',i,]
' ':

The data for soybean flour agreed with previously reported partial ana- i-''..r,,,',

lyses of defatted soy fl-our (fnglett Lg6g, Meyer L96g) as well as with 
."""""

analyses of d.efatted whole seeds (tkachuk L969) and dehulled' solvent extrac-

ted whole meal- (Rackis 1961). Ho\¡/ever, many discrepancies are apparent on 
.::r.::.:,
,: :i:: it..

comparing the results of this study to the partial analysis of solvent ex- i'i:l;:::l:'

tracted soybean flour reported in the Atlas of Nutritionaf Data (1971) -

The amino acid composition of the wheat flour used in this study was 
i:

consistent with analyses of hard. red spring wheat flours reporÈed by other 
:

::ì.!'i:.r



l,r.l:t . :

38

woïkers. (Nr:nnikhoven and Bigwood 1959, McDermott and Pace 1960' Tkachuk

L966, Ewart L967, Tkachuk and lrvine 1969).

Amino acid analyses of the flour blends were undertaken to determine

whether differences in amino acid composition \^iere observable at the levels

of non-wheat flour used in this study, and to determine whether the propor-

tions of individual amino acids were linearly related to the percentage of

noñ-wheat flour in the blends.

Tkre amino acid compositions of the fl-our blends are presented in Tables

9-I2. For blends of cornr millet and sorghum flours wíth wheat flour, the

amino acids that reffect the changing blend proportions most markedly are

aspartic acid, glutamic acid, proline, alanine and leucine.

For soybean-wheat flour blends the significant amino, acids are lysine'

arginine, aspartic acid, glutamíc acid and proline. In most cases, changes

in the levels of these amino acidsr in excess of the'error of analysis, are

observable even at the, level of 5? non-wheat fl-our.

To determine whether the proportions of these key amino acids were

d.irectly related to the percentage of non-wheat flour in Èhe blend, the data

were analyzed using the linear :regression equation. Correlation coefficients

were calculated and.are presented in Table 13. In each case the correlation

was significant at Èhe .0I level (df : 5, {ì .874).

:,.. !:) 1,:.
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Table 9. Amino acid compositions of.corn-wheat ffour blends (g amino
acidl100 g sample N).

Corn, z

05102030100

Aspartic acid 26.9 25.9 27.2 27.2 32-2 4O.4

Lysine

Histidine

Ammonia

Arginine

Threonine

Serine

Proline

Glycine

Alanine

Methionine

Isoleucine

Leucine

Tyrosine

Phenylaline

L3.2 L3.2 13.1 13.8 r3.8 L7.6

L2 .3 L2.6 I2.8 13 . 1 I3.2 L4.7

23.7 23.O 2L.9 2L.7 20.9 LI.1

20.o 22.3 23.O 23.O 23.I 28.4

L6.6 16.8 16.7 L6.9 L7.2 20.5

26.2 28.9 28.7 28.4 28.4 26.6

82.2 70.4 69.0 68.1 64.9 47.1

2L.8 20.9 20.A 20.7 2L.O 23.O

r7.8 r8.0 r9.0 20.7 23.2 43.6

7.9 9.5 6.9 8.5 3.1 9.6

23.6 2L.3 zL.O 20.4 20.9 20.9

44.3 43.6 44.5 45.8 48.2 7L.4

16. O L7.5 L7.9 L6.9 L7.4 19.5

32.O 30.7 30.8 2A.7 29.2 27.4

Glutami-c acid 224.8 229.0 222.0 2O7.A L99-9 113.0

Valine 26.2 24.L 24.3 24.L 24-5 28.3

N, % recovery 93.44 92.36 90.95 89-72 89.01 8L.97
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Table IO. Amino acid compositions of millet-wheat flour blends
(9 amino acidl100 9 sample N).

MiIl-et, Z

10 20 30 100

Lysine

Histidine

Amrnonia

Arginine

Aspartic acid

Ttrreonine

Serine

Glutamic acid

Proline

Glycine

Alanine

Va1ine

Methionine

fsoleucine

Leucine

T\zrosíne

Phenylalanine

N, % recovery

L3.2

L2.3

23.7

20.o

26.9

L6.6

26.2

224.4

82.2

2L.A

L] .8

26.2

7.9

23.6

44.3

16.0

32. O

93.44

L2.3

L2.3

24.7

2L.I

24.3

16. 0

28.O

220.2

70.o

20.o

L8.2

23.4

9.0

2L. O

42.2

L6.4

26.7

91.00

12.4

L2.5

24.4

2I.3

27.6

16. I

28.2

2L5.6

67.r

L9.9

20. o

23.8

5.5

20.9

42.7

16.8

29.5

90.7 4

L2.7

L2.7

24.L

22.4

26.6

L6.7

29.6

2L2.7

17.3

20.o

23.4

25.2

9.3

2L.6

46.2

L7.3

30. 4

93.76

L2.7 L4.3

L2.7 r3.7

23.3 18.0

23.5 26.L

28.5 40.7

L1.O L9.7

30.3 34.2

204.4 136.3

6L.6 39.4

r9.9 18.3

27.O 6L.6

25.5 31.9

8.3 11.9

2r.3 24.9

47.8 72.3

L7.8 L6.6

30.3 32.4

9L.70 91.59

i:!:¡:r,:
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Tabte ll. Amino acid compositions of sorghum-wheat flour blends
(g amino acidl100 I sample N) -

Sorghum, z

5r0 3020 100

Lysine

Histidine

Ammonia

Arginine

Aspartic acid

Threonine

Serine

Glutamic acid

Proline

Glycine

Al-anine

Val-ine

Methionine

Isoleucine

f,eucine

Tlzrosine

Phenylalanine

N, e" recoverY

L3.2

12.3

23.7

20.o

26.9

L6.6

26.2

224.8

82.2

2L.8

17.8

26.2

1.9

23.6

44.3

16. 0

23. O

93.44

L2.4

L2.5

24.L

2L.2

25.L

16.4

2A-2

2TL.5

70.3

20.2

19.0

24.2

9.r

2L.O

43.7

L7.O

30. 3

90.70

L2.6

L2.7

24.L

22.O

26.2

L6.6

28.4

224.5

69.3

20.7

20.4

24.4

8.2

2L.7

45.5

L7 .9

30.8

93. L2

12.6

L2.6

24.O

2L.3

26.7

r6.5

28.2

216.2

69.L

20.r

2)L

24.4

8.9

2r.3

46.9

L7.5

30. 3

92.L9

L2.O

L2.6

23.2

2L.O

28-5

L6.9

28.2

203.4

64.5

L9.6

21.8

25.L

8.5

2L.6

53.2

19 .0

30.2

11.6

L2.9

L7.2

18. 3

42.6

18.5

24.4

139.6

45.5

18. 5

59. r

3r. 5

9.1

25.7

89.7

22.5

32.6

91.39 88.59

i ..

: ,r i:':, '

,-.:,:-
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Table 12. Amino acid compositions of
(g amino acLd/LOO g samPle

soybean-wheat flour blends
N).

Soybean'

5 3020

z

10 100

Lysine

Histidine

Ammonia

Arginine

Aspartic acid

Ttrreonine

Serine

Glutamic acid

Proline

Glycine

Alanine

VaIine

Methionine

Isoleucine

Leucine

T\rrosine

Phenylalanine

N, % recovery

13.2

L2.3

23.7

20.o

26.9

16.6

26.2

224.8

82.2

2L.A

L7.8

26.2

7.9

23.6

44.3

16. 0

32.O

93 .44

16. 1

12.8

22.8

24.7

30.8

L7.T

28.6

2LO.4

68.1

2L.O

r8.3

24 -5

8.5

2L.6

4L-7

17.3

29.9

9r.77

20.L

l-3.7

2L.9

28.5

38. 6

ra.4

29.7

198.5

7L.6

22.L

19.8

25.9

8.6

22.8

43.4

ra.2

30.8

94.7 6

25.5

L4.5

20. o

33.5

48.6

20.5

30.1

161.9

61.0

23.4

2L.9

27 -2

8.2

24.3

45.5

18. 9

3L.4

93.96

26.4

L4.3

18.0

34.5

50. 5

2L.2

30. 8

168. 5

52.7

23.7

22.2

27.6

8.r

25.O

46.O

L9.7

3r.4

40.5

16. I

L2.8

46.O

75.9

24.8

32.O

L23.I

29 -2

26.7

21.4

30.8

6.7

29.3

50.2

22.7

30. 3

¡:

92.89 94.30
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Table l-3. Correlation coefficients for linear regression
analysis of amino acids vs. % non-wheat flour-

Corn

Non-wheat flour, 0-100%

Millet Sorghum SoYbean

Lysine

Arginine

Aspartic acid

Gfutamic acid

Proline

Alanine

Leucine

.956

-.996

-.936

.995

.986

.969

-.923

.996

.985

.978

-.949

.996

.99L

.960

.931

.960

-.904

-.953

-.996 -.979

ir.- .1
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C. Protein Sotubility Fractionations

The results of the modified Osborne fractionation of corn, millet

sorghum, soybean and wheat flour proteins are presented in Table 14 and

Figure l. The data are expressed as percent of recovered nitrogen. As

indicated in Table L4, níErogen recovery \^Ias similar for the five flours,

so comparison of their sotubility patterns is justifiable. However, these

results are not direetly comparable with the findings of other protein solu-

bility fractionations reported in the literature as different experimental

conditions \^zeïe used in each case (Boundy et aL, L967 , E\,¡art L968, Virupaksha

and. Sastry 1968, Jones and Beckwith 1970, Jones et aL.Lg7O, Skoch et aL,I97O,

Haikerr¡,¡al and Mathieson 19718) .

1. Water soluble fraction (albumins)

The ,ç¡rater soluble fraction (atbumins) represented a similar proportion

of the total- recovered nitrogen in each of the four cereal flours. This

fraction accounted f.ox 6.1% of sorghum protein and about 9.5e" of corn and

millet proteins. Thirteen percent of the wheat flour nitrogen was water

solnble' This agïees with Chen and Bushuk (1970), who, using the same frac-

tionation method. reported LL.gz albumin in Manitou wheat flour, but is sig-

nifican ly higher than the range of values f.or 26 varietíes reported by Orth

and Bushuk (L972).

The water soh:ble protein content of soybean flour \^/as not determined.

fn the fractionaÈion procedure used, the water soluble fraction is obtained

by dialyzing the initíal salt extract against distilled water and removing

the precipitated saft soluble proteins by centrifugation. Ihe water soluble

proteins remain in the supernatant soLution. Dialysis of the soybean flour

salt extïact. produced a suspension that could not be resolved into two fractions

: ,:

t.....'.

Ì..1 ,l i'l

.',.''
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Table 14. Nitrogen content of flour fractions (% of total
recovered N).

Fraction Corn Mif l-et Sorghum Soybean lVheat

VìIater sol-uble g .4 g .6 6.L - I 13 - O

0.5M NaCl so]uble 26.1 9.2 9.8 7O.L L3-7

70% ethanol soluble l2.4 1.8 2.6 0.3 2L-L

0.05M acetic acid
soluble

Residue

0. 8 0.7 0 .7 0 .2 L4.9

51.3 78.7 80.8 29.4 37.3

N, ? recovery LOL.2 92.9 89.2 10I.6 92-I

I Vü^tet sotuble proteins of soybean flour could not be separated from the
sal-t sofuble proteins by this fractionation method (see text).
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Figure 1.

Nitrogen content of flour fractions

I. Corn flour

2. Millet flour

3. Sorghum flour

4. Soybean flour

5. Hard red spring wheat fLour
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by this technique. The proÈein removed during the initial salt extraction

was designated the salt solul¡le fraction although it was probably a combina-

tion of albumins and globulins.

2. Salt soluble fraction (globulins)

Soybean flour contained the highest proportion of sal-t soluble protein,

70.;-Z. Snith and Circle (1938) reported that O.5M sodium chloride at neutral

pH extracted. 76% of total soybean nitrogen. The slightly lower value obtained

in Èhis study is probably due to decreased solubitity of the IIS and f5S com-

ponents of soybean protein at low temperature (Wotf and Briggs 1956).

Of the cereal floursr corn had the largest salt soluble fracÈion, 26.L9ø-

pr-rblished values for corn globulins, although not obtained under identical

experimental conditions, are significantly lower. Ewart (f968) reported that

9.9% of corn flour nitrogen \^/as sol-ubl-e in O.O4M sodium chloride. Similarly,

Boundy and co-workers (L967) found that O.5M sodium chloride extracted about

'lz of the protein of defatted corn grain.

Mil-let and. sorghum flours had very similar proportions of salt soluble

nitrogen. .About 9-lO% of the protein of these cereals was soluble in 0-5M

sodium chloride.

The globulin fraction of wheat flour accounted for 13.7% of recovered

nitrogen. Ttris is significantly greater than the values for globulin repor-

ted by Chen and Bushuk (f970) and Orth and Bushuk (L972). This lack of

agreement may be attributable to differences in the methods used to report

the nitrogen content of this fraction. Chen and Bushuk (f970) and Orth and

Bushuk (L972) measured the nitrogen content of the salt soh¡ble fraction

directly, by determining the nitrogen content of the precipitate obtained

upon dialysis of the initial salt extract against distilled \^¡ater. However,

in this study, the nitrogen content of the globulin fraction was determined

by differencei the nitrogen content of the water soluble fraction obtained
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after dialysis was subtracted from that of the original salt extract. The

previously ïeported vafues for the gtobulin fraction are probably lower than

those reported in this study due to losses of nitrogenous material during

dialysis of the salt extracts.

3. Ethanol soluble fraction (prolamines)

I4il1et, sorghum and soybean proteins are relatively insolubl-e in 70e'

ethano]. The prolamines of these flours account for less than 3% of recovered

nitrogen. The data for millet and sorghum flours support the findings of

Jones and Beclçr¡¡ith (1970) and Jones et aL. (1970) who reported that approxi-

mately 3g. of miLlet and sorghum proteins are soh:ble in 609" ethanol at room

temperature.

In contrast to the other flours, coïn and wheat fl-ours contained signi-

ficant proportions of al-cohol soluble protein. About L2s" of the corn protein

and 2I.1% of the wheat protein was soluble in 70% ethanol. Other investiga-

tors using the same solvent have reported higher proportions of prolamine;

LS.A-22.6% for corn (eoundy et aL, L967, Ewart 1968) and approximately 28-4Oe"

for wheat (Chen and Bushuk 1970, Orth and Bushuk L972).

4. Acetic acid sofuble fraction (glutelins)

The most striking feaÈure of the solubility fractionation is that al-l

the flour proteins, with the exception of wheat proteins, a.re virtually in-

soluble in O.O5M acetic,iacid. The value for corn glutelin concurs with

E\ir¡artls (1968) finding that only 0.3% of corn flour protein. is soluble in

O.lM acetic acid. Most other investigators have used dilute alkali rather

than ditute acid to extract glutelins, and have obtained much higher vafues

for this fraction. Boundy and co-workers (L967) classified 26e" of corn pro-

tein as glutelin based on extraction with O.tM sodium hydroxide. Studies on

sorghum proteins indicate Èhat they are also much more soluble in dilute

alkal-i than dilute acid (Virupaksha and Sastry L968, Skoch et aL,L97O,
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Haikerwal and Mathieson 1971Þ).

In contrast to the negligible acetic acid sol-uble contents of the other

flours, L4.9% of wheat flour nitrogen vras soluble in dilute acetic acid. This

is in reasonable agreement with Chen and Bushuk's (1970) value of 16.6% î.ot

Manitou wheat flour, and is within the range of values for 26 varieties re-

ported by Orth and Bushuk (L972).

5. Residue

Soybean flour had the lowest proportion of nitrogen remaining in the

residue fraction, 29.4e". Briggs and Mann (1950) reported that distilled

water dissolves as much as 95eo of soybean protein and that solubility decreases

with increasing molarity of salts. The initial extraction with 0.5M sodium

chloride dissolved 7O.Ls" of ttre soybean protein, therefore, much of the pro-

tein remaining in the residue was probably albumin insofubilized by the salt

used in the first extraction of the fractionation procedure.

The high nitrogen content of the miltet and sorghum residues indicates

the relative insolubíIity of the proteins of these cereals in standard aqueous

solvents.

Corn proteins were significantly more soluble in this system than the

mil1et and sorghum proteins. As these three flours had"similar albumin and

glutelin contents,. the greater solubility of corn proteins was due to larger

globutin and prolamine fractions.

Wheat flour had the largest ethanol so}uble and aceÈic acid soluble

fractions and., therefore, the smallest residue fraction of the cereal flours-

The wheat fl-our residue contained 37.3Z of the recovered nitrogen' which com-

pares favorabty with previously reported data (Chen and Bushuk 1970, Orth

and Bushuk L972).
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D. Isoelectric Focusing

lsoelectric focusing of flour proteins was und.ertaken to identify proteins

specific to each of the cereal and legume flours that could be used to detect

and estimate these ffours in admixture with wheat flour- 'l

Figure 2 shows the separation of proteins extracted from soybean flour'

wheat flour, and soybean-wheat flour blend.s. The arrov/ indicates a protein

zone specific to soybean flour (Sample 6). By this technique it was not

possi¡le to detect any component of the wheaÈ flour extract (Samp1e 7) having

the same isoelecbcic point. The specific soybean protein zone could be de-

tected in extracts of soybean-wheat flour blends containing 5% soybean flour

(Sample 2) and was present in increasing amounts in extracts of blends con-

taining IO, 20 and 30% soybean flour (Samples 3, 4 and 5 respectively).

To determine whether the amount of the specific soybean flour proÈein

\^ias proportional to percent soybean fl-our in soybean-wheat flour blends, a

photographic,negative of the stained gel layer was evaluated by densitometry.

Figure 4 shows the densitometer tracing for an extract of the 20e" soybean -

80% wheat flour blend, superimposed on the pH gradient in the gel layer after

isoelectric focusing. The relative area of the protein zone that focused at

pH 4.65 was calcuf,ated for each sample. The data are given in Table 15 and

presented graphically in Figure 3. Linear regression analysis and subsequent

calculation of the correlation coefficient (v = .999) indicated that the

relationship between relative densitometric area of this protein zone and

percent soybean flour in soybean-wheat flour blends was significant at the

.01 level.

Tsoelectric focusing of corn, millet and sorghum flour proteins was less

successful . üThereas \¡¡ater extracts of wheat and soybean flours were consis-
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Figure 2.

Separation of proteins by thin layer
isoelectric focusing in polyacryIamide
gel, pH range 4 Lo 6.

1. Ovalbumin

2-5. lrlater sol-uble proteins extracted
from soybean-wheat flour blends
containing 5r10,20 and 30% soybean
flour, respectively.

6. Water soluble proteins extracted
from soybean flour.

7. Water soluble proteins extracted
from wheat flour.

The arrow indicates the major protein zone
specific to soybean f1our.

The anode was at the top of the photograph.

Figure 3.

Relative densitometric area of the major
soybean protein zone as a function of per-
cent soybean flour in soybean-wheat
flour blends.

..r l) : :.:
:::: :':''
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Tal¡le 15. Rel-ative d.ensitometric area of
zone obtained after thin-layer
extracts of soybean-wheat fl-our

the major soybean protein
isoel-ectric focusing of
bl-ends.

Soybean, z

10 3020

Rel-ative Area 5.59 10.45 20. 88 3I.68
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Figiure 4.

Thin layer isoelectric focusing in the pH
range 4 Lo 6 of water sol_uble proteins
extracted from a 20% soybean-8O% wheat
fl-our blend. The densitometer tracing is
of a photog.raphic negative obtained. after
staining the el-ectTofocused gel layer.
The closed circles represent the pH gra-
dient in the gel layer after isoelectric
focusing
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tently wel-I resolved by isoel-ectric focusing, aqueous extracts of corn,

millet and sorghum flours \^rere streaky and. poorly resol-ved. ExÈracts pre-

pared. using many other sol-vents incfuding 70% aqueous ethanol, 65eø aqueous

t-butanol, sodium citrate (0.02M, pH6), buffered. d.etergent (njerrum and Blg-

Hansen 1975) and alkaline copper sulfate (Mertz and Bressani 1957) did noÈ

give satisfactory results. Dialysis and treatmenÈ of the extracts with ion-

exchange resin did not improve resolution on isoelectric focusing.

Further investigation is required to establish sample preparation tech-

niques that will al-low optimal isoelectric focusing of corn, millet and sor-

ghum flour proteins. Once this is accomplished it may be possiJcl-e to identify

specific protein components that would be useful in analyzing composite flours.

;1
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E. Sugar Analyses

The sugars in 8O%-ethanol extracts of corn, millet, sorghum, soybean

and wheat fl-ours v/ere separated as their negatively-charged borate d.eri-

.,.i .:_.,:.,:,,,:.::..:'.:i vatives on substituted polystyrene resin (LaBerge et aL.L973) and identified
j _''--:-.'

by comparing their elution times with those of known standards. A typical

chromatographic separation of the sugars in a standard solution containing 50

',,,..',',,.,.:, Ug of each sugar is shown in Figure 5. Chromatograms depicting the separa-

::-::.::.: tion of sugars in 0.1m1 portions of sorghum, millet, corn and wheat extracts
-: :..: : _:':;.::r:::-:
.:,:.:,i..',¡.:,:.:¡,.:, are shown in Figures 6, 7 , 8 and 10, respectively. Figure 9 represents the

separation of the sugar.s ín 0.025 ml- soybean extract.

The sugar compositions of the corn, millet and sorghum flour extracts

\^rere extremely similar. Sucrose r^ias the major component, occurring together

with smaller proportions of raffinose and glucose. A trace amount of an

unidentified sugar was detected in the corn fl-our extract.

Although the sugar compositions of corn, millet and sorghum fl-ours have

not been published, a few analyses of whole grain are available for compari-

son. In addition to sucrose, raffinose and glucose, fructose has been identi-

fied in each of these cereals (peat et aL.LgsA, Nordin 1959, Taüfel et aL.

1960, üIatson and Hirata 1960, Bond and Glass L963, Rakimbaev 1968). In addi-

tion, Rakimbaev (1968) detected rhamnose, galactose and maltose in millet.

Stachyose (Nordin f959) and. maltose (Watson and Hirata 1960) have been found

in sorghum grain.

flour extract (figure 9). This finding is in agreement with previous analyses

of who]e seeds (Hymowitz et aL.Lg72, Tanusi et aL.L972, deMan et aL.1975) and

of defatted soybean meal- (Kasai and Kawamura L966, Kawamura 196'7, Delente and

iìì
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Figure 5.

Separation of standard sugars (50 Ug¡
by ion-exchange chromatography.

Figure 6.

Separation by ion-exchange chromatography
of sugars extracted from sorghum fl-our.
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Figure 7.

Separation by ion-exchange chromatography
of sugars extracted from millet flour.

Figure 8.

Separation by ion-exchange chromatography
of sugars extracted from corn flour.
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Figure 9.

Separation by ion-exchange chromatography
of sugars extracted from soybean flour.

Figure 10.

':, .: '':: . Separation by ion-exchange chromatography
',.,-',. , of sugars extracted from wheat flour.
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Ladenburg 1972). In this study traces of mannose and glucose were id.enti-

fied in soybean flour extracts, however, several sugars reported by other

workers were not detected. These include verbascose (Kasai and Kawamura

1967), galactose and manninotriose (Delente and. Ladenburg L972), fructose

and melibiose (deMan et aL. 1975).

The wheat fl-our extract contained a fructosan component, sucrose, raf-

finose and small amounts of maltose and. glucose (figure 10). This is in

general agreement with the findings of previous investigations (Abou-Guendia

and D'Appolonia L972, Cerning and GuilboL 1973, D'Appolonia and MacArthur

L975) with the exception that fructose was also identified in each of these

studies. Ttre fructosan \^¡as not identified conclusívely due to lack of suít-

able standard sugars. However, this component probably corresponds to the

glucofructan observed in wheat fl-or¡r extracts by Abou-Guendia and D'Appolonia

(L972), and in whole kernel- extracts by Cerning and Guilbot (L913).

The results of the sugar analyses indicated that this would not be a

useful- method for identifying corn, mil-l-et or sorghum in wheat flour because

the sugar compositions of these materials were similar. However, soybean

ftour contained a significant amount of stachyose, a sug'ar not detected in

wheat flour. Ponte and DeStefanis (f971) reported that the concentrations of

stachyose and its. breakdown product manninotriose, as determined by quantita-

tive thin-Iayer chromatography, were useful in determining the proportion of

soybean flour in wheat flour and yeast leavened. bakery products. Consequently,

soybean-wheat fl-or:r blends were analyzed by ion-exchange chromatography to

determine whether stachyose content was linearly related to percent soybean

fLour over the range used in this study. As an example of the separation of

sugars extracted from soybean-wheat flour blends, the chromatogram for the

blend containing 20% soybean flour is shown in Figure 11.

Stachyose was determined quantitatively by calculating Èhe ratio of the
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Figure 11.

Separation by ion-exchange
of sugars extracted from a
80% wheat fl-our blend.

chromatography
20% soybean-

Figure 12.

Stachyose content of flour extracts
a funcÈion of percent soybean flour
soybean-wheat flour blends.
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area under the peak relative to the area und.er the stachyose standard curve.

The area under the curve was obtained by multiplying the peak height absorb-

ance by peak width in mm at one-half peak height absorbance.

Tt¡e stachyose content of the soybean-wheat flour blends is given in

Table 16 and presented graphically in Figure 12. Ihe data rvere analyzed

using the linear. regression equation. A very high correlation (r = .999) was

found between stachyose content and percent soybean fl-our in the bl-end.

Although detection. of stachyose may indicate the presence of soybean

flour in a composite, its usefulness for predicting the proportion of soybean 
:i,,.,
-,, : :

flour in a blend might be limited by the fact that stachyose concentration

varies dramatically with variety (Kawamura L967, Hymowitz et aL, L972, deMan

et aL. L975). However, if the stachyose content of the soybean flour used to

prepare the blend is known, ttren this parameter can be used to determine the

amount of soybean flour in a composite flour with considerable degree of

accuracy.

\-, ..
'',...:: .

ì- :.r.'
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Table 16. Stachyose content (mg/ml) of soybean-wheat
fl-our blends.

Soybean, %

05102030100

Stachyose O .265 .565 L.374 1.900 6.762

. :: ,.:

'': ;



VT. SUMMARY

Ttris study has investigated some of the biochemical properties of corn,

millet, sorghum, soybean and wheat flours in ord.er to identify constituents

that may be useful in detecting and estimating non-wheat flours in admix- 
,',,,, ,,,

tures with wheat flour.

proximate analyses, amino acid analyses and protein solubility frac-

tionations reveal significant differences in the chemical compositions of 
,,;,:,.,.,,,,

the flours. The differences detected by these assays are in the proportions 
1""'ì""'

of the constituents present, rather than the types of constituents detected. .","1:;,'
''--ì':_

Consequently, such analyses are not sufficiently specific to identify other

cerea1 or l-egune flours in admixture with wheat flour, but they can ind'icate I

whetherthecompositionofaf]-oursampleiswithintherangeofva]-ues

expected for wheat flour. The proportions of protein, fibre, ash, and a 
.

number of amino acids (lysine, arginine, aspartic acid, glutamic acíd, proline' t,

l

al-anine and leucine) are highly correlaÈed with percent non-wheat flour in I'

composite blends. These analyses may be useful for estimating the proportion l

':.

of non-wheat flour in a composite, if the identity of the flours in a com-

'r. !: i

;,:.,.,:,.,::t;:¡:posite can be.determined by another method- 
, :

Thin layer isoel-ectric focusing of flour proteins identified a protein ': ,,,:,

zone specific to soybean flour. The densitometric area of the zone that 
t";""'"":'

focused at pH 4.65 was directly proportional to percent soybean flour in

soybean-wheat flour bl-ends containing 5 to 30% soybean flour' Protein zones 
i.,,rii::,,,,,

spec_ific to corn, millet and sorghum f l-our proteins were not identified by r:: liiiì.::l

this technique.

Sugar analyses by ion-exchange chromatography indicated that corn'

millet and sorghum flours \^/ere not identifiable in admixture with wheat flour

70
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an the basis of their sugar compositions. In contrast, soybean flour con-

tained a high proportion of stachyose, a sugar not detected in wheat flour.

Stachyose content was directly proportional to the soybean content of soybean-

wheat f1our blends containing 0 to 100% soybean flour.

Thus, soybean flour can be detected in wheat ffour by detecting the

presence of stachyose or by identifying a specific soybean protein component-

Ttre high correlation of these parameters with percent soybean flour in soybean-

wheat blends of known composiÈion indicates that these constituents could be

used to estimate the proportion of soybean flour in blends of unknown pro-

portions. If Èhe variabil-ity of these constituents in soybean and wheat

flours from different sources can be established, these assays could be used

to estimate the minimum and maximum soybean flour content of soybean-wheat

flour blends with a reasonable degree of accuracy. Further investigation is

required to identify constituents Èhat can be used'for detecting and esti-

mating corn, millet and sorghum flours in admixture with wheat flour.

. :i; j: :'
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