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The extraction of nitrogenous constituents from bean meal with various solvents has been 
studied. With four successive extraction periods, 10.40 and 1 1.47% of the total meal 
nitrogen was extracted with 70% ethyl alcohol solution and 70% ethyl alcohol solution 
containing sodium acetate, respectively. By extracting bean meal three times with a 
sodium chloride solution, about 74y0 of the total meal nitrogen was extracted. A mini- 
mum of 16.6% of the total meal nitrogen was obtained in an extract with a pH of 3.66. 
An optimum amount of nitrogenous constituents was extracted with an alkaline solvent. 

MAJOR PORTION of the mature dry A seeds of the navy bean (Phaseolus vul- 
qnris) consists of nitrogenous constituents 
such as proteins. peptides. amino acids, 
and amides. With new biochemical 
iechniques, nitrogenous constituents in 
bean seeds can br studied in more detail. 
However. prior to the separation and 
analyses of these constituents? infor- 
mation m the extraction of soluble nitrog- 
enous components should be obtained; 
consequently, this study has been under- 
taken. In  order to study the extraction 
of nitrogenous constituents. dry seeds 
must first be reduced to a fine powder 
i n  a grinder or ball mill to break the cell 
walls and disrupt the cell contents. The 
size of the meal particles has been shown 
to influence the extraction of nitrogenous 
components from various seeds (5. 9. 70). 
The extraction of nitrogenous con- 
stituents also may be affected by factors 
such as meal-solvent ratio (5. Q), tem- 
perature of thc meal-solvent mixture 
(9. 7 7 ) .  and the number of successive ex- 
tractions ( 5 ) .  

In  this study, the meal-particle size. ex- 
traction temperature, and duration of 
shaking were controlled. while the influ- 
tmce of chemical composition of the sol- 
\rent. meal-solvent ratio. and successive 
extraction periods on the extraction of 
nitrogenous constiturnts from navy bean 
meal were explored. 

Materials and Methods 

Navy bean seeds of the Michelite 
variety were ground in a Wiley mill to 
pass through a 60-mesh screen. Micro- 
scopic observations indicated that cell 
\valls were ruptured and the protein 
matrices were broken into small frag- 
ments. The meal sample. used in the 
vthyl alcohol extraction experiments, 
contained 8.8yc moisture and 4.17, nitro- 
gen on a dry weight basis. The remain- 
ing experimentation involved bean meal 
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with 11.876 moisture and 4.17, nitrogen 
on a dry weight basis. 

In studies on the extraction of non- 
protein nitrogenous components. each 
15-gram portion of bean meal was dis- 
persed with 100 ml. of ethyl alcohol solu- 
tion. either with or without sodium ace- 
tate. in a 200-ml. centrifuge bottle and 
the mixture was agitated for 3 hours in a 
Burrell wrist-action shaker at 25°C. The 
suspension was centrifuged at about 1500 
X G at  the bottom of the bottle for 1 5  
minutes. The clear yellow centrifugate 
was poured off and 100 ml. of ethyl alco- 
hol solution were added to the meal resi- 
due. The dispersed residue was shaken 
again for 1 hour and centrifuged for 15 
minutes. Subsequent extracts were at- 
tained according to the above procedure. 
Nitrogen in the extracts \vas determined 
according to the AOAC Kjeldahl method 
( 7 )  with boric acid in t!ie receiving flasks. 

For the extraction of nitrogenous con- 
stituents from bean meal by sodium 
chloride. hydrochloric acid, and sodium 
hydroxide solutions. each weighed sample 
of bean meal was placed in a 200-ml. 
centrifuge bottle and 100 mi. of solvent 
a t  25°C. \vere added. The dispersed 
meal mixture was agitated \rith the aid of 
a wrist-action shaker for 1 hour at about 
2S°C. The suspension was centrifuged 
at about 1400 X G at  the bottom of the 
bottle for 10 minutes to remove the major 

portion of the insoluble matter. The 
turbid supernatant, which contained SUS- 

pended particles. was subjected to fur- 
ther centrifugation a t  25,000 X G for 15 
minutes. .411 residues were combined in 
the centrifuge bottle when further extrac- 
tions were required. Subsequent extrac- 
tions were carried out as outlined above, 
except that the time of agitation per ex- 
traction kcas reduced to 30 minutes. 
Each centrifugate was brought up to a 
specific volume and the nitrogen con- 
tents of aliquots were determined by the 
micro-Kjeldahl method ( I ) .  The pH 
values of the extracts were determined by 
a Beckman Model G pH meter. 

For the determination of the poly- 
saccharide content of an alkaline extract. 
the solution was lowered to pH 5 and sat- 
urated \vith ammonium sulfate, to sep- 
arate the proteins from the polysac- 
charide fraction. The supernatant with 
the soluble polysaccharides was dialyzed 
against running tap water to remove the 
ammonium sulfate. To the dialyzate. 4 
volumes of absolute ethyl alcohol were 
added and the suspension was allowed 
to stand for about 16  hours a t  about 
25" C. Subsequently the suspended 
matter was removed by filtration with 
LYhatman 41H filter paper which had 
been washed with water and 80% ethyl 
alcohol. dried at 105" C. for 3 hours. 
and weighed. 

Table 1. Extraction of Nitrogenous Constituents from Navy 
with Ethyl Alcohol Solutions 

Exfraction Extraction p H  of Total N 
Solution No. Extract Extracted,* M g .  

70y0 ethyl alcohol solution 1 6 . 9 5  32.17 
2 7 . 1 0  14.78 
3 7 . 1 8  6 .45  
4 7.28  4.82 

70y0 ethyl alcohol solution 
containing 0.570 sodium 
acetate 1 7 .11  34 .46  

2 7 .41  15.66 
3 7 .71  8 , 2 9  
4 7.90  5 .76  

" Initial weisht of bran meal. I 5  grams. * Mean value for 2 replications. 

Bean Meal 

% N  
Extracted* 

5.75  
2 . 6 4  
1 . 1 5  
0 . 8 6  

6 16 
2 80 
1 48 
1 03 
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For the qualitative detection of carbo- 
hydrate, the Molisch test was used. A 
few drops of 5% 1-naphthol were added 
to 1 ml. of test solution and the resulting 
solution was placed above concentrated 
sulfuric acid. A reddish violet colora- 
tion at  the interface is indicative of the 
presence of a carbohydrate. 

Results and Discussion 

For the extraction of nonprotein nitrog- 
enous constituents from plant tissues, 
ethyl alcohol solutions have been used 
extensively (15). The use of hot ethyl 
alcohol solutions for extractions is inad- 
visable. as glutamine is decomposed at  
high temperatures ( 1 7 ) .  Consequently, 
in these studies ethyl alcohol solutions at  
about 25' C. were employed. Data on 
the extraction of nonprotein nitrog- 
enous constituents from bean meal with 
707, ethyl alcohol solution and 70% 
ethyl alcohol solution containing sodium 
acetate are presented in Table I .  With 
four extractions, the total nitrogen ex- 
tracted was 10.407, for the 70y0 ethyl 
alcohol solution ond 11.4770 for the 70Y0 
ethyl alcohol solution containing sodium 
acetate. .4ccording to the studies of 
Smith et  al .  (14). 8.2% of the total nitro- 

Table I I .  Effect of Meal-Solvent 
Ratio and Successive Extraction 
Periods on Extraction of Nitrog- 
enous Constituents from Navy 
Bean Meal with 0.5M Sodium 

Chloride Solution 
lnif ial E x -  
Meal trac- Tofal N % "  

Weighf, fion Exfrocfed,a Exfrocfed,a 
G. No. M g .  Mean S D b  
5 . 0  1 118 .3  65 .5  f 0 .82  

2 12 .3  6 . 8  f 0 . 3 0  
3 4 . 0  2 . 2  f 0 . 0 8  

15 .0  1 325.1 60 .0  f 0 . 5 3  
2 5 8 . 2  1 0 . 7  i 0.16  
3 18 .6  3 . 4  i 0.13 

Mean value for 4 replications. 
b Standard deviation. 

gen of kidney bean meal was solubilized 
by extracting once with 70y0 ethyl 
alcohol solution. 

The present study illustrates the impor- 
tance of repeated extraction of bean meal 
in order to remove most of the nonpro- 
tein nitrogenous matter. Talley, Car- 
ter, and Porter (16) demonstrated that 
nine extractions with 70% ethyl alcohol 
by a batchwise procedure were required 
to extract amino acids completely from 
potatoes. 

Prolamines were not found in the ethyl 
alcohol extracts of the bean meal. The 
results of Smith et  al. (74) concur with 
this conclusion. Brohult and Sandegren 
(3 )  have stated that the absence of pro- 
lamine is characteristic of dicotyledonous 
seeds. Some ether-soluble matter was 
extracted from the residue of evaporated 
ethyl alcohol extracts. Presumably this 
matter was composed of phospholipides, 
as a precipitate was formed upon the ad- 
dition of an excess of acetone to the ether 
extract. The presence of phosphatides 
in navy bean seeds has been reported 
( 8 ) .  The addition of 10 ml. of 2 M  cal- 
cium chloride to the first ethyl alcohol 
extracts of bean meal caused the forma- 
tion of a precipitate, which probably con- 
sisted of phosphatides and perhaps cal- 
cium phytate. With the removal of the 
precipitate. the nitrogen content of each 
supernatant was similar to that of the cor- 
responding untreated ethyl alcohol ex- 
tracts. 

Osborne (12)  has pointed out that salt- 
soluble globulins are the predominant 
class of proteins in seeds of Phaseolus 
culgaris. In  this study a 0.5M sodium 
chloride solution was used in an attempt 
to extract the globulins and albumins 
from the meal along with the nonprotein 
nitrogenous constituents. In  Table 11. 
the influence of meal-solvent ratio and 
successive extraction periods on the ex- 
traction of nitrogenous constituents is re- 
corded. Most of the salt-soluble nitrog- 
enous constituents were removed from 
the meal during the first extraction. 
\Vith three successive extraction periods, 

Table 111. Effect of Hydrogen Ion Concentration on the Extraction of Nitrog- 
enous Constituents from Navy Bean Meal" 

Extraction wifh HCI or NoOH Solufion 
Confaining NoClb 

Concn. of Acid 
or Alkali in Exfracfion wifh HCI or N a O H  Solution 

~ ~~~~~~~~ ~~ 

Exf racfion rofai N Tofal N 
Solufion, pH o f  extracfed,c 70 N pH of % N 

M.E./100 MI.  exfrocf mg. N exfractedC exfract mg. exfrocfedC 

HCl 
0 .50  5 .38  43 .5  24 .1  4 .98  111.1 61 .5  
1 .oo 4 .65  33 .7  1 8 . 7  4 .41  107.2 59 .4  
2.00 3 .66  29 .9  1 6 . 6  3 .46  101 .9  56 .4  
3 .00  2.82 53 .2  29.5 2 .76  104.1 57 .7  

0 .50  7 .89  135.6 75 .0  7 . 3 3  123.8 68 .6  
NaOH 

1.00  9 .32  149.9 83 .0  9 .02  133 .3  73 .9  
2 .00  10.62 151.5 83 .8  10 .00  143 .9  79 .7  

a Initial weight of bean meal, 5 grams. 0.5 mole of NaCl per liter of solution. Mean 
value for 2 replications. 

the total amount of extracted nitrogen 
was 74.570 for the 5-gram meal sample 
and 74.1% for the 15-gram meal sample. 
In studies on the kidney bean (Phaseolus 
vulgaris), Smith et  al. (74) reported that 
76.2% of the total meal nitrogen was ex- 
tracted from a 1-gram meal sample with 
50 ml. of 0.5M sodium chloride solution. 
Considering the complexity of the meal 
and the manipulations in the extraction 
procedure, the reproducibility of the re- 
sults (Table 11) can be considered accept- 
able. 

Peterson and Churchill (73) and 
Eichelberger (6) found large amounts of 
polysaccharides other than starch in navy 
beans. These constituents undoubtedly 
are bound to some extent to bean pro- 
teins. In an attempt to determine the 
presence of polysaccharides in the first so- 
dium chloride extract of bean meal, the 
solution was saturated with ammonium 
sulfate and the precipitated portion was 
brought down by centrifugation. After 
the ammonium sulfate had been removed 
by dialysis, the centrifugate was added to 
3 volumes of absolute ethyl alcohol. The 
fluffy white masses Lvhich became ap- 
parent upon standing were soluble in 
water and contained a relatively large 
amount of carbohydrate as shown by the 
Molisch test. 

As shown in Table I I I?  extracts with 
pH values ranging from 5.38 to 2.82 pos- 
sessed small amounts of nitrogenous con- 
stituents. Fontaine, Pons, and Irving 
(7) reported that a minimum amount of 
nitrogenous constituents was present in 
peanut meal extracts with pH values 
ranging from 5.8 to 3.8. Detailed stud- 
ies by these workers have shown that 
phytic acid in some seed meals reduced 
the solubility of meal proteins a t  pH val- 
ues beloll- the isoelectric points of the 
proteins. The optimum pH v a s  3.5 for 
the formation of the protein-phytic acid 
complexes in peanut meal extract. AS 
phytic acid has been found in the seeds of 
Phaseolus oulgaris (2): the formation of 
these insoluble complexes may account 
for the small amount of nitrogenous mat- 
ter in some of the navy bean meal ex- 
tracts. However, in the case of the ex- 
tract with a pH of 5.38: the low extrac- 
tion value of 24.1% of the total nitrogen 

Table IV. Effect of Successive Ex- 
traction Periods on Extraction of 
Nitrogenous Constituents from Navy 
Bean Meal" with an Alkaline Solu- 

tionb 
Exfrac- rotoi N 

f ion p H  o f  Exfracfed,c % N 
No. Exfract M g .  ExfrocfedC 

1 10.62 146 .3  81 .1  
2 11 78 ' 1 4 . 3  7 . 9  
3 11.74  2 . 8  1 . 6  

a Initial weight of bean meal, 5 grams. 
* 0.02N NaOH solution. 

Mean value for 2 replications. 
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may be attributed to the intermolecular 
attraction of proteins in the isoelectric 
zone, since very little phytic acid reacts 
with proteins a t  this pH. If phytic 
acid combines selectively with specific 
proteins a t  definite p H  values, perhaps 
bean proteins may be fractionated by ex- 
tracting the meal with various acid sol- 
vents. 

Data in Table I11 indicate that acid 
solutions containing sodium chloride 
were capable of extracting almost as 
much nitrogenous matter as the sodium 
chloride solution (Table 11) under the 
same extraction conditions. The ions of 
sodium chloride in the acid solvent un- 
doubtedly restrict the binding of phytic 
acid by the meal proteins. 

As shoivn in Table 111, the sodium hy- 
droxide solutions were capable of extract- 
ing from 75.0 to 83.8y0 of the total nitro- 
gen of the meal. On the other hand, 
Smith et  al .  ( 14 )  reported that 96.4% of 
the total nitrogen of the kidney bean 
meal was extracted with 0.01M sodium 
hydroxide solution. Table I11 indicates 
that, \cith the addition of sodium 
chloride to the alkaline solvents, the 
solubility of the nitrogenous constituents 
was reduced. However, as the concen- 
tration of sodium hydroxide in the sol- 
vent was increased, the insolubilizing ef- 
fect of sodium chloride was decreased. 

Because sodium hydroxide solutions 
were found to be excellent solvents for 
nitrogenous constituents of the navy 
bean, experimentation was conducred to 
determine the optimum amount of ni- 
trogenous constituents which could be ex- 
tracted with an alkaline solvent. Table 
1L7 shows that most of the alkali-soluble 
nitrogenous matter in the meal was re- 
moved with three successive extractions. 
The summation of extracted nitrogen 
values in Table I\’ yields 90.6%. 

Brohult and Sandegren ( 3 )  have stated 
that the alkaline limit of stability of seed 
globulins is berween pH 9.5 and 10.5. 
To  determine if some nitrogenous con- 
stituents Irere rendered insoluble by the 
alkaline treatment of the preceding ex- 
periment, meal \vas extracted first with 
sodium chloride solvent to remove most of 
the globulins and albumins. then the resi- 
due \cas extracted irith sodium hydroxide 
solution to solubilize other proteins. As 
shown in Table V. 88.37,  of the total 
meal nitrogen was extracted ivith the two 
extraction solvents. Consequently, the 
presumption may; be discounted that pro- 
teins are insolubilized \cith the alkaline 
solvent used in the previous experiment. 
lt‘ith the t\vo alkali extractions, 11.1 % 
of the total nitrogen in the meal was ex- 
extracted. Proteins in the alkaline extract 

Table V. Extraction of Nitrogenous Constituents from Navy Bean Meal“ 
with Sodium Chloride and Alkaline Solutions 

rotoi N 
pH of  Extracted,b % N 

NaClc 3 successive extractions 6.00 139.4 7 7 . 2  

NaOHd 1 11.48 1 7 . 1  9 . 5  
2 11.60 2 . 9  1 . 6  

Extraction 
Solution Extraction No. Extract Mg. Exfracted 

(com bined) 

a Initial weight of navy bean meal, 5 grams. b Mean value for 2 replications. c 0.5M 
NaCl solution. d 0.02N NaOH solution. 

would be classified as glutelins according 
to the classical system. However, the 
possibility of albumins and globulins in 
the extract should not be overlooked. 
Craine and Fahrenholtz ( 4 )  have indi- 
cated that water-soluble proteins exist in 
corn but are extracted with alkaline buf- 
fers of pH 9. 

Some characteristics of an alkaline 
extract of sodium chloride-treated bean 
meal were examined. For this study, 
15-gram samples of bean meal \cere ex- 
tracted four times with sodium chloride 
solution prior to the alkali extraction. 
The Molisch test on the sodium hy- 
droxide extract of the sodium chloride- 
treated bean meal indicated the presence 
of a large amount of carbohydrates. The 
amount of alcohol-insoluble poly- 
saccharides in the exrract was determined 
to be 0.393 gram per 100 ml. No pre- 
cipitation was observed when the alkaline 
extract was dialyzed. Undoubtedly the 
polysaccharides in the dialyzate were 
bound to various t p e s  of proteins to ren- 
der them soluble in \cater. Upon heat- 
ing at  approximately 100’ C. for 15 min- 
utes, the dialyzate (pH 6) remained 
transparent with no evidence of coagula- 
tion. Presumably the polysaccharides 
acted as protective colloids with the con- 
sequence of no protein aggregation. 
Further work is required to determine 
any structural alteration of proteins dur- 
ing heating. To  determine the pH at 
which precipitation occurs, a hydro- 
chloric acid solution (0.029) was added 
slowly with stirring to the dialyzate. At 
about pH 5.5: the dialyzate became 
slightly cloudy, but no precipitation was 
noted after 12 hours. Some matter set- 
tled out of the solution between p H  5.2 
and 4.1 after 12 hours, but the super- 
natanrs \rere cloudy. The solutions 
with pH values between 3.8 and 2.3 con- 
tained precipitates which settled to pro- 
duce clear supernatants. Perhaps nega- 
tively charged carbohydrates of the solu- 
tion interacted with positively charged 
proteins to form insoluble matter a t  the 
low pH levels. 
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