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ABSTRACT

The Isolation and Characterisation of Protelns
from Phaseolus Beans

Master of Inteaz Allil Agricultural
Science Chenistry and Physics

Proteins were isolated from two varieties of PhaSeolﬁs
vulgaris (white kidney beans and navy beans) and one variety

of Phaseolus 1uhatus (1ima beans). The method of isolation

of the proteins involved the use of a dilute organic acid
solution as extractant. The protelns were recovered by

cooling the solutions at 53°C. The effects of pH (pH 2.5 to

Y 5.5) and normality (0.0N to 0.8N) of extractants (citric
acid solution and DL-malic acid solution) on protein yield

were studied. In additlon the effects of temperature (27°C. to
50°C.), meal particle size (0.25 mm. to 2.00 mm. dlameter)

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 thelr amino acid contentsQ
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BExtraction et caractdrisation des protéines de feves
Gu genre Phassolus

MAiltrise es Sciences Chimie et Physique Agricole
Inteaz Alli '

Les protéines de deux varidtés de Phaseolus vulgaris

(fevés blanches et fevés bleues marine) et d'une variété de

Phaseolus lunatus (fevés de lima) ont été isolées. Dans 1la

méthode dt'extraction utilisée, l'extracteur étalt composé

dtune solution acide et organique dilude. Les protéines ont
été récupérées en refroidissant les solutions & 5°C. Ies

effet de pH (2.5 & 5.5) et de normalité (0.0N & 0.8N) des
extracteurs (solution dtacide citrique et solutlon d'acide
DL-malique) ont été étudiés quant & leur rendement en protéines.
De plus, les effets de température (Z?OC.é SOOC.), de
dimension des particules salimentaires (0.25 mm, & 2.00 mm.

de diamdtre) et la durée de l'extraction (5 minutes & 45
minutes) ont aussi été examinés quant au rendement protéinique.
Les protéines, sous forme cristallisée ou non-oristallisée,
venant des trois types de fevds ont été &tudides au'moyen de
1t*électrophorése sur disque de gel polyacrylamide. Les
protéines ont aussi €té analysées quant & leur contenu en

acides aminds.
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GEIERAL TITTRODUCTIC..

yeens belons to the Tfenily Leguminosazs, They are
somesimes called pulses and one of thelr characteristics is
that they develop thelir seeds in "pods”. The seeds are the
nronzseting organs of these plants; they contain the embryo
a2nd 2 ra2latively large amouvnt of storaze protein. The seeds
of legumes are an importzant source of food for man; They
to produce protein from nitrogen

absorbed from the soil or the atmosphere, via their root

nodules. Furthermore, some of the nitrogen they "fix" can

OJ

e recovered by crops grown in association with, or immediately
following a leguminous crOD. Leguminous plants are thérefore,
important in crop rotation.

Yith the exception of sdybean, leguminous seeds are
not used to any eitent in the commercilal production of protein
isolates. Soybean has the advantage of having a relatively
hizher vrotein content (40 to 50 per cent) compared with most
other leguminous seeds {20 to 30 per cent). In addition,

soybean is a very important source of edible oil. Although

nore of the Ouher cultivated leguminous seeds has bsen used

ct

o the same degree as soybean, neverthsless, it is possible

that vproteins isolated from the beans night find many uses
especially in areas where climatic conditions are not



favourable for the cultivation of soybean.

An interesting developnent concerning protein isolates
from beans is the work of Helynchyn (1969). He claims
that a crystalline protein isolated from beans is soluble in
acid solutions having pi values within the ranse of the
isoelectric points of the proteins., Casein and soybean protein,
the major proteins of commerce, are insoluble in the pH range
mentioned above. These vroteins are prepared by isoelectric

recipitation. It is possible that the bean protein isolates

'd

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

\:3

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

alkali-extracted proteins of lima beans (Phaseolus 1unatus)’
remains in solution after isoelectric precipitation of the
protein. This, they suzzested could be concentrated for use
in acidic beverages.

Although considerable research has been done on the
proteins of leguminous seeds, it is evident that a great deal
more research must be done before the commercial production-
of the proteins becomes practical. As recent as 1970, Hang

£t al (1970) reported that there is very little available

o

information on practical methods for the extraction of vproteins

from kidney beans (Phaseolus vulgaris). Burrowes et al (1972)

1.

claimed that the same comment could be applied to other species
of Phaseolus beans.

The purpose of this study was to isolate crystalline
protein from three species of gggggglgg beans and to characterise

the isolated proteins.
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PART 1

ISOLATION OF PROTEINS FRBOM PHASEOLUS BEANS



T. REVIEY OF LITERATURE

1. General Methods for Extraction of Proteins from Seeds

An ideal solvent for the extraction of proteins from
seeds should remove all the proteins from the seceds without
changing the properties or structure of the original protein.
Strong acld or base will dissolve virtually all the proteina- .
ceous material but the proteins may bs changed profoundly.

The extracting solvents which have Tteen widely used are water,
sodiuvm chloride solution, 70 per cent zlcohol solution and
dilute alkali and 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, ammonium sulphate, magnesium chloride and sulphate
have also been used.

As early as 1728, Beccari (1745) attempted to separate
proteins from wheat flour by simply washing out the soluble
carbohydrate material with water} He called the residue
Yoluticosum"., ZEinhof (1806) used water to extract proteins
from peas and beans; He showéd that leguminous seeds contained
a type of protein which was insoluble in water or alcohol.
Braconnot (1827) extracted proteins from peas and beans with

water and precivitated the proteins oy the addition of acid



O

to the water exiract. Bibra (1860) used cold water o exiract
albuning from oats; he nreciplitated ine proteins by bolliing

the water extract. He called thls nrecipitate an albumin
fraction; tre yleld wags l.24 per ccnt of the totan ueal.

-

2118

Ritthausenn (1064) obtained a protein froye wiit

(o}
(3
]

{Pnuoco;uv vulzaris) by extraction of the meal with water,

OstLne (1091) extracted relatively —ar_ e quantities of

protein from oats with watler; he extracted five nounds of

x litres of water. He re.oved the supernatant,

fte

oats with s
re-exiracted the residual meal with ancther six litres of
water and precipitated the proteins by saturating the combined
extracts with amwonium sulphate.

Osborne used waiter to extract sroteins from several

seedg, He exiracted fiaxseed meal (1592,Dh) with water and
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veight of the
neal; he extracted barley proteins using water (1895), and
Osborne and Camnbell (1896) used water to extract proteins

g

ron vetch; they reported a globulin yield of 1.04 ver cent

]

of the original wmeal., Osborne (1937) obtained a yield of
9.3 pex ceirt protein from oil-ifrec wieatl germ meal by water
exiraction and »recipitation of the proteing by heavliy the
- e, S £ 01
water e.tract to 65 C.

Several otner workers invesivigaved tihe use of water

Tor the extraction of proveln Ifrom secdis. Jones and Jouns

(1916) exiractod 19.0 roteins from the jack
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becn usLiz distililed water, Two yearsz later dJonng and
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Chernoff (1918) reported that distilled water extracted 2.5
per cent of the protein from buck wheat at room temperature.

Working with the lima bean (Phéséolus lunatus), Jones et al

)
!

(1922) extracted proteins which accounted for 15.13 per cent
of the original meal. Jones and Gersdorff‘(l923) extracted

proteins from wheat bran with water at 1.2°C, and precipitated

the proteins by dialysis.

Vater 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 water as the
extractant for studies on the effect of meal particle size,
temperature .and extraction time, on the dispersion of sbybean
proteins. Smith et al (1938), Fontaine and Burnett (1944),
Snmith and Johnson (1948), and Patel and Johnson (1974) also
carried out various studies on protein extraction from seeds
using water.

Henning (1947) patented a process for the isolation
with water, of proteins from oleaginous protein bearing seeds
such as soybean, peanut and cottonseed. In this process cold
water is used to extract the proteins which are then precipitated
by the addition of dilute acetic acid. Two years 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,

Agqueous solutions of acids and bases have also been

used for the isolation of proteins from seeds. Ritthausen



(1862) extracted proteins from seeds with dilute ulitaline
SOluulOﬂo. ‘inis aushor (1880) extiracted oil-free peanut meal
with solutions of »notassiun, catlclum and bariun hydroxides.

-

Perov (1931) cxtracted seeds of Phaseolus vulgaris with dilute

sodium hydroxide so_utliong and precipliated the protein by
addition of dilute acetic scid, iie called the isolated
protein “"proto-acid". iorse (1943) patented a process for

the extraction of ve_etaule proiteln by solubilization of <he
protein material with agueous svlution at pH 7.0 and precipita-
tion of the protein at pH 4.06.

Several workers have shovn that seed proﬁein may be

solubilized by acid sol Suith and Circle (1938),
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Olcott and Fontaine (1939), Fontaine and surnett (1944),

Fontaine et al (1945,a), Fontaine et al (i946,b), Painter

and Negbiwt (1946), Szith et al (1946), Evans et al (1948),

Bourdillon (1951), Djlang gﬁ g;'(i952; 1953, Saith and

Heckis (1957), Salth eb al (1959), Powrie (1961), Evansg and
Kery (1963), Caganoanb et al (1956), Gheyasuddin et al (1970),
Patel and Johnson (L97%), and Fan and Sosulski (1974) h

all used acidic and or basic solutions in investigations on
the solu

1969) published a procegs for the isolation
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Alcohol has z2lso been used as an extroctant for seed
yeotoig, Finhof (1805) ghowed that leguninous geeds contain

a type of nrotein wilch 1g insoluble in water or alcoiol.
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sorham (1821) used 2lconel to extract proteins from corn and

f
)

O

btained a yell 12 gubstance which he called '"zein',

<
o

2ivre (18480) used hot zlczhol To extract vroteins from ground
oats; on cooling the nhot z2xtract a so0lid product separated
out which accounted for 0,15 to 0.17 per cent of the proteins.
He claimed that about 3 per cent of the proteins was extracted
by alcohol. Ritthausen (1872) also extracted a "maize fibrin®
from corn using alcohol. Osborne (1395) used alcohol to
extract proteins from barley. Hoagland}(l911) studied the
effect of alcohol concentration on the yield of protein
obtained from wheat flour. He found a graduval 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 Whéat
flour and showed that when the extraction time was increased
from twenty-four hours to forty-eight hours, the percentage
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,
hordein.

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 wheat.
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<:> Pourie (1961) used agueous alcohol (70 per cent) and
also aqueous alcohol (70 per cent) containing sodium acetate

to extract proteins from navy bean (Phaseolus vulgaris).

The author showed that the alcohol-acetate mixture extracted
slightly more protein than did the alcohol alone:

Solutions of sodium chloride have been used extensively
for the extraction of protein from seeds. This was mainly
because of the work of Denis (1858) who showed that many
proteins are soluble in}neutral saline solutions;. Hoppe-
Seyler (1866-1871) confirmed the findings of Denis:v Weyl
(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 was soluble in sodium chloride solution.
nitthausen (1880) extracted oil-~free peanut meal and sunflower
seed meal with sodium chloride solution (10 per cent). He
precipitated the protein by diluition of the extract with water
and then saturation of the resulﬁant solution with carbon
dioxide. The same worker extracted white bean (Phaseolus
vulzaris) with sodium chloride solution (2 per cent) and
obtained a protein yield of 14.45 per cent based on the
orimginal bean mesgl.

Osborne (1891-1892) extracted the proteins from oats

and fronm kidney bean meal (Phéseolus vuigaris), (Osborne 1894),

1ith sodiunm chloride solution (10 per cent). He showed that
the kidney bean meal containsd phaseolin (15 per cent), phaselin

€:;g (2 per cent), and an alkali-solubdle protein (20.6 per cent).
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The author (1&97) used the same solution to extract the
proteins from malze. He obtained three globulins which together
accounted for 24,07 per cent of the total nitrogen of ths
meal, Osborne and Campbell (1896;L897{b;1898) 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 sunflower seed meal. They preclpi-
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 (60°-63°C.) the filtered
extract to precipltate the proteins. The author also éxtracted
wheat with sodium chloride solution (10 per cent) and isolated
the proteins by saturation of the extract with ammonium 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. Balley and
Blish (1915) used sodium chloride solutions to extract the
protein from Wheat{flour and showed that 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 sodlium chloride solution.

Other workers (Johns and Jones, 1916; Jones and Johns, 1916;
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Tanrs arnd Chernof?, 121%) nava ugs? sodiun chloride solution
She extfaction of proteins from pzanut neal, Jjack bhean
vies (1227) obsazrraed that 25 par cent of
rapaszed could be extracted by use of
sodium chloride solution (10 per cent).

Sodium chloride solutions have been used in studies
on the effect of such factors as meal particle size, extraction
time, 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 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 proteiﬁs in flax-
seed. Djang et al (1953) used sodium chloride solution in
studies on the effect of meal to solvent ratio, meal 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 wheat 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 (1903; 1907), Wetter and McCalla

(1949) used ammonium sulphate to fractionate seed proteins.
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3 Toritnax (1231) used several different tybves o
Terent types of seeds in their

es on the »entizZzzion of proteins. Gortner et al (1929)

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 (1.0:; pd 7.0);Vetter and McCalla (1949) extracted |
pea protein with a phosphate buffer (vH 7.8) and obtained a

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

The existence of crystalline proteins in seeds was
discovered over a century ago.

Hartig (1855) claimed that a large part of the reserve
protein in seeds was present in the cells in the form of
crystals and grains of more of less definite structure.

Maschke (1858) claimed that he crystallised the protein
of Brazil-nut which Fartig (1855) had shown to be present in
Tthe seed in the form of rhombohedral crystals.

Schmiedeberg (1877) obtained crystals of the globulin
of Brazil-nut by treatment of protein solution with magnesié
followed by slow evaporation of the solution. He considered
the crystals to be the magnesium salt of the proteiﬁs.

Ritthausen (1881), Gribler (1881) and Osborne (1891)
isolated crystalline globulins fronm henmp-seed, sguash seed
and from the oat kernel respectively.

Osborne (1892,g) obtained crystalline globular proteins
from Brazil-nut by dialysis of slightly acidic saline solutions
of the protein., He concluded that the crystals were formed
by reaction of the globulins vitn the acid rather than with
bases as suggested by Schmiedeberg (1877)? |

Osborne (1901) obtained crystalline edestin from

sodium chloride solution and from sodiwn sulphate solution



13

of hemp-seed protein. The author showed that the crystalline
products which were obtained by use of sodium chloride and
sodiun sulvhate were combined with hydrochloric acid and
sulphuric acid respsctively.

Osborne (1924) claimed that a number of vegetable
globulins could be prepared in the crystal form; nearly all

thoge which did not crystallise were obtained in the form of

minute spheroids. The authof_prepared phaseolin from P. vulgaris,

by dialysis of protein solutidhs; the phaseolin was in the

form of minute spheroids mixed with a few octahedral crystals.,
Perov and Lisitzuin (1932) claimed that proteins were

present in the seeds of Phaseolus vulgaris as calcium proteinates

which were combined with calcium phosphate. The complexes
could be decomposed with dilute acetic acid to yield the free
proteins,

Bailey (1949) prepared a number of different types of
crystals from different seeds. He showed that the spheroidal
globulin prepared from castor bean, could be converted to
perfect octéhedral crystals by cooling solutions of the
spheroidal globulin containing sodium chloride to 1500. Lugg
(1949) claimed that crystalline proteins could be seen under
the microscope in the cells of certain oil-bearing seeds and
that crystalline nroteins having similiar appearance could be
prepared from saline extracts of these seeds;

Bourdillon (1951) obtained two different types of

crystalline material from beans; one was a phytic acid-protein
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complex ; the other was proﬁein’aloﬁe;

Fruton and Simmonds (1953) stated that crystallinity
does not necessarily indicate purity or horogeneity of the
protein: They claimed that many crystalline proteins have
been found to be mixtures of several comvonents.

Danielsson (1956) claimed that crystalline proteins
occur in the aleurone layer of certain cereals. He stated
that the crystallinity of a proteln preparation is not a
criterion of homogeneity.

Melynchyn (1969) prepared crystalline proteins from
beans by extraction of the ground seed with sodium salts of
dilute organic acids: He suggested that the crystalline
protein preparationswhich were obtained were subsﬁantially
homogenous even though they night exist as complexes.

Pant and Tulsiani (1969) suggested that the crystallinity
of a globular type protein preparation tempts one to suspect

that the protein . is pure:
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3. 3ffect of pH of IZxtraction Medium on Protein VYield

The basic vnits of protein molecules are amino acids,
The gsumnatlon of the ionic charges of the component anino
2cids of a given protein zives tThe molecule electrical

vropaerties. Any change in the electric conditions of the
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OT0 oundly 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 enviromment at which the ionic units comprising the
vrotein molecules, is not influenced by the presence of an
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ic field. Proteins zgenerally show minimal solubility
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2t their isoelectric points. Fan and Sosulski (1974) stated
that the point of minimal solubility of proteins of szveral
lezuninous seeds corresponds to the isoslectric p01nu of the
rroteins. As the pH is increased or lowered relative to the

isoelechtric point, the solubility of the protein increases.

thods for the extraction of

CL’

This has been the basis of ne
from seeds. It has been customary to use solutions

Py

raving PH values far removed Tfrom the isoelectric point of

she vrotein. IMelynchyn (1969) showed, however, that appreciable

crystalline nrotein can be extracted from bhaang
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Rich (1936) showed that the amount of nitrogen which
was extracted from wheat flour with distilled water was
affected by the pH at which the extraction was done wvhile the
amount of proteins which was extracted by magnesium sulphate
solution (0,.5N) was 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 showing the relationship between
the pH of the extractant and the quantity of nitrogen extracted
indicated that hydrochloric, sulphuric, oxalic and phosphoric
acids all gave minimal dispersion (8 per cent) of nitrogen at
pH 4,1 to 4.2 and maximal dispersion (83 per cent) at pH 1.8;
at pH values below 1.8 there was a rapid decrease in the amount
of nitrogen that was dispersed. On the basic side the dispersion-
of nitrogen reached a maximum (96 per cent) at pH 12.0. They
also showed that with dilute calcium chloride solution (0,1N)
the effect of pd on the salt dispersion of the protein was
greater than with more concentrated salt solution (O;5N); At
this relatively high salt concentration the effect of pH
practically disappeared.

Clcott and Fontaine (1939) extracted oil~free dotton-
seed meal with water containing sulphuric acid; they showed
that there was a minimal quantity (2;9 per cent) of nitrogen
extracted at about pH 3.0. On opposite sides of this minimun

pH value the percent nitrogen which was extracted reached high
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values of 23.6 per cent at pH 1.0 and 24.9 per cent at pH 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 with sodium chloride solution (0.5N) instead of

with water 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 was no point of minimal nitrogen solubility at an
isoelectric point. On the basliec side of the pH scale there was
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 pei
cent). Table I glves the results of the authors' work on the
effect of pH on the extractlion of protein from cotton-seed
mea1:

Fontaine and Burnett (1944) extracted nitrogenous
constituents of oil-free peanut meal and found that more than
80 per cent of nitrogen was solubilized by water 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 1.0N) of
calcium, magnesium and barium chloride was pH dependent,
especially at lower salt concentrations. Effective peptization
by these salts occurred between 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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@:} TABLE I

EFFECT OF NaOH AND H,350;, ON THE SXTRACTION

<+

OF PROTEINS FRON COTTON-SZED MEALT

7z of Total N Extracted
BEther extracted mezal Ether extracted meal
extracted with H,y0 extracted with 0,.5N NaCl
meq. HS0 PH () bR ()
3.60 1.9 23.6 1.5 22.9
1.80 2.3 18.1 2.0 21,7
1.17 2.9 12.9 2.9 27.1
0.80 3.8 13.6 3.8 28.9
0.it5 4.8 18.1 L7 38.8
0.18 5.8 22.8 5.6 72.1
0.0 6.9 21,9 6.4 78.2
heq . NaOH

0.10 7.6 32.9 6.9 78 .4
0.21 8.7 73.8 7.5 78.7
0.31 9.6  85.6 8.8 784
0.41 10:4 90.0 9.1 78.7
0.62 10.7 oLk 9.9 79.5
0.82 11.1 93.1 10.5 78.4
1.03 11 .4 92.8 10.8 78.0
3.09 11.9 92.6 11,5 82.9
8,12 12.0 90.9

Tolcott and Fontaine (1939).
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Fonteine et al (1940,2) compared the golubllity of the

provelns of cotton-secd ueal, the vroieins of the corresponding

dJ

dizlysed neal and the isoluted proteins. They suggested that
~..e sresence of naturally occur:ing substances in cotton-seed

neal decreased the pepiizaiion of prote-in under certain condi-

l‘(

d reaction but seened to have no efrect under
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condisions of alkaline reaction,.

Fontaine gt al (1945,%) suzgested that the low sulubility
of peanut and cotiton-sezd nrotein at pH %.60 was the result of
tne Tormation of a prolein-nayclc acid complex. They suggested
that the ontimum reaction for the formation of this complex

&) * )

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

aused a reductlon in the so-ubllity of the seed proteins at

0

o)
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il values below the isoelectric noint of the proteinse. ‘'fhe

Iy

3

5»

authors also sugzgested thas the low protein solubility at pi

528 wags the result of intermolecular attraction of proteins

in the oH range of thelr igoelectric poilnt since there was

Py

b} . . =

little zeaction between <the nrotein and phytic acid in this

Painter and Nesoit: (1946) showed that 85 to 90 per cent
of the total nitrogen in Ilaxseed could be exiracted at pH 11,
15 to 21 per cent at i J.5 o 4.0 and 23 Tto OY per cent at

The aut.ors found that formic acld disversed

)

U:; ;oO JGO l.é.
55 ner cent Lo 99 per cent of the toval nitrogen in flaz sedd,

Evans et g" (1943) nerformed experimcnts on the peptiza-

Tion of the pltrogenous constituents oi dry peas and on methods
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for the precipitation of the extracted protein solutions by

ad justing of pH; They showed that about 70 per cent of the
nitrogen could be peptized with 0.06N HC1l (pH 1.7-2.0) and
that maximum precipitation occurred at around pH 4.5 to 5.0.
The authoré also showed that the amount of nitrogen that was
dispersed with sodium chloride solution (1.0N) depended on

the pH of the solutlon. 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 whlile 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
contalned very little protein which was precipitated by acid,
The nitrogen from sunflower seed, however, was almost completely
dispersed 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 (1.0N)
to extract proteins from beans and precipifated 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 L.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 was a mixture of
spheroids and bi-pyramidal crystals which the author regarded
as protein alone.

Djang et al (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 with phytin; the compositlion
of the complexes varled 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.

Smitn et al (1959) studied the solubility of niurogenous
material in radish seed over a wide range of pH values. They
showed that there was a sharp increase in the amount of nitrogen
that was solubillized when the reaction of the extract was
changed from pH 8 to pH 12.

Powrie (1961) studied the extraction of nitrogenous
material from the navy bean (Phaseoclus vulgaris) with hydrochloric

acid. He showed that in the preseﬁce of sodium chloride, the
percent of total nitrogen that vas 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)

Wwith hydrochloric acid at pH 1.5, with sodium hydroxide at
pH above 7.0 or with dilute sodium chloride solution while
minimal quantities were extracted with solutions of pH 3.8.
They suggested that the proteins which were extracted at pH
3;8 were probably albumins.

Pusztai (1965) carried out studies on the extraction

of nitrogenous material from kidney bean (Phaéeolus vulgaris).

83
@

found that the dispersion of protein was incomplete below
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 was practically
complete in the pH range 7 to 9 but that the relative amounts
of the individuval proteins which were obtained depended on pH.

Cagampang et al (1966) found that alkaline solvents
viere generally better than acid solvents for the extraction
of proteins from rice. They showed that lactic acid was
superior to any of the other acid solvents for the extraction
of rice proteins,

Velynchyn (1969) described a method for the preparation
of crystalline proteins from beans using dilute aqueous
solutions of salts of mono-, di~ or tri-carboxylic acid. He
obtained the most satisfactory result when the reaction of
the extraction was between 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 Tulsiani (1969) studizd the effect of pH on
the extraction of proteins from lezuminous seeds. They found
that for four specles of Phaseolus, minimal extraciion

5-22 per cent) occurred between p7 2.1 and pH 3.38. Highest

e

vields of protein were obtained when the reaction of the
extract was about I 1 or zbove DE 7. For three species of

the Phasgeolus the maximum nitrogen exitracted was about 80 vper

oy i
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2l (1970) claimed that protein prepara-
tions isolated from sunflower seed by conventional method of
extraction at high vH followed by precipitation at the isoelectric
point were always green in colour. The author believed that

the colour was the result ofbthe oxidation of chlorogenic
acid.

Datel and Jommson (1974) obtained maximal precipitation
of horse-bean proteins from meal extraction between pH b O
and pH 4.5, They concluded that the devendence of protein

solubility on pH was about the same with horse~bean protein

as with other legume and oilseed protzsins. They also noted
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that the pH of extraction and precipita
of the protein precinitate.
Fan and Sosulski (1974) studied nitrogen extraction
and protein precipitation using nine different leguminous
r Tound that the ranse of ninimal solubility of
the Droteins ywere within the apnarent ilsoelectric ranze of the

“ B & i 3 . E 3~ - 3 3 .
vroteing., The alkalli-exitracted protein from lima beans
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(Phaseolus lunatus) was shoim to have relatively high solubility

at the apparent isoelectric range. They suggested that nhon-

protein nitrogen, including peptides, free anino acids and

nucleic acids would 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 lMedium

on Protein Yleld

Since the anino acids of proteins are ionic specles
they have a hydrophillic interaction with polar water molecules:
Any substance which changes the ilonic properties of a protein
solution will therefore, affect the solubility of the proteins;
Classical theory suggests that neutral salts such as ammonium
sulphate at low ionic strengths increase protein solubility.
High concentratlions of these salts, however, inhibit solubility.
This is the result of the competitlon of the protein and salt
for water molecules for hydration of their lonic species,
At high salt concentration the salt attracts water molecules
to hydrate its lons 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 lonic species of the salt will'
affect the solubility of the proteln.

Gortner gg al (1929) studied the peptization of the
proteins in wheat flour by inorganic salt solutions: Taey
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 0.25H gave maximal protein extractlon; as
the salt concentration was increased above 0.251 the amount of
protein that was extracted decreased.

O'Hara and Saunders (1937) used thirteen different
concentrations (0 to 6N) of sodium chloride solutions in
their studles on the peptization of the proteins 1ln flaxseed,
orange seed, peanubt and rye. Table II summaries the results
of thelr studieé. In studies on the extraction of proteins
from soybeans, Suith and Circle (1938) extracted 68.9 per
cent of the total nitrogen with sodium chloride solution, (0.01N)
39.9 per cent with 0.,1N solution and 73.8 per cent with 0.5N
sodium chloride solution: Smith et al (1938) determined the
effect of twelve different salts, each at seventeen differeht
normalities (0.001N to 3.0N) on the peptization of the
nitrogenous constituents of soybean meal; The experiments
with univalent metal salts demonstrated that at low concentra-
tions (less than 0.01N) there was high nitrogen extraction.
There was a mininal level of extraction at about 0.01N and a
maximal level of extraction at about 1.0H. For the divalent
netal salts, the general pattern was similiar to that of the
univalent metal salts except that the point of minimal extraction
appeared at about 0.0175N. The authors also studied the effect
of concentration (0.1l0N to 0.5N) of sodium chloride solution
on the extraction of nitrogen from several differsnt types of

seeds (barley, vheat, rye, flaxseed, soybean and terpary bean).
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ZFFECT OF CONCENTRATIOH OF EXTRACTANT ON THE AMOUNT OF

NITROGEN EXTRACTED FROM DIFFERINT SZEDST
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(4 2

o of Total MNitrogen extracted from seeds

Yonality of
a1l solution Flaxseed Orange: geed Peanut Rye
0 20,77 32.24 52.86 14,81
0.125 b1.73 35.59 71.15 20.32
0.25 58.63 51.10 91.76 32.45
0.375 6% .59 58.12 9% .85 34,75
1 0.50 64,50 65 .5k .55 34,15
0.75 64 48 20.22 93.88 26.69
1.0 64,59 73.34L Qi L2 25,00
2.0 65.19 72.38 95.37 17.03
3.0 63.75 71.59 oL ,14 18.57
1.0 61.71 67 .62 95.89 149
5.0 56.29 67 .82 92.26 11.23
6.0 50,12 65 .84 87 .68 765
saturated 15,53 6L.92 81.23 7.65

“0'Hara and Saunders (1937).
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roaan proteins. They suscested that this was the result

s{oy ;
of the denaturation of soypsan proteins.

Olcott and Fontaine (1939) studied the effect of salt
concantration (0. 25“T to 1.077) on pevtization of cotton-seed
rvroteins. They used twenty-thres different types of salts,
including the sodium salts of acetic acid, citric acid, oxalic
2cid and tartaric acid. Theair results showed that in general
there was an increase in protein solubility as the salt
concentration increased.

Fontaine and Burnett (1944) used twenty-seven different
¢ as pevritizing agentsfor peanut proteins. They shoired
that scdium and potassiun salts (except flourides and acetates)
were good peptizingagents @i a concentration of 1;ON. There

ation with solutions of

C'A

was en increase in protein vpepti

hariun chloride, magnesiuvm chloride and magnesiun sulphate as

)
¢
[e)
O
i
e}
oD
3
ct
I
6]
<t
e
o]}
o
=
\)
02}
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concantrations between o?ozw and O:O'H the amount of nitrogen
that ras peptized was approxinabtely the same as that pesptized
by water at the same bd. They showed that for most of the
Ther salts which were used, there was a definite increase in

nereent nitrozen peptized as the salt concentration wes
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acids on the peptization of the proteins in peanut and cotton-
seed, Trichloroacetic acid produced a marked lncrease in
protein peptized as the concentration was increased from 0 to
5NQ Phosphoric acid gave a similiar effect with cotton-seed
but the opposite effect with peanuts. Increasing the concentra-
tion of acetlc acid increased markedly the peptization of
preanut protein but had only a slight effect on cotton-seed
proteins. When the concentration of hydrochloric acid and
sulphuric acid was increased from 0 to SQON it was accompanied
by little change in the peptlization of the seed proteins.
Djang et al (1953) studied some factors which might
affect the solubllizatlon of nitrogenous constituents of mung

bean (Phaseolus aﬁréds). When the concentration of sodium

chloride solution was increased from 0.05M to 0.40M there
resulted an increase In nitrogen solubllized from 30 per cent
to 60 per cent.

-Smith et al (1959) demonstrated that the solubllity of
the nitrogenous constituents in soybean dropped from 90 per
cent to 50 per cent as the normality of the extractant
(sodium chloride solution) was increased from 0 to 0.1M. The
solubllity of the nitrogenous constituents of radish seed under
the same conditions increased from 20 per cent to 50 per cent.

Baker et al (1961) studied the effect of concentration
of extractant (0 to 1N sodium'chloride solution) on the
peptization of the proteins in five different pulses. For all

the pulses there was minimal nitrogen solubility in the
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concentration renzge 0.05017 to 0.075i range; Above 0.0753
there was an increase in nitrogen peptized with increasing
normality:

Bvans and Kerr (1963) investizated the extraction of

proteins from the navy bean (”nascths vulgaris). Solutions of

sodiumy potassium, calcium and copper chlorides and copper

Fal
i

sulphate gave about the sane degree of provein extraction over
the range of concentration 0.25H 2.03: They concluded from
their studies that the nature of the salt which was used had
a greater effect on the percent of the total nitrogen that

1188 extracted than did the concentration of the salt. TPusztal
(1965) also studied the extraction of vprotein from Pheseolus
vulgaris. His results showed that the dispersibility of
nitrogenous cdn tuents depended on the pH of the extracting
solution.

Zarkadas (196L) showed that ths amount of protein
extracted from pea meal varied with the concentration of sodium
chloride solution. He obtained maximal ventization (85 per
cent of total nitrozen) with 1.0 sodium chloride solution
and minimel peptization betieen concentrations of O;OMH and
0.08H.

‘Melynchyn (1969) succeeded in the isolation of crystalline
proteins from Phaseolus beans using organic acld solutvions with
concentrations betireen 0.05M and 0.8, He obtéined nore
satisfactory result with the di- and fri-basic acids 2t low
concentration than with the mono-basic acids at higher concentra-

tion.
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Pant and Tulsiani (1969) studied the extraction of seed
protein using different salts at concentrations of 0.25H,
0.508 and 1.0N. They found 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 amounts of nitrogen from different seeds.
Their results showed that there was no general relationship
between the concentration of the salt solution and amount of
nitrogen that was extracted from the different types of seeds.

Hang et al (1970) made similiar studies using three

varieties of Phaseolus beans. Sodium chloride solution gave

ninimal extraction of protein from mung bean (Phaseolus aureus)

at a concentration of 0.05H and minimal extraction of protein

from pea bean (Phaseolus vulegaris) and red kidney bean

(Phaseoius vulgéris) at concentration of 0,025/,
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5. =ifect of Particle Size of Seed Meal on Protein Yield

The classical view on the eiffect of particle size
on protein solubilization from seeds 1is that decreasing particle
size up to 2 certain limit, resultsin an increase in solubiliza-
tion of proteins. It has been suggested (a) that grinding
of the seeds resulisin rupture of cellular and subcellular
membranes surrounding vrotein bodies and hence, allows the
solubilizing agent to come in contact with the protein,vand
(b) that extremely fine grinding causes denaturation of the
protein and loss of protein dispersibility;

A review of the literature has revesgled that the firét
published work on the effect of particle size on the solubiliza-
tion of seed protein was that of Bishop (1929). He revorted
that barley flour which was ground to pass through a 1.0 mm
sieve yielded 25.6 per cent of its nitrogen on extraction
with salt solution whereas, 31.2 per cent was extracted from
barley flour wvhich was ground to pass throusgh a 0:50 mm sieve,
Hofman-Eang (1930) confirmed Bishop's finding

Nagel rt al (1938) studied the solubilization of soybean

roteins in water. Their results showed that mesal which was
zround to pass throuzh a 100 mesh séreen (0.147 mm openings)
vielded slightly nore protein than did the meal which passed

throuszh 2 200 mesh screen (0,074 mm opsnings). They explained



C

that the long ﬁeriod of grinding in the"Ball mil1l™ which was
necessary to produce the very fine (200 mesh) meal resulted
in the denaturation of the proteins.

Smith gt al (1938) also found that particle size had
a marked effect on the peptization of soy protein with water
or salt solutions. Soybean meal prevared with a "Pebble mill®
gave lower yields of protein than that prepared with a "Wiley
mill® despite the fact that particle size of the former was
smaller than that of the latter. The authors éttributed this
to the difference in the grinding action of the two mills.

Becker gt 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 IIT show that the authors obtained a slight increase -
in the quantity of non-protein nitrogen that was extracted
as the particle size decreased.

TABLE IIT

EFFZCT OF MEAL PARTICLE SIZE ON NON-PROTZIN NITROGEN

EXTRACTEZD FROM SOYBEANT

mgm, of N extracted

HMeal Grind | per gn. meal
flakes 3.03
2.0 mm. screen (Wiley mill) 3.00
1.0 mm, " " "’ 3.09
0.5 mm. " " " 3.18
100 mesh (Ball mill) | 3.19

tpecker et al (1940)
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Wogy et al (1941) established that the amount of protein
that could be extracted from corn with sodium chloride solution
increased by about 2 per cent when the particle size was
decreasad (60 mesh’to 100 mesh);

Painter and MNesbitt (1946) studied the peptization of
the protein in'flaxseed uging sodiuvm chloride and magnesium
chloride solutions. Their results demonstrated that little is
gained by grinding the seed in a "Ball mill" for more than
six hours. They suggested that some of the cystein and
tryptophane were lost during the grinding oneratlon.

Djeng et al (1953) investigated the effect of particle

size on the extraction of protein from mung beans (FPhaseolus

vulgaris) using sodium chloride solution (O.@N); These
workers ground their seed material to pass through mesh size
numbers 20, 40 and 60. They concluded that solubilization of
nitrozgenous constituents was essentially complete with meal
which passed through a 60 mesh sieve.

Zarkadas (1964) investigated the peptization of the
protein in vsas. He contended that the quantity of protein
that remained in the residue after extraction was governed at
least in part, by the efficiency of the grinding operations.
He suggested that some protein material was rendered insoluble
by denaturation during the grinding of the peas.

Cagempang et 21 (1966)'investigated the extraction of

protein from rice by a percolation method and showed that a

decrease (40 to 60 mesh) in the particle size of the meal



O

resulted in a substantial increase in protein yield,

Patel and Johnson (1974) extracted proteins from horse-
bean with water and with dilute calcium hydroxide solution.
They obtained a yield (percent of total nitrogen) of 86.4 per-
cent with coarser (particle size - 360p) flour and a yield
of 94.2 per cent with the finer (particle size - 130u) flour.
They suggested that the more efficient extraction with the
finer flour resulted from the more complete rupture of cellular

membrane which surrounded the protein bodies.
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6.

L

ffect of Zxtraction Time on Yield of Protein

O'Hara and Saunders (1937) investigated the effect of

extraction time on the amount of nitrogenous material that

was extracted from flaxseed neal. They found that an increase

in extraction time produced 1little change in protein yield,

Nagel et al (1938) showed that the length of the

extraction pericd was not a critical Tactor in the dispersion
of proteins from soybean. Thney rade three successive extrac-
tions on the same sanple and they found that one minute
extraction period for each of the three extractions dispersed
as nuch protein as did three hour extraction periods.

Olcott and Fontaine (193%) used potassium iodide

~

solution to extract proteins Trom cotton-seed meal and fouhd
that glmost complete extraction Toolr place after a fifteen
ninute extraction period even when no mechanical agitation was
vsed (Table IV).

Smith et 2l (1952) worked with three different varieties

-y

0 oybean and showed that the effect of extraction time on
protein yield difféered from one wvariety of soybean to another
Djeng et a2l (1953) found that an increase in extraction

time produced only slight increass in protein yield from the

mung bean (Phassolus aureus). They also found that mechanical

shaking had little advantage over hand stirring.
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TABLE TV

EFFECT OF TIME OF SHAKING OH AMOUNT OF NITROGEN

EXTRACTE

D FROM COTTON-SEEDT

Time of Shaking

4 of Total Nitrogen

Extracted by 0.5N XI

(minutes) Solution
15 801
30 81.0
60 81.5
120 81.9
1440 81.9

+Olcott and Fontaine (1939)

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 betueen three

and gix hours.

Melynchyn (1969) in his work on the isolation of

crystalline proteins from beans, allowed the ground meal to-stand

in the extractant with continuous or intermittent agitation

for a veriod of thirty minutes.

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

from horse-bean was affected by the temperature of the

extraction, For example, at 23°¢C,, when the period of extraction
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was increased from flve to fifteen minutes the percentage

of protein extracted increased from 84,4 per cent to 95.8

per cent. No further solubillization occurred when the period
of extraction was increased beyond fifteen minutes., When

the period of extraction was increased from one hour to four
hours at 9°CI the percentage of protein extracted increased
by about 2.6 per cent. They suggested that the low yield of
protein which was obtalned when the extraction was carried
out at low temperature could be lncreased by increasing the

period of extraction or by increasing the agitation.
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7. Bffect of Temperaturse of Ixtraction on Protein Yield

Johns and Jones (1916) found that the amount of prqte_n
mhich was extracted fron oil-free peanut meal at hooctbwas
2bout the same as that extracted at room temperature.

Rich (1936) showed that the amount of protein that
could be extracted from wheat flour with water, sodium chloride
solution (0;25H) and sodium and magnesium sulvhate solutions
(0.251) was aflffected only very slightly by increasing the
temperature of the reaction from SOC. to 6000; Table Va lists
the results of the suthor's experiments.

O'Hara and Saundsrs (1937)
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orange seed meal at 2;500., 26°c. ana 39.7°C. They obtained
vields (percent of total nitrosen) of approximately 36, 41 and
L9 per cent respectively:
Nagel et al {1938) extracted soybsan »protsins with
water at tenperaturesranzing betieen l.SOc; and @500: e
results which tThey obtained are listed in Table Vh,

Olcott and Fontaine (1939) studied the exitraction of
nitrogenous constituents from cotiton-seed using water and
sodiuvm chloride solution (0.5N). They found that the percent

nitrogsen which was extracted with the sodium chloride solution

increased epnrecisably hen the temverature was

i-J-
i J
¢]
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]

ased from
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increased from 25°C. to 50°C. no appreciable increase was

noted.

TABLE Va

EFFECT OF TEMPERATURE ON THE AMOUNT OF PROTEIN EXTRACTED

FROM WHEAT FLOUR

Disper81ng
Agent

Amount of Proteln Extracted as %
of Uheat Flour

TEMPERATURE

5%:. 10%. 20°. u40%. 60°¢C.

Water

NaCl Solution (0.25N)
MgS0,, Solution (0.25N)
Na,80;, Solution (0.25N)

s 5 % % %

3.2 3.2 3.2 3.1 3.1

2.6 2.6 2.7 2.8 2.7
2.2 2.3 2.0 2.3 2.4

1.8 2.0 1.8 2.2 2.0

*Rich (1936.

Smith gﬁ al (1952) showed that temperature as well as

metkod of agitatlion were major factors affecting the amount

of nitrogenous material which could be extracted from soybean.

Their results showed that mild agitation (mechanical stirring)

at 50°C. gave slightly higher values than were obtained with

intense agitation (lightning-type stirrer) at 25°CQ
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DIFFERENT TEMPERATUREST

Temperature °c. % Nitrogen
1.5 71k
14.0 76.3
28.0 80.0
35.0 81.6
Lhs,0 , 83;1

*tHagel et al (1938)

Djang et al (1953) studied the effects of temperature
(25°C., 4500} and SSOC;) on the extraction of proteins from

nung bean (Phaseoius aureué). They showed thabt when salt

solution of low concentration was used the amount of protein
that waé solubilized decreased as the temperature was increased
above 4500: They attributed this to the denaturation of the
prbtelns brought about by the elevated temperature: They also
showed that lipid-free samples gave slightly higher ylelds
then did non-1ipid-free samples.

Cagampang et al (1966) -showed that the efficlency of
sodium hydroxide solution (0.1N) for the extraction of proteins
from rice flour was 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 hydrozide solution at 23%c. and at 9°c.
Higher yields were obtained at the higher temperatures.,
Increasing the pericd of extraction and the degree of aglta-

tion, however, increased appreciably the yileld which was

obtained at the low temperature.
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l. HMaterials

a. Source of Beans

White kidney beans (Phaséolus vuigaris) were purchased

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

Lima beans (Phaseolué lunatus) were purchased from

Steinberg Supermarket, Dorval, P. Q.

Navy beans (Phaseolus'ﬁulgaris) were supplled by Dr; P,

Melynchyn of FBI Foods Ltd., Beloeil, P. Q.
b. Moisture and Proteln Contents of Beans

The samples of beans were ground in the Mikro Samplemill
(Pulverising Machinery Co., Summit, N.J., U.S.A.). The mill
was fitted with a 2 mm, dlanmeter mesh. The moisture and crude
proteiln contents of the meal were determined by the methods
given in the Methods of Analysls of the Assoclation of Official
Agricultural Chemists, Eleventh Edition (1970). The results

of the analyses are gilven in Teble VI.
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TABLE VI

MOISTURE AND PROTEIN CONTENT OF BEAN SAMPLES

White Xidney
bean Navy bean Lima bean
(P. vulgaris) (P. vulgaris) (P. lunatus)

4

™~
O

Protein (%N x 6.25) 20.1 21.0 22.2

Hoisture 10.5 8.9 8.8
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2; Prelinminary Experiments

The beans were ground in the Mikro Samplemill (Pulveris-
ing Machinery Co., Summit, N.J;, U;S.A:) to pass through a
2 mm. mesh. A sample (10 g) of the ground material was placed

in a centrifuge bottle (250 ml) along with citric acid solubion

(100 ml; 0.2N adjusted to pH 4.0). The mixture was allowed

to stand for thirty minutes with intermittent stirring and

then centrifuged (International Refrlgerated Centrifuge,
Model PR-1l, International Equipment Co;) for ten minutes
(1200g).

The sﬁpernatant was filtered through fine glass wool
and the filtrate was stored at 5°C. for eighteen hours. The
precipitate was observed under the microscope and then isolated
by centrifugation. The product was washed twlce with distilled
water and then freeze-dried.

The above procedure was used for the preparation of

samples of protein from white kidney beans (Phaééolﬁsriulgaris),

navy beans (Phaseolus vulgaris) and lima beans (Phéseolus lunatus).

The products were analysed for total nitrogen by the
Nicro-Kjeldahl method described in A.0.A.C. (1970).

Yhite kidney beans (Phaééolué Vulggris) and navy beans

(Phaseolus vulggris) gave proteln preparations which under the

microscope, appeared as bi-pyramidal crystalline material which
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f‘" was similiar to proteins described by Melynchyn (1969), (Figure

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

the particles of which were spheroidal.

O
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FIGURE I

Crystalline Protein Isolated from the Navy Bean (Phéseolus

vulgaris).
Magnification x 40
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3. Effect of pH and Normality of Extractant on Yield
of Protein and Protein Crystallinity

a: Materials and Method

Solutlions of citric acid and DL-mallc acld of different
normalities and PH values were prepared by dissolution‘of the
crystalline acid in water followed by the adjustment of the
pH of the solution to & given value by the use of sodium
hydroxide solutlion (50 per'dent); Table VII shows the composi-
tion of the solutions that were prepared; »

The extraction procedure was similiar to that described
on page 45; Semples (10 g) of ground beans (white kidney beans,
navy beans and lima beans) were placed in centrifuge bottles
(250 ml) albng with extraction solutions (lQO ml). The mixtures
Weré allowed to stand for thirty minutes with intermittent
stirring and then centrifuged (International Refrigerated
Centrifuge, Model PR-1l, International EQuipment"Co:) for ten
minutes (1200g). |

The Supernatants were filtered through fine glass wool
and the filtrates were stored at 5°C. for eighteen hours.

The precipltates were observeQ undexr the microscope and then
~isolated by centrifugation; The products were washed twice
with distilled water and then freeze-dried.

The above experiment was done on each type of bean using
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the extractants listed in 'able VII, The niirogen contents
of the difterent types of srecipitates (indicated by microscopic
exanination) were determined Dy the Micro-Xjeldahl method

descrived in Ae0.44Ce (1970).
b. Results and Discussion

The yields of protein which were obtained from the
three beans with the various solutions are shovn in Tables
VIII to XIII; yields of crystalline protein are underlined.

The results are shown in graphic form in Figures II to V,
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TABLE VII

SOLUTTONS PREPARED FOR EXTRACTION OF PROTEINS FROM BEANS

Solution

Reagent Nos. - Normality | | pH
Citrichcid 17 0.05 2.5, 3.0, 3.5, 4.0, 4.5, 5.0, 5.5%
0 8-14  0.08 L e R B
o ©15-21  0.10 R L B
o 22-28  0.20 "
" 29-35  0.40 © W @ w W ow
" 36-42  0.50 L e R
" © 43-49 0,60 e
" 50-56 0.80 wooow @ www
DL-lalic Acid 57-62  0.05 2.5, 3.0, 3.5, 4.0, 4.5, 5.0
v 63-68  0.08 meooow e wow
"o 69-74  0.10 L L
" 75-80  0.15 L L A
U  81-86  0.20 L L
" 87-92 0.b0 L
" 93-98  0.60 ¢ w e w
» ~ 99-104 0.80 L T
Yater 1105-112 - . 2.5, 3.0, 3.5, 4.0, 4.5, 5.0, 5.5%

+ ' .
Used to extract proteins from Vhite Kidney bean and Navy bean
only. '



TABLE VIII

Extraction of Protein from Lime Beans with Citric Aclid Solutions

- (total N in isolated protein . )
PH _ Reroentageuxield of Proteinh(b Total N in meal X lQO)
0.08N*  0.05N  0.08%  0.10N  0.20N O.4ON  0.50N  0.60N  0.80N
% % % % 4 3 % A %
2.5 6.7 6.0 8.0 3.4 0.0 0.0 0.0 0.0 0.0
3.0 0.0 3.2 6.3 10.0 0.9 0.0 0.0 0.0 0.0
3.5 0.0 2.7 7 10.6 10.0 0.0 0.0 0.0 0.0
4.0 0.0 7.5 8.5 9.7 0.7 0.0 . 0.0 0.0 0.0
4.5 0.0 1.3 1.5 2.1 2.7 0.0 0.0 0.0 0.0
5.0 0.0 0.0 0.0 . 0.0 0.0 . 0.0 0.0 . 0.0 0.0

Underlined values indicate yield of crystalline protein;

@pistilled water.

s



TABLE IX

Extraction of Proteln frqm Lima Beans with DL-Malic Acid Solutions

: (ﬁotal N in isdlated‘protein . )
pH Percentage Yield of Protein (— “Yotal T in mesl x.lOO)

0.0N%  0.058 0.08N .0.10N  O0.15N.. O0.20N.. O0.40N 0.60N  0.80N

| % % 5 7 % % % AR
2.5 6.7 9.2 6.8 b 1 1.4 0.0 0.0 0.0
3.0 0.0 15.7 12,2 .0 2.0 0.9 0.0 0.0 0.0
3.5 0.0 5.5 9.7 15.5 - 9.3 0.0 0.0 0.0 0.0
4.0 0.0 10.9  13.2  12.5 4.8 1.1 0.0 0.0 0.0
4.5 0.0 15.1 108 9.3 2.4 0.0 0.0 0.0 0.0
5.0 0.0 0.0 0.0 0.0 0.0 0.0 0,0 0.0 0.0

Underlined values indicate yield of crystalline protein;
@pistilled water. |

25



TABLE X

Extraction of Protein from White Kidney Beans with Citric Acid Solutions

pH

Percentage Yield of Protein

(sotal N tn_ssclated protetn  100)
. 0.0N*  0.058 . 0.08¥ . 0.10N . 0.20N 0.40N  0.50N  0,60N  0,80N

% % % % 4 z % % %
2.5 1.0 0.0 0.0 0.0 0.0 5. 9.0 13.1 13.9
3.0 2.3 0.0 0.0 0.0 0.0 4.5 7.9 20.6 18.3
3.5  b.5 0.0 0.0 0.0 0.0 11.4 13.3 13.0 8.7
b.0 b2 0.0 . 0.0 0.0 1.5 14.0 16.0 15.8 6.9
4.5 3.2 0.0 1.0 2.7 bl 12.3 7.3 11..2 1.5
5,0 4.k 1.3 b7 b6 16,0  18.0 6.8 0.0 0.0
5.5 k.7 29.8 2.9  32.6 . 29.3. 8.2 0.0 0.0 0.0

Underlined values indicate yield of crystalline protein.

8nigtilled water.

€9



TABLE XI

Extraction of Protein from White XKidney Beans with DL-Malic Acid Solutions

PH Percentage Yield of Protein Et?#al‘th%ais§1?;egeg{otein X 100;

0.08% = 0.058  0.08N  0.10N  0.15N  0.20§  0.40N  0.60N  0.80N

E: : % % % A % 3
2.5 1.0 0.0 0.0 0.0 0.0 1.3 3.3 7.0 14,0
3.0 2.3 0.0 0.0 0.0 0.0 1.0 2.5 7.3 17.5
3.5 4.5 0.0 0.0 0.0 0.0 2.4 .6 247 39.9
4,0 4,2 0.0 0.6 0.5 1.5 5.2 5.1 1.8 0.0
4.5 3.2 0.0 1.7 1.0 6.3 16.4 2.2 0.0. 0.0
5.0 kA2 3.6 6.0 115 1§ 0.0 0.0 0.0

Underlined values indicate yield of crystalline protein.
8n1stilled water. |

79



TABLE XII

Extraction of Protein from NaVy Beans with Citric Acid Solutions

(ﬁotﬁl N in isolated proteih - )
PH Percentage Yield of Protein ( Total N in meel X 100)

0.0N*  0,05N 0,088  0.10N  0.,20N  0.40N - 0,50N  0.60N  0.80K

g % 2 g 4 % % % %
2.5 1.0 0.0 0.0 0.0 0.0 0.0 0.0 0.45 1.5
3.0 6.9 0.0 0.0 0.0 0.0 0.9 1.8 6.2 18.3
3.5 6.6 0.0 0.0 0.0 0.0 5.0 4.9 15.3 0.0
4.0 5.3 0.3 0.6 0.9 4.5 10.7 7.2 1.7 0.0

4.5 4.2 0.7 2.8 5.6 12.7 3.8 2.1 0.0 0.0
5.0 4.2 2.8 2 12.5  12.9 0.81 0.0 0.0 0.0
8.1 b8 7.3 3.0 22 0.0 0.0

Underlined values indicate yield of crystalline protein.
- 8Distilled water.

139



‘TABLE XIIT

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

(tofal N in is olated protein

pH Percentage Yield of Protein (fotal N im lsclabod pr x 100)

0.0N*  0.05N  0.08N  0.10N - -0.158  0.20N  0.4ON 0,608  0,80N

% % % % % % % % Z

2.5 1.0 0.0 0.0 0.0 0.0 0.0 0.0 0.97 4.8

3.0 6.9 0.0 0.0 0.0 0.0 0.0 0.0 3.0 10.7

3.5 6.6 0.0 - 0.0 0.0 0.0 0.0 2.9 19.6 30.9

4.0 5.3 0.0 0.0 1.3 6.8 120 3.0 1.0 0.0

4,5  L.2 0.0 1.3 2.1 12.1 7.2 9.6 0.0 0.0

5.8 . 10.6  13.9 4.0 2.8 0.0 . 0.0 0.0

5.0 4.2

Underlined values indicate yleld of crystalline protein.

aDistilled water.

95



FIGURE IIa, IIb, IIc.

Effect of pH of Citric Acid Solution on Yield of Protein

from White Xidney Bean, Navy Bean and Lima Bean,

OO0 llhite Kidney Bean:
O— — —ONavy Bean;
O=ieeme e =uQLima Bean;

_ Total N in Protein
% of Total Proteln = Spieeyr oot < 100
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FIGURE IIIa, IIIb, IIIc.

 Effect of_ﬁH of DLeMalic”Acid,Solutign on

Protein from White Kidney Bean, Navy Bean and Lima

Bean;
O————=0lhite Kidney Bean,

- O—— = O Navy Bean;
O—- . —-OLima Been.

% of Totai Protein =‘T°talhﬁwfﬁ"§;6£éiﬁ”

Total N in Meal

Yield of

x 100
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FIGURE Va, Vb, Vc.

Effect of Normality of DL-Malic Acid Solution on Yield
of Protein from White Xidney Bean, Navy Bean and Lima

Bea.np.ﬂ

'O———OWhite Kidney Bean.
O— — —ONavy Bean.

O—-om-e —OLima Bean.

Total N _in Prbtein x 100

4 ‘of‘Totalv Proteln = ToE N Mo
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Fig Vb
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Fig Vc
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It will be noted that citric acid gave highest yleld
of protein from lima bean when the normality of the extractant
was 0.10N and the pH was 3.5. No protein was lisolated with
extractants having normelities above 0.4 and pH values gréater
then 4.0. Malic acid gave higheét yield of protein at 0,05N

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

"~ ecitric acid, no protein was isolated with malic acid solutions

having normalities of o;h or greater and pH values greater
than 4.0. Figures II to V show that 0.05N and 0.08N solutions
of citric acid and DL-mallic acld gave two maxima on the curves
which show the relationship between pH and yield qfvprotein
from the 1ima bean. It will be noted that 0.1N solutions.df

the aclids gave lncreased yleldsof protein when the reaction

was increased up to pH 3;5; this pH was also the point of

maximum yield obtained with 0.15N malic acid solution and
0.20N citric acid solutlon.

It can be concluded that there ls no general relatlionship
between pH of extractant and protein yield from lina bean uslng 
citric acld and DL-mallc acid.

Figures II to V also show that extractants (citric
acid and mallc acid) having reiatively‘low pH values'(less
than pH 4;0) glve very 1itt1e protein from white‘kidney bean
when the normality of the extractants is relatively low (less
than O.ZN){ When the normality of the extractant'is‘hlgh
(greater than 0,2N), very 1little protein is isolated as the

PE of the extractant is increased (above PH 4.,0). The curves
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showing the relationship between pH of extractant (citric 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 which maximal
yield was obtained decreased as the normality of‘the.extractant,
was lowered. , | o
| The.curves giving.the relationship between PH and yleld
of protein from white kidney bean and navy bean (Figures II
to V) are similiar in shape; A striking contrast between these
two beans is the amount of protein 1s§1ated 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,ot
protein obtained from the white kidney bean and the navy bean
when extraction was done with 0.80N 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 respectively, by extraction of
the beans with the solvent and precipitatlion of the proteins
by diluting with distilled water. Melynchyn (1969) isolated
proteins fram beans in a similiar manner.

The writer's results do not show pH's of minimal yields
of proteln isolated from the white kidney bean and the navy
bean to indicate isoelectric points of these proteins.' Oon the
other hand, points of minimallyields were obtained from the
1lima bean when extraction of the proteln was done using 0;05N

and 0.08N malic acid solutions (pH 3.5). Olcott and Fontaine
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(1939) found that there was no minimal nitrogen solubility
to indicate an isoelectric point of the proteinms, in their
extraction studles on cotton-seed meal with sodium chloride
solution (O:SN); They showed, however, that extraction of
cotton~geed 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 thé coﬁcentration
of the extractant. The writer's résults’are in accordance |
with this finding. |

The writer's results demonstrate that proteins were
isolated from’the white kidney bean and the navy bean (two
Species of Phaseoius fulgaris) when”thé PH and normalit& of

the extractants (citric acid and DL-malic acid solutions) were
sxmiliér.- Under the same conditions very little protein was
'1solated‘frdm the lima bean (Phéseoluéwiﬁﬁaﬁus). This suggests

a relationship between the phylogeny of the beans and the
conditions for the isolation of their proteins.

Figurés IV and V show in graphlic form, the reiatiohship
between the normality of the extractants (eitric acid and Di-
malic acid) and the yield of protein. For the lima bean
higher ylelds of protein were obtained at relatively low
normalities of extractants. The normality at which maximal
jield was obtained was different when the pH of the extractant
was varied., Hence, a specificity of normality and pH of

extractant was established,for'maximal yield of protein..
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The curves (Figures IV and V) show that the relationship
between the normality of the extractants (citric aéid and DL~
,malicvaoid) and the yield of protein from the white kidney bean
and the navy bean are similiar. In all instances, the amount
of protein that was isolated from both beans increased to a
rmarinum as the normality of the extractant was increased. The
normality'at which maximal yield was obtained was different
vhen the pH of the reaction was varied.

The writer's results demonstratevthat higher normalities
of extractants (citric acid and DL-malic acid) are required

for the isolation of proteins from the two Phasédlﬁs vulgaris

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

isolation of proteins from Phaééoius 1uhatus (lima bean).
The writer's results agree with those of Pusztai (1965)

who found that the effect of concentration on the nitrogen

dispersibility of PhéSéolﬁs vuigarié beans depended on the pH
of the extractént. Melynchyn (1969) claimed that a particular
concentration of extractaﬁt gave maximal yield of crystallinev_
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:

The results (Table VIII to XIII) demonstrate that
crystaliine proteins are isolated from the white kidney bean

and the navy bean (two varieties of Phaséoiﬁs vulgaris) under.

somevhat similiar conditions of pH and normality of extractants.

The 1lims bean (Phasesolus 1ﬁnaﬁus) yieldscrystalline protein
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under totally different conditions of pH and normality of

extractant, when compared with the two Phaséoiﬁs vulgaris

beans: This suggest a relationship between phylogeny of the

beans and conditions for the isolation of crystalline proteins.
Microscopic exaninations of the crystalline protein

isolates of the three beans indicated that there was an.increase

in the size of the protein crystals when the normality of the

extractant was increased. In some instances (proteins isolated

from white kidney bean using 0.15N andlo;MON malic‘acid
solution, pH 4.5 and pH 4.0 respectively) the protein précipi—
tate consisted of a mixture of crystalline and spheroidal |
particles. Osborne and Clapp'(l9b7)a.isolated proteins from
kidney bean and found that the isolate consisted of a mixture
of crystalline and spheroidsl material;

The writer also-investigated'the use of DL-tartaric
acid as an extractant for the isolation of crystalline proteins
from the white kidney bean, the navy bean and the lima beén.
The results obtained indicated that at certain normalities and
pZ values, DL-tartaric acid solutions re~crystallise undér
refrigeration. ~It is suspected that the precipitate.obtained
oy extraction of the beans with these solutions contained re-

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

a. HMaterials and Method

Samples of dry white kidney beans, navy beans and lima
beans were ground in a Mikro samplemlll of Pulverising Machlnerxy
Co:, Summit, N:J:, U.S.A. The ground beans were then sleved
using mesh screens of Endecotts (Filters) Ltd. ‘Mesh numbers
were 10, 14, 18, 35 aﬁd 60 which correspond to particle sizes
2.0, 1.41, 1.00, 0.50 and 0.25 mm. diameter respectively. The
fractions which were separated from 400 g of ground meal are
given in Table XIV. | |

In this experiment, different extractants were used to
isolate fhe proteins from the threé beans. The extractants
which were used are given 1in Table XV.

A sample (10 g) of each particle size fraction of the
bean meal was placed in a centrifuge bottle (250 ml) along with
the extractant (100 ml). The mixture was allowed to stand, |
with intermittent stirring, for thirty minutes snd then centri-
fuged (International Refrigerated Centrifuge, Model PR-1,
International Equipment Co.) for ten minutes (1200g).

| The supernatant was filtered through fine glass wool
and then stored at 5°C: for eighteen hours. The precipltate
was isolated by centrifugation. Vﬂhe product was washed twice
with distilled water then freeze-dried: |
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TABLE XIV

FRACTIONS OF DIFFERENT PARTICLE SIZR
OBTAINED FROM BEAN SAMPLES

Vieight of Fractions (g)

Endecotts White Kidney Navy Linma
Mesh No., - Bean -- -~ -‘Bean - Bean
10 (2.00 mm.) 2l o 0
14 (1.41 mm.) 7h. 6 7
18 (1.00 mm.) 19k 271 200
35 (0.50 mm.) 90 106 140
60 (0.25 mn, ) 14 14 50
Amount unrecovered L '.73 3
Total: L00 g 400 g - 400 g

TABLE XV

EXTRACTANTS USED TO ISOLATE PROTEINS FROM DIFFERENT

. PARTICLE SIZE FRACTIONS OF BEAN

Bean - - - ...~ . . Extractant

Vhite Kidney Bean  0.1N Citric Acid Solution (pH 5.5)
' Navy Bean 0.8N Citric Acid Solution (pH 3.0)

Lina Bean .- - 0.05N DL-MaXic Acid Solution (pH 3.0)
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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

. YTELDS OF PROTZIN FRCM”ﬁEAL'FRACTidNé

(PARTICLE SIZE 7E 0. 25 m. TO 2 .00 mm.)

Yield of,Protein (% of Total Protein

in Meal)™
- Endecotts White Kidney - Navy Lina
Mesh No. Bean - - - - Bean Bean
60 (0.25 mm.) 174 12.6 8.9
35 (0.50 um.) 32.9 14,2 12.4
18 (1.00 mm.} 33.9 163 13.2
14 (1.4 mn.) 23.3 IR
10 (2.00 mm.) 9.8 e -

+% of Total Protein = Total N in PrObein x 100
Total N in Meal

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 & 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



FIGURE VI,

Yield of Protein from Different Particle Size Fractions
of Meal of Vhite Xidney Bean, Navy Bean and Lima Bean:
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most satisfactory particle.size for isolation of proteins
from lima beans, navy beans and whilte kidney beans with
soiutions (acid pH) of citric acid and DL-malic acid is

1.00 mm. (No. 18 mesh). |

| The writer's results show general agreement with the
findings of previous workers. Hofman-Bang (1930); Snith gg
al (1938) and Nagel et al (1938) found that a decrease in
particle siée of meal, up to a certain 1limit, produce& an
vincreaSe in the amount of protein extracted from barley and
soybean; Further reductlion in the size of the particle
produced a_décreaSe in the protein yield. ‘Saunders.(1931)
emphasised that 1t 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 ﬁeal fractions passing through
the No. 20 to No. 40O mesh to produce pomelin from the séme

seed.
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5: Effect of Extraction Time on Proteln Yield

a., Materials and Hethod

Samples (10 g) of ground white kidney beans, navy beans
and lima beans were placed in centrifuge bottles (250 ml).
Citric acld solution (100 ml, 0.1N, pH 5.5) was added to the
white kidney bean, DL-malic‘acid solution (100 ml,VO;OSN, PH
3.0) was added to the lima bean and citric acid solution (100
mnl, O.BON, PH 3.0) was added to the navy bean. The mixtures
were shaken using the Mechanical Shaker of Eberbach, Ann Arbor,

Michigan, U.S.A. The pertods of extraction were 5, 10, 15,

20, 30 and 45 minutes. The mixtures were then centrifuged
(International Refrigerated Centrifuge, Model PR-1, InternaQ
tional Equipment Co.) for ten minutes (12003): 7 |

The supernatants were filtered through fine glass wool
and then stored at 5°C. for eighteen hours; The precipitates
were 1solated by centrifugation; The productS‘were washed

twice with distilled water then freeze-dried.

b. Results and Discussion

The results which were obtalned in this experiment are

‘glven in Table XVII: They are given in graphic form in Figure
VII. |
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- was not a critical factor in the extraction of proteins from

flaxseed and soybean while Smith et al (1952) demonstrated
that the yield of protein from soybean was affected by the
variety of the soybean and the conditions of extraction.

'I’he results of the present work are in agreement with _
those of Djang et al (1953) who showed that there was an increése
in protein yileld from mung beans (Piiéseblus gureus) as the
extraction time was increased and with those of Melynchyn (1969)
who showed that an extraction time of thirty minutes with
agltation, was ldeal for the isolation of crystalline proteins

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

a. Materlals and Method

Samples (10 g) of ground white kidnay beans, navy beans
and lima beans were placed in centrifuge bottles (250 ml).
Citric aclid solution (100 ml,}O.lN,‘pH 5.5) was added to the

white kidney bean, DL-malic acid solution (100 ml, 0.05N, pH
' 3.,0) was added to the lima bean and citric acid solution (100
ml, 0.80N, pH 3.0) was added to the navy bean. The mixtures
were alllowgd. to stand with intermittent stirring, for thirty
minutes; The extractions were carried out at the following
temperaturesé-‘ Room temperature (2700.), 35°C, 38°C, hooc,
45°c._and 50,  The mixtures were éentrifused (International
Refrigerated Centrifuge, Model PR-1l, Intermational Equipment
00:) forAfen,mlnutes (1200g) .

The supernatants were flltered through fine glass wool
and then stored at 5°C. for eighteen hours. The‘préclpitates'
were isolated by centrifugation; The producﬁs weie washed
twice with distilled water and then freeze-dried. |

b. Results and‘Discussion\

The results obtained in this experiment are given in
Table XVIII. They are glven in graphic form in Figure VIII.
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TABLE XVIII

EFFECT OF EXTRACTION TEMPERATURE ON PROTEIN YIELD

Yiold of Protein (% of Total
Protein in Mea.l)

Extraction | White Kidney  Navy Lina
Temperature (°C.) ~ Bean Bean  Been

27° 33.0  19.8  12.6

35° 34.9 23.2 19.é

38° 347 24,3 18.9

50° 36.7 28.8  19.1

5s° 39.5 26,6 21.3 *

50° 35.3 25,0  14.5

+ " Total N 1n Protein '
4 of Total Proteln = <5 T 1n e x 100

The results reported in Table XVIIT end Figure VIII
demonstrate that the yield of protein from the wh:l.te kidney
bean and the lima bean 1ncreaéed as the temperature of i:he
extraction was increased from 27°C. to 45°C. The yield of
protein from the navy bean reached a maximum at 40°C.

Johns and Jones (1916) found that increasing the tempera-
ture of extraction from room temperature to ll-5° to 50°C. did
not increase the yleld of protein from peanut meal. Rich (1936)
also found that increasing the temperature of extraction from



FIGURE VIII

Effect of Extraction Temperature on Yield of Protein f:bom
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590, to 60°C. did not increase appreciably the yield of protein
fiom wheat flour. Olcott and Fontalne (1939) on the other hand,
found that increasing the temperature of extraction from 0°C.
to 25°C. increased appreciably, the amount of nitrogen extradted
from cotton-seed and O'Hara and Saunders (1937), Nagel et al
(1938) and Djeng et &l (1953) showed that the yield of protein

from orange seed, soybeans and mung beans (Phasedlus auréus)

was increased by increasing the temperature of extraction.



PART II
CHARACTERISATION OF ISOLATED PROTEINS

88
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I. ELECTROPHORESIS OF PROTEIN ISOLATES

1. RBeview of Literature

Most of the early work on the characterisation of

proteins from seeds was based on the use of ammonium sulphate

as precipitant. More recently, electrophoresis has been used
extensively for protein characterisatidn:

Ritthausen (1872) isoclated proteins from beans and -
called the protein preparation legumin. Osborne (189%4)
isolated'two protein fractions from kidney beans (Phéséolus
vulgaris) using fractionalmprecipitation with smmonium sulpﬁaté
solutions; One fraction was a globulin which he called
phaseolin and the other fraction was an albumin which 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 (FPhaseolus vﬁlgaris) usiﬁg .

anmonium sulvhate precipitation.
Jones and Johns (1916) fractionated the globulins of
the jack bean and called the fractions canavalin and ooncanavalin;
Johns and Yaterman (1920,3) isolated two globulin fractions
fron the Georzia velvet béan.aﬁd oalled the fractions ¢~ and
B~ zlobulins. The authors (1920,b) fractionated the globulin

Fal

[

the munz vean (Phaseolus aureys) and obtained the d- and p-
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globulins. Jones et al (1922,a) and Jones et al (1922,b)
isolated the d- and p - globulins from the adzuki beé.n (Phaséoius

angularis) and from the lima bean (Phaseolﬁs lunétus). The

authors showed that the corresponding globulins from the
different Phaseolus specles were similiar. Waterman gz,gl
(1923) 1sblated a globulin fraction from navy beans (Phésébiﬁé
‘vﬁiSaris) which they called cbnphaseolin. They found that
thelr conphaseolin preparation was similiar to thefi; globulin
of other species of Phééeolué:s'Therrp-globulin was similiar
to phaseolin isolated by Osborme (189%).

Djang et al (1952) demonstrated by electrophoresis, that
the globulin fractlon obtained from navy beans (Phééeoius_‘
aureus) comprised fdur different fractions. They called two
of these fractions O- globulins and the other two, P~ globulins.

Ghetie : (1959) fractionated the globulins of Phaseolus
vuigaris into three components which 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 deflned entitles within
the seed. ’ |

Klotaz (1962) showed that only some of the corresponding
proteins of seeds and seedlings of Pﬁéseolus vul éris,

Phasedius cdccineus, Phaséolus 1ﬁnaﬁﬁs and Phasebiﬁs'éﬁreﬁs

viere similiar; Cotyledons of'Phasedlus ﬁulgaris and Phasedlus
coééiﬁeﬁs_contained a simlliax type of protein (phaseolin).’
Evans and Kerr (1963) found that protein isolated from:
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navy beans (Phaceolus vulg arlo) by (1) extraction at pH 7.0

.

and precip %aé on t pﬁ 3 8 ard (2) extraction with sodium
chloride solution (2 per cent) and precipitation by dialysis
vere essentially the same as indicated by paper electrophoresis
anc DEAE-cellulose column chromatvography.,

. zarkadas (1964) from his electrophoretic analysig of the
proteins of mung beans (Phaseolus aureus) showed thaf one
globulin fraction separated to give six components on paper
electrophoresis, He concluded that the mung bean globulin
fraction comprises nine difierent fractions.

Fox et al (1964) denonstrated by means of polyacrylamide-
gel eiectrophoresis that the albumin from leguninous seeds of
.species from closely related zgenera wer °1mlllar. They
commented on the importance of correlating protein eleCuroohoretlc
patierns with ‘taxononic pOSLtlon. |

Sayanova (1968) investigated, serologically, bean protelns
and showed that there was a taxonomic relationship between the
proteins of Phaseolus vulgarws and Phaseolug multiflorus and

of raiaulonsnln petween the prmtelns of phaseolus lunatus

-

a. lacl

Y

and Phaseolus aureus.

Pant and tulsiani (1969) claimed that the albumin and
globulin fractions of four species of Phaseolus gave only one
band on paper electrophores~u. The aufﬁérs uséd acetate buffer atv
pH 5.0, citrate buffer at pi 6.0 and phosphate bufier at pH 8.0.
fd aanse and Hobbers (1970) carried out electronhoretic

and fractionation studies on the proteins of different cultivars
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of Phaseglys vulgaris. 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 cultlivars of Phaseolus vulgaris
were similiar. |
| McLeester et al (1973) stated that the globulin fraction
of FPhaseolus vulgaris is usually consldered to include.” .
two major components (legumin and,vicilin): The éuthors
showed by disc eléctrophoresis that the total globﬁliﬁ fraction
was not equivalent to the combination of the legumin and
vieilin fractions. o

Ishino and Ortega (1975) demonstrated that the globulin

fraction of Phaseolué'vulgaris consisted of four major com-

ponents namely: G-, p =, § - and § - globulins, designated in
oxrder of decreasing electrophoietic mobility;' Tﬁe fractlohsA
accounted for 50, 19, 10 and 12 per cent of the total globulin
fraction respectively. These authors showed that the & -
component ﬁas deficient in the sulphur céntaining amino aéids
end was not dissociated with 8M urea or with 0.2M 2~ mercaptoe-

thanol.
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2. Experimental, Results and Discusslon
a., Materials and Methods

The method used for polyacrylamide-gel disc eleétro~
phoresls was essentially that of Ornstein and Davis as modifled
by Nauer (1971). The solutions used for the preparation of
the polyacrylamide gels (without urea) are given in Table XIX;
the mixing ratios of these solutions are given in Table XX.

The other 301utions prepared for use in the electrophoretic
analysis of the isolated proteins are given in Table XXT.

Eight glass tubes (length = 70 mm; external diameter‘
= 7 mm; internal diameter = 5 mm)'were cleaned (chromlé acild
cleaning solution) and dried;. One end of each tube was sealed
securely with parafilm: The tubes were then placed vertically
" on & rack with the sealed end at the bottom. Separationugel
solution(l;z ml) was placed in each tube with the aid of a
syringe. Water was placed on the top of the separation gel
to glve a layer of approximately 2 mm, care being taken to
avoid mixingtof the gel solution and the water. The gels were
left to polymerize for one hour. |

The water layer was removed by means of small filter
paper wicks; Spaceragel solution (042 nl) was placed on top
of the,separétion gel with the aid of a syringe. The tubes
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TABLE XIX

SOLUTIONS USED IN THE PREPARATION OF POLYACRYLAMIDE GELS

(WITHOUT URZA)

Reagents for Pfepéfatibﬁ‘6f Beggehté fbr Préparation of
‘Separation Gel. ‘ .Spacer Gel.
| I ' v v
1N HCL 48.0 ml 1N HCl 48.0 ml
Tris? 36.6 g Tris® 5,98 g
TZNEDP . 0.23ml TEMEDP 0.46 ml
Water to 100 ml Water to. 100 ml
(pH 8.9) | (pH 6.7)
1T | v
Acrylamide 30.0 g Acrylamide  12.0 g
BisC® 0.8 g Bis® 3.0 g
Vater to © 100 ml Water to 100 ml
r11¢ VI
Per® 0.1 g Riboflavin L.0 g
Water to 100 ml Vlater to  100 ml
Vit
Sucrose Lo g
Vater to . 100 ml .
%Tris: tris (hydroxymethyl) aminomethane.
TEMED: NN, H',N'~-tetramethylethylenediamine,
gBis: N, N-methylenebisacrylamide.
I1I: prepared immediately prior to use.

CPer: ermonium persulphate.



TABLE XX

UTXTHG RATIOS FOR PREPARATION OF GELS (WITHOUT UREA)Z

Separation Gel - - Spacer Gel
1 part?(1) 1 part (IV)
2 parts (II) - 2 parts (V)
1 part HpO0 1 vart (VI)
L

parts (III) 4 varts (VII)

8Number in brackets refer to solutions
listed in Table XIX.

bPart by volume.

95



96

TABLE XXI

SOLUTIONS PREPARED FOR ELECTROPHORESIS OF PROTEINS

Solution

Composition

Electrode buffer
solution (pH 8.3)

Indicator solution

Fixative solution

Staining‘solution

Destainihg'solution

Storage solution

Tris® (6 0 g), Glycine (28.8 g),
-Distilled water to 1,000 mly

Dilute ten times (with distilled ,
water) before use.

Bromophenol Blue (1 mg),
Distilled Watervto 1,000 ml,

Trichloroacetic acid (12.5 g),
Distilled water to 100 ml.

(a) Commassie Brilliant Blue (1 g),
Distilled water to 100 ml

(b) Trichloroacetic acid (12 5 g),
Distilled water to 100 ml.

Mixture 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 water to 100 ml.

8Tris: tris (hydroxymethyl) aminomethane.
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were then placéd under a fluorescent lamp for twenty minutes

to allow photo-polymerization of the spacer gel. A sample~

gel solution was prepared in exactly the same manner as the
spacer-gel solution except that 10 mg of profein sample was
added per 5 ml of gel solution. A sample (50 pml) of this
solution was placed on top of the spacer geli The tubes were
placed under the fluorescent lamp for twenty minutes for photo-
polymerisation of the sampleﬂgel to take place.

The tubes were removed from the rack and the parafilm

at the end of the tubes was carefully_remoVed. They were

inserted into the rubber grommets of the upper}buffer reservoir
of the_electrophofetid apparatus which was assembled as_shown
in Flgure IX. _Buffei solution was added to the upper and
lower reservolrs so as to completely cover the electrodés.

One millilitre of 0;001 per cent bromopvhenol blue solution

was added to the buffer solution contained in the upper reservoir.

The electrodes were connected to the power supply (anode, lower
reservoir; cathode, upper reservoir) and the current (D.C.) was
turned on. The current was adjusted to one milliamp per tube
for the filrst two minutes and then lncreased to four milliamp
per tube for the remainder of the electrophoretic run.
Electrophoresis was stopped when the bromophenol blue 1nd1¢ator
reached the bottom of the tube; this took approximately ome
hour, |

The gels were removed from each;tube with the aid of

a flexible needle which was passed between the gel and the
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inner wall 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 Blue staining solution (50 ml): The gles/ﬁére
allowed to stand in the stailning solution for about eighteen
_ hours: Thé staining solution was then replaced by trichloro-~
acetic acid (50 ml, 10 per cent) which acted as destaining
solution. The gels were kept in the destaining solution for
several days with frequent changeé of destaining solution.
Finally, the gels were transférred to petri dishes containing
acetic acid (50 ml, 7 per cent) as storage solution. The
gels were vhotographed as soon as possiblé. |

The solutlons used for the preparation of polyacrylamide
gels (with urea) are given in Table XXIT; the mixing ratios
of these solutions are given in Table XXIII. The other
- solutlons prepared for use in the electrophoresis with urea
are gimillar to thoée prepared for electrophoresis ﬁithout
urea (Table XXI) except for the following modificatlons:-

(1) The working electrode buffer solution contained

24 g urea per litre.
(2) The fixative solution was modified to contain

trichloroacetic acld solution (5 per cent) and
5-sulfosalicylic acid solution (5 per cent).
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SOLUTIONS USED IN POLYACRYLAMIDE GEL DISC ELECTROPHORESIS

(VITH UREA)

"~ Beagents for Preparaﬁidn>of‘

Rea(ents‘for Préparation

Separation Cel. o Spacer Gel.

I ; IV
1N HCl L8.0 ml 1N HC1 18,0 m1
Tpys? 36.6 g Trisa 5:98 g
TEMED? 0.23 ml TEMEDP 0.46 ml
Urea 2L ¢ Urea 2L g
Vater to 100 ml -Vlater to 100 ml

(pH 8.9) (pH 6.7)

IT . VI .
Acrylanide 30.0 g Acrylamide 12,0 g
B1s® 0.8 g - B1s® 3.0 g
Urea 2L g Urea 2L g
yater to 100 ml Vater to 100 ml

IIT . - VII |
Per® 0.14 g Riboflavin Lo g
Urea 2h g - Urea 2L g
Ylater to 100 ml Viater 100 ml

IV VIII ’

Urea 2L g Urea 24 g

Water to 100 ml . Sucrose }40 g
Viater : to 100 ml

arris: tris (hydroxymethyl) aminomethane.

OTEMED N,N,N*',N*-tetramethylethylenediamine.

C3is: N, N-methylenebisacrylamide.

dr771: prepared immediately prior to use.

€Per: ammonium persulphate.
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TABLE XXIII

MIXING RATIOS FOR PREPARATTON OF GELS (WITH UREA)®

Separation Gel .. - Spacer Gel
1l partb (1) 1 part (V)
2 parts (II) 2 parts (VI)
L parts (III) ' 1 part (VII)

.1 part (IV). ... .. 4 parts (VIII)

8Numbers in brackets refer to solutions
listed In Table XXII.

bPart by volume.

The following protein preparations were subjected_to

eléctrophoresis.

(a)

White'xidnei Bean Isolates

Isolate A -~

Isolate B

Isolate C

Isolate D

Isolate E

crystalline preparation extracted with citric

~acid solution (0.1N, pH 5.5).

spheroidal preparation extracted with citric
acid solution(0.5N, PH 3.5).

precipitate extracted with DL-malic aocid
solution (0.8N, pH 3.5) and precipitated by
dilution with water.

isolate extracted with dilute alkall and

~ precipitated with aéld.

crystalline preparation extracted from
isolate D with citric acid solution (0.lN,

PH 5.5).
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(o) Navy Bean’Isolates

Isolate F -~ crystalline preparation excracted with
citric acid solution (0.2N, pH 4.5).

Isolate G - svheroidal preparation extrQCLed with
citric acid solution (0.4N, pH 3.5).

Isolate H - isolate extracted with dilute alkali and
precipitated with acid.

Iisolate I -~ needle-like precipitate extracted with
citric acid solution (0.8N, pH 3.0).

(c) Lima Bean Isolateé

Isolate J = crystalline preparation extracted with
citric acid solution (0.08N, pH L.0).

Isolate K - spheroidal prevaration extracted with
citric acid solution (0.08N, pH 4.5),

Isolate L, - isolate extracted with dilvte alkali and
precipitated with acld.
Isolates D, H and L were prepared for purposes of

comparison with the other isolates prepared. They were isoiated

| by a standard method for the isolation of proteins frqm beans.

Szaples (10 g) of ground white kidney beans, navy beans and
lina beans were weighed out into centrifuge bottles (250 ml)
eand sodium hydroxide solution (100 ml, 0102 per cent) was
added. The nixtures were allowed to stand, with intermittent
tirr hg for one hour; They were then centrifuged for ten
minutes (1200g) and the supernatants were filtered through fine
glass wool. The pH.of the supernatants wag adjusted to pH 4.5

with hydrochloric acid (conc.) to precipitate the proteins.

Tn

(D

precivitates wexre isolated by centrifugation, washed tiwice

with distilled water and then freeze~dried.
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The precipitate obtained from the white kidney bean
when treated with citric acid solution (0.1lN, pH 5”.5) and
stored at 5°C. for at least eighteen hours gave a crystalline
product. This produ.ct was named Isolate E. |

b. Results and Discussion

Photographs of the electropherograms which were prepared

with and without urea are given in Fifrures X to XV

(1) Vhite Kidney Bean Protein Isolates

a. Without Urea (Fig. X).

: isolates A and B each gave electxjopherograms which had
at least -six bands, designated the dl—, ‘*2-, d._, P-—, ¥ - énd
g—- bands in order of decreasing electrophoretic mobility.., The
oy -, and %5~ bands are diffused. The %y~ band corresponds to
the o~ zone of Zarkadas (1964) -who showed bthat the globulin

fractions from mung bean (Phaseolué aureus) save nitie bands on

paper electrophoresis. The o~ band 1s the broadest and most
intense and corresponds to the ¥~ globulin of Ishino and
Ortega (1975) who found four major bands in the globulin

fraction of Phaseolus vﬁlgafis. The -, ¥~ and &~ bands

correspond to the -, € - and - bands of Ishino and Ortega (1975)-:
The electropherograms of isolates C and E are similiar.
Both show three bands corresponding to the x-,p - and ¥ - bands

of isolates A and B.



FIGURE X

Electropherograms of Protein Isolateé'from White Kidney

Bean - Electrophoresis without Urea.

A~ Crystalline-isolé%e extracted with .
citric acid.solution (0.1N, pH 5.5).

B - Spheroidal isolate extracted with
citric acld solutlon (0.5N, pH 3.5).

C - Malic acid extract precipitated by
dilution with HyO.

D - Alkali extract, precipitated with acid.

E - Crystalline lsolate extracted from
D with citric acid solution (0.1N, pH

- 5.5).
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FIGURE XI

Eléctropherogréms of Protein Isolates from White Kidney

Bean - Electrophoresis with Urea.

A - Crystalline isolate extracted with -
citric acid.solution (0.1lN, PH 5.5).

B - Spheroidal isolate extracted with
- ecltric acid solution (0.5N, PH 3.5).

C - Mallc acid extract precipitated by
dilution with H»O0.

D - Alkeli extract, precipitated with acld.

E - Crystalline isolate extracted from
D.with citric acid solution (0.1N, p

5‘5)0 . ’
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FIGURE XII.

Electropherograms of Protein Isolates from Navy Bean -
Electrophoresis without Urea.- - .-

E4 @ -

F - Crystalline .isolgte 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 3.0).
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FIGURE XIIT

Electropherograms of Protein Isolates from Navy Bean -

Electrophoresis with Ursa,.

F = Crystalline isolate 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 3.0).
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FIGURE XTV

Electropherograms of Protein Isolates from Lima Bean -

Electrophoresis without Urea.

Jd - Crystalline isolate extracted with .
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 with
acid.
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FIGURE XV '

Zlectropherograms of Protein Isolates from Lima Bean -

Electrophoresis with Urea.

J = Crystalline isolate extracted with
citric acid solution (0.08N, pH 4.0).

K - Spheroidal isolate extracted with
citric acid solution (0,08N, pH 4.5).

L - Alkall extract, precipitated with
acid.
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b. With Urea (Fig. XI)

Electrophoresis with urea gave somewhat similiar patterns
for all flve isolates. There is a falnt band which has the
greatest eleotrophoretic mobllity and a grouping together of
at least three other bands., This pattern could have reSuited
from the polymerization of the protein molecules. Gill and
Tung (1976) stated that eiectrophoresis of rapeseed brotelns
in the présence of urea solution (10M) resulted in molecular
fragments which did not enter the separation gel. It was
hoted in the present work that some materlial did not enter the

spacer gel.
(i1) Navy Bean Protein Isolates

a. Without Urea (Fig. XII)

The electropherograms of isolate F is similiar to the
corresponding isolate (isolate A) of the white kidney bean,

| except that the Xz- band 1s not apparent. The 0‘3_~’, o-, B~,

¥~ and $- bands are all present and they have comparable electio-
phoretic mobilitles as does isolate A of the kidney bean.
Isolate G gave four bands corresponding to the A-, B -, ¥ - and

$- bands of isolate F. The ¥~ and % - bands, however, are
relatively faint., Isolate H éave only three bands.corresponding
to the X=,f - and & - bands of isolate F. Isolate I gave
essentiauy the seme 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 lower electrophoretic mobility than
the 6~ band.

b. With Urea (Fig. XTII)

Again, like those of the 1solateé of the white kidney
bean, the eleotropﬁerogra.ms of the navy bean 1solates, in the
presence of urea; show bands which a.i'e grouped together in
the région of the O~ band . The 6~ b.and. appears to have been
fragmented. The electropherograms of isolates F, G and I are
similiar e:ﬁcept that the bands of isolate G are less intense,
Isolate H show one less band than do the other three. 1s01ates‘.'
It is possi'bie that urea caused fragmentation of the d- band

and polymerisation of other proteln molecules to givé larger

unite which did not enter the gel.

(iii) ZLima Bean Isolates

a. Without Urea (Fig. XIV)

Isolate J showsfour bands which could correspond. to
the =y B ~, § = and b~ bands of isolate A vof the white kildney
bean., Isolate K show only three bands corresponding to the
o=, B~ and - bands. The ¥ - band 1s not apparent. Isolate
I show bands which are similiar to those obtained for isolate K.
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b. With Urea (Fig. XV)

In the presence of urea, the electropherograms of the
lima bean isolates show fragmentation of some of the bands.
Isolate J gave six bands, filve of which.are faint., The major
band could correspond to the Q- band obtained with gels contaln-
ing no urea. The other five bands are probably due to ffagmen-"
tation of other bands: Isolate X gave five bands, onhe major
band corresponding to the o~ band and four other minor bands.
isolate L gave four bands, a major band corresponding to the
d- band and three other minor bands. In all the isolates there
is indication that there was some protein materlal which did-
not enter the gel. .

From the results of the electrophoretic analysis of_ﬁhe

isolates prepared the following conclusions can be drawn:

(1) The protein 1solates of the white kidney bean, navy B
| bean and lima bean are all electrophoretically

heterogenous.

(2) The corresponding protein isolates of the different
begns are similiar in some respects and different
in others. A feature which is common to all of
the isolates is the presence of a major band (d- band):
The £~ and 6§~ bands are also present in all of the
isolates. The §- and &;- and Xy~ bands are present

1n some lsolates but absent in others. These observa-
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(3)
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(5)
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tlons are in accordance with what has been found

by previous workers. Klotaz (1962) found that only
some of the proteins of seeds of different Phaseolus
specles wexe similiar} Andriaénse énd Robbers
(1970) found that electrophoreti¢ patterns of the
corresponding globulin fractions were not the Same;

for different cultivars of Phaseolus vulgaris.

The protein isolates of the same bean are similiar

in some respects but different in others. All

~1solates of the same bean gave the characteristic

0= band. Generally the crystaliine proteln isolate
gave more bands than non-crystalliné isolates. ’
Hammersten (1918) reported that the legumin isolated
from pea by extraction with salt solution was
different from that obtailned by extraction with .
dilute alkalilsolution followed by acid preoipitétion4

All of the isolates gave at least three ofsthe four |
bands designated as t~, S -, § - and &~ globulins by
Ishino and Ortega (1975). The relative intensities
of the bands were also similiar to those observed

by these workers.

The electrophoretic behaviour of the corresponding
protein isolates of the different beansis different

in the presence of ures. Protein isolates of the
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kidney bean gave electropherograms which indicated
that there was aggregation of proi:ein molecule's".“

The %~ band of the navy bean seemed to be frégmented
by-"ureé. to give at least two bands but there was
also aggregation of some of the protein moleculesv:
The & band of the 1lima bean seemed to be unaffected
by urea but the other bands were fragmented.
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II. AMINO ACID ANALYSIS OF PROTEIN ISOLATES

1. Review of Literature

Proteln lsolates from seeds have been analysed for amino
acld content since the early part of the twentieth century.
Osborne and Heyl (1908) " determined the amino acid composition
_ of legumelin from pea seeds end found that the amino acid
composition of this proteln waé different from other proteins
- isolated from the pea. | _

Danielsson (1956) considered that it was very improbeble
that different plants could synthesize proteins with exactly
the same amino acld sequence. ‘

Tandon gz,é; (1957) indicated that the amino acid composi-
tion of different varieties of kidney bean (FPhaseolus vulgaris)

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 varietles of beans.

Bressani et al (1961) found that beans of Phaseolus
species were deficlent in the sulphur containing amino acids,
cystein and methionine. They also reported that the beans
contalned low quantities of tyrosine; | |

Jaffé and Hanning (1965) determined the amino acid

composition of different protein fractions isolated from the
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black kidney bean (Phaseolus vulgarié)., They showed that the

different protein fractions had different amino acid composi-
tions. '
Pant and Tulsiani (1969) found that the amino acid

composition of different varieties of Phasedlﬁs vulgaris beans

vere different: They suggested that maturity and age of seedsg
soil, genetic and other environmental factors influence the
chemical composition of the seeds.

de Moraes and Angelucci (1971) determined the amino acid

composition of twelve diffe*ent varleties of Phaseolus vulgaris'

beans, hheir results demonSUrated that amino acld composition
of beans of different varieties may differ markedly. Aspartic
acid, glutamic aoidland tryptophane were shown to be relatively
high in all varieties while the methionine contents were
relatively low in all varieties.

Evans et al (1973) found that the subfractions of certain

protein fractlon isolated from the navy bean (Phaseolus vulgaris)

were very different in amino acid content. The amino acid.
composition of the major subfréction of the protein which was
isolated with sodium chloride solution (1 per cént)‘is given
in Table AXIV ,

Palmer et al (1973) analysed for amino acid content
the ungerminated and germinated seeds of kidney beans (Phaseolus
vulgaris}; The amino acid combosition of the globulin fraction

from the ungerminated seed is given in Table XXIV.

lianeepun et al (1974) determined the amino acid composi-
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‘ tion of a protein concentrate obtained from the lima bean by
extraction with water at pH 6.3. The protein was precipitated -

at pH 5‘;.70. Table XXIV shows the results of the analyses.
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TABLE XXIV

AMINO ACID COMPOSITION OF PROTEIN FROM

PHASEOLUS BEANS

Lima bpezan Kidney gean Navy bean o
protein protein protein fraction
' concentrate®
Amino Acld g/16g M. s/l6g N. g/100g protein
Aspartic acid 17.06 ' 12.2 13.0
Threonine 9.84 4.6 3.5
Serine 7.5 6.1 6.5
Clutemic acid 14.15  16.0 13.3
Proline b.22 5.4 3.5
Glycine o 3.97 .1 3.3
Manine | 1,7k It » 3.3
Valine 5.15 6.0 5.2
Cystein 2.65 0.5 N.R.
Methionine 1.13 1.1 0.6
Isolencine bLho 5.3 5.2
Leucine | 7.81 9.l 9.2
. Tyrosine | 3.88 k.o . 2.9
Phenylalanine b.72 6.7 | 6.8
Lysine 6.61 7.6 6.4
Fistidine 2,92 - 3.2 2.9
Arzinine 5,01 5.9 5.0

%Maneepun et al (1974).
Palmer et al (1973).
Cgvans gt al (1973)..

" H.R, - ljot Reported. _
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2., Experimental, Besults and Discussion

a. Materials and Method

Samples (8 mg) of the protein preparations were placed
in clean dry test tubes (13 x 100 mm) along with concentrated
hydrochloric acid (1 ml). The tubes were then placed in a
beaker containing concentrated hydrochloric acid up to the seame
level as that in the tubes. The beaker waé placed in a
desiccator and concentrated hydrochloric aclid was placed in
the base.of the desiccator. The desiccator was sealed and
clamped by means of two wood flanges which were bolted 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. for
twenty-four hours., .

The samples were cooled then dried under vacuum in é
desiccator containing sodium hydroxide flakes. The dried
hydrolysates were dissolved in sodium citrate buffer solution
(pH 2.2, 5 ml) immediately before the amino acid determdnatioh;»

The protein hydrolysates were analysed by means of an
Anino Acid Analyser (Beckmen, Model 120C).

The necessary reagents were prepared as described_in
the Instructional Manual, Model 120C, Beckman Amino Acld
Analyser (1965) and are listed below:



120

(1) Sodium Citrate Buffer Solutlan_(O.ZON;;pH 2.2).

Sodium citrate (19.6 g), conc. hydrochloric acid
(16.5 ml), thiodiglycol (5 ml), caprylic acid (0.1 ml),
benzyl alcohol (5 ml), volume adjusted to 1 litre
with distilled water. | |
(11) Buffer A Sodium Citrate Buffer Solution (0.20N,
H 3.28). B

Sodium citrate (78.4 g), conc. hydrochloric'acid
(50:3 ml), thiodiglycol (10 m1), caprylic acid (0:4 ml),
benzyl alcohol (20 ml), volume adjusted to 4 litres

| with distilled water.

(111) Buffer B Sodium Citrate Buffer Solution (0.20N,
pE L.25). |
Sodium citrate (78:& g), conc. hydrochlorib acid
(33.5 ml), thiodiglycol (10 ml), caprylic acid (0.4 mi),‘
benzyl alcohol(20ml), volume adjusted to 4‘11tres with
distilled Wate;. |

(iv) Buffer D Sodium Citrate Bﬁfféf SolnﬁidﬁijOlBZﬁ.
. pH 5.28). |
Sodium citrate (137.3 g); cdnc; hydrochloric ascid
(20.2 ml),'caprylic acid (0.4 ml), benzyl aldohoi'(zo ml),
volume adjusted to 4 litres with distilled water. '

(v) Ninhydrih’ﬁéagenﬁ:
llethyl Cellosolve (Ethylene Glycol Monomethyl 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 baslec amino aclds a 23 x
0.9 cm tube Qontainlng Beclman Custom Spherical Ion-Exchange_ 
Resin PA 35 end elution buffer of pH'5:28 (Buffer D) were
used. ‘ | |

For the determlnation of the aclidic and neutral amino
acids a 69 x 0;9 cm tube contalning Beckman Custom Spherical
Ion-Exchange Resin PA 28 and elution buffer of pH 3.28 (Buffer
A) end pH 4.25 (Buffer B) were used. |

~ The operating directions for a four hour protein hydro-

lysate analysis, as described in the Instruction Manual, Model
120C, Beckman Amino Acid Analyser (1965), were followed. |

The volume of sample which was applied to the.coiumh
was 0.4 ml. Column temperature was maintained at 55°C: and
effluentAflow rate of buffer solution and ninhydriﬁ reagent
was 102 ml per hour.
’ | The Analyser was calibrated using a Beckman Standard
Amino Acid Mixture contailning 17 amino acids.

bP. Besults and Discussion

Tables XXV, XXVI and XXVII give the amino aclid composi~.
tion of the protein hydrolysates prepsred from the isolates of
the white kidney bean, the navy besn and the lima bean.
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TABLE XXV
AMINO ACID COMPOSITION OF PROTEIN ISOLATES

_ FROM WHITE KIDNEY BEAN

g Amino Acid per 100 g Protein

ﬁgigg ”Isoigte ’Iso%%te' Iso%%te Isolate Iso%gte_
Aspartic Acid 15.42 10.47 15.53 16.27 14.32
Threonine 3.13 2.98 3.38 b b7 2.77
Serine 6.12 6.82 5.59  6.08  5.96
Glutamic Acid  22.57 24,74 22,81 22,25  21.17
Proline 3.85 %.83 3.52 3.96 3.47
Glycine ' 3.22 2.49 L,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 B.67 B3 5.63  5.70 k.48
Methionine 0.92 0.96  0.62 1.03 1.01
Isoleucine  L.s% k.23 4.93  5.25 = 4.20
Leucine 7.87 2.59  8.63 9.64 5.03
Tyrosine 2.62  2.51 .63 4.06 0.87
Phenylalanine 48 L,18  5.95  5.04 1.25
Lysine 7.57 8.09 7.53 7.8 7.99
Histidine 2.29 2.71 2.62 2,31 2.58
Arginine " 4,88 5,55 L, 66 k.20 | 5.55

A% - crystalline isolate extracted with citric acid solution.
BP - spheroidal isolate extracted with citric acid solution.

C¢ - precipltate extracted with malic acild solution and precipi-
- tated by diluting with water.

pd - alkali extract, precipitated with acid.

E® -~ crystalline isolate extracted from isolate D with citrlc
acid solution.
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TABLE XXVI

AMINO ACID COMPOSITION OF PROTEIN ISOLATES

FROM NAVY BEAN

g Amino Acid per 100 g Protein

ﬁ2i3° ) Igoigte _Isoé%te Iso%%te Iso%gte
Aspartic Acid 12.15 10.8 9.75 11.64
Threonine 3.23 - 2.78 3.19 3.22
Serine 6.13 5.01 5.19 6.02
Glutamic Acid 18.81 15.92 17.04 16.85
Proline 3.18 2.5 3,24 2,67
Glycine 3.87 3.29 3.89 3.01
Alanine ' 3.86 3.00 509  3.19
Cystein 0.25 0.17 0.38 0.28
Veline 5,61 .16 4,53 3.22
fethionine 0.99 0.06  0.53 0.85
Isoleucine . b, 67 . 3.69 .17 _ A4:36
Leucine 7.90 7.19 5.6 7.4l
Tyrosine 2.97 2.78 2,50 - 2.92
Phenylalanine 5.58 R ITI 3.58 5.23
Lysine 6.59 5.15 6.91 5.32
Histidine 2.7L 1.57 2.33 1.65
Arginine - L.Au8 - 3.33 5.50 3.36

F& - crystalline isolate extracted with citric acid solution.
GP - spheroidal isolate extracted with citric acid solution.

HC - alkali extract, precipitated with acid.

19 - needle-like precipitate extracted with cltric scid solution.
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~ TABLZ XXVII
AMINO ACID COMPOSITION OF PROTEIN ISOLATES

FRON LIMA BEAN

g Mino Acid per 100 g Proteln

fmino Acid =~ TIsolate J2  Isolate KP Isolate LC
Aspartic Acid 10.37 11.59 15.48
Threonine 2.98 3.22 3.12
Serine k,96 | L.88 6.50
Glutamic Acid  14.61 16.88 19.56
Proline 3.88 B9 . 3.85
Glycine - 3.51 n.67 .30
Alanine 3.67 L.63 . 3.85
Cystein 0.21 0.35 | 0.39
Valine | %.90 6.65 ) 5.35
Methionine 0.6 0.6 . 0.1
Isoleucine 3.92 L2k 5,78
Leucine - 7.17 . 8.01 9.25
Pyrosine 3.1 3.47 3.45
Phenylalanine 2.93 L.76 ’ 5.23
Lysine 7.95 7.90 7.50
Histidine - 2.10 2.84 3.02
Arginine .66 o 5.71.. . 5,87

J2 - crystalline isolate extracted with citric acid solution.
KP - spheroidal isolate extracted with citric acid solution.
10 - alkali extract precipitated with acid.
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It would be noted from Table XXV that the amino acid
compositioﬁ%of the different lsolates from the white kildney
bean are quite similliar. The methionine contents of the wvarious
isolates from the kldney bzan are guite low‘and 1ﬁ particular
the isolate (isolate I) vrepared by malicvacid extraction and
preclpitated by dilution with water. The methionine'contents
of the other four isolatesare about 1 per cent and agree
favourably with that reported by Palmer et gl (1973). The
lysine contents of the various lsolates are relatively high
with values ranging from 7.48 to 8.09 g per 100 g of protein., -
Isolate E, shows relatively low phenylalanine and tyrosine
‘contents., Cystein, like methionine; is present in very small
quantities in all of the isolates. This agrees with the work
of Bressani gg_gl (1961) who found that Phaseolus beans were
deficlent in both the sulphurecontaining amino acids, cystein
and methionine. | a |

The observatlions noted for the white kidney bean also
apply tb the navy bean. Certain amino acids, however, are
present in lower concentrations in the navy bean than 1n>the
kidney bean eg. aspartic aclid, glutamic acid and 1ysine: Pant
and Tulsiani (1969) and de Moraes and Angelueci (1971) also
noted that different varieties of Phaseolus vulgaris beans
have different amino acid compositions.

The observations noted for the ?haéeoiusvvulgaris beans

(kidney beans and navy beans) also apply to the lima bean 

(Phaseolus lunatus), The lima bean isolates;do-hot differ markedly
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in amino acid composition from the isolates of the two Fhasedlus
vulgarié varleties. | |

The results show that the amiho acld compositions of
the crystalline protein isolates of the three beans, do nbt
differ markedly from those of the other non-prystalline isolates,
In fact, the different isolates of the same bean have amino
acid compdsitions which are more simillar than are the correspondé

ing isolates from the different beans.
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SUMMARY

White kKidney beans, navy beans and lima beans yield
crystalline protein when extracted with citric acid
solution and DL-malic acid solutlons under certaln

conditions of pH and normality.

The yield of protein from_limé beans (Ehéseolus lunatﬁs)

using citric acid solutions and DL-malic acid solutions
as extractants show no general relatlonship with pH}

White kldney beans and navy beans (Phaseolus vulgaris)

show a general increase in protein yleld to a point of‘

maximum yleld as the pH of the extractlon 1s increased.

The yield of protein from lima beans, white kidney beéns
and navy beans increased to a point of maximum yleld as

the normality of the extractents were increased. Protein
was isolated from lima beans at much lower normalities
than those protein was lsolated from ﬁhite kildney beans

and navy beans.

The yleld of protein from lima beans, white kidney beans

and navy beans 1n¢reased as the size of meal particles

‘decreased to a diameter of 0.50 mm. Beyond this, the

protein yleld decreased as the particle slze of the meal

decreased.
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The yield of protein from white kidnéy beans and navy
beans increased as the period of extraction increased
up to thirty minutes; The yleld of protein from lima
beans increased as the perlod of extraction was increased

up to twenty minutes.

The yield of protein from white kidney beans and lima
beans increased as the extractlion temperature was
increased from room temperature (2?00;) to 45°C. The
yield of protein from navy beans increased as the

temperature of extraction was increased up to 40°¢c.

The varlous isolates from the different varieties of
beans as well as from‘the same varlety of bean gave
somewhat different electropherograms. 1In general the

crystalline protein 1soiates had a greater number of

‘electrophoretic components than did the non-crystalline

isolates.

Five protein fractlons from white kildney beans, four
fractions from navy beans and three fractions from lima
beans have been analysed for amlino 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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