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ABSTRAC'f 

The Isolation and Characterisation of Proteins 
from Phaseolus Beans 

Master of 
Science 

Inteaz Alli Agricultural 
Chemistry and Physics 

Proteins were isolated from two varieties of Phaseolus 

vulgaris (white kidney beans and navy beans) and one variety 

of Phaseolus lunatus (lima beans). The method of isolation 

of the proteins involved the use of a dilute organic acid 

solution as extractant. ~ne proteins were recovered by 

cooling the solutions at 5°C. The effects of pH (pH 2.5 to 

pH 5.5) and normality (O.ON to o.8N) of extractants (citric 

acid solution and DL-malic acid solution) on protein yield 

l'rere studied. In addition the effects of temperature (27°c. to 

50°C.), meal particle size (0.25 mm. to ~.oo mm. diameter) 

and extraction time (5 mins to 45 mins} on protein yield, 

were investigated. The crystalline and non-crystalline proteins 

which were obtained from the three types of beans were examined 

by polyacrylamide-gel disc electrophoresis. The protein 

preparations were also analyzed for their amino acid contents. 
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RESlJHE 

Extraction et caracterisation des proteines de feves 
du genre Phaseolus 

Miitrise es Sciences Chimie et P~sique Agricole 

Inteaz Alli 

Les proteines de deux varietes de Phaseolus vulgaris 

(feves blanches et feves bleues marine) et d'une variete de 

Phaseolus lunatus (feves de lima) ont ete isolees. Dans la 

methode d'extraction utilisee, l'extracteur etait compose 

d'une solution acide et organique diluee. Les proteines ont 

ete recuperees en refroidissant les solutions a 5°c. Les 

effet de pH (2.5 a 5.5) et de no:rmalite (O.ON a 0.8N) des 

extracteurs (solution d'acide citrique et solution d'acide 

DL-malique) ont ete etudies quant a leur rendement en proteines. 

De plus, les effets de temperature (27°Ca 50°C.}, de 

dimension des particules alimentaires (0.25 mm. a 2.00 mm. 

de diametre} et la duree de l'extraction (5 minutes a 45 

minutes) ont aussi ete examines quant au rendement proteinique. 

Les proteines, sous forme cristallisee ou non-cristallisee, 

venant des trois types de feves ont ete etudiees au moyen de 

l'electrophorese sur disque de gel polyacrylamide. Les 

proteines ont aussi ete analysees quant a leur contenu en 

acides a.mines. 
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to the · fanilJT Lep;1J:iil10sae. They aTe 

s·:):-:~e~i~es called pu.lses and one of their characteristics is 

that they develop their seeds in "podsn. The seeds are the 

p:..--oys.-:;e.ting organs of these ple.nts; they 0ontain the er.1bryo 

e. relatively large amount of store.:se protein. The seeds 

of legUl!!es are an important source of food for man. 'Che~y 

their abili t~' to produce Pl"otein from :ni tro:;en 

absorbed from the soil or the atmosphere, via their root 

nodules. Furthermore, some of the nitrogen they 11 fix11 can 

be recovered by crops grm·m in association i·ri th, or immediately 

follm·ring a leguminous crop. Leguminous plants are the:r-efore, 

imvortant in crop rotation. 

Ui th the exception of soybean, legu."llinous se.eds are 

not used to ru1y extent in the commercial production of protein 

isolates. Soybean has the advantage of having a relatively 

hisher :protein content ( 40 to .50 per cent) compared l'ri th most 

other legt~inous seeds (20 to 30 per cent). In addition, 

soyoean is a very important source of edible oil. Although 

nor:e of the other cultivated leguminous seeds has been used 

to the same degree as soybe9n, nevertheless, it is possible 

tha:; proteins isolated from the beans :z1ir;ht find many uses 

es3)ecie.1ly in areas uhere climatic condi tiol'1.S are not 

1 
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faYourable for the cultivation of soybean. 

&~ interesting develop3ent concerni~~ protein isolates 

from beans is the l'ror1c of Eel;ynchyn (1969). He claims 

that a crystalline protein isolated from beans is soluble in 

acid solutions having pH values 1·ri thin the range of the 

isoelectric points of the proteins. Casein and soybean protein, 

the major proteins of co~~erce, are insoluble in the pH range 

mentioned above. These protei~s are prepared by isoelectric 

precipitation. It is possible that the bean protein isolates 

might be used in the preparation of acid foods and beverages. 

Fan and Sosulsld ( 1974) noted that about 50 per cent of the 

alkali-extracted proteins of lima beans (Phaseolus lunatu~) 

remains in solution after isoelectric precipitation of the 

protein. This, they suggested could be concentrated for use 

i:n acidic beverages. 

Although considerable research has been done on the 

proteins of leguminous seeds, it is e'lident that a great deal 

more research must be done before the cow~ercial production· 

of the proteins becomes practical. As recent as 1970, Hang 

et al (1970) reported that there is very little available 

information on practical nethods for the extraction of proteins 

from 1:idney beans (Phaseolus vulgaris). Burroues et (1972) 

claimed that the same comnent could be applied to other species 

of Phaseolus beans. 

The purpose of this study 1·ra.s to isolate crystalline 

protein from three species of Phaseolus beans and to characterise 

the isolated proteins. 
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I. REVIEH OF LITERA '"PURE 

1. General Hethods for Extraction of Proteins from Seeds 

An ideal solvent for the extraction of proteins from 

seeds should remove all the proteins from the s·eeds vri thout 

changing the properties or structure of the original protein. 

Strong acid or base 'Vtill dissolve virtually all the proteina

ceous material but the proteins nay be changed profoundly. 

The extracting sol vents 1·rhich have been uidely used are l·rater, 

sodium chloride solution, 70 per cent alcohol solution and 

dilute alkali ru1d acid. Other solvents such as urea, glycol, 

detergents such as sodium dodecyl sulphate and sodium saly

cilate have also been used (Brohult and Sandegren 1954). 

Salt solutions other than sodium chloride, such as potassium 

sulphate, ammoni~~ sulphate, magnesiun chloride and sulphate 

have also been used. 

As early as 1728, Becoari (1745) attempted to separate 

proteins from wheat flour by simply l·iashing out the soluble 

carbohydrate material lri th rra.ter. He called the residue 

"gluticosum". Einhof (1806) used Hater to extract proteins 

from peas and beans. He shm·red that leguminous seeds contained 

a type of protein whi eh lras insoluble in 1·rater or alcohol. 

Braconnot (1827) extracted proteins from peas and beans with 

·uater and precipitated the proteins by the addition of acid 
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to the water extract. Bibra (1360) us cold water to extract 

oats; he tj:e 

t1:.e wa·~er cipitate an albumin 

:fraction; t;~e ;-;ie :-:c::.s 1. 24 pe:c cent of i.e tota:~ ,.;eal. 

te beans 

\.Phaseolus vulge.ris) by e::tre.cti J:rl of the Meal with water. 

Osborne (1891) ... ~ed relatl vely =~c..:· OL,,,.,-.+i -•~.;e•s oJ:> .L ·< <.<. • J. v- t,..~,., .J. 

proteL1 fror:l oats v1ith water; he e:c~r·acted five pounds of 

oats vri th litres of water. He re .. ·.oved the supernatant. 

re-extracted. t!1e resLdual meal ·.vith arJ.other six litres of 

water and precipitated the proteins by saturating the COL'lbined 

extracts ·with am:.:oniurJ. sulphate. 

Osborne used vrute:c to extract ;roteins from several 

seeds. He ex"c;rac d flaxseed ( '.-.....~2 ' ) \ J..O)' 1 0 th viater 

obtained pro n yield of 10.5 lJer c of the weight of the 

meal; he extracted barley proteins us water (1895), and 

Os borne al1d Ca::!l) bell (1896) used wate:::' to extract nro ins 

vetch; they reported a globulin yield of 1.04 per ce:1t 

o:f the original • Osborne (l9J7) obtalned a yield of 

9. 3 pe:::· c.eLt protein from oil- 1:1eal by v;ater 

ex.'c:raction and precipitation of. t!~e 

\7ater e:~-'cract to 65° C. 

teins by heati-~ the 

Several other workers investig2:~ed the use of water 

for ·the e:·: n of Drotein from see::ls. Jorws r.:::d Jo:ms 

(1916) extracted 1~.0 per c O ·i ·'-;'"" .,..;~o+e. ire< f-r·o"' +:~e · ~- v __ .._.. !:;'- V ~--->-0 - ..... ! v,....~. ,iack 

be2....n us 

http:oe2....fl
http:e:~'tr2.ct
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Chernoff (1918) reported that distilled 1:1ater extracted 2.5 

per cent of the protein from buclt: 'I'Theat at room temperature. 

Horl\:ing l'Ti th the lima bean (Phaseolus lunatus), Jones et ~ 

(1922) extracted proteins t·;hich accounted for 15.13 per cent 

of the original meal. Jones and Gersdorff (1923) extracted 

proteins from wheat bran 1·rith water at 1.2°C. and precipitated 

the proteins by dialysis. 

ltlater has been used as an extraction medium in investiga

tions of the effect of various factors on nitrogen solubiliza

tion from seeds. Nagel et al ( 1938) used 1·rater as the 

extractant for studies on the effect of meal particle size, 

temperature and extraction time, on the dispersion of soybean 

proteins. Smith ~t al (1938), Fontaine and Burnett (1944), 

Smith a."l'ld Jormson (1948), and Patel a:nd Johnson (1974) also 

carried out various studies on protein extraction from seeds 

using 1>1ater. 

Henning (1947) patented a process for the isolation 

1·ri th water, of proteins fron oleaginous protein bearing seeds 

such as soybean, peanut a:nd cottonseed. In this process cold 

uater is used to extract the proteins i'Thich are then precipi ta.ted 

by the addition of dilute acetic acid. Ttm ;>rears later Erkko 

(1949) also patented a method for the commercial extraction 

of proteins from soybean using water and isoelectric precipi

tation of the proteins by the addition of sulphuric acid. 

Aqueous solutions of acids and bases have also been 

used for the isolation of proteins from seeds. Ritthausen 
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ll862) ext:cacted proteins fro11 seeds with dl1ute aL:aline 

solu""dons. 'l'1lis authol~ (1880) extracted oil-free peam1.t :r:eal 

ca.lc.Lum <:~nd ba:;..·iu:l hydroxides. 

Perov ( 1931) cxtrac·c seeds of Bill§eolus vulgaris vri th dilute 

addition of dilute acetic c.cid. iie called the ioolated 

protein "p::·oto-c.1.cid". r.Iorse ( 1943) patented a process for 

the extraction of ve~eta.0le p:.ott,;in by uolullilization of ..:.;he 

protein material \Vith aqueous solution at pH 7.0 and preci9ita-

Several workers have shown that seed p.cotc,in Ea:y be 

solul>ilized by acid solutions. Smith and Circle (1938), 

Olcott and Fontainc t 1939), Fontrdne and 3u:cnet·~ ( 1944), 

Fontaine £.1 §l:l ( 1946, c-d, rontaine et al ( J.)40, b), Painter 

and r·;o sbi "t t 1946), S:.:~i th et al ( 1946), Eva:1s et al ( 194-8), 

Bourdlllon ( 1951), Dj a:1g et p.l ( J.952; 195 3), S::li th and 

.t\ackis ( 1957), S:1i :~h et al ( 1959), Powrie ( 1961), Eva..r1s and 

Ker:r- ( 1963), Caga:m.pang et §J:l ( 1966), Gheyasudcli:n et al (197 0), 

Patel 2.:nd Jolmson (1974), and Fan and Sosulsi::i (1974) have 

all used acidic and or basic solu·tions in investi ons on 

the solubility characteristics of seed proteins. 

l.felynciwn (1969) published a process for the isolc:1:don 

of crystalline p1:·o ins fr01:1 beans {PhaseoJ.us vulf;aris )_ us.i.ng 

solutions of orc:;ar~ c ac.ids. 

Alcohol h2,s also been used as an extr:.ctant for seed 

n:rot le~unlnous seeds contain 

';r::ich is insoluble in water or alcoi:ol. 

http:PhaseoJ.us
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';orh3.w (1821) used. ., to extract proteins from corn and 

obtained t:=t yellm·~ He,::-li ~:e su-Gstance uhich he called "zeil':. 11
• 

-=:1 ':Jr13 ( 1860) used hot s:,lGoi-:ol to extraGt proteins fro~ c,round 

oats; on cooling the ~ot extract a solid product separated 

out 'Vihich acGounted for 0.15 to 0.17 per cent of the proteins. 

He claimed that about 3 per cent of the proteins Has extracted 

by alcohol. Ritthausen (1872) also extracted a 11maize fibrin" 

from corn using alcohol. Osborne (1895) used alcohol to 

extract proteins from barley. Hoagland (1911) studied the 

effect of alcohol concentration on the yield of protein 

obtained from 'Nheat flour. He found a gradual increase in 

extractable nitrogen as the alcohol concentration increased 

(10 to 50 per cent). Extractable nitrogen decreased when 

the alcohol concentration was greater than 50 per cent. 

Greaves (1911) used alcohol to extract protein from wheat 

flour and sho~red that \'Then the extraction time tras increased 

from twenty-four hours to forty-eight hours, the pe_rcentage 

of protein that was extracted did not increase. Bishop (1929) 

used hot aqueous alcohol (70 per cent) to extract protein 

from ground barley meal; he called the extracted protein, 

horde in. 

Alcohol has been used more for the extraction of protein 

from wheat flour than from any other type of seed. Blish 

and Sandstedt (1925), Blish and Sandstedt {1929) and Sharp 

and Herrington (1927) investigated the use of alcohol for 

the extraction of proteins from l'rheat. 

http:8,lcoi-:.ol
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Pm·1rie ( 1961) used aa.ueous alcohol (70 per cent) and 

also aqueous alcohol (70 per cent) containing sodit~ acetate 

to extract proteins from na~J bean (Phaseolus vulgaris). 

The author sho~red that the alcohol-acetate mixture extracted 

slightly more protein than did the alcohol alone. 

8 

Solutions of sodium chloride have been used extensively 

for the extraction of protein fron seeds. This l'ras mainly 

because of the i'Tork of Denis (1858) viho shm·red that many 

proteins are soluble in neutral saline solutions. Hoppe

Seyler ( 1866-1871) confirn.ed the findings of Deni s. vleyl 

(1876-1877) used sodium chloride solutions to extract proteins 

from a number of seeds. He found that all the seeds he studied 

contained protein that ~tras soluble in sodium chloride solution. 

:Ri tthausen (1880) extracted oil-free peanut meal and sunflm·rer 

seed meal "V-rith sodi'l.L'll chloride solution (10 per cent). He 

precipitated the protein by dilution of the extract l'Ti th Hater 

and then saturation of the resultant solution 1·ri th carbon 

dioxide. The sa!lle 1·mrker extracted 1'Thi te bean ( Phaseolus 

vv.lgaris) 1'11 th sodium. chloride solution ( 2 per cent) and 

obtained a protein yield of llJ-.45 per cent based on the 

o~iginRl bean meal. 

Osbol"l1e (1891-1892) extracted the proteins from oats 

a..c"'!.d from kidney bean meal ( Phaseolus vulgaris), (Os borne 1891-4-), 

-;·ri th sodi un chloride solution· (10 per cent). He shov-red that 

the 1cidney bean meal contained phaseolin ( 1.5 per cent), phaselin 

(2 per cent), a..."fl.d. an alkali-soluble protein (20.6 per cent). 
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The author (lo97) used the same solution to extract the 

proteins from maize. He o~tained three globulins which together 

accounted for 24.07 per cent of the total nitrogen of the 

meal. Osborne and Campbell {1896;l897~b;l898) extracted 

proteins from various leguminous seeds (pea, lentil, horse

bean, vetch and adzuki bean) with sodium chloride solution 

(10 per cent) and precipitated the proteins by saturation 

of the extracts with ammonium sulphate. Osborne and campbell 

(1897) used sodium chloride solution (10 per cent) to extract 

the proteins from oil-free sunflo~1er seed meal. They precipi

tated the proteins by dilution of the extract with water 

followed by dialysis or saturation with sodium chloride solu

tion. Osborne (1907) extracted wheat germ with sodium chloride 

solution (3 per cent) and heated (6o0 -6J0 c.) the filtered 

extract to precipitate the proteins. The author also extracted 

wheat with sodium chloride solution (10 per cent) and isolated 

the proteins by saturation of the extract with ammqnium sulphate. 

Ladd (1909) used sodium chloride solution (1 per· cent) 

to extract proteins from wheat and other cereals and precipi

tated the proteins by use of phosphotungstic acid. Bailey and 

Blish (1915) used sodium chloride solutions to extract the 

protein from wheat flour and showed tl1at 48.3 per cent of the 

protein nitrogen was extracted by 1 per cent sodium chloride 

solution whereas 83.1 per cent of the protein nitrogen was 

extracted by 10 per cent sodium chloride solution. 

Other workers (Johns and Jones, 1916; Jones and Johns,-1916; 
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').s~-'1 S:::ldi 'Jn chloride solution 

peanut neal, jack bean 

3~7ed that 25 per cent of 

t:-:e total proteins o:" rapessed co';.ld be extracted by use of 

sod.i'J..I'::. chloride solution (10 per cent). 

Sodium chloride solutions have been used in studies 

on the effect of such factors as meal particle size, extraction 

tine, temperature and pH, on the extraction of proteins from 

different seeds. Smith et al {1938) studied the effect of 

particle size on solvent extraction of proteins from soybean. 

Olcott and Fontaine ( 1939) used 0. 5:J sodium chloride solution 

as extraction medium in their studies on the effect of pH on 

nitrogen solubility in cotton-seed meal. Painter and Nesbitt 

{1946} studied the effect of the particle size of the meal and 

the pH of the solvent on the solubilization of proteins in flax

seed. Djang ~ al (1953) used sodium chloride solution in 

studies on the effect of meal to solvent ratio, me~l particle 

size, pH of extractant, extraction time and temperature on 

the yield of protein from the mung bean (Phaseolus aureus}. 

Chamberlain (1906) found that potassium sulphate 

solution (5 per cent) extracted almost the same amount of 

protein from lTheat flour as did sodium chloride solution (10 

per cent). Bishop (1929) and Hofman-Bang (1930) used potassium 

sulphate (5 per cent) solutions to study the proteins of 

barley. Osborne and Harris .ll903 -~ 1907), Hetter and HcCalla 

(1949) used ammonium sulphate to fractionate seed proteins. 
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rent types of 

ts twe~~;-ei3~~ ii~ferent types of seeds in the 

prate Gortner et (1929) 

:::.ad.e simil es 0::1 :r!:ent proteins. 

In addition to salt solutions buffered salt solutions 

have been used to extract proteins from seeds. Danielsson 

(1949) extracted pea proteins using buffered sodium chloride 

solution (l.o:~r; p3: 7.0);~-Tetter and Hccalla (1949) extracted 

pea protein with a phosphate buffer (pH 7.8) and obtained a 

yield of 65 per cent. 
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2. Crystalline Proteins in Seeds 

The existence of crystalline pro ins in seeds was 

discovered over a century e.go. 

Eartig (1855) claimed that a large part of the reserve 

protein in seeds Has present in the cells in the form of 

crystals and grains of more of less definite structure. 

1Iaschlce ( 1858) claimed that he crystallised the protein 

of Brazil-nut 1·rhich Eartig {1855) had shmm to be present in 

the seed in the form of rhombohedral crystals. 

Schmiedeberg (1877) obtained crystals of the globulin 

of Brazil-nut by treatment of protein solution i'Ji th magnesia 

follm·md by slow evaporation of the solution. He considered 

the crystals to be the magnesium salt of the proteins. 

Ri tthausen ( 1881), Gri.ibler ( 1881) e.nd Osbor:"le ( 1891) 

isolated crystalline globulins from henp-seed, squash seed 

and from the oat kernel respectively. 

Osborne (1892,a) obtained crystalline globular proteins 

from Brazil-nut by dialysis of slightly acidic saline solutions 

of the protein. He concluded that the crystals i'iere formed 

by reaction of the globulins vri th the acid rather tha'1. v:ri th 

bases as suggested by Schmiedeberg (1877). 

Osborne \1901) obtained crystalline edestin from 

sodiUl::l chloride solution and fron sodi~JJ-:1 sulphate solution 
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of hemp-seed protein. The author shovred that the crystalline 

products l'Thich uere obtained by use of sodium chloride and 

sodium sulphate were conbined 1vi th hydrochloric acid and 

sulphuric acid respectively. 

Osborne (1924) clained that a number of vegetable 

globulins could be prepared in the crystal form; nearly all 

those ·which did not crystallise 't'l'ere obtained in the form of 

minute spheroids. The author prepared phaseolin from P. vulgaris, 

by dialysis of protein solutions; the phaseolin 't'Tas in the 

form of minute spheroids mixed vri th a fe't·T octahedral crystals. 

Perov a.'ld Lisi tzuin (1932) claimed that proteins vrere 

present in the seeds of Phaseolus vul~aris as calcium proteinates 

which l'Tere combined 't"l'i th calcium phosphate. The complexes 

could be decomposed vrith dilute acetic acid to yield the free 

proteins. 

Bailey (1949) prepared a number of different types of 

crystals from different seeds. He shovted that the spheroidal 

globulin prepared from castor beaD, could be converted to 

et octahedral cr;:,rstals by cooling solutions of the 

spheroidal globulin containing sodiQ~ chloride to 15°c. Lugg 

(1949) claimed that crystalline proteins could be seen ·under 

the microscope in the cells of certain oil-bearing seeds and 

that crystalline proteins having similiar appeara~ce could be 

prepared from saline extracts of these seeds. 

Bourdillon ( 19 51) obtained t;;·m different types of 

ine material from beans; one uas a phytic acid-p~·:Jtein 



14 

complex ; the other was protein· alone~ 

Fruton and Sim~onds (1953) that crystallinity 

does not necessarily indicate purity or horr.ogeneity of the 

protein. They claimed that many cry ine proteins have 

been found to be mixtures of several components. 

Danielsson (1956) claimed that crystalline proteins 

occur in the aleurone layer of certain cereals. He stated 

that the crystallinity of a protein preparation is not a 

criterion of homogeneity. 

N:elynchyn (1969) prepared crystalline proteins from 

beans by extraction of the ground 1-;i th sodium salts of 

dilute organic acids. He suggested that the crystalline 

protein preparationswhich were obtained i'rere substantially 

homogenous even though they might exist as complexes. 

Pant and ~ulsiani (1969) sted that the crystallinity 

of a globular type protein preparation tempts one to suspect 

that the protein_is pure. 

(.C 
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et of pH of =::-::.:traction Eed.ium on Protein ~ielcl 

basic units of protein molecules are amino e.cids. 

suLU~ation of the ionic charges of the component ~ino 

ac s of a given protein ves the molecule electri 

properties. Juzy change in the electric conditions of the 

enviro!JJnent 1·rill change profoundly the ionic charge and hence, 

the characteristics of the protein. One such characteristic 

is called the isoelectric point of the protein; it is the pH 

of the environnent at 1·Thich the ionic units comprising the 

prate molecules, is not influenced by the presence of an 

electric field.. Proteiris 

their isoelectric points. 

rally shmr minimal solubility 

and Sosulski (1974) stated 

t1:e.t the point of minimal solubility of proteins of several 

lesuninous seeds corresponds to the isoelectric point of the 

in" ____ u • As the pH is increased or lm·:rered relative to the 

; ctric point, the solubility of the protein increases. 

:'his been the basis of methods for the extraction of 

seecls. It has customary to use solutions 

!"::a7 pH values far removed from the isoelectric point of 

t:=:e protein. l'Ielynchyn (1969) shoHed, hovrever, that appreciable 

can be extracted f~co:1 bee.ns 

solt1..tio11s Hi th pH ues which are close to the isoelectric 

usi~t of the protein. 
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Rich ( 1936) shm·red that the amount of nitrogen l'Thich 

vras extracted frotl i·rheat flour -vri th distilled '!rrater "''TaS 

affected by the pH at 1·1hich the extraction i·ras done "''rhile the 

amount of proteins i·rhich was extracted by magnesium sulphate 

solution ( 0. 5N) l'TaS influenced only slightly by the presence 

of dilute acid or alkali. 

Smith and Circle (1938) studied the extraction of 

nitrogenous constituents from oil-free soybean meal by the use 

of acids and bases. Curves shovring the relationship betl'reen 

the pH of the extractant and the quantity of nitrogen extracted 

indicated that hydrochlori~ sulphuric, oxalic and phosphoric 

acids all gave minimal dispersion (8 per cent) of nitrogen at 

pH Lr.l to 4.2 and maximal dispersion (83 per cent) at pH 1.8; 

at pH values belovr 1.8 there was a rapid decrease in the amount 

of nitrogen that l'Tas dispersed.· On the basic side the dispersion 

of nitrogen reached a maximum (96 per cent) at pH 12.0. They 

also shovred that l>Ti th dilute calcium chloride solution ( 0 .lN) 

the effect of pH on the salt dispersion of the protein was 

greater than with more concentrated salt solution (0.5N). At 

this relatively high salt concentration the effect of pH 

practically disappeared. 

Olcott and Fontaine (1939) extracted oil-free cotton

seed meal i·ri th i'Tater containing sulphuric acid; they shovred 

that there i'Tas a minimal quantity (2.9 per cent) of nitrogen 

extracted at about pH 3.0. On opposite sides of this minimum 

pH value the percent nitrogen vrhich vras extracted reached high 
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values of 23.6 per cent at pH 1.0 and 24.9 per cent at plr 6.0. 

On the basic side, the percent nitrogen extracted increased 

from 32.9 per cent at pH 7.6 to 90.9 per cent at pH 12.0. 

Extraction 't'Ti th sodium chloride solution ( 0 .5N) instead of 

with l'Tater gave values ranging from 78.2 per cent nitrogen 

extracted at pH 6.4 to 22.9 per cent extracted at pH 1.5. 

There t1as no point of minimal nitrogen solubility at an 

isoelectric point. On the basic side of the pH scale there l'Ias 

only a slight increase in the percent nitrogen extracted when 

the pH was increased from 6.9 (78.4 per cent) to 11.5 (82.9 per 

cent). Table I gives the results of the authors' work on the 

effect of pH on the extraction of protein from cotton-seed 

meal. 

Fontaine and Burnett (1942.;.) extracted nitrogenous 

constituents of oil-free peaa£ut meal and found that more than 

80 per cent of nitrogen 't'Tas solubilized by t·1s.ter at pH 6.6. 

Minimal solubility occurred in the range pH 3.5 to pH 5.0. 

More than 80 per cent of the total meal nitrogen was solubilized 

at pH 1.5 and more than 90 per cent at pH 7.2. They showed 

that the peptizing action of solutions (0.25N to l.ON) of 

calcium, magnesium and barium chloride l·ras pH dependent, 

especially at lol'rer salt concentrations. Effective peptization 

by these salts occurred bet~reen pH 5.0 and 6.0. The authors 

emphasized the importance of pH in the evaluation of the 

peptizing agents of nitrogenous material. 
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3.60 

1.80 

1.17 

0.80 

0.18 

o.o 

ineq. J:TaOH 

0.10 

0.21 

0.31 

0.62 

0.82 

1.03 

3.09 

4.12 

TABLE I 

EFFECT OF NaOH 1\l'TD E2so,4 ON THE EX.TRAC·J:ION 

OF PROTEINS FROH CO'l'70H-SEED HEAL+ 

% of Total N Extracted 
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Ether extracted meal 
extracted "VTi th :n2o 

Ether extracted meal 
extracted i'Ti th 0. 5N NaCl 

PH 

1.9 

2.3 

2.9 

3.8 

LJ-.8 

5.8 

6.9 

7.6 

8.7 

9.6 

1.0-~4 

10.7 

11.1 

11.4 

11.9 

12.0 

23.6 

18.1 

12.9 

13.6 

18.1 

22.8 

24.9 

32.9 

73.8 

85.6 

90.0 

91.4 

93.1 

92.8 

92.6 

90.9 

1.5 

2.0 

2.9 

3.8 

4.7 

5.6 

6.4 

---

8.8 

9.1 

9.9 

10.5 

10.8 

11~5 

(%) 

22.9 

24.7 

27.1 

28.9 

38.8 

72.1 

78.2 

78 .Lr 

78.7 

78 .LI-

78.7 

79.5 

78 .. 0 

82.9 

+o1cott and Fontaine (1939). 
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0 
of cotto~-secd ~eal, nro~~eins of t;he corresnondi:n"' 

-· ..;.,_ 0 

dialysed ueal and the isol~ teins. 'i1hey suggested that 

-;; __ e se~·:ce of natur:::.ll:,r occur.:.:ine;: suhsta·nces in cotton-seed 

neal decreased the ue<) - .:. 
z.2:tion of p:cot in unde:c ce:ctain condi-

-c::...)ns of acid reaction out seened to have no ef1·ect under 

c:c-1-cli ons of aU~aline reaction. 

Fontaine ~t ( 1946, o) ;:mzges-~ed that the lovr sv lubili ty 

of pea.'lut and cotton-seed n.:.:·otein at pH 3. 66 was the result of 

for~,1ation of a pro·tein-p;cy·cic acid complex. They sv.ggested 

ths.t t~1e ootiEmm reaction for the formation of this complex 

Yras pH 3.5. They concluded that the phytic acid in the meals 

c caused a reduction in "':.:he s:J:::..ubili ty of the seed p:coteins at 

values below the isoe c point of -~he p:-coteins. 'l'he 

author·s also sug,;ested ., the low protein solubility at pH 

5, 23 was the result of intermolecular a·ttraction of proteins 

the pH ra!1ge of their isoelectr.ic point since t"ilere was 

little r·eaction betv1een ·;.;he v:;:·otein and phytic acid in this 

nii ra1:ge. 

Pa.1.nter and Hesoi (1946) sllovred that 85 to 90 per cent 

of t:1e ·total nitrogen in seed could be ez·~r2.cted at pH 11, 

to c.:l pe1:· cent at 3.:> eo 'i-. 0 a::1d :J3 ·eo b? per cent at 

-' l.. 0 to 1. 6. The aut .. ors found that fornic acid aispersed 

cer~t to 99 per cent of t£Le to -:~al ni in flazseed~ 

1Vans e! ( 194o) ::_:>erfon:;,ed experiEcnts on the peptiza-

c -',:;5..o:1 of tile nitrogenous consti tu·ents o :r dl..,.J peas and on metnods 

http:erfon:J.ed
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for the precipitation of the extracted protein solutions by 

adjusting of pH. They showed that about 70 per cent of the 

nitrogen could be peptized with 0.06N HCl {pH 1.7-2.0) and 

that maximum precipitation occurred at around pH 4.5 to s.o. 
The authors also showed that the amount of nitrogen that was 

dispersed with sodium chloride solution (l.ON) depended on 

the pH of the solution. Approximately 70 per cent of nitrogen 

was dispersed at pH 5.8 to 8.6 while nearly 80 per cent was 

dispersed at pH 10.8. 

Smith and Johnson (1948) showed that water at pH 6.6 

dispersed only 20 per cent of the total nitrogen from sun

flower seed while at the same pH, water extracted about 85 

per cent to 90 per cent of the total nitrogen from soybean, 

peanut and flaxseed. The water extract from sunflower seed 

contained very little protein which was precipitated by acid. 

The nitrogen from sunflower seed, however, was almost completely 

dispe~sed at pH 10.0. The authors suggested that the low 

water solubility of sunflower seed proteins might be attributed 

to the presence of chlorogenic acid which is a tannin-like 

compound widely distributed in plants. 

Bourdillon (1951) used sodium chloride solution (l.ON) 

to extract proteins from beans and precipitated the proteins 

at pH 4.6 and pH 4.2. He succeeded in the preparation of 

two types of crystalline protein from the proteins which 
-

precipitated at pH 4.2. One was in the form of an-isotropic 

dodecahedral crystals which the author regarded as a 
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protein-phytic acid complex. The other Has a mixture of 

spheroids and bi-pyram.idal crystals nhich the author regarded 

as protein alone. 

Djang ~ ~. (1953) found that the hydrogen ion activity of 

aqueous solutions used for the extraction of nitrogenous 

material from mung beans (Phaseolus aureus) had a greater 

effect in the absence than in the presence of salt in the 

extractant. 

Smith and Rackis (1957) suggested that the proteins 

in soybean meal formed complexes "i'Tith phytin; the composition 

of the complexes varied with the pH of the extractant. 

Removal of phytin from the complex raised the isoelectric 

point of the acid precipitated proteins by 0.8 unit. 

Smith et al (1959) studied the solubility of nitrogenous 

material in radish seed over a wide ra11ge of pH values. They 

shoued that there tias a sharp increase in the amount of nitrogen 

that trras solubilized when the reaction of the extract l'las 

changed from pH 8 to pH 12. 

Powrie (1961) studied the extraction of nitrogenous 

material from the navy bean (Phaseo1us vulgaris) with hydrochloric 

acid. He shot·red that in the presence of sodium chloride, the 

percent of total nitrogen that uas extracted decreased from 

24.1 per cent at pH 5.38 to 16.6 per cent at pH 3.66 then 

increased to 29.5 per cent at.pH 2.82. Sodium chloride caused a 

repression of the solubility of the alkali soluble proteins. 

Evans and Kerr (1963) showed that maximal levels of 
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nitrogen were extracted from navy bean (Phaseolus vulgaris) 

·Nith hydrochloric acid at pH 1.5, "Hith sodium hydroxide at 

pH above 7 .o or 1·ri th dilute sodium chloride solution while 

minimal quanti ties I'Tere extracted Ni th solutio11s of pH 3.8. 

They suggested that the proteins -v1hich ·vrere extracted at pH 

3. 8 1·rere probably album ins • 

Pusztai (1965) carried out studies on the extraction 

of nitrogenous material from kidney bean (Phaseolus vulgaris). 

He found that the dispersion of protein Has incomplete belou 

pH 7.0 and that the exact amount of protein which could be 

extracted depended on the pH and ionic strength of the solvent. 

The author found that the extraction of proteins \·:ras practically 

complete in the pH range 7 to 9 but that the relative amounts 

of the individual proteins vrhich vrere obtained depended on pH. 

Gagampang et al (1966) found that allmline solvents 

~>rere generally better than acid solvents for .. the extraction 

of proteins from rice. They shovred that lactic acid i•Tas 

superior to any of the other acid solvents for the extraction 

of rice pro ins. 

r·1elynchyn {1969) described a method for the preparation 

of crystalline proteins from beans using dilute aqueous 

solutions of salts of mono-, di- or -carboxylic acid. He 

obtained the most satisfactory result )'Then the reaction of 

the extraction 't'ras betvreen pH ·3.5 and pH 5.0. The author 

reported yields of approximately 30 per cent of crystalline 

protein. 
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Pant and Tu1siani (1969) studied the effect of pH on 

the e~ctraction of proteins fron cr;u . .:-::inous seeds. They found 

that for fou.r species of J)h~l,J.~, ::ini::rra1 extraction 

(]. s-r.!r.~. J) 0 db ~ . _ _ _ per cen c ccurre... e ~.,-vreen 2.1 and p::i 3.3B. Highest 

yields of protein vrere obtained Nhen the reaction of the 

extract 1·1as about pH 1 or above pE 7. For three species of 

the Phe.seol_\l.~ the maxir.rvn nitrogen extracted was about 80 per 

cent. 

Gheyasuddin al (1970) clained that protein nrenara-- - - -
tions isolated from sm1flmmr seed by conventional method of 

extractiol'l at high pH follo·:red by precipitation at the isoe1ectric 

point vrere alvrays green in colour. r..:he author believed that 

cc the colour vras the resu1 t of the oxidation of chlorogenic 

acid. 

Patel s:nd Joh.nso:1 (1971-:.) obtained naximal precipitation 

of horse-bean proteins from meal extraction beb;·reen pH 4. 0 

and. pH 4.5. They concluded that the dependence of protein 

solubility on pH v:as about the se.ne 1ii th horse-bean protein 

as uith other legume and oilseed proteins. They also noted 

that the pH of extraction and pre tation affected the colour 

of the protein precipitate. 

Fan and Sosulski (1974) studieo_ nitrogen extraction 

and protein precipitation using nine different leguminou.s 

seeds. They found that the rgn;:;e of m.inim8.l solubility of 

the proteins 1rere vrithi~'l the apparent isoelcctric rane;e of the 

bea11s 



0 (Phaseolus lunatus) uas sho1rn to have relatively high solubility 

at the apparent isoelectric range. They suggested that 11011-

protein nitrogen, including peptides, free amino acids and 

nucleic acids vrould constitute a substantial portion of the 

soluble nitrogen extracted at the pH's of minimal solubility. 
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L~. Effect of Concentration of Extracting Hedium 

on Protein Yield 

Since the amino acids of proteins are ionic species 

they have a hydrophillic interaction i'ri th polar l'Tater molecules. 

Any substance lniich changes the ionic properties of a protein 

solution v1ill therefore, affect the solubility of the proteins. 

Classical theory suggests that neutral salts such as ammonium 

sulphate at lor1 ionic strengths increase protein solubility. 

High concentrations of these salts, hm·rever, inhibit solubility. 

This is the result of the competition of the protein and salt 

for water molecules for hydration of their ionic species. 

At high salt concentration the salt attracts water molecules 

to hydrate its ions and the protein is precipitated. In 

instances where the salt solution is acidic or alkaline the 

reaction {pH) of the solution becomes the decisive factor 

that determines the solubility of the protein. It is also 

possible that the nature of the ionic species of the salt will 

affect the solubility of the protein. 

Gortner ~ ~~ (1929) studied the peptization of the 

proteins in wheat flour by inorganic salt solutions. They 

found that the degree of peptization of the proteins decreased 

as the salt concentration increased. Rich (1936) used solutions 

of sodium chloride and sodium and magnesium sulphates at eleven 
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different normalities (0 to 6N) to extract proteins from wheat 

flour. Solutions of 0.25N gave maximal protein extraction; as 

the salt concentration 't-ras increased above 0 .25N the amount of 

protein that l'ras extracted decreased. 

O'Hara and Saunders (1937) used thirteen different 

concentrations {0 to 6N) of sodium chloride solutions in 

their studies on the peptization of the proteins in flaxseed, 

orange seed, peanut and rye. Table II summaries the results 

of their studies. In studies on the extraction of proteins 

from soybeans, Smith and Circle (19.38) extracted 68.9 per 

cent of the total nitrogen with sodium chloride solution, (O.OlN) 

39.9 per cent with 0 .'lN solution and 7.3 .8 per cent t•ri th 0 .5N 

sodium chloride solution. Smith ~ al (1938) determined the 

effect of tvrelve different salts, each at seventeen different; 
·~ 

normalities (O.OOlN to .3.0N) on the peptization of the 

nitrogenous constituents of soybean meal. The experiments 

1-ri th univalent metal salts demonstrated that at lot<r concentra-

tions (less than 0 .OlN) there was. high nitrogen extraction. 

There i'ras a minimal level of extraction at about o.OlN and a 

maximal level of extraction at about l.ON. For the divalent 

metal salts, the general pattern ~ras similiar to that of the 

univalent metal salts except that the point of minimal extraction 

appeared at about O.Ol7.5N. The authors also studied the effect 

of concentration (O.lON to 0.5N) of sodium chloride solution 

on the extraction of nitrogen from several different types of 

seeds (barley, vrhea..t, rye, flaxseed, soybean and terpary bean). 

http:0.017.5N
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TABU<.: II 

EFFECT OF CONCENTHATIO!T OF EXTRACTlU'·TT ON THE Ar·IOUN'I1 OF 

NITROGEN EXTPJ'~CTED FROH DIFFERENT SEEDS+ 

d .D 
io Ol. Total Hitrogen extracted frora seeds 

:~ona1i ty of 
~IaC1 solution 

0 

0.125 

0.25 

0.375 

0.50 

0.7.5 

1.0 

2.0 

3.0 

4.0 

5.0 
-

6.0 

Saturated 

. . 

Fla:xrseed 

--· 
24.77 

tn .. 73 

58.63 

64 • .59 

64.50 

64.48 

64 • .59 

6.5.19 

63.75 
~-

61.71 
---

56.29 

50.12 

45.53 

0 'Hara a...11.d Saunders (1937). 

Orange:_ seed Peanut Rye 

32.24 52.86 14.8i 

35.59 71.15 20.32 

51.10 91.76 32.4.5 

.58.12 9'+ .85 34.75 

65.54 91¥.55 34 .. 15 
-

70.22 93.88 26.69 

73.34 9'+.42 25.00 

72.38 95.37 17.03 

71.59 94.14 18 • .57 

67.62 95.89 14.49 

67.82 92.26 11.23 

65.84 8?.68 ?.65 

64.92 81.23 7.6.5 

27 
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{1938) sl1mred that I'Jhen the alcohol (ethyl 

al.::;ohol, methyl alcohol) concentrations in aqueous solutiOJ1S 

were i~:1Cl"eEl.sed there Has a decrease in the solubility o~i' 

o:~ denaturation of soyi)eal1 p:r-oteins. 

Olcott and Fontaine (1939) studied the effect of salt 

co?:J.centration ( 0 .25ri to 1. OI:) on peptization of cotton-seed 

proteins. They used t1>1enty-three different types of salts, 

including the sodilli~ salts of acetic acid, citric acid, oxalic 

acid and tartaric acid. Thei:t." results shovjed that in general 

there 'iras an increase in prate in solubility as the salt 

concent:ration increased. 

Fontaine and Burnett (19LJJ~) used t1·re11.ty-seven. different 

s~l ts as peptiz:tnc s~r;;e11.ts for peeJ1ut proteins. Th.ey s11o1Jed 

tl1at socliun and potassiun salts (except flourides and acetates) 

~·re::>:e good peptizingagents at a concentration of l.OH. There 

;:~as e.n increase in protein pept;ization 1·ri th solutions of 

1..1..:1 chloride, nia.gnesiun chloride and ma,'3;nesiurJ. sulphate as 

concentration 1•ras increased from 0 .OlN to 0 .lN. At 

cm:ce11trations betueen 0. and 0. Ol.J-N the aHou.nt of ni tro,gen 

that :;as peptized Has approxinatel;:l the same as that peptized 

oy -:re.ter at the ssne They shm-red that for most of tho 

o"::;}:.e:" salts 1·:rhich uere used) there 1·ras a definite increase in 

:~ce::::.t ni t~co3e:n P8l)tized e.s the salt concentration U8.S 

i:-;.c:ce 0.75H to 1. 

i.l946,a) studied the effect of dif:~erent 

http:9~r;el1.ts
http:a1,::;0};.01
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acids on the peptization of the proteins in peanut and cotton

seed. Trichloroacetic acid produced a marked increase in 

protein peptized as the concentration was increased from 0 to 

5N. Phosphoric acid gave a similia.r e:f'fect rri th cotton-seed 

but the opposite effect with peanuts. Increasing the concentra

tion of acetic acid increased markedly the peptization of 

peanut protein but had only a slight effect on cotton-seed 

proteins. vfuen the concentration of hydrochloric acid and 

sulphuric acid was increased from 0 to 5.0N it v1as accompanied 

by little change in the peptization of the seed proteins. 

Djang ~ ~ (1953) studied some factors t-thich might 

affect the solubilization of nitrogenous constituents of mung 

bean (Phaseolus aureus). \·fuen the concentration of sodium 

chloride solution l'Tas increased from 0 .05r1 to 0.4011 there 

resulted an increase in nitrogen solubilized from 30 per cent 

to 60 per cent. 

Smith ~ ~ (1959) demonstrated that the solubility of 

the nitrogenous constituents in soybean dropped from 90 per 

cent to 50 per cent as the normality of the extractant 

{sodium chloride solution) l'ras increased from 0 to 0.111. The 

solubility of the nitrogenous constituents of radish seed under 

the same conditions increased from 20 per cent to 50 per cent. 

Baker et ~£ (1961) studied the effect of concentration 

of extractant (0 to lN sodium chloride solution) on the 

peptization of the proteins in five different pulses. For all 

the pulses there uas minimal ni trogel'l solubility in the 
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0 concentration range 0 • 0 50lT to 0 • 07 5E ral16e • Above 0. 07 5N 

there uas an increase in nitrosen peptized Hith increasing 

normality. 

Evans a:nd Kerr (1963) investic;ated the extraction of 

proteins from the navy bean ( J?ht~.seol•J.s 'tl.Jl.lc~aris) • Solutions of 

sodimn., potassium, calcimn. a:nd copper chlorides and copper 

sulphate gave about the sane degree of p1--o-tein extraction over 

the range of concentration 0 .25rT to 2 .O~T. They concluded from 

their studies that the natu.re of the salt which ·vras used had 

a greater effect on the percent of the total nitrogen that 

nas extracted than did the concentration of the salt. Pusztai 

(1965) also studied the extraction of urotc:lin from. Phaseoltls - ----
yulgaris. His results shoued that the C.ispersibility of 

nitrogenous constituents depended on the pH of the extracting 

solution. 

Zarkadas (196L:-) sho~·~ed that the a:"'nmmt of protein 

extracted from pBa meal varied with the concentration of sodium 

chloride solution. obtained ma:-:i1:~al peptization (85 per 

cent of total nitrogen) i·ri th l.OIJ sodiu.:2 chloride solu.tion 

and minime.l peptization bet~·reen cor..centrations of 0. otrn and 

0.08JJ. 

Helynchyn (1969) succeeded in the isolation of crystalline 

proteins from Phaseol us beans using orgf:mi c acid solutions vri th 

concentrations bet~reen 0 .051·! and 0 .Sr;. He obtained more 

satisfactory result uith the di- and tri-basic acids at loH 

c concentration than ui th the mono-be.sic acids at higher concentra-

tion. 
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c Pant and Tulsiani (1969) studied the extraction of seed 

p:r-otein using different salts at concentrations of 0.25N, 

0.50N and l.ON. They fotmd that different salts, at the same 

concentration extracted different amounts of nitrogen from 

the same seed while the same salt, at the same concentration 

extracted different amotL~ts of nitrogen from different seeds. 

Their results shol'red that there 1-:ras no general relationship 

beti'reen the concentratio11 of the salt solution a11d amount of 

nitrogen that was extracted from the different types of seeds. 

Hang et ~-l (1970) made similiar studies using three 

varieties of Phaseolus beans. Sodiun chloride solution gave 

minimal extraction of protein from mQ~g bean (Phaseolus aureus) 

at a concentration of 0 .05r•I a11d minimal extraction of prote111. 

from pea bean (J?paseolus vulgaris) and red kidney bean 

(Phaseolus vulgaris) at concentration of 0.025H~ 
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5. :2:ffect of Particle Size of Seed Heal on Protein Yield 

The classical view on the effect of particle size 

on protein solubilization from seeds is that decreasing particle 

size up to a certain limit, resultsin an increase in solubiliza-

tion of proteins. It has been suggested (a) that grinding 

of the seeds resultsin rupture of cellular and subcellular 

membranes surrotmding protein bodies and hence, allo·ws the 

solubilizing agent to come in contact vri th the protein, and 

(b) that extremely fine grinding causes denaturation of the 

protein and loss of protein dispersibility. 

A revievT of the literature has revealed that the first 

published uork on the effect of particle size on the solubiliza

tion of seed protein -vras that of Bishop (1929). He reported 

that barley flour ·Nhich v-ms grou...nd to pass through a 1.0 mm 

sieve yielded 25.6 per cent of its nitrogen on extraction 

with salt solution 1·rhereas, 31.2 per cent uas extracted from 

barley flour 1·rhich was grou...nd to pass through a 0.50 mm sieve. 

Eofman-Bang (1930) confirmed Bishop's findings. 

Nagel et al (1938) studied the solubilization of soybean 

proteins in water. Their results shovred that meal i'Thich was 

ground to pass through a 100 mesh screen ( 0.11.-1-7 rmn openings) 

yielded sli tly nore protein tha:n did the rr!eal :1hich passed 

throt,sh e, 200 ne screen (0.07h r1n openin~-::;s). They explai 
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that the long period of grinding in the "Ball mill". 1·rhich was 

necessary to produce the very fine (200 mesh) meal resulted 

in the denaturation of the proteins. 

Smith ~ ~ {1938) also found that particle size had 

a marked effect on the peptization of soy protein 1·ri th tAJater 

or salt solutions. Soybean meal prepared nith a "Pebble milln 

gave lo-vmr yields of protein than that prepared -v1i th a "Hiley 

mill" despite the fact that particle size of the former 1·ras 

smaller than that of the latter. The authors attributed this 

to the difference in the grinding action of the tvro mills. 

Becker et al (1940) studied the effect of particle size --
on the extraction of non-protein nitrogen from soybean meal 

using trichloro-acetic acid (0.8N). Their results reported 

in Table III sh01'1 that the authors obtained a slight increase ~ 

in the quantity of non-protein nitrogen that "'ras extracted 

as the particle size decreased. 

TABLE III 

EFF3CT OF NEAL P&LiTTCLE SIZE ON NON-PROTEIN NITROGEN 

EXTRACTED FROH SOYBEArrt 

Heal Grind 

flal\:es 

2.0 mm. screen (Hiley mill) 

1.0 mm. n lt u 

0.5 mm. u lt n 

lOO mesh (Ball mill) 

+Becker et al (19L~Q) 

mgm. of N extracted 
per gm.. meal 

3.03 

3.00 

3.09 

3.19 
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al {1941) established that the amount of protein 

that could be extracted f!'om corn nith sodium chloride solution 

incree.sed by abou.t 2 per cent 1-rhen the particle size 't'ras 

decreased {60 mesh to 100 mesh). 

Painter and Hesbitt {1946) studied the peptization of 

the protein in flaxseed using sodium chloride and magnesium 

chloride solutions. Their resu~ts demonstrated that little is 

gained by grinding the seed in a nBall mill" for more than 

six hours. They suggested. that some of the cystein and 

tryptophane uere lost during the grinding operation. 

Djeng et al (1953) investieated the effect of particle 

size on the extraction of protein from mQ~g beans (Phaseolus 

vulse.riE!_) using sodimu chloride solution { 0 .4N). rrhese 

-vrorJmrs grOlmd their seed material to pass through mesh size 

numbers 20, 40 and 60. They concluded that solubilization of 

nitroge11ous constituents vras essentially complete Hi th meal 

vrhich passed through a 60 mesh sieve. 

Zarl::adas (1964) investigated the peptization of the 

protein in :1;>eas. He contended that the quantity of protein 

that remained in the residue after extraction i•Jas governed at 

least in part, by the efficiency o:f the grinding operations. 

He suggested that some protein material vras rendered insoluble 

by denaturation during the grinding o:f the peas. 

Cagampang ~t al (1966) investigated the extraction of 

protej.n froTIJ. rice by a percolation method. and shm·red that a 

decrease (lW to 60 nesh) in the particle size of the meal 
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resulted in a substantial increase in protein yield. 

Patel and Jof\ ... nson (197Ll:) extre.cted proteins from horse-

bean with 1·1ater and Hi th dilute calciu.m hydroxide solution. 

They obtained a yield (percent of total nitrogen) of 86.lr per

cent with coarser {particle size - 360Jl) flour and a yield 

of 94.2 per cent I'Jith the finer (particle size - 130Jl) flour. 

They suggested that the more efficient extraction with the 

finer flour resulted from the more complete rupture of cellular 

membrane 1·rhich surrounded the protein bodies. 
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6. Effect of Extraction Time on Yield of Protein 

O'Hara a..nd Saunders (1937) invest'igated the effect of 

extraction time on the amount of nitrogenous material that 

1·ras e::~tracted from flaxseed nea.l. They found that an increase 

in extraction time produced little change in protein yield. 

Hagel et al (1938) shm·;ed that the length of the 

extraction period Has not a critical factor in the dispersion 

of proteins from soybean. They :r2ade three successive extrac-

tions on the same sample and they fotLnd that one minute 

extraction period for each of the three extractions dispersed 

as much prate in as did three hou~::' e:~traction periods. 

Olcott and Fontaine (1939) used potassium iodide 

solution to extract proteins fron cotton-seed meal and found 

that alnost conplete extraction too]:.: place after a fifteen 

minute extraction period even 1·rhen no mechanical agitation uas 

used (Table IV). 

Smith et al (19 52) Hork.ed Hi th three different varieties 

of soybee .. n and sho~red that the effect of extraction time on 

protein yield diff'ered from one va::::-iety of soybean to another. 

Djana: et al (1953) fou..11.d th9.t an increase in extraction .. --
tine produced only slight increase in protein yield from the 

mun!3: bean ( Phaseolns aureus). They also fm.mcl that mechanical - shaking had little aitvantae;e over hand stirring. 

http:fOll..11
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TABLE IV 

EFFEC'T' OF TilliE OF SHAKING OH ANOIDJT OF NITROGEN 

EXTRACTED FROI1 COTTOJ:·J-SEED+ 

Time of Shaking 
(minutes) 

15 

30 

60 

120 

Olcott and Fontaine (1939) 

% of Total Nitrogen 
Extracted by 0 • 5N liT 
Solution 

80.4 

81.0 

81.5 

81.9 

81.9 
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Cagampang et al (1966) investigated the conditions for 

the extraction of proteins from rice and reported that the 

period of extraction for maximal yield varied beti'Teen three 

and six hours. 

Nelynchyn (1969) in his work on the isolation of 

crystalline proteins from beans, allm·red the ground meal to· stand 

in the extractant with continuous or intermittent agitation 

for a period of thirty minutes. 

Patel and Johnson (1974.) found that the yield of proteins 

from horse-bean Has affected by the temperature of the 

extraction. For example, at 23°C., when the period of extraction 



was increased ~rom five to fifteen minutes the percentage 

of protein extracted increased ~rom 84.4 per cent to 95.8 

38 

per cent. No ~urther solubilization occurred when the period 

of extraction was increased beyond ~1fteen minutes. When 

the period o~ extraction was increased ~rom one hour to four 

hours at 9°C. the percentage of protein extracted increased 

by about 2.6 per cent. They suggested that the low yield of 

protein which was obtained when the extraction was carried 

out at low temperature could be increased by increasing the 

period of extraction or by increasing the agitation. 
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7. Effect of rrem:oere.t-,J.re of :~x:t:rac:-:ion on Protein Yield 

Johns and eT ones { 1916} fotmd that the amount of protein 
----

uhich I'Tas extracted fron oil-free :peanut mee.l at 40°C. 1·ras 

about the sane as that extracted at room temperature. 

Rich ( 1936) shm·red that the a'TI.ount of protein that 

could be extn:wted from lThee,t flour 11ith water, sodium chloride 

solution ( 0 .25H) and socliun and :m.ag:1.esiLtm sulphate solutions 

( 0 .. 25N) 1'ms affected only very slightly by increasing the 

temperature of the reaction from 5°C. to 60°C. Te.ble V a lists 

the results of the author's experiments. 

O'Hara and Saunders (1937) eztracted proteins from 

yieldD (percent of total nitrogen) of approximately 36, ln e.nd 

49 per cent respectively. 

Nagel t al (19.38) extx·acted soybean teins with 

results Hhich they obtained are listed in Table Vb. 

the extraction of 

nitrogenous constituents from cotton-seed us ins \·rater and 

sodium chloride solution (0. ) • They fo'Lmd that tl:e percent 

ni tror:r:en ubi eh uas extracted 1'71 the sodiu:s chloride solu·cion 

-~a ture 1·r2.s :-ceased fro:n 

r_/r.,oc 0 t' J 1 ' ~ -./ • n l''le o cne r nano.~ lT£1 .. 8 
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increased from 2;5°c .. to S0°c .. no appreciable increase 11as 

noted .. 

TABLE Va 

EFFECT OF TE!1PERATURE ON THE Al1!0UNT OF PROTEIN EXTRACTED 
.. . . + 

FRot·i t>IHENr FLOUR 

Dispersing 
Agent 

Hater 

NaCl Solution (0.2.5N) 

Hgso4 Solution (0.2.5N) 

Na2so4. Solution {0.25N) 

+Rich {1936. 

Amount of Protein Extracted as % 
of Hheat Flour 

TE:r.iPERATURE 

.5° c. l0°c. 20°c. 4o0 c. 6o0 c • 

% ·% % % % 

. 3.2 3.2 3.2 3.1 3.1 

2.6 2.6 2.7 2.8 2.7 

2.2 2.3 2.4 2.3 2.4 

1.8 2.0 1.8 2.2 2.0 

Smith et ~ (19.52) shol'Ted that temperature as well as 

method of agl tat ion l'Tere major factors affecting the amount 

of n1 trogenous material vrhi eh could be extracted from soy bean. 

Their results sho1-red that mild agitation (mechatJ.ical stirring) 

at 50°C. gave slightly higher ·values than l'Iere obtained with 

intense agitation (lightning-type stirrer) at 25°c. 
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TABLE Vb 

PERCENT NITROGEN EXTRACTED FROM SOYBEAN AT 
. . + 

DIFFERENT TENPERATURES 

Temperature 0 c. · 

1.5 

14.0 

28.0 

35.0 

45.0 

+Nage1 et al (19.38) --
.. 

%Nitrogen 

71.4 

76.3 

80.0 

81.6 

8.3.1 
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Djang et ~ (1953) studied the effects of temperature 

(25°c., 1+5°C. and 55°c~) on the extraction of proteins from 

mQ~g bean (Phaseolus aureus). They showed that when salt 

solution of low concentration was used the amount of protein 

that was solubilized decreased as the temperature was increased 

above 45°c:· They attributed this to the denaturation of the 

proteins brought about by the elevated temperature. They also 

shm·1ed that lipid-free samples gave slightly higher yields 

than did non-lipid-free samples. 

Cagampang ~ al (1966) -showed that the efficiency of 

sodium hydroxide solution (O.lN) for the extraction of proteins 

from rice flour t-1as about the same at 4°c. as it was at room 

temperature. 
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Patel and Johnson (1974) extracted proteins from horse

bean with calcium hydroxide solution at 23°C. and at 9°C. 

Higher yields l'rere obtained at the higher temperatures. 

Increasing the period of extraction and the degree of agita

tion, ho\)rever, increased appreciably the yield lThich lras 

obtained at the lotrr temperature. 
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II. ~;xPERI!1EHTl\L, RES1JLTS AND DISCUSS IQ][ 

1. J.la.teria.ls 

a. Source of Beans 

White kidney beans ( Phaseolus vulg~ris) l'rere purchased 

from Lancia Food Co., St. Laurent, P. Q. 

Lima beans (Phaseolus lunatus) were purchased from 

Steinberg Supermarket, Dorval, P. Q. 

Navy beans (Phaseolus vulgaris) were supplied by Dr. P. 

Melynchyn of FBI Foods Ltd., Beloeil, P. Q. 

b. Moisture and Protein Contents of Beans 

The samples of beans vrere ground in the MilL'l"'' Sam.plemill 

(Pulverising Machinery Co., Summit, N.J., U.S.A.). The mill 

Has fitted l'rith a 2 mm. diameter mesh. The moisture and crude 

protein contents of the meal l'l'ere determined by the methods 

given in the !·iethods of Analysis of the Association of Official 

AgricUltural Chemists, Eleventh Edition (1970). The results 

of the analyses are given in Table VI. 
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TABLE VI 

I10ISTURE AND PROTEIN CONTE~rT OF BEAN SANPLES 

vlhi te Kidney 
bean Navy bean 
(P. vulgaris) (P. vulgaris) 

% Protein (%N x 6.25) 20.1 21.0 

% Hoisture 10.5 8.9 

Lima bean 
(P. lunatus) 

22.2 

8.8 
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2. Preliminary Experiments 

The beans were ground in the 1-likro Sa.niplemill {Pulveris-
'. 

ing Machinery Co., Summit, N.J., U.S.A.) to pass through a 

2 mm. mesh. A sample (10 g) o~ the ground material was placed 

in a centri~uge bottle (250 ml) along with citric acid solution 

. (lOO ml; 0.2N adjusted to pR 4.0). The mixture t<ras allowed 

to stand ~or thirty minutes t<Tith intermittent stirring and 

then centrifuged (International Refrigerated Centrifuge, 

:Hodel PR-1, International Equipment eo.} for ten minutes 

(1200g). 

The superna.t:ant i·1as :filtered through fine glass wool 

and the :filtrate l·Ta.s stored at 5°C. for eighteen hours. The 

precipitate was observed u.~der the microscope and then isolated 

by centrifugation. The product l'ras -vrashed tlrice with distilled 

·Hater and then ~reeze-d.ried. 

The above procedure was used for the preparation of 
. ' 

samples of protein from 1-:'hite kidney beans {Phaseolus vulgaris), 

"r~..avy beans (Phaseolus vulgaris) and lima beans (Phaseolus lunatus). 

The products were analysed for total nitrogen by the 
---

Hicro-Kjelda.hl method described in A.O.A.C. (1970). 

Hhi te kidney beans { Phaseolus vulgaris) and navy beans 

(Phaseolus vulgaris) gave protein preparations which under the 

microscope, appeared as bi-pyramidal crystalline material which 
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-vras similiar to proteins described by Helynchyn (1969),. (I"i3ure 

I}. Lima bean (Phaseolus lunatus) gave a protein preparation, 

the particles of vrhich ·Nere spheroidal. 

c 
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FIGURE I 

crystalline Protein Isolated from the Navy Bean (Phaseolus 

vulgaris). 

Magnification x 40 

0 

( 
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3. Effect of pH and Normality of Extractant on Yield 

of Protein and Protein Cr.ystallinity 

a. Materials and Method 

48 

Solutions of citric acid and DL-ma11c acid of different 

normalities and pH values were prepared by dissolution· or the, 

crystalline acid in water followed by the adjustment or the 

pH of the solution to a given value by the use of sodium 

hydroxide solution (50 per cent}. Table VII shows the composi

tion of the solutions that were prepared. 

The extraction procedure was similiar to that described 

on page 45. Samples (10 g) of ground beans (white kidney beans, 

navy beans and 11ma beans) lTere placed in centrifuge bottles 

(250 ml) along with extraction solutions (lOO ml). The mixtures 

were allowed to stand for thirty minutes with intermittent 

stirring and then centrifuged (International Refrigerated 

Centrifuge, Model PR-1, International Equipment Co.) for ten 

minutes (l200g). 

The supernatants were filtered through fine glass wool 

and the filtrates were stored at 5°C. for eighteen hours. 

The precipitates were observe~ under the microscope and then 

isolated by cent~ifugation. The products were washed twice 

with distilled lliater and then freeze-dried • 

The above experiment l'ras done on each type of bean using 
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the extractants listed in 'l'able VII. , The nitrogen contents 

of the dif:!:'erent types of _Jrecipitates (indicated by microscopic 

examination) were detern,ined by the Micro-Kj eldahl method 

descrioed in A.O.A.c. (1970). 

b. Results and Discussion 

~he yields of protein which were obtained from the 

three beans with the vari.ous solutions are shmvn in Tables 

VIII to XIII; yields of crystalline protein are underlined. 

The res;.J. ts are shovm in graphic form in Figures II to V • 
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• TABLE VII 

SOLUTIONS PREPARED FOR_ EXTRACTTON OF PROTEINS FR0!1 BEANS 

Solution 
Reagent Nos. Normality pH 

Citric Acid 1-7 o.os 2 .5, 3.0, 3.5, 4.0, 4.5, s.o, s.s+ 
-

n 8-14 0.08 lt u lt " tl " .. 
et 15-21 0.10 " tt n n " tl u 

n 22-28 0.20 If n n lt n lt " 
11 29-35 0.40 u u u .u tt n " 
" 36-42 o.so u u u n u n If 

--
n 43-49 0.60 n " lt u n n u 

n 50-56 0.80 u n n tt " rt 11 

. -
DL-r·falic Acid 57-62 0.05 2.5, 3.0, 3.5, 4.0, 4.5, s .. o 

n 63-68 0.08 u u u " t1 " 
n 69-74 0.10 tt u tt n fl lt 

n 75-80 0.15 n n If n 11 (I 

u 81-86 0.20 lt lt n " n u 

·-·-
u 87-92 . 0.40 lt 11 n u " u 

-··· 
n 93-98 o.6o tt n n " n n 

tt 99-104 0.80 n 11 n (t fl tt 

... 
1-later 105-112 2.5, 3.0, 3.-5, 4.0, .4.5, 5 .o, + 5.5 . 

+ • Used to extract proteins from vfhi te Kidney bea11 and Navy bean 
only. 
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TABLE VIII 

Extraction of Protein from Lima Beans with Citric Acid Solutions 

. ' 

pH Percentage Yield of Protein (total N in isolated ;erotein x 100 ) 
- c ,. • ' • " ' ( , total N in meal ) 

O.ONa o.05N Oo.OSN O.lON 0.20N 0 .40N · 0.50N o .. 6oN o.SON 

% % % % % % % % % 
2.5 Q..J_ 6,0 8,0 :L!± o.o o.o o.o o.o o.o 

. ... -
3.0 o.o .lsE. ~ 10.0 0.9 o.o o.o o.o o.o 

3.5 o.o ~ 7.4 10.6 1.Q..&. o.o o.o o.o o.o -.. 

4.0 o.o Li Eh2 9.7 0.7 o.o o.o o.o o.o 
" 

4.5 o.o 1.3 1.5 2.1 2.7 o.o o.o o.o o.o 

5.0 o.o o.o o.o 0.0 o.o o.o ' o.o o.o o.o 

Underlined values indicate yield of crystalline protein. 

aD1stilled water. 
V\ 
J-1 
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TABLE IX 

Extraction of Protein from Lima Beans with DL-Malic Acid Solutions 

pH Percentage Yield of Protein (total N in isolated :2rotein rlOO) 
(· total N in meal · ) 

o.o~ 0.05N O.OSN . 0 .lON O.l5N . o.20N . o.4oN o.6oN o.SON 

% % % % % % % % % 
·- .. ... -· 

2.5 §.d 2-d 6.8 4.4 1.1 1.4 o.o o.o 0,0 

].0 o.o !i!.L 12.2 LQ· 2 ,Lr 0.9 o.o o.o o.o 
- ".,_ 

3.5 o.o 5.5 hl ~ 2..!1 o.o o.o o.o o.o 

4.0 o.o 10.9 13.2 12.5 4.8 1.1 o.o o.o o.o 
'·'" 

4.5 o.o 15.1 10'~8 hl 2.4 o.o o.o o.o o.o 

5.0 o.o o.o o.o o.o o.o o.o o.o o.o o.o . . .. 

Underlined values indicate yield of crystalline protein. 

aoistilled water. 
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TABLE X 

Extraction of Protein from White Kidney Beans with Citric Acid Solutions 

.. 

pH Percentage Yield of Protein (total N in isolated Erotein x 100 > 
( · total N in meal ) 

o.ow 
. ·-

0.0.5N . o.oBN. O.lON .. .. 0 .20N o.40N 0 • .50N o.6oN o.80N 

% % % % % % % % % 
-~" " . . 

2.5 1.0 o.o o.o o.o o.o .5.4 9.0 13.1 13.9 
" 

3.0 2,.3 o.o o.o o.o o.o 4 • .5 7.9 20.6 18.3 

3.5 ll-.5 o.o o.o o.o o.o 11.4 13.3 13.0 8.7 
.. 

4.0 4.2 o.o o.o o.o 1.5 14.0 16.0 15.8 ~ -... -- .. 
4 • .5 3.2 o.o 1.0 2.7 4.4 d:1..!.l ~ !.1.2 1 • .5 

- -·- --
_5.0 4.4 1.3 ~ 4.6 16.0 18.0 6.8 o.o o.o 

·~··~ 
.... 

.5-.5 4.7 22.~ -~ . :22.6 ~- . 8 •. 2 o.o o.o o.o 

Underlined values indicate yield of crystalline protein. V\ 

·aDistilled lra.ter: 
\.1.) 
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TABLE XI 

Extraction of Protein from v~ite Kidney Beans with DL-Malic Acid Solutions 

.. 

pH Percentage Yield of Protein (total N in isolated Erotein x 100 ~ 
( .. · · total N in meal 

o .orfl 
.. 

0.0.5N 0.08N O.lON O.l.5N 0.20N o.4oN o.6oN o.BoN 

% % % % % % % % % 
2 • .5 1.0 o.o o.o o.o o.o 1.3 3.3 7.0 14.0 

·- . 

.3.0 2 .. .3 o.o o.o o.o o.o 1.0 2.5 7 • .3 17.5 

.3.5 4 • .5 o.o o.o o.o o.o 2.4 4.6 24.7 39.9 
·-· ·- ..... -· 

4.0 4.2 o.o 0.6 0.5 1.5 .5.2 hl 1.8 o.o 
-·-

4 • .5 .3.2 o.o 1.7 1.0 ~ 16.4 2.2 o.o . o.o 
··"-

5.0 4.4 2.7 .3.6 6.0 11 • .5 .14 • .5 o.o o.o o.o .. ,.,. ~ . -

Underlined values indicate yield of crystalline protein. 

aD1st1lled water. \.1\ 
.{:::'" 
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TABLE XII 

Extraction of Protein from Navy Beans with Citric Acid Solutions 

pH Percentage Yield o.f Protein (total N in isolated J2rotein x 100 ) 
( total N in meal ) 

o.o~ 
... '"""' .. ... 

0.05N o.o8N O.lON 0.20N o.40N 0.-50N o.6oN 0.80N 

% % % % % % % % % -
2 • .5 1.0 o.o o.o o.o o.o o.o o.o 0.4.5 1 • .5 

3.0 6.9 o.o o.o o.o o.o 0.9 1.8 6.2 18.3 
. -

3 • .5 6.6 o.o o.o o.o o.o s.o 4 .. 9 1.5.3 o.o 

L~.o .5.3 0.3 0.6 0.9 w 1o.z z.d !.t1. o.o 
·-·"" 

4 • .5 4.2 0.7 2.8 ~ 12.7 .:t& 2.1 o.o o.o 
.. 

"~ ··-
s.o 4.2 2.8 ~ 12.,2 12.9 0.81 o.o o.o o.o 

- .... --
5 • .5 3.7 8.9 8.1 4.8 7.3 3.0 2.2 o.o o.o 

Underlined values indicate yield of crystalline protein • 

. aDistilled l'Tater. 
V\ 
V\ 
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TABLE XIII 

Extracti-on of Protein from Navy Beans with DL-Malic Acid Solutions 
/ 

pH Percentage Yield of Protein {total N in isolated Erote1n x lOO) 
( total N in meal ) 

o .o!fl o.osN 0.08N O.lON ·O.l5N 0.20N o.4oN o.6oN 0.80N 

.% % % % % % % % % 
-· 

1.0 o.o o.o o.o o.o o.o o.o 0.97 4.8 

6.9 o.o o.o o.o o.o o.o o.o .3.0 10.7 

6.6 o.o o.o o.o o.o o.o 2.9 19.6 30.9 
- -- ·-

4.0 5~3 o.o o.o 1.3 6.8 12.4 3.0 1.0 o.o 
-· " --

4.5 4.2 o.o 1.3 2.1 12.1 7..4 9.6 o.o o.o 
- -s.o 4.2 5.8 10.6 13.9 4.0 2.8 o.o o.o o.o 

.. 
Underlined values indicate yield of crystalline protein. 

~istilled water. 



FIGURE IIa, IIb, IIc. 

E~fect of pH of Citric Acid Solution on Yield of Prote1n 

t'rom y1lhi te Kidney Bean, Navy Bean and Lima Bean. 

0 0 Uhi te Kidney Bean. 

o- - -QNavY Bean. 

Q-··-· ·-·{)Lima Bean. 

Total N in Protein lOO % ot Total Protein = Total 1~ in Heal x 
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FIGURE IIIa, IIIb, I!Ic • 

.. Effect of pH of DL-~alic A.cid. Solu~ion on Yield of 

Protein from White Kidney Bean, Navy Bean and Lima 

Bean. 

0 0 White Kidney Bean • 

. o-- - -o Navy Bean. 

0-··-··-··0Lima Bean. 

~·--·'·"'' ·~~ ·~·"~ w ••• , 

% of Total. Prote1n = T~th:NN 1~ ~!iin X lOO 

• 
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FIGURE Va, Vb, Vc. 

Effect of Normality of DL-Malic Acid Solution on Yield 

of Protein from \olhi te Kidriey Bean, Navy Bean and Lima 

Bean. 

0 Ovlhite Kidney Bean. 
·-o-- -ONavy Bean. 

o-··-··-OLima Bean·: 

~ of Tota1 Protein = Total N 1¥ ~tein x lOO ,., Toti1 N n eai 

I 



Fig Va 
6? 

40------------------------~ 
pH 2·5 

-0 

0 
1-10 

-~ 
Qh 

.... 
0 

' . 
0·8 

40------------------------~ 
PH 3·0 

30 



• 

• 

Fig Vb 

40-·----------------------~ 

-a 
0 
~ 10 
0 
~ 
0 

9. 
: \ 
I • 
p ·~ 
• . 

d .. 

PHJ-5 

'I 

I 
I 

o~~~~~~~~~~--~~ 

. 40------------------------~ 
PH4·0 

30 

-0 

0 
t- 10 .... 
0 

...! 
0 

- 0•8 

68 



• 

• 

c: .ii 

Fig Vc 

40------------------------~ 
PH45 

30 

0~~~~~~~~~06~~~ 

40------------------------~ 
PH 00 

..... 
~20 a.. 
c; 
0 
t-10 
..... 
0 

.....!! 
0 



•• 

• 

"• 

70 

It will be noted that citric acid gave highest yield 

of protein from lima bean when the norma.li ty of the extractant 

was O.lON and the pH was 3.5. No protein was isolated with 

ex:tra.ctants having normalities above o.4 and pH values greater 

than 4.0. Malic acid gave highest yield of protein at o.OSN 

when the pH of the extractant was 3.0. As was the case with 

ci trio acid, no protein was isolated -v11 th malic acid solutions 

having normal! ties of 0 .4 or greater and pH values greater 
-· 

than 4.0. Figures II to V show that O.OSN and 0.08N solutions 

of citric acid and DL-malic acid gave two maxima on the curves 

which show the relationship between pH and yield of protein 

from the lima bean. It will be noted that O.lN solutions. of 
the acids gave increased yieldsof protein when the reaction 

was increased up to pH 3.S; this pH was also the point of 

maximum yield obtained i-Tith O.lSN malic acid solution and 

0.20N citric acid solution. 

It can be concluded that there is no general relationship 

between pH of extractant and protein yield from lima bean using 

citric acid and DL-malic acid. 

Figures II to V also show that extractants {citric 

acid and malic acid) having relatively~ow pH values {less 

than pH 4.0) give very little protein from white kidney bean 

when the normality of the extra.ctants is relatively low {less 

than 0.2N). When the normality of the extractant is high 

(greater than 0.2N), very little protein is isolated as the 

pH of the extractant is increased (above pH 4.0). The curves 
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shotring the relationship bettreen pH of extractant ( ci trio acid 

and malic acid) and yield of protein from white kidney bean 

indicate that the yield of protein increased to a maximum as 

the pH of the reaction was increased. The pH at 'tibich maximal. 

yield was obtained decreased as the normality of the extractant 

was lowered. 

The curves giving the relationship between pH and yield 

of protein from l'Thite kidney bean and navy bean (Figures II 

to V) are s1miliar in shape. A striking contrast between these 

two beans is the amount of protein isolated when the extraction. 

was done with citric acid (0.05N to 0.2N) at pH 5.5. 

An interesting feature of the results is the yield of 

protein obtained from the white kidney bean and the navy bean 

when extraction was done with o.SON DL-malic acid solution 
·--

(pH :3.5). A relatively high yield of about 40 per cent and 

30 per cent of the total protein was obtained from the white 

kidney bean and the navy bean respectivel.y, by extraction of· 

the beans with the solvent and precipitation of the proteins 

by diluting with distilled water. lJJ:elynohyn (1969) isolated 

proteins from beans in a similiar manner. 

T.he lfriter's results do. not show pH's of minimal yiel.ds 

of protein isolated from the white kidney bean and the navy 

bean to indicate 1soelectric points of these proteins. on the 

other hand, points of minimal yields were obtained from the 

lime. bean when extraction of the protein was done using 0.05N 

and 0.08N malic acid solutions (pH 3.5). Olcott and Fontaine 
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(1939) :round that there was no minimal nitrogen soJ.ubil1 ty 

to indicate an isoeJ.ectric point of the proteins, in their , 

extraction studies on cotton-seed meal with sodium chloride 
--

solution ( 0 .,5N) • They shoired, however, that extraction o:f 

cotton-seed proteins with water gave minimal nitrogen solubility 
--

when the reaction was done at about pH 3.0. Smith and Circle 

(1938) found that the dispersion of soy protein by salt 

solution was dependent on the pH as well. as the concentration 

of the extractant. The writer's results are in accordance 

with this :finding. 

The writer's results demonstrate that proteins were 

isolated from the white kiQ.ney bean and the navy bean (two 

species o:f Phaseolus vulgaris) when the pH and no:rmaJ.ity o.f 

the extractants (citric acid and DL-ma.lic acid solutions) were 

similiar. Under the same conditions ver.y little protein was 

isolated :from the lima. bean (Phaseolus lunatus). This suggests 

a relationship between the phylogen1 of the beans and the 

conditions :for the isolation o:f. their proteins. 

Figures IV and V show in graphic :form, the relationship 

between the normality of the extractants {citric acid and DL

malio acid) and the yield o:f protein. For the lima bean 

higher yields of protein were obtained at relatively low 

normalities of e:x:tractants. The normal1 ty at ilhich maximal 

yield was obtained was di:fferent when the pH o:f the extractant 

was varied. Hence, a specificity o:f normality and pH o:f 

extractant was established :for maximal yield of protein. 
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The curves (Figures IV and V) show that the relationship 

bet't'reen the nor.mali ty of the extractants (citric acid and DL

n.alic acid) and the yield of protein from the vrhi te kidney bean 

and the navy bean are similiar. In all instances, the amount 

of protein that 111as isolated from both beans increased to a 

maximum as the normality of the extractant was increased. The 

normality at which maximal yield was obtained was different 

vrhen the pH of the reaction 1-.ras varied. 

The l'rri ter' s results demonstrate that higher normalities 

of extractants (citric acid and DL-malic acid) are required 

for the isolation of proteins from the two Pha.seolus vulgari~ 

beans {white kidney bean and navy bean) than is required for 

isolation of proteins from Pha.seolus lunatus (lima bean). 

The 1·rri ter' s results agree lfi th those of Pusztai (1965) 

w·ho found that the effect of concentration on the nitrogen 

dispersibility of Phaseolus vulgaris beans depended on the pH 

of the extractant. Melynchyn (1969) claimed that a particular 

concentration of extractant gave maximal yield of crystalline 

proteins from beans; this concentration depended on the 

extraction medium and the type of bean. The writer's results 

are in accordance with this finding. 

Tne results (Table VIII to XIII} demonstrate that 

crystalline proteins are isolated from the white kidney bean 

and the navy bean (ti'ro varieties of Phaseolus vulgaris) under 

som.e"irhat similiar conditions of pH and normality of extractants. 

The lirna bean (Phaseolus lunatus) yieldscrystalline protein 
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bea..'l'l.s. This suggest a relationship betl'reen phylogeny of the 

beans a..'l'l.d conditions for the isolation of crystalline proteins. 

Microsc~eexaminations of the crystalline protein 

isolates of the three beans indicated that there was an increase 

in the size of the protein crystals tihen the norm.ali ty of the 

extractant was increased. In some instances (proteins isolated 

f'rom. white kidney bean using O.l5N and o.40N malic acid 

solution, pH 4 • .5 and pH 4.0 respectively) the protein precipi-

tate consisted of a mixture of crystalline and spheroidal 

particles. Osborne and Clapp ·{1907) isolated proteins f'rom 

ki~~ey bean and found that the isolate consisted of a mixture 

of crystalline and spheroidal material. 

The writer also investigated the use of DL-tartaric 

acid as an extractant for the isolation of crystalline: ;proteins·. 

from the t·rhi te kidney bean, the navy bean and the lima bean. 

The results obtained indicated that at certain normalities and 

p~ values, DL-tartaric acid solutions re-crystallise under 

refrigeration. It is suspected that the precipitate obtained 

by extraction of the beans 'i·ri th these solutions contained re

crystallised tartaric acid. 
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4. Effect of Particle Size of Meal on Protein Yield 

a. 14aterial.s and 1-iethod 

Samp1es of dry white kidney beans, navy beans and 11ma. 

beans were ground in a Mikro Samp1emi11 of Pulverising Machinery 

eo., Summit, N.J., u.s.A. The ground beans were then sieved 

using mesh screens of Endecotts (Filters) Ltd. l.fesh numbers 

were 10, 14, 18, 35 and 60 which correspond to particle sizes 
·- ··- . .,,, 

2.0, 1.41, 1.00, 0.50 and 0.25 mm. dia:m.eter respective1y. The 

fractions which were separated from 400 g of ground meal.. are 

given in Table XIV. 

In this experiment, different extractants were used to 

iso1ate the proteins from the three beans. The extractants 

which were used are given in Table XV. 

A sample (10 g) of each particle.size fraction of the 

bean meal was placed in a centrifuge bottle ( 2.50 ml) aJ.ong lTi th 

the extractant (lOO ml) .. The mixture was al1owed to stand, 

with intermittent stirring, for thirty minutes and then centri

fuged (International. Refrigerated Centrifuge, Model PR-1, 

International Equipment eo.) for ten minutes (1200g). 

The supernatant was filtered through fine glass wool 

and then stored at 5°G~· for eighteen hours. The precipitate 

was isolated by centrifugation. The product was washed twice 

with distilled water then freeze-dried. 
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• TABLE XIV 

FRACTIONS OF DIFFERENT PARTICLE SI~ 

OBTAINED FRm1 BEAN Si\HPLES 

1(Teight of ·Fractions (g) 

Endecotts 'JThi te Kidney Navy Lima 
Mesh No. Bea.'Yl ·Bean ·Bean 

. -
10 (2.00 mm.) 24 0 0 

"-· 
14 (1.41 mm.) 74 6 7 

.... 

18 (1.00 mm.) 194 271 200 

35 (0.50 mm.} 90 106 140 

60 (0.25 mm.) 14 14 50 

Amount unrecovered 4 -3 3 

Total: 400 g 400 g 400 g 

TABLE XV 

EXTRACTMiTS USED TO ISOLATE PROTEINS FROM DIFFERENT 

PARTICLE SIZE FRACTIONS OF BEAN 

Bean Extractant 

'Hhi te Kidney Bean 0 •. l.N Citric Acid Solution (pH :S. 5) 
.. 

. Navy Bean 0.8N Ci~ric Acid Solution (pH 3.0) 

Lina Bean · 0.05N DL:...:Malic Acid Solution (pH J.O) 

• 
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b. Results and Discussion 

The results obtained in this experiment are given in 

Table XVI~ They are given in graphic form in Figure VI. 

TABLE XVI 

-· .. ' . ·-

(PARTICLE SIZE 0.25 mm. TO 2.00 mm.) 

· Endecotts 
Mesh No. 

60 ( 0 • 2.5 mm • ) 

3 5 ( 0 • 50 mm. } 
--

18 (1.00 mm.) 

14 (1.41 mm.} 
·-- . .,_ .. 

10 (2 .oo mm.) 

T;lhi te Kidney Navy 
Bean ·Bean 

-

17.4. 12.6 

32.9 14.2 
·--

33.9 16.3 

23.3 5.4 

9.8 . 

+ = Total N in Protein x 100 % of' Total Protein -
Total N in Heal 

Lima 
Bean 

8.9 

12.4 

13.2 

4.4 

The results show that for all three beans, regardless 

of the extracting medium, there was a marked increase in 

protein yield as the particle size of the meal decreased from 

1.41 mm. to 1.00 mm. Further decrease in particle size from 

1.00 mm. to 0.50 mm. resulted in a slight decrease in protein 

yield while further decrease to 0.25 mm. particle size produced 

a more marked decrease. The results tend to suggest that the 
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FIGURE VI. 

Yield of Protein from Different Particle Size Fractions 
·-· 

of 11eal of v_lhi te Kidney Bean, Navy . Bean and Lima Bean. 

0 0 vlhi te Kidney Bean. 

0- - -oNavy Bean. 

o-··- ··--<>Lima Bean. 

• 
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mos.t sa.tis:ractory particle size for isolation of proteins 

from J.ima. beans, navy beans and white kidney beans with 

solutions (acid pH) of citric acid and DL-malic acid is 

1.00 mm. (No. 18 mesh). 

79 

The l1ri ter• s results show general agreement 'tli th the 

findings of previous workers. Hof'man-Bang (19.30), Smith !!! 

!1. (1938) and Nagel ~ & (1938) found that a decrease in 

particle size of meal, up to a certain limit, produced an 

increase in the amount of protein extracted from barley and 

soybean. Further reduction in the size of the particle 

produced a.decrease in the protein yield. Saunders (1931) 

emphasised that it was the meal fraction which passed through 

the No. 40 mesh, but not through the No. 60 mesh that produced 

crystalline proteins (pomelin) .from orange seed while Rotha 

and Saunders (1932) used the meal fractions passing through 

the No. 20 to No. 40 mesh to produce pomelin from the same 

seed • 
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S. Effect of Extraction Time on Protein Yield 

a. 11ateria.ls and Method 

Samples ( 10 g) of ground white kidney beans, navy beans 

and lima beans lrere placed in centrifuge bottles (2.50 ml). 

Citric acid solution (100 ml, O.lN, pH ,5.,5) was added to the 

white kidney bean, DL-malic acid solution (lOO ml, O.OSN, pH 

3.0) was added to the lima bean and citric acid solution (lOO 

ml, o.BON, pH 3.0) ~1as added to the navy bean. The mixtures 

were shaken using the Mechanical Shaker of Eberbach, Ann Arbor, 

1·11chiga.n, U .s .A. The per1ods of extraction were ,;, 10, lS, 

20, 30 and 4.5 minutes. The mixtures were then centrifuged 

(International Refr1gerated Centrifuge, Model PR-1, Interna

tional Equipment eo~') for ten minutes (1200g). 

The supernatants were filtered through fine glass wool 

and then stored at S0 c. for eighteen hours~ The precipitates 

were isolated by centrifugation. The products were washed 

twice with distilled water then freeze-dried. 

b. Results and Discussion 

The results which ware obtained in this experiment are 

given· in Table XVII. They are given in graphic form in Figure 

VII. 

http:IJIateria.ls


FIGURE VII 

Effect of Period of Extraction on Yield of Protein from 

T;lhi te Kidney Bean, _ Navy Bean and Lima Bean. 

0 0 vlhi te Kidney Bean. 

o-.- -oNavy Bean. 

~--··-··...:OL1ma Bean • . , 

... 

• 

• 
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~ · was not a critical factor in the extraction of proteins from 

· flaxseed and soybean while Smith !.i !!l, (19 52} demonstrated 

that the yield of protein from. soybean was affected by the 

variety of the soybean and the conditions of extraction. 

The results of the present work are in agreement with 

those of Dja:ng !.i !l (1953) who showed that there wa.s an increase 
.. 

in protein yield from mung beans (P.haseolus aureus) as the 

extraction time 1'tas increased and with those of Melynchyn (1969) 

who showed that an extraction time Qf thirty minutes w1 th 

agitation, was ideal tor the isolation of crystalline proteins 

from Phaseolus beans. 
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6. Effect of Temperature of Extraction on Protein Yield 

a. Materials and Method 

Samples (10 g) of gi'ound wh1te kidney beans, navy beans 

and lima beans were placed in centrifuge bottles (250 ml). 

Citric acid solution (lOO ml, _O.lN, pH 5.5) was adde~ to the 

white kidney bean, DL-mal.ic acid solution (lOO ml, 0 .05N, pH 
---

).0) was added to the lima bean and citric acid. solution {lOO 

ml, 0 .SON, p:a: ) .o) was added to the navy bean. The mixtures 

were a1lowed to stand with intermittent st:trr1ng, for thirty 

minutes. The extractions were carried out at the following 
. 0 . 0 0 0 

temperatures:- Room temperature {27 c.), 35 c, 38 c, 40 c, 

4S0 c. and 50°c. The mixtures were centrifuged (International 

Refrigerated Centrifuge, Model PR-1, International Equipment 
-

eo.) tor.ten minutes (1200g). 

The supernatants were til tered through tine glass wool 

and then stored at 5°c. tor eighteen hours-. The precipitates 

were isolated by centrifugation. The products were washed 

twice with distilled water and then freeze-dried. 

b. Results and Discussion 

The results obtained in t~is experiment are given in 

Table XVIII. They are given in graphic tom in Figure VIII • 

http:DL-mal.10
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TABLE XVIII 

EFFEgT OF EXTRACTION TEIJIPERATURE ON PRO'l'EIN YIELD _ 

Yield of Prote1n+(%ot Total 
Protein 1n Meal) · 

Extraction 
(oc.) 

vlhite Kidney Nav.y L1ma 
Temperature Bean· Bean Bean 

2?0 33.0 19.8 12.~ 

35° .34.9 2,3.2 19.2 
380 34.? 24.3 18.9 

40° 36.? 28.8 19.1 

45° 39.4 26.6 21.3 

.50° 35 • .3 25.0 14 • .5 
" 

+% ot Total Protein ~ Total. N in Protein x 100 
Total N in Meil 

as 

The resu1 ts reported 1n Table XVIII and Figure VIII 

demonstrate that the yield of protein from the white kidney· 

bean and the 11ma bean increased as the temperature of the 

extraction was increased trom 2?0 c. to 4.5° c. · The yield or 

protein from the nav.r bean reached a maximum at 40° c. 

Jobns and Jones (1916) found that increasing the tempera

ture of extraction from room temperature to 45° to .50°c. did 

not increase the yield of protein from peanut meal. B1ch (1936) 

also found that increasing the temperature of extraction from 



FIGURE VIII 

Effect of Extraction Temperature on Yield of' Protein from 

l·lhite Kidney Bean, Navy Bean and Lima Bean. 

0 0 vlhi te Kidney Bea:."l. 

· o- - -o Navy Bea11. 

o-··-··-.. 0 Lima Bean. 

% of' Total Protein = 1._otal U in Protei!_! x 100 . Totai }J in J,ieal 

• 

• 
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5°c. to 6o0 c. did not increase appreciably the yield of protein 

from •·rheat flour. Olcott and Fonta.ine {1939) on the other hand, 

found that increasing the temperature of extraction from 0°c. 
to 25°C. increased appreciably, the ~~ount of nitrogen extracted 

from cotton-seed and o•Hara and Saunders (1937), Nagel et ~ 

{1938) and Djang et al (1953) shm·1ed that the yield of protein 

from orange seed, soybeans and mung beans (Phaseolus aureus) 

l·ras increased by increasing the temperature of extraction. 
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CHARACTERISATION OF ISOLATED PROTEINS 
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I. ELECTROfl10P£8IS OF PROTEIN ISOLATES 

1. Revie-vr of Literature 

Iv1ost of the early 1rmrk on the characterisation of 

proteins from seeds l'ras based on the use of ammonium sulphate 

as precipitant. Nore recently, electrophoresis has been used 

extensively for protein characterisation. 

Ritthausen (1872) isolated proteins from beans and 

called the protein preparation legumin. Osborne (1894) 

isolated tlTO protein fractions from kidney beans (Phaseolus 

vulgaris) using fractional precipitation with ammonium sulphate 

solutions. One fraction 'tvas a globulin l'Jhich he called 

phaseolin and the other fraction uas an albumin trhich he called 

phaselin. Osborne and Campbell {1898) ' stated that albumins 

were present in all leguminous seeds except the navy bean 

(Phaseolus vulgaris) and the lupin. Osborne and Clapp (1907) 

prepared phaseolin from kidney bean {Phaseolus vulsar:lJ!) using 

ammonium sulphate precipitation. 

Jones and Johns (1916) fractionated the globulins of 

the jack bean and called the fractions canavalin and concanavalin. 

Johns and Haterman (1920, a.) isolated t't'ro globulin fractions 

fron the Georgia velvet bean.and called the fractions ~- and 

(0- globulins. The authors (1920,b) fractionated the globulin 

of the nuns bean (Phaseolus aureus) and obtained the~- andfo-
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g~obu~ins. Jones ll !!l (1922,a) and Jones !t! al. (1922, b) 

isoJ.ated the a.- and/J- globu~ins from the ad.zuki bean (Phaseolus 

@ASularis) and from the lima bean (Phaseolus lunatus). The 

authors showed that the corresponding globulins from the 

different Phaseolus species 11ere similiar. Wateman et a1 --
(1923) isolated a globulin frac~ion from navy beans (Phaseolus 

vulsaris) which they called conphaseolin. They found that 

their conphaseolin preparation was similiar to the~~ globulin 

of other species of Phaseolus ~" Their~ - globulin was similiar 

to phaseolin isolated by Osborne (1894). · 

Dja.ng et .!1, (19.52) demonstrated by electrophoresis, that 

the g~obulin fraction obtained from navy beans (Phaseolus. · 

aureus) comprised four different fractions. They cal~ed two 

of these fractions Ol- globulins and the other two, ~ - gl.obulins. 

Ghetie" {19.59) fra.ctionated the globulins of Phaseolus 

vulgaris into three compo11ents t-rhich he called fractions A, B 

and c. Each fraction showed different amino acid composition 

and different polarographic behaviour. The author concluded 

that the three fractions exist as well defined ent1 ties tri thin 

the seed. 

Klotaz (1962) showed that only some of the corresponding 

proteins of seeds and seedlings of Phaseolus vulgaris, 

Phaseolus coccineus, Phaseolus lunatus and Phaseolus aureus 

lrere s1miliar. Cotyledons of · PhaJleolus vulgaris and Phaseolus 

coccineus contained a similiar type of protein (phaseolin). 

Evans and Kerr (1963) found that protein isolated from· 
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navy beans {Phaseolus vulgariR) by {1) extraction at pH 7.0 
-

and precipitation at pH 3· 8 and (2) extraction with S')diU.m 

chloride solution (2 per.cent) and pr.ecipitation by dialysis 

were esse:ntially the sam.e as indicated by paper electrophoresis 

and DEA~-cellulose column chromatography. 

Liarkadas {1964) from his elec~rophoretic analysis of the 

proteins of mung beans (Phaseo..Lus aureus) show·ed that one 

globulin fraction separated to give six components on paper 

electrophoresis. He concluded that the mung bean globulin 

fraction comprises nine difi.el ... ent fractions. 

Fox ~1 .@:! (1964) de:~onstrated by means of polyacrylanlide

gel electrophoresis that the albumin from leguminous seeds of 

sp.ecies f"..com closely related genera were similiar. They 

commented on the importac:.ce of correlating protein electrophoretic 

patterns vd th tax:onom.ic position. 

Sayanova (1968) investigated, serologically, bean proteins 

and showed that there was a tax.ononic relationship between the 

P.roteins of Phaseolus vulgaris and Phaseolus mul tiflorlis a..~d 

a. lack of' relationship between the p_roteins of Phaseolus lunatus 

and Phaseolus aureus. 

Pa->tt and 'l'ulsiani (1969) claimed that the albumin and 

g~obulin fractions of four species of fhaseol~ gave only one 

band on pa.IJer electrophoresis. 'l'he authors used acetate buffer at 

pH 5.0, citrate buffer at pH 6.0 and phosphate buffer at pH 8.0. 

Adriaa.'1se and r\obbers (1970) carried out electro.;?horetic 

and fract5.onation studies on the proteins of different cul tivars 

http:importac:.ce
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of Phaseolus vu1S!ris. They found that the electrophoretic 

patterns of the corresponding globulin fractions of the 

different cultivars were different. 

Hall (1970} found by means of disc electrophoresis that 

the proteins of seven different cultivars of Phaseolus vulsaris 

were.similiar. 

1-icLeeste:r ll ~ (1973) stated that the globulin traction 

of Pha.seolus vu1garis is usually considered to inClude.'' 
. -

two major components· (legumin a.nd v1cilin). The authors 

sholled by disc electrophoresis that the total. globulin fraction. 

was not equivalent to the combination of the legumin and 

viailin fractions. 

Ishino and Ortega (1975) demonstrated that the globulin 

fraction of Phaseolus vulgaris consisted of four major com

ponents namely: Cl-, f) -, o - and'- globul.ins, designated in 

order of decreasing electrophoretic mobility. The fractions 

accounted for 50, 19, 10 and 12 per cent of the total globulin 

fraction respectively." These authors showed that the~

component was deficient in the sulphur containing amino acids 

and was not dissociated with 8M urea or with 0.2M 2- mercaptoe

thanol • 
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2. Experimental, Results and Discussion 

a. Materials and Methods 

The method used for polyacrylamide-gel disc electro

phoresis was essentially that of Ornstein and Da.vis as modified 

by Mauer (1971). The solutions used for the preparation of 

the polyacrylamide gels (lrithout urea) are given in Table XIX; 

the mixing ratios of these solutions are given·in Table XX. 

The other solutions prepared for use in the electrophoretic 

analysis of the isolated proteins are given in Table XXI. 

Eight glass tubes (length = 70 mm; external diameter 

= 7 mm; internal diameter = 5 mm) were cleaned (chromic acid 

cleaning solution) and dried. One end of each tube was sealed 

securely with parafilm. The tubes were then placed vertically 

on a rack with the sealed end at the bottom. Separation-gel 

solut1on(l.2 ml) was placed in each tube with the aid of a 

syringe. vlater was placed .on the top of the separation gel 

to give a layer of approximately 2 mm, care being taken, to 

avoid mixing of the gel solution and the i'later. The gels- were 

left to polymerize for one hour. 

The water layer was removed by means of small filter 

paper wicks. Spacer-gel solution (0.2 ml) was placed on top 

of the separation gel lli th the aid of a syringe. The. tubes 
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TABLE XIX 

SOLUTIONS_USED IN' THE PREPARATION OF POLYACRYLAMIDE GELS 
-

(?TITHOUT UF.EA) 

Reagents for PreEaration of Reagents for Pre:earation of 
Senaration Gel. Spacer Gel. 

I IV 

lN HCl 48.0 ml lN HCl 

Trisa 36.6 g Trisa 

TEHEDb 0.23 ml TEHEDb 

vlater to lOO ml !-later to_ 
(pH 8.9) (pH 6.7) 

Acryiamide 

Bis0 

'Hater 

Pere 

~·later 

II V 

30.0 g Acrylamide 

0.8 g Bis0 

to 100 ml Hater to 

I I Id VI 

0.14 g Riboflavin 

to 100 ml Hater to 

VII 

Sucrose 

.i;Jater to 

tris (hydroxymethyl) ~inomethane. 
N,N,N',N'-tetramethylethylenediamine. 
N,N-methylenebisac~Jlamide • 
prepared immediately prior to use. 
ammonium persulphate. 

·-

48.0 ml 

5.98 g 

0.46 ml 

lOO ml 

12.0 g 

3.0 g 

lOO ml 

4.0 g. 

-lOO ml 

40 g 

lOO ml . 
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'rABLE XX 

HIXIHG RATIOS FOR PREPARATIO!:>! OF GELS (HITHOUT UREA)
8 

Separation Gel · 

1 :partb(I) 

2 parts (II) 

1 part H2o 

4 parts (III) 

S:pacer Gel 

1 :part (IV) 

2 parts (V) 

1 part (VI) 

4 parts (VII) 

~Jumber in brackets refer to solutions 
listed in Table XIX. 

bPart by volume • 

95 
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TABLE XXI 

SOLUTIONS PREPARED FOR ELECTROPHORESIS OF PROTEINS 

Solution 

Electrode buffer 
solution (pH 8.3) 

Indicator solution 

Fixative solution 

Staining solution 

Destaining solution 

storage solution 

Composition 

Trisa (6.0 g), Glycine (28.8 g), 
. Distilled water to 1, 000 ml,. 
Dilute ten times (with distilled 
water) before use. 

Bromophenol Blue (1 mg), 
Distilled water to 1,000 ml. 

Trichloroacetic acid {12.5 g), 
Distilled water to 100 ml. 

(a.) Commassie Brilliant Blue (1 g), 
Distilled 1-rater to 100 ml 
(b) Trichloroacetic acid .(12 .5 g), 
Distilled l'later to 100 ml. 
ruxture of 1 volume of solution (a.) 
and 19 volumes of solution (b). 

Trichloroacetic acid {10 g), 
Distilled water to 100 ml. 

Glacial acetic acid (7 ml), 
Distilled 't'Tater to lOO ml. 

a.Tris: tris {hydroxymethyl) aminometha.ne • 
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were then placed under a fluorescent lamp for twenty minutes 

to allow photo-polymerization of the spacer gel. A sample-

gel solution ~ra.s prepared in exactly the same manner as the 

spacer-gel solution except that 10 mg of protein sample was 

added per S m1 of gel solution. A sample (SO ~) of this 

solution ltoas placed on top of the spacer gel. The tubes were 

placed under the rluorescent lamp for twenty minutes for photo

polymerisation of the sample-gel to take place. 

The tubes were removed from the rack and the parafilm 

at the end of the tubes -vras carefully removed. They were 

inserted into the rubber grommets of the upper buf'fer reservoir 

of the. electrophoretic apparatus 1<1hich lJas assembled as shown · 

in Figure IX. Buffer solution was added to the upper and 

lower reservoirs so as to completely cover the electrodes. 

One millilitre of 0.001 per cent bromophenol blue solution 

was added to the buffer solution contained in the upper rese~o1r~ 

The electrodes were connected to the power supply (anode, lolJer 

reservoir; cathode, uppe~ reservoir) and the current (D.c.) was 

turned on. The current lfas adjusted to one m1lliamp per tube 

for the first two minutes and then increased to four milliamp 

per tube for the remainder of the electrophoretic run. 

Electrophoresis was stopped when the bromophenol blue indicator 

reached the bottom of the tube; this took approximately one 

hour. 

The gels were removed from each tube t-ri th the aid of 

a flexible needle lrhich was passed between the gel and the 
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inner ttall of the tube • 

The gels were placed in beakers (600 ml) containing 

trichloroacetic acid fixative solution (50 ml, 12.5 per cent) 

for half an hour. The fixative solution was then replaced 
... 

by commassie BJ.ue staining solution (50 ml). The gles ttere 

allowed to stand in the staining solution for about eighteen 

hours. The staining solution was then replaced by trichloro

acetic acid (50 ml, 10 per cent) which acted as destaining 

solution. The gels trere kept in the destaining solution for 

several days with frequent changes of destaining solution. 

Finally, the gels were transferred to petri dishes containing 

acetic acid (50 ml, 7 per cent) as storage solution. The 

gels were photographed as soon as possible. 

The solutions used for the preparation of polyacrylamide 

gels (with urea) are given in Table XXII; the mixing ratios 
·--

of these solutions are given in Table XXIII. The other 

solutions prepared for use in the electrophoresis with urea 

are similiar to those prepared for electrophoresis without 

urea (Table XXI) except for the following modifications:-

(1) 

(2) 

The working electrode buffer solution contained 
24 g urea per litre. 

The fixative solution was modified to contain 
trichloroacetic acid solution (5 per cent) and 
5-su1fosalicylic acid solution (5 per cent) • 
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TA.BLE XXII 

SOLUTIONS USED IN POLYACRYLA}IIDE GEL DISC ELECTROPHORESIS 

( VTITH UREA). 

· · Bea.sep.ts for Pl!e;ea.ra.t_ion p_f, 
~ePara~Ion Gel. 

Reaients for Preparation 
o'T pacer eei. I ·-

I. -- & La-• * d 4 4 

1N HC1 

b TEHED 

Urea 

I 
48 .. 0 ml 

36.6 g 

·o .23 ml 

24 g 

» # I U # ..... ULW 

lU HCl 

Trisa 

Urea 

IV 
48.0 ml 

0 .L~6 ml 

24 g 

Hater to 100 ml 
(pH 8.9) 

. vTater to lOO ml 
(pH 6.7) 

II 
Acrylamide JO.O g Acrylamide 

Bisc 

VI 

Urea. 

viater 

Urea 

';Tater 

Urea 

'Hater 

aTris: 
bTEI1ED: 
CBis: 
dirr: 
eper: 

to 

III 

to 

IV 

to 

--
0.8 g 

24 g 

100 ml 

0.14 g 

24 g 

lOO ml 

24 g 

100 ml 

Urea. 

'Hater to 

VII 
Riboflavin 

Urea 

\-later 

VIII 
Urea 

Sucrose 

'Hater to 

tris {hydroxymethyl} aminomethane. 
N,N,N',N'-tetramethylethylenediamine. 
N,N-methylenebisacrylamide. 
prepared immediately prior to use. 
ammonium persulphate • 

12.0 g 

J.O g 

24 g 

100 mJ. 

4.0 g 

24 g 

100 ml 

24 g 

40 g 

lOO m1 
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TABLE XXIII 

11JIXING RATIOS FOR PREPARATION OF GELS (WITH .UREA)a 

Separation Gel ·· Spacer Gel 

1 partb (I) 1 part (V) 

2 parts (II) 2 parts (VI) 

4 parts (III) 1 part (VII) 

1 part (IV). .4 .parts (VIII) 

aNumbers in brackets refer to solutions 
listed in Table XXII. 

bpart by volume. 
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The following protein preparations were subjected to 
! 

electrophoresis. 

(a) White Kidnel Bean Isolates 

Isolate A - crystalline preparation extracted with citric 
acid solution (O.lN, pH ,5.,5). 

Isolate B - spheroidal preparation extracted with citric 
acid solution{O.SN, pH .3.,5). 

Isolate c- precipitate extracted with DL-m.alic acid 
solution (0.8N, pH .3.5) a.'rld precipitated by 
dilution with water. · 

Isolate D - isolate extracted with dilute alkali and 
precipitated with acid. 

Isolate E - crystalline preparation extracted from 
isolate D with citric acid solution (O.lN, 
pH ,5.,5) • 

http:solut1on{O.SN
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Navy Bean Isqlates 

Isolate F - crystalline preparation extracted uith 
citric acid solution (0.2N, pH 4.5) .. 

Isolate G - spheroidal preparation extracted with 
citric acid solution (0.4N, pH 3.5). 

Isolate H - isolate extracted 'Hith dilute alkali and 
precipitated with acid. 

Isolate I - needle-like precipitate extracted l'Ti th 
citric acid solution (0 .an, pH .3:~0). 

(c) Lima Bean Isolates 

Isolate J - crystalline preparation extracted i·iith 
citric acid solution {0.08N, pH 4.0). 

Isolate K- spheroidal preparation· extracted with 
citric acid solution {0.08N, pH 4.5). 

Isolate L - isolate extracted i·rith dilute alkali and 
precipitated with acid. 

Isolates D, H and L t·rere prepared for purposes of 

co~parison with the other isolates prepared. They were isolated 

by a standard method for the isolation of proteins from beans. 

Samples (10 g) of ground 'Nhi te kidney beans, navy beans a'11.d 

lina bea:l'l.s Here treighed out into centrifuge bottles (250 ml) 

a..'rJ.d sodiu.m hydroxide solution (lOO ml, 0.02 per cent) vras 

added. The mixtures were allo~red. to stand, 't·ri th intermittent 

stirring for one hour. They 1-re:re then centrifuged for ten 

minutes (1200g) and the su:t::ernatants ttrere filtered through fine 

glass uool. The pH of the supernatants was adjusted to pH 4.5 

i·ii th hydrochloric acid (cone.) to precipitate the proteins. 

The precipitates:we:re.isolated by centrifugation, washed tHice 

th distilled water and then freeze-dried. 
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The precipitate obtained from the white kidney bean 

";hen treated liith citric acid solution {O.lN, pH 5.5} and 

stored at 5°C. for at least eighteen hours gave a crystalline 

product. This product was named Isolate E. 

b. Results and Discussion 

Photographs of the electropherograms l·rhich 1t1ere prepared 

1"1i th and l'l'i thout urea are given in Figures X to XV. 

(1) vfuite Kidney Bean Protein Isolates 

a. \'li thou t Urea { Fig. XJ · 

Isolates A and B each gave electropherograms which had 

at least six bands, designated the «1-, d.z-, u_, P-, l- and 

6'- bands in order of decreasing electrophoretic mobility. The 

«1-, and«2- bands are diffused. The «1 - band corresponds to 

the «- zone of Zarlmdas (1964) w·ho showed that the globulin 

f'ractions f'rom mung bean {Phaseolus aureus) gave 111t1e"'"'bands·on 

paper electrophoresis. The ~- band is the broadest and most 

intense and corresponds to the ~- globulin of Ishino and 

Ortega (1975) 't•Tho found four major bands in the globulin 

fraction of Phaseolus vulgaris. The~-, '6- and'- bands 

correspond to the p-, ¥- and £_ bands of Ishino and Ortega (1975). 

The electropherograms of isolates C and E are similiar. 

Both shm'l three bands corresponding to the ex-, fJ - and'&- bands 

of isolates A and B. 



FIGUBE X. 

Electropherograms of Protein Isolates from lrlhite Kidney 

Bean - Electrophoresis without Urea. 

A - Crystalline-isolate extracted with 
citric acid.solut1on {O.lN, pH 5.5). 

B - Spheroidal isolate extracted with 
citric acid solution (O.SN, ·pH 3.5). 

c - Malic acid extract precipitated by 
dilution with H2o. 

-
D- Alkali extract, precipitated with acid. 

E • crystalline isolate extracted from 
D with citric acid solution (O.lN, pH 
s.s>. 

• 

• 
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FIGURE XI 

Electropherograms of Protein Isolates from \'lhite Kidney 

Bean - Electrophoresis with Urea. 

A crysta.lline,isola.te extracted with 
citric acid.solution (O.lN1 pH 5.5)~ ,, 

B - Spheroidal isolate extracted lfi th 
citric acid solution (O.SN, pH 3.5). 

C - Malic acid extract precipitated by 
dilution with H20. 

D - Alkali extract, precipitated with acid. 

E - Crystalline isolate extracted from 
D. with citric acid solution (O.lN, pH 
s.s>. 

0 

• 
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FIGURE XII. 

Electropherograms of Protein Isolates from Navy Bean -

Electrophoresis without Urea.. ;; ~ 

F - Crystalline ,isol.rate extracted with ·~· 
citric acid.solution (0.2N, pH 4.5). 

G - Spheroidal isolate extracted with . 
citric acid.solution (0.4N, pH 3.5). 

H - Alkali extract, precipitated with acid. 

I- Needle-like.precipitate extracted by 
citric acid solution (0.8N, pH J.O). · 

• 

.I 
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FIGURE XIII 

Electropherograms of Protein Isolates from Navy Bean -

Electrophoresis with Ur ea. 

F - Crystalline isolate extracted 1-ri th 
citric acid solution (0.2N, pH l-1-.5). 

G - Spheroidal isolate extracted with 
citric acid solution (O.LJ.N, pH 3.5). 

H - Alkali extract, precipitated lfith acid. 

I - Needle-li ke precipitate extracted by 
citric acid solution (0.8N, pH 3.0). 

• 

• 
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FIGU?.:2: XIV 

Electropherograms of Protein Isola~es from Lima Bean -

Electrophoresis without Urea . 

J - Crystalline isolate extra cted 1/Ti th 
citric acid solution (0.08N, pH 4.0). 

K - Spheroidal isolate extracted with 
citric acid solution (0.08N, pH 4.5). 

L - Alkali extract, precipitated Nith 
acid. 

• 

• 
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FIGURE XV. 

Slectropherograms of Protein Isolates from Lima Bean -

Electrophoresis with Urea. 

J - Crystalline isolate extracted Hith 
citric acid solution (0.08N, pH 4.0). 

K - Spheroidal isolate extracted ~ri th 
citric acid solution (0.08N, pH 4.5). 

L - Alkali extract, precipitated with 
acid. 

• 
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b. With Urea (Fig. XI) 

Electrophoresis with urea gave somewhat similiar patterns 

for all five isolates. There is a faint band which has the 

greatest electrophoretic mobility and a grouping together of 

at least three other bands. This pattern could have resulted 

from the polymerization of the protein molecules. Gill and 

TUng {1976) stated that electrophoresis of rapeseed proteins 

in the presence of urea solution {lOM) resulted in molecUlar 

fragments which did not en~er the separation gel. It was 

noted in the present work that some material did not enter the 

spacer gel. 

(ii) Navy Bean Protein Isolates 

a. Without Urea (Fig. XII) 

The electropherograms of isolate F is s1miliar to the 

corresponding isolate (isolate .l\) of the white kidney bean, 

except that the ot2- band is not apparent. The eil -, Q-, f3 -, 
1- and 6- bands are all present and they have comparable electro

phoretic mob111ties as does isolate A of the kidney bean. 

Isolate G gave four bands corresponding to the a~.-, P -, "6 .. and 

S- bands of isolate F. The '6- and fi - bands, . however, are 

re1ati vely faint. Isolate H gave only three bands corresponding 

to the « -, P - and 5 - bands of isolate F. Isolate I gave 

essentially the same bands as did isolate G. The"'&- and 6'-
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bands, however, appear more intense and there appears to be 

an additional band with lm·rer electrophoretic mobility than 

the 6- band. 

b. With Urea (Fig. XIII) 

Again, 11ke those or the isolates of the white kidney 

bean, the eleotropherograms of the navy bean isolates, in the 

presence of urea., show bands which are grouped together in 

the region of the a..- band. The·«- band appears to have been 

fragmented. The electropherogra:ms of isolates F. G and I are 

similiar except that the bands of isolate G are less intense. 

Isolate H show one less band than do the other three isolates. 

It is possible that urea caused fragmentation of the ~- band 

and polymerisation of other protein molecules to give larger 

units which did not enter the gel. 

(iii) Lima Bean Isolates 

a. Without Urea (Fig. XIV) 

Isolate J showsfour bands which could correspond to 

the et-, fJ -, ' - and 6- bands of isolate A of the white kidney 

bean. Isolate K show only three bands corresponding to the 

C(-, {J- and 1)_ bands. The "6 ~ band is not apparent. Isol.ate 

L show bands which are similiar to those obtained ror isolate K. 
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b. With Urea (Fig. XV) 

In the presence of urea, the electropherograms of the 

11ma bean isolates sho"Pr fragmentation of some of the bands. 

Isolate J gave six bands, five of 1-rhich are taint. The major 

band could correspond to the <t- band obtained lrith gels contain

ing no urea. The other five bands are probably due to fragmen

tation of other bands. Isolate K gave five bands, one major 

band corresponding to the ~- band and four other minor bands. 

Isolate L gave four bands, a major band corresponding to the 

fA.- band and three other minor bands. In all the isolates there 

is indication that there was some protein material which did 

not enter the gel. 

From the results of the electrophoretic analysis ot the 

isol.ates prepared the following concl.usions can be drawrN 

(1) The protein isol.ates of the white kidney bean, navy 

bean and l.ima bean are al.l el.ect~phoretically 

heterogenous. 

(2) The corresponding protein isolates of the different 

beans are s1m111ar in some respects and different 

in others. A f'eature which is common to all of' 

the isolates is the presence of a major band (~-band). 

The p- and & - bands are also present in all of the 

isolates. The ~- and oC1- and-«2- bands are present 

in some isolates but absent in others. These obsena-
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tions are in accordance with what has been ~ound 

by previous workers. Klotaz {1962) ~ound that only 

some of the proteins of seeds of different Phaseolus 

species were simil1ar. Andriaanse and Robbers 

(1970) found that electrophoretic patterns of the 

corresponding globulin fractions were not the same 

for different cultivars of Phaseolus vulgaris. 

{3) The protein isolates of the same bean are s1m1liar 

in some respects but different in others. All 

isolates of the same bean gave the characteristic 

0.- band. Generally the crystalline protein isolate 

gave more bands than non-crystalline isolates. 

Hammersten {1918) reported that the legumin isolated 

from pea by extraction with salt solution was 

different from that obtained by extraction with 

dilute alkali solution follolred by acid prec1p1 tation. 

(4) All of the isolates gave at least three of,the four 

bands designated as CA.-, p -, l) - and »- gl.obuJ.1ns by 

Ishino and Ortega (1975). The relative intens1ties 

of the bands were also s1miliar to those observed 

by these workers; 

(5) The electrophoretic behaviour of the corresponding 

protein isolates of the different beansis different 

in the presence of urea. Protein isolates of the 
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kidney bean gave eleotropherograms which indicated 

that there was aggregation of protein molecules. 

The «- band of the navy bean seemed to be fragmented 

by' urea. to give at least tl'ro bands but there was 
·-· 

also aggregation of some of the protein molecules. 

The d.- band of the 11ma bean seemed to be unaffected 

by urea but the other bands were fragmented • 
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II. AMINO .lj.CID 1UT4LYSIS OF PROTEIN ISOLATES 

1. Review of Literature 

Protein isolates from seeds have been analysed for amino 

acid content since the early part of the twentieth century. 

Osborne and Heyl ll908) ·i determined the amino acid composition 

of legumelin from pea seeds and found that the amino acid 

composition of this protein 1ras different from other proteins 

isolated from the pea. 

Danielsson (19.56) considered that it was very improbable 

that different plants could synthesize proteins with exactly 

the same amino acid sequence. 

T.andon ~ ~ (19.57) indicated that the amino acid composi

tion of different varieties of kidney bean {Phaseolus VUlgar&s) 

was influenced by several factors. They showed that the lysine, 

methionine and tryptophane content of the beans depended on 

environmental factors while the lysine and tryptophane contents 

were different for different varieties of beans. 

Bressani et aJ. (1961) found tha.t beans of Phaseolus 

species were deficient in the sulphur. containing amino acids, 

cystein and methionine. They also reported that the beans 

contained low quantities of tyrosine. 

Jaffe and Hanning {196.5) determined the amino acid 

·composition of different protein fractions isolated from the 
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black kidney bean {Phaseolus vulgaris). They sho't·ted that the 

different protein fractions had different amino acid composi-

tions. 

Pant and Tulsiani ( 1969) found that the amino aci.d 

composition of different varieties of Phaseolus vulsaris beans 

Here different. They suggested that maturity and age of seeds, 

soil, genetic and other environmental factors influence the 

chemical composition of the seeds. 

de l1oraes and Angelucci (1971) determined the amino acid 

composition of twelve different varieties of Phaseolus vulgaris 

beans. Their results demonstrated that amino acid composition 

of beans of different varieties may differ markedly. Aspartic 

acid, glutamic acid and tryptophane l'1ere sho't'm to be relatively 

high in all varieties while the methioni11e contents l'Tere 

relatively loi'.r in all varieties. 

Evans et al (1973) found that the subtractions of certain 

protein fraction isolated from the navy bean (Phaseolus VUll)aris) 

~rere very different in amino acid content. The amino acid 

composition of the major subfraction of the protein l<Thich "Vras 

isolated with sodium chloride solution (1 per cent) is given 

in Table XXIV. 

Palmer et al (1973) analysed for amino acid content --
the v.ngerminated and germinated seeds of lcidney beans (Phaseolus 

v~Jsaris). The amino acid composition of the globulin fraction 

f~om the unger.minated seed is given in Table XXIV • 

Haneepun ~ ~ (1974) determined the amino acid coinposi-
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tion of a protein concentrate obtained from the lima bean by 

extraction with ~;rater at pH 6.3. The protein l'ras precipitated 

at pH 5.0. Table XXIV shoi'is the results of the analyses • 



118 

•• TABLE XXIV 

ANINO ACID COHPOSITION OF PROTEIN FROH 

PHASEOLUS BEANS 

Lima bean Kidney :gea.11 Navy bean 
protein protein protein fra.ction° 
concentrEttea 

Am.lno Acid g/16g N. g/16g N. g/lOOg protein 

Aspartic acid 17.06 12.2 13.0 
.. 

Threonine 9.84 4.6 3.5 

Serine .7.15 6.1 6.5 
... 

Glutamic acid 14.15 16.0 13.3 
·-

Proline 4.22 5.4 3.5 

Glycine 3.97 4.1 3.3 

Alanine 4.74 4.4 3.3 
-·-

Valine 4.15 6.0 5.2 

Cystein 2.65 0.5 N.R. 

J!fe thi onine 1.13 1.1 0.6 

Iso1encine 4.49 5.3 5.2 

Leucine 7.81 9.4 9.2 

T"Jrosine 3.88 lt-. 0 2.9 
... 

Phenylalanine 4.72 6.7 6.8 

Lysine 6.61 7.6 6.4 

Histidine 2.92 3.2 2.9 

Arginine -5.01 5.9 5.0 
~J.Ia..l'leepun ~ al (1974). 

• Paln.er et al-r-1973} • 
c - -{ ) Evans et a1 1973 •-

F 1=1 _ ......... - Hot Reported. ___ 
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2. Experimental., Results and Discussion 

a. Materials and Method 

Samp1es (8 mg) of the protein preparations were placed 

in c1ean dry test tubes (13 x 100 mm) along with concentrated 

hydrochloric acid (1 ml). The tubes 'tlere then placed 1n a 

beaker containing concentrated hydrochloric acid up to the same 

leve1 as that in the tubes. The beaker. was placed in a 

desiccator and concentrated hydrochloric acid was placed in 

the base of the desiccator. The desiccator was sealed and 

. c1amped by means of two -.rood flanges which were bo1ted together 

(Lauer, 1971). The desiccator was flushed with nitrogen and 

evacuated (with the aid of a vacuum pump) three times. After 

the final evacuation it was heated in an oven at 110°c. tor 

twenty-tour hours. 

The samp1es 1<1ere coo1ed then dried under vacuum 1n a 

desiccator containing sodium hydroxide flakes. The dried 

hydrolysates 'trere dissolved in sodium citrate bu:f"fer solution 

(pH 2.2, 5 ml) immediately before the amino acid determination. 

The protein hydrolysates were analysed by means of an 
·-

.Amino Acid 1\na.lyser (Beekman, }1Iodel 120C). 

The necessary reagents were prepared as described 1n 

the Instructional Manual, Model 120C, Beckman Amino Acid 

Analyser (1965) and are listed below: 
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(i) Sodium Citra.te Buffer Solution (0.20N, pH 2.2). 

Sodium citrate (19.6 g), cone. hydrochloric acid 

(16 • .5 ml), thiodie;lycol {5 ml), caprylic acid {0.1 ml), 

benzyl alcohol (.5 ml), volume adjusted to 1 litre 

with distilled water. 

(ii) Buffer 4 podium Citrate Buffer Solution {0.20N, 

pH 3.28). 

Sodium citrate (78.4 g), cone. hydrochloric acid 
-· 

(50.3 ml), thiodiglycol (10 ml), caprylic acid (0.4 ml), 

benzyl alcohol (20 ml), volume adjusted to 4 litres 

with distilled water. 

- - -

(iii) Buffer B Sodium Citrate Buffer Solution (0,.20N, 

(iv) 

pH 4.25). 

Sodium citrate (78.4 g), cone. hydrochloric acid 
·-·· 

{33 • .5 ml), thiodiglycol (10 ml), caprylic acid (0.4 ml), 

benzyl alcohol(20ml), volume adjusted to 4 litres with

distilled l'later. 

' . ..- ' . ~ .. 

Buffer D Sodium Citrate Buffer Solution (0.32~, 
I 

pH 5.28). 

Sodium citrate (137.3 g), cone. hydrochloric acid 

(20 .2 ml.), caprylic acid (0 .4 ml), benzyl alcohol. (20 ml), 

volume adjusted to 4 litres with distilled water. 

-
{v) Uinh:[drin Rea~ent. 

(. He.thyl Cellosolve {Ethylene Glycol l•Ionomethyl Ether), 
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(3 litres), sodium acetate buffer solution (4N, 1 litre), 

ninhydrin, (80.0 g), stannous chloride (1.600 g). 

For the determination of the basio amino acids a 23 x 

0.9 cm tube containing Beckman custom Spherical Ion-Exchange 

Resin PA 35 and elution buffer of pH 5.28 (Buffer D) were 

used. 

For the determination of the acidic and neutral amino 

acids a 69 x 0.9 cm tube containing Beckman custom Spherical 

Ion-Exchange Resin PA 28 and elution buffer of pH 3.28 (Buffer 

A) and pH 4.25 (Buffer B) were used. 

The operating directions for a four ho.ur protein hydro ... 

lysate analysis, as described in. the Instruction l·lanual, Model 

120c, Beckman Amino Acid Analyser (1965), 'tlere followed. 

The volume of sample which l'ras applied to the column 

was 0.4 ml. Column temperature was maintained at 55°c. and 

effluent :flow rate of. buffer solution and ninhydrin reagent 

was 102 ml per hour. 

The .Analyser was calibrated using a Beckm.an Standard 

Amino Acid Mixture containing 17 amino acids. 

b. Results and Discussion 

Tables XXV, XXVI and XXVII give the amino acid composi

tion of the protein hydrolysates prepared from the isolates of 

the trhite kidney bean, the navy bean and the lima bean. · 
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• Tl\BLE XX!V 
-

AMDlO ACID COMPOSITION OF PROTEIN ISOLATES 

. FROI4: . \tflUTE KIDNEY BE.A .. ~ 

g Amino Acid per 100 g Protein 

Amino Isolate IsoJ.~te IsoJ.ate Isolate Isolate 
Acids A a . B cc D Ee 

Aspartic Acid 15.;42 10.47 15.53 16.27 14.32 

Threonine 3.13 2.98 3.38 4.47 2.77 

Serine 6.12 6.82 5.59 6.08 5.96 

GJ.utamic Acid 22.57 24.74 22.81 22.25 21.17 

Prol.ine 3.85 4.83 3 • .52 3.96 3.47 

Gl.ycine 3.22 2.49 4.09 3.93 2.96 

Alanine 3.62 2.62 3.12 3.90 3.09 

Cystein . 0.35 0.29 0.21 0.30 0.23 

Valine 4.67 4.13 5.63 .5.70 4.48 
·--

11ethionine 0.92 0.96 0.62 1.03 1.01 
... 

Isoleucine 4.54 4.23 4.93 .5.2.5 4.20 

Leucine 7.87 7.49 8.63 9.64 .5.03 

Tyrosine 2.62 2.51 4.63 4.06 0.87 

Phenylalanine 4.48 4.18 5.95· 5.04 1.25 

Lysine 7.57 8.09 7-53 7.48 7.99 
-· 

Histidine 2.29 2.71 2.62 2.31 2.58 

Arginine 4.88 s.ss 4.66 l.f-.20 s.ss 
Aa - cr.ystal1ine isolate extracted with citric acid solution. 
Bb - spheroidal isolate extracted with citric acid solution. 
cc - precipitate extracted l'rith malic. acid solution and precipi- · 

• tated by diluting with 1r1ater • 
nd - alkali extract, precipitated with acid. 
Ee - crystalline isolate extracted from isolate D uith citric 

acid solution. 
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TABLE XXVI 

MHNO ACID CONPOSITION OF PROTSIN ISOLATES 

FROI11 NAVY BEAN 

g Amino Acid per 100 g Protein 

Amino Isolate Isolate Isolate 
Acid pa Gb HC 

Aspartic Acid 12.15 10.8 9.75 

Threonine 3.23 . 2.78 3.19 

Serine 6.13 5.01 5.19 
.. 

Glutamic Acid 18.81 15.92 17.04 

Proline 3.18 2.54 3~24 
.. . .. 

Glycine 3.87 3.29 3.89 

Alanine 3.86 3.00 4.09 
... 

Cystein 0.25 0.17 0 .. 38 

Valine 5.61 4 .. 16 4.53 
-

1,1ethionine 0.99 0.46 0.53 
-

Isoleucine 4.67 3.69 4.17 

Leucine 7.90 7.19 5.69 

Tyrosine 2.97 2.78 2.40· 
., .. 

Phenylalanine 5.58 4.46 3.58 

Lysine 6.59 5.15 6.91 

Histidine 2.74 1.57 2.33 

Arginine 4.48 3.33 5.50 
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Isolate 
Id 

11.6L~ 

3.22 

6.02 
·-

16.85. 

2.67 

3.01 . 
··-

3.19 

0.28 

3.22 
-~ 

0.85 
···-· 

4.36 

7.41 
-

2.92 

5.23 
.•. 

5.32 
.. 

1.65 

3.36 

li.a - crystalline isolate extracted 1·ri th citric acid solution. 
Gb- spheroide.l isolate extracted ~ri th ci trio acid solution . ." 
H0 - alkali extract, precipitated with acid • 
Id- needle-like precipitate extractedw1th'o1tr1c ao1d so:Lution. 



• 

• 

124 

TABLE XXVII 

Al·tiNO ACID CDrlfPOSI'"PION OF PROTEIN ISOLATES 

Amino Acid · 

Aspartic Acid 

Threonine 

Serine 

Glutamic Acid 

Proline 

Glycine 

Alanine 

cystein 

Valine 

Methionine 

Isoleucine 

Leucine · 

Tyrosine 

Phenylalanine 

Lysine 

Histidine 

Arginine 

FRON LH~A BEAN 

g Amino Acid per lOO g Protein 

Isolate .rB 

10.37 

2.98 

4.96 

14.61 
-

3.88 

3.51 

3.67 

--·· 

4.90 

0.46 

3.92 

7.17 

3.11 
--

2.93 

7.95 

2.10 
·-

. 4.66 

Isolate Kb 

11.59 

3.22 
.. 

4.88 

4.49 

4.67 

4.63 

0.35 

6.65 
·-. 

0.64 
.. 

4.24 
*'-· 

8.01 

3.47 
-

4 .. 76 

7.90 

2.84 

5.71 

Isolate L0 

15.48 

3 .. 12 

6.50 

19.56 

3 .. 85 

4.30 
·-

3.85 

0.39 

5.35 

0.71 

5.78 

9.25 

3 .. 45 

5.23 

7.50 

3.02 

5.87 

Ja - crystalline isolate extracted i'Ti th citric acid solution. 
Kb - spheroidal isolate extracted 1•ri th citric acid solution. 

L0 
- a1lmli extrac;t precipitated l'ri th acid • 
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It woUld be noted from Table XXV that the amino acid 
,. 

compos! t1o11s of the different isolates :from the t<Th1 te kidney 

bean are quite s1m111ar. The methionine contents of the various 

isolates from the kidney bean are quite loll and in particular 

the isolate (isolate I) prepared by malic acid extraction and 

precipitated by dilution with water. The methionine·contents 

of the. other four isolates are about 1 per cent and agree. 

:favourably with that reported by Palmar ll §!1 (1973). The 

lysine contents of the various isolates are relatively high 

with values ra11ging from 7.48 to 8.09 g per lOO g of protein. 

Isolate E, shows relatively lo't'l phenylalanine and tyrosine 

contents. Cystein, like methionine, is present in ver,y small 

quanti ties in all of the isolates. This agrees lli th the work 

of Bressani ll ~ (1961) ~rho found that Phaseolus bea..."l.s were 

deficient in both the sulphuP-contaL'I'ling amino acids,· cystein 

and methionine. 

The observations noted for the white kidney bean also 

apply to the navy bean. Certain amino acids, however, are 

present in lower concentrations in the navy bean.than in the 

kidney bean eg. aspartic acid, glutamic acid and lysine. Pant 

and Tulsiani (1969) and de Moraes and 1\ngelucci (1971) also 

noted that different varieties of Phaseolus vulgaris beans 

have different amino acid compos! tions·. 

The observations noted for the Phaseolus vulgaris beans 

(kidney beans and 11avy beans) also apply to the lima bean 

(Phaseolus lunatus). The lima bean isolates do not differ markedly 

http:isola.te
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in amino acid composition from the isolates of the two Phaseolus 

vulgaris varieties. 

The results show that the amino acid oomposi tions of 

the crystalline protein isolates of the three beans, do not 

differ markedly from those of the other non-~rystalline isolates. 

In fact, the different isolates of the same bean have amino 

acid compositions which are more s1m111ar than are the correspond

ing isolates from the different beans • 
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SUJviMARY 

1. White kidney beans, navy beans and lima beans yield 

crystalline protein when extracted with citric acid 

solution and DL-malic acid solutions under certain 

conditions of pH and normality. 

-· 

2. The yield of protein from lima beans (Phaseolus lunatus) 

using citric acid solutions and DL-malic acid solutions 

as extractants show no general relationship with pH. 

White kidney beans and navy beans (Phaseolus vulgaris) 

show a general increase in protein yield to a point of 

maximum yield as the pH of the extraction is increased • 

.3. The yield of protein from _ 11ma beans, white kidney beans 

and navy beans increased to a point of maximum yield as 

the norm.ali ty of the extractants 1-rere increased. Protein -

was isolated from lima beans at much lower normalities 

than those protein was isolated from white kidney beans 

and navy _beans. 

4. The yield of protein from lima beans, white kidney beans 

and navy beans increased as the size of meal particles 

decreased to a diameter ot o.so mm. Beyond this, the 

protein yield decreased as the particle size of the meal 

decreased. 

127 
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5. The yield of protein from white kidney beans and navy 

beans increased as the period ot extraction increased 

up to thirty minutes. The yield of protein from lima 

beans increased as the period of extraction was increased 

up to twenty minutes. 

6. The yield of protein from white kidney beans and lima 

beans increased as the extraction temperature was 

increased from room temperature (27°C·.) to 45°C. The 

yield of protein from navy beans increased as the 

temperature of extraction was increased up to 40°c. 

7. The various isolates from the different varieties of 

beans as well as from the same variety of bean gave 

somewhat different electropherogra.ms. In general the 

crystalline protein isolates had a greater number of 

electrophoretic components than did the non-crystalline 

isolates. 

8. Five protein fractions from white kidney beans, four 

fractions from navy beans and three fractions· from 11ma 

beans have been analysed for amino acid composition. 

The amino acid compositions of the crystalline proteins 

do not differ markedly from those of the non-crystalline 

isolates from the same beans • 
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