
(4TIEllalS OF lNDlAN 
FOODSTUFFS. 

PART IX. DlGESTiBlLlTY OF THE GLOBULINS FROM 
COWPEA ( V I G N A  CATIANG,  WALP.) AND ACONlTE 

BEAN (P. ACONZTZFOLIUS, JACQ.) 

In  a previous communication (BiorIw~iz. .I., 1935, 29, 291), the 
relative digestibility of the two globulins from Dolichos lablab and 
Plzaseol~is mzciigo, has been determined by the dilatometric method 
which has now been extended to a more detailed study of the digestibility 
of the globulins of the cowpea and the aconite bean as compared with 
that of casein. 

EXPERIMENTAL. 
Globulins prepared by the method of dilution were directly dis- 

solved in Sorensen's phosphate buffer, pH 7.7. After a prelin~inary 
determination of the total nitrogen, the nitrogen value of the solution 
was adjusted by dilution to yield a substrate containing 469.0 mgins. of 
nitrogen per 100 ml. The casein solution mas prepared by dissolving 
Hammerstein's casein previously ground ancl wetted with water, in 
phosphate buffer of pH 7.7. Slight warming to 40°C. facilitated solu- 
tion. An aliquot was en~ployed for the determination of total nitrogen 
and the solution was then adjusted to the same concentration of nitrogen 
by adding the requisite amount of the phosphate buffer. 

The enzyme solution was prepared hy dissolving 2.5 gms. of a 
trypsin-kinase'preparation (Pfansteihl's) in 100 ml. of phosphate buffer 
( p H  7.7). the solution was iilterecl and the nitrogen ~ralue of the filtrate 
adjusted to yield a solution containing 11.23 mgms. of nitrogen per 
5 ml. of the enzyme extract, so as to agree with the concentration of 
enzyme employed in our previous experiments (Proc. Irtd. Acad. Sri., 
1935, 2B, 316). 

The reaction mixture for the dilatometer, consisted of 50 ml. of 
the substrate and 5 ml. of the enzyme ancl the reaction was independently 
carried out in a separate flask, from which aliquots, a t  definite intervals 
of time were drawn and the amino nitrog-en estimated by Linclerstronl 
1,ang's acetone titration method. The experimental values arc repre- 
sented graphically in Figs. 1 and 2. Table I gives the values of the 
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dilatotnetric depressiot~s in irl fcr  casein: the giubulins uf cowpea and 
those of aconite bean, while Table I1 incurpc,rates the results of the 
amino nitrogen in mgrns. per equivaleni atnoulx c ~ f  the reaction mis- 
ture as obtains in the dilatometer. The values for the di!atometric 
depressions given in Table I are, therefore, comparable with the values 
for the amino nitrogen given in Table 11. 

TABLE: I .  
Dilatometev veadiiqs irz p1. 

Time in 
minutes 10 

Aconite 

TABLE 11. 
In  ~rtillig~anzs of amino $~i trogef t  per 55 ~ 1 .  of the vcaction miivfwe.  

DISCUSSION. 

The correlation existing between the two methods of following the 
digestion by the i?z vitro method, is shown in Figs. 3 and 4, which 
clearly indicate that these is a strict proportionality between the two 
methods. 



The rclativc digestibility of :L fiiven protein with I-efere~lre to a 
statidarc1 like casein is given hy c+her 

i.Ii = 2"s ip~~l:& Prot,ejn) 100. 
' SEl ,  m mpis .  ((hseinj 

Dilatorn~tric, depression in & (!Prot,ein) 100. (2 j  I<;= ----------------------__- 
Dilatometric depression in pb (Casein) 



Time in  hours 

A close studj- of the data, the graphs and Ilie table.;, reveals that 
the globulins of thc aconite bean are digested at  x much highrr ratc 
and in a much shorter time than the globulins o i  the cowpea. From 
Table I11 it will be seen that the of thc: aconite bean are   early 
1.7 times more tlig.estihle than those of the cowpea. 

PEPTIC OlGESTlON OF THE GLOBULINS. 
When the digestihility of thesc pulse g-lobulins are. howevcr, con- 

pared with casein, they are found to have very low dries : it is, horr-eve1-, 
possible that when the proteins are first subjected to the action o i  pcpsin, 
and then tu tryptic digestion, the globulins may really be lound to 
possess a higher digestibility. r\khough for purposes of comparison, the 
study of the action of any one enzyme on a particular protein, may he 
sufficient to evaluate its digestihilitr;, for obtaining an  idea strictly con1- 
]jarable with iiz ~ i z w  conditions, the protein has got to he subjected to 
thc same sequencc of enzyme action as ubtnins under nat~iral conditions. 
The globulins were. therefore, subjected to the succcssivc actions of 
pepsin and trppsin, to determine if a higher digestibility than that 
obtained by the direct action of trypsin, can be obtained. 

Globulins of cuwpea and aconite hean, prepared by the method oi  
dilution, were dissolved in 1 : 14 phosphoric acid (57 per cent.) to yield 
a solution containing 469 tngnis. of nitrogen per 100 mi. and the solu- 
tion was found to have a pH of 2.0. The course of digestion was 
followed not only dilatometrically but also by titrations of the reaction 
mixture at definite intervals of time by the method of T,inderstrom Lang. 
In a few cases, the course of digestion vr-as followed viscosiii~etrically, 
employing Ostwxld's (-5 ml.) capillary Viscosilneter. 



me esperimci?t;J vaiues i!ir cli!n:imeiei- are piottetl in Fic. 5, while 
the value.; ior the rciease 9 , : '  : i n h i  ~:itsogm are iilustmted in Fig. 6. 
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Frc. 5. " I n 4 x o  " digestions of yome globulins. 

The titrations in the case of cowpea series during the peptic and tryptic 
digestions. codd not be carried out since \.olun~inous precipitates re- 
sulting on the addition of alcoholic hytlrochloric acid and acetone, inter- 
fered with the attaitinlent of any sharp end lmint. Table I V  gives thc 
ililaton3etsic clepre&ons in PI for the tv<o globulins when subjected to 
peptic ancl tryptic digestions while Table V gives the titration values 
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FIG. 6. " In.vitroW digestion of the globidins of 2'. nim~zfifoI~i~s. 

for aconite bean digestions, calculated for the same amount of the 
reartion n i i~ tu re  (55 ml.) as obtains in the dilatorneter. 

TABLE 1V. 
D~lato~~zcfr ic  Dcprcss~on 111 pl.  

TARLE V.  
(Acollzte Bealz) 

Mqnzs. of JWZ nitrogegt released pcv 55 7121. of rcactiott inzxfzwe. 
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i t  q+ii hc .<ern f n m  fhe xraiihs all(! the Tables I\' and. 1' that 
when rhe globclins are subjected t ~ .  the successive actions of pepsin and 
trjysiil. Irighrr diAei:iXIi:ic~ are recorded for  both the proteins, those 
cii acc~nite bean, however, still maint;linit~g a higher value with regard 
to its cligesiibiiity. 'Iihe.ir result.; elnphasise the importance of main- 
taining s t r ia  in z,k.n srqumce uf ;ic&m, in the course of 1'71 &TO diges- 
tion stt~tlies, if one is t , ,  evalaatr the true digestibility of proteins. 

1-iy this mode o f  successive action, the digestibility of the cowpea 
globulir~s is increased sewn tinlrs. u.hiie that of aconite bean l~roteins 
is i~lcreaseci only abcut four times. 'l'his shixvs that the aconite bean 
glubulins are cspablc rbf being- degraded to a greater extent by the 
itdependent acthm rd trypdin alone, as in the case of casein. The 
case arld conipletci~ess \vith which a given protein can be degraded by 
.ihe i;?Aq,2:idc~.t anti esclusire action of t r p s i n ,  is a valuable property 
:lot1 i> useix! in ieetling inv;rlitlx n-htrse peptic activity is impaired for  
some reason or other. 

VISCOSIMETRIC MEASUREMENTS. 

Tire ci,urt;c crf peptic digestio:] uf the g-lobulins of cowpea and 
aconite bean, has a l w ~  been followecl in the viscosimeter. '!?he results 
are plr,tteil in Fig. 7. which shows that in both cases, the earlier fall 

Trmc r n  nrinulcr 
FIG. 7. Viosimetric Determination of the 

digerribility of globulins by pepsin. 

in viscosity is fullowed by a steeper rise in the later stages of the diges- 
tion. An explanation of this anomalous but consistent behaviotu is 



to be found in the fact that the peptic dig-estion first brings about a 
disaggregation of the globulins and. therefore effects a fall in viscosity. 
As the dtgestion proceeds, however, the reaction misture can be ob- 
served to become more and more turbid, and finally an actual precip- 
tate is formed in both cases. In the case of cowpea, however, the 
amount of the precipitate thus formed was very much larger and thi.: 
fact is borne out by the higher rises of viscosity recorded f Fig. 7 )  fl-lr 
this protein during its peptic digestion. 

If we compare the earlier part of the two curves (Fix. 7), we 
find that the aconite bean proteins reccx-il a higher fd1 in I-iscosity, 
showing thereby a higher digestibility. Even the later part of the 
curve which rises up again, points to the same conclusion. 'I'he digesti- 
bility curve for cowpea records a very much steeper rise, showing 
that the amount of the insoluble peptones, is very much higher in this 
case than in the case of the globulins of the aconite bean. The separa- 
tion of heavy precipitates during the peptic digestion of reg-etahle pro- 
teins is a factor of great significance which should be taken into xccount 
in awaping the digestibility of proteins. 

SUMMARY AND CONCLUSIONS. 
1. The cligestibilities of the total globulins of compea and aconite 

bean. have been studied by physical ancl chemical methods. 

2. The experiments show that there is a proportionality between 
the dilatometric depressions and the corresponding values for amino 
nitrogen released during the digestion of these globulins. 

3. The digestion experiments have been extended to a study of 
the successive action of pepsin and trypsin: and it is found that when 
the globulins are subjected to the natural sequence of enzyme actinn. 
they record higher digestibilities, than when they are subjected to the 
direct action of trypsin alone. 

4. For obtaining a better idea of the digestibility of a particular 
protein, it is suggested that the latter method of subjecting the protein 
to the successive actions of pepsin and trypsin, be adopted. 

5 .  The exceptional character of casein with regard to its high 
digestibility irrespective of the natural sequence of action of two 
enzymes or the direct action by trypsin, is noteworthy. 

6. Experiments definitely and consistently record a higher diaesti- 
bility for the globulins of aconite bean and the riscosimetric data 
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Baitgnlo~c. 


