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STUDIES IN THE PROTEINS OF INDIAN FOODSTUFFS.

PART II. The Proteins of the Pigeon Pea
(Cajanus Indicus).

' By P.S. Sundaram, Roland V. Norrés and V. Subrahmanyan.

. Pigeon pea is a legume raised throughout India and other tropical
countries for its seeds, which are used for human consumption, and
for its foliage which serves as fodder or as green-manure (Krauss,
Hawati Agric. Exptl. Stn., 1921, Bull. 46; Miller, /. Agric. Sii.,
1928, 18, 569). .

Only two varieties of the plant, (1) Cajanus Indicus éicolor
(arhar) and (2) Cajanus Indicus flavus (tur, tuar) are cultivated exten-
sively in India. The former is an annual crop reaching 6-8 ft. and
produces light grey 'seeds which are faintly speckled: the latter is a
seasonal, shorter plant and produces small, red seeds. Though their
identity in species is still doubted (Watt, Commerceal Products of
India, 1908) yet the varieties are prized equally for their peas, which
form the chief protein diet of the people. The peas are prepared by
husking after either gentle frying or incipient germination of the seed
and used in various ways.

A legume depends for nutritional value largely on the quality of
its protein, and since the investigations of Osborne and others have
shown that there is a definite relation between the composition of a
protein and its nutritional efficiency, an attempt was made to estimate
the latter for the éscolor and flavus varieties by chemical examination

of their proteins.

EXPERIMENTAL. .

. CAJANUS INDICUS BICOLOR (azkar).

The seeds, obtained from the Pusa Agricultural Research Insti-
tute, were sun-dried, decorticated by being passed through a
disintegrator and the cotyledons powdered to a fine meal passing
through the go-mesh sieve. Analysis of the meal gave the following
percentages :—Moisture, 8'73; Ash, 3'57; Ether extractives, 2°05;
Crude protein (N X 6°25), 22°52; Crude fibre, 3'10; Carbohydrates

(by difference), 60-03.

Extraction of albumin and globulins.—To determine the optimum
conditions for the extraction of the salt-soluble proteins, trials were
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conducted with solutions of sodium chloride and varying (1) concen-

tration of salt, (2) time, (3) temperature of extraction, and (4) reaction
of extractant.

1. The meal (10 gms.) pPassing the go-mesh sieve was mixed
with 250 c. c. of salt solutions of different concentrations, and shaken
for one hour at the room temperature, 25°, After filtration, nitrogen

in the extracts was determined by the Kjeldahi method, Table 1
showing the percentages involved. )

TABLE 1.
- Nitrogen Conc, of
Conc. of salt extracted s’lt inu“:gzs
0 (water) 46'0 6 60'9
1 51°0 7 59'9
2 N 585 8 593
g.
3 62-2 9 587
35 631 ' :
. 10 i 56-8
4 61°4 15 ! 549
s 612 20 s20

Salt solutiqn of 35 per cent. was evidently the best suited, the
other concentrations extracting less nitrogen.

2. Using a 35 per cent. solution of sodium chioride, the periods
of extraction were varied, and the corresponding amounts of extracted
nitrogen determined (Table 11).

. TABLE IL

Period of extraction |
in hours ] 'Y 3 I 2 3 7 u
Percentage of nitrogen

extracted

621 631 630 630 . 628 62-8 62-2 54-5 .

The maximum amount
the diminution observed
partial denaturation of
shaking with salt solution at room temperature,
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. was observed that 70 per cent. of the total nitrogen was
extraﬁtedltby 2'5 per cent. salt solution on shaking a}t1 the; room
temperature for only 15 minutes and then transferring to the refrigera-
tor (-2°) for 24 hours. Similar extractions carried out six times,
successively using fresh portions of saline, yielded 74 per cent.

. reaction of an extract prepared as above was acid to
litmudé, t’lfgl ePH measured electrometrically with hydrogen eleqtrode
being 5-91. Though rendering of the salt suspension neutral to litmus
prior to extraction yielded 78 per cent. of protein, addition of alkali
was avoided owing to possibilities of (2) denaturation and (4) r:ilcem}-
sation (Dakin, /. Riol. Chem., 1913, 13, 357) of proteins, 15(];e ectr(xic
points of which were far removed from the Py of the alkali to be used.

Nitrogen extracted by different solzzmls.——Thg residue . after
successive extraction with 3'5 per cent. salt solutcllox;i ltat —dz ’IW}?S
treated with boiling 70 per cent. ethyl alcobo}i an eret o e
residue was then extracted thnce,. in-the cpld, Yvnt e} t:z pe: certn . s}c: 1ux:11
hydroxide. Determination of nitrogen in dlfferesnltexlratg S s owed
percentages passing into the different solvents :(——Salt solution, 74'00;
alcohol, 0'95; alkali, 21°00.

stvibution of nitrogen in the saline extract.—The extract from
g n?sl_sf)?ﬁﬁ?omeaf; was ﬁialysed in a large parchmerit conef agacxln§t
distilled water at 5-6° for 10 days when.no more .sat wai dounT }lln
the dialysate. The precipitated globulins were .separg.tﬁ T e
supernatant liquid gave no precipitate on saturaglonhth " car t;)ln
dioxide showing that it contained no globuhgs. \" ‘elrél dea ed on , e
water-bath, it began to show turl_ndxty at 43° and yielde dg cgagutﬁnz
at 55°. Further heating did not increase ;:oag;x(lizatilgg, ;lnc (;gglmt% ; ;e

only one albumin was present. . .

g;tor];i: 1)z:.fter ¥emoving coagulum gave a mmu]t]edqt;)zmt::l:yoofe rz::lt:
precipitate when the concentration of alcohol reached about 30 p .

i i i d and

recipitates obtained at different stages wert separated
theiriihtio%en ([:)ontents determined. Percentage distribution ‘?fb?ltrlf.
gen in the saline extract was then found to be (1) prec1p:1 .al e by
ﬁia]ysis (globulins), 44'6; (2) coagulable from salt-free. ialysate
(albumins), 3:75; (3) precipitable with alcohol (proteose), 2:62; (4) other

forms, 23°23.

cat-coapulation~—To determine the number of hgat-coagulable
fractifr:: tino §1e saline extract, 100 c.c. was treatec(li with 2 l;imf}i)tst cg
2 per cent. acetic acid, placed in a long thin-walled test tube ; e
with thermometer and stirrer, and hgated by immersion in a ax:gs
beaker of water the temperature of which was raised at the rate of o'5

2
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per minute. Observations were made wi

diagonal illumination. Turbidity began atlt:ls% S:ékatbggl(%r?;:d land
(1) was formed, settling in 2 minutes ; the suspension was ke tg;:: ?}in
same temperature for } hour more and filtered. When thg ﬁltrat:
was heated as before opalescence was again noticed at 65°, 78° and
88°, the corresponding coagula (2), (3), and (4) being sep;rated at

70-74°, 80-85° and 94-95° respectively ; »
while (3) and (4) were large. pe y; (2) was small in bulk

The experiment was re eated seven times owed th 0
. P 3 P and sh P
ducible coagulatlons occurred only at 46—555° 7e8—ésit re'all:l(i
’ ’

] .
88 — 95°. Remembering the occurrence of numerous foreign accom- -

paniments to the coagulable proteins, it cannot be stated that the

ranges of temperature cit : . N
extrgact. P ed all represented definite proteins in the

Evidence has already been obtained to sho i
separating at 46-55° was an albymin. To dete:vmzﬁit \tvlixeetg:: t:;)‘n
others were globulins, the precipitate obtained on dialysis was wash g
repeatgdly with dls_tllled water, shaken with 3's5 per cent, salt solutioe
the mixture centrifuged to free it from suspended matter and tl?’
temperatures of coagulation noted as already described. It wai
observed that (1) the major part of the precipitate redissolved in salt
solution indicating that it had not altered much in character and (
opalescence appegred at 78° and 88°, with the corresponding fractio;)
separating at 85° and 95-96°, respectively. It may therefore bs
interred that the coagula separating at the higher temperatures e
globulins, and that there were two at least. were

Preparvation of globulin.—Considerable diffi i
ced in preparing a clear extract of the meall, ;:xiycu}:ﬁye,l;gig:: -
of the large amount of sticky matter contained in it Aft .
several attempts the following method was found suitable The e;
(500 gms.) was treated with 2-5 litres of 3'5 per cent. sali;xe and anr;ea
c.c. of toluene; after being stirred vigorously for 2 hours b an
electrically driven glass stirrer the mixture was allowed to stand iy t}axn
refrigerator for 24 hours. It was then pulped with scrap filter- 2 :
3',’:(1) l:;};)egozr;éabllet ;({)nsxstinczri had been attained was squeezerzl }:)elfi

cloth by a hand-press. The extract i
suspended matter and was passed twice through gﬁgxt-;ll:?g st:u::
centrifuge ; on filtering under pressure through thick mats of pz?per

pulp, 2250 c.c. of a clear extract containi
oo was obtained. aining 65 per cent. of the total

. ‘ . * th’act f Om
i i : The e T 500 gms. of w.
dialysed in parchment cones against distilled Wgater for nxlesall SS'
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Globulin, precipitated in large spheroids, was freed from albumin and
last traces of chlorides by washing repeatedly with distilled water
followed by dilute alcohol. It was dehydrated by standing overnight
with absolute alcohol, washing with absolute ether and finally drying
in vacuum over sulphuric acid. A crisp white powder was obtained,
representing 4-64 per cent. of the meal extracted.

Precipitation by ammonsum sulphate.—A similar extract of the
meal was saturated with ammonium sulphate by gradually adding the
powdered salt with constant stirring, the protein being precipitated
slowly in granular flocks and separated by filtration. On shaking
with distilled water the precipitate was completely repeptised by the
adsorbed salt. This extract was filtered through paper mat and dialysed
in parchment cones until free from salt. The precipitated globulin
was washed free from albumin, dehydrated and dried in the manner
described already, forming a white powder resembling that obtained

by dialysis and representing 4°8 per cent. of the meal.

Analysis of the globulin preparations.—The two preparations were
dried at 110° and analysed for their constituent elements (Table III).
Carbon and hydrogen were determined by combustion: sulphur by
Hoffman and Gortner’s modification (/. Amer. Chem. Soc., 45, 1033) of
the original method of Benedict and Denis: and nitrogen by the

Kjeldahl process.
TABLE IIL

Percentages on ash-[free basts.

C H N S 0 P
By dialysis (ash, 0:52
per cz:‘lt.)( 5290 691 15-94 046 23'79 Nil
By precipitation (ash, 0°42
per cent.) 5278 684 16:01 045 23°92 Nil |

Differences being within the range of experimental error, it may
be inferred that the two preparations were identical in their elementary
*

composition.
Fractional precipitation.—With a view to dividihg the globulins

into several fractions by differential precipitation with ammonium
sulphate, trials were carried out with the saline extract from 500 gms.

_ of the meal by adding to it powdered ammonium sulphate so as to

raise the concentration of salt gradually from 10 to 100 per cent
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saturation. Precipitation began at 30-40 per cent. saturation, the
protein separating in 15 minutes. On filtering and adding more salt,
increasing amounts of protein separated at different stages up to go
per cent. saturation. The different fractions thus obtained were
separated, washed with ammonium sulphate of the same concentration,
redissolved and precipitated by dialysis. They were then dehydrated,
dried and examined for the following factors, (1) yield of moisture-free
protein, (2) percentage of sulphur and (3) response to glyoxylic acid
test for tryptophan (Hopkins and Cole). The same fractions were
obtained from another portion of extract, redissolved in 3'5 per cent.
saline, and the corresponding temperatures of coagulation determined.
The different observations are recorded in Table IV.

TABLE IV.
Percentage | Yield in | Percentage| Tryptophan Solubility Coagulation
saturation grams of sulphur reaction in saline temperature
\ ) R
0-40 31 099 Stroug Sparing  |95° on prolonged heating
40-50 25 058 Faint Partial 86° and again 95°
50-60 21 0.45 ’ Complete 85—88°
60-70 59 039 Very faint " .
70—80 58 13 38 ” 1 "
80-90 54 039 v " '

It may be inferred from the above that the fractions contained at
least two globulins, one precipitated between o and 40 per cent.
saturation, coagulating at 95°, rich in sulphur and tryptophan and the
other precipitated between 60 and go per cent. saturations, coagu-
lating at 85-88°, poor in sulphur and tryptophan. Since the
previous coagulation experiments also gave evidence of the presence
of only two distinct globulins, it is probable that the fractions separa-
ting between 40 and 60 per cent. saturation were varying mixtures of
the two, as indicated by their intermediate sulphur contents.

Refractionation.—To obtain pure specimens, refractionation of the
portions separating between the two definite ranges was attempted,
constancy of sulphur-content being taken as evidence of purity. It
was observed that the fraction separating between o and 40 per cent.
saturation was already denatured and could not be redissolved in
saline. The one separating between 60 and go per cent. saturation
was however readily peptised and on refractionation was found to
contain 0°37 per cent. of sulphur. This being nearly identical with
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those obtained for the preparations by single fractionation (Table 1V)
it may be inferred that the latter was pure.

Preparation of globuitns 1 and 11.——Globulin I separated in flocks
on adding to a clear salt extract of the meal solid ammonium sulphate
to 40 per cent. saturation. The precipitate was collected on a paper
filter and washed repeatedly with 40 per cent. ammonium sulphate.
It was then repeptised by the adsorbed salt on shaking with distilled
water and dialysed in parchment cones against distilled water until
free from sulphate ; the precipitated protein was washed successively
with distilled water and dilute alcohol, and dehydrated by washing
with absolute alcohol followed by ether. The yield was 0'65-080
per cent. of the meal.

In the filtrate from globulin I the saturation of ammonium sulphate
was increased to 60 per cent. After removing the precipitate of mixed
globulins the saturation of ammonium sulphate was raised to go per
cent. when globulin Il separated. The precipitate was repeptised,
filtered, dialysed free from salts, and dehydrated as already described
for globulin I. The yield was 3'2-3°5 per cent. of the meal.

Composstion of globulins 1 and 11.—Three independent prepara-
tions (A, B and C) of each globulin were made and their individual
composition determined (Table V).

TABLE V.

Percentages on ash-free basts.

Globulin I Globulin 11
A B C l3Avemge A { B |} C |Average
L
5317 | 5384 Esyss | s3s5 | 5241 | sess | 5108 szl
692 . 716 | 699 | 702 | 68 | 698 68 . 690
wi{ 099 : 100 ro4 | 1o1 ) 037 | 03 | o3 ' o3

I

|

| i

L1521 | 1501 | 1534 1509 | 1622 | 16110 | 1625 1619
‘ 2371 | 2298 I"zz-se 2323 | 2412 | 2369 | 2554 2412

O Z v m O

The percentage of ash in the preparations’ was as follows :—
Globulin I: A, 0°64; B, 0°72; C, 082. GlobulinII: A, o'13; B, 0'14;
C, o°24.
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Cajanin and Concajanin.——The foregoing observations indicate

that globulins I and II have definite comnposition and are distinct
from each other in their percentage of sulphur and nitrogen. In
accordance with convention, globulin II which was present in the
larger quantity and was thus the principal protein of the seed was
named cajanin after the genus, and globulin I which accompanied it,
. concajanin.

~ Cajanin when dried is snow-white, dissolves freely in alkalis,
but less readily in acids; it dissolves sparingly in neutral solvents
although before treatment with alcohol and ether the globulin was
freely soluble. It gave all the general reactions for proteins but only
feeble response to Hopkins and Cole’s and Molisch’s tests, The
isoelectric point as determined by the method of Csonka, Murphy and
Jones (/. Amer. Chem. Soc., 1926, 48, 763) using the acetate buffer is

Py 4'95.

Concajanin, is a grey powder resembling cajanin in properties
except that it (1) was sparingly soluble in neutral solvents even before
dehydration with alcohol and ether and (2) responds to the tests for
tryptophan and carbohydrate. The isoelectric point approximates to
that of cajanin being Py 5°22.

Protein extracted by alkali.—To identify the protein left after
exhaustive salt extraction, the residue from 500 gms. of meal was
extracted with o2 per cent. sodium hydroxide and a clear filtrate
obtained on passing the suspension through paper pulp. The protein in
the extract was precipitated on rendering slightly acid to litmus. It
was filtered, redissolved in alkali, again precipitated with acid, filtered,
washed and dried. A pale-red powder representing o0'g per cent. of
the meal and containing 0'52 per cent. of ash was obtained. Its ash-free
composition was C, 52'94; H, 6:98; S, 0'41; N, 1586 and O, 2381
per cent.

The isoelectric point of this protein was Py 5:0. It was precipi-
tated from alkaline solution only on adding ammonium sulphate up to
at least 40-50 per cent. saturation. The properties correspond more
with those of the globulins already described than with those of typical
glutelins, which are characterised by (1) precipitation. from alkaline
solutions by ammonium sulphate even at 1 to 18 per cent. saturation
and (2) isoelectric points approximating to Py 6'5 (Csonka and Jones,
- J. Biol. Chem., 1927, 73, 321). In view of the foregoing considera-
tions it may be inferred that the protein extracted by alkali was merely
the seed-globulin not fully extracted by salt solution, but readily
peptised by dilute alkali. Calculated on the basis of its sulphur-
content it appears to have contained cajanin to the extent of 952 per
cent.

- water and the clear extract (2 litres) dialysed for 1o days
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A revised estimate of the approximate frce tage distribution
in, 3'8; cajani

. e~
Albumin—The meal (500 gms.) was extracted "*ﬁ'f_g;'ﬁmeaﬂ ;

57°2; concajanin, 84 ; proteose, 2°6; other forms\g8

against distilled water, when the dialysate gave only faint opalescence
with silver nitrate. After separation from globulins, the extract con-
taining albumin was saturated with carbon dioxide to precipitate any
residual globulin and the acidified filtrate heated at 55° for half-an-hour.
The small coagula thus obtained from several extracts were collected
washed with water and alcohol, dehydrated and dried, yielding 4 gms:
of a pale grey substance representing o4 per cent. of the meal
extracted and containing o'45 per cent. of ash.

_ The isoelectric point of the albumin was P,; 4-2, and the compo-
sition (ash-free) :—C, 54'82; H, 684; N, 1480; S, 118; O, 22°36
per cent.

_ Nilrogen distribution.—About 3 gms. each of cajanin, conca-
janin and the albumin were used for determining the distribution of
nitrogen by the Van Slyke method as improved by Plimmer and Rose-
dale (Bzoc}zen{. /s 1925, 19, 1004) with the following modifications :
(1) after precipitation with phosphotungstic acid the diamino-fraction
was separated by centrifuging and (2) arginine nitrogen was deter-
mined by Kcehler's method (/. Biol. Chem., 1920, 42, 267). Sulphur
in the diamino-fraction was determined by the' method of Plimmer and
Lowndes (Biockem. /., 1927, 21, 247).

Cystine, tryplophan and tyrosine.—The cystine figures obtained
by the Van Slyke method cannot be taken as correct. Being readily race-
mised during the hydrolysis, it should have been incompletely precipi-
tated, the phosphotungstate of the racemised acid being more soluble
than that of the optically active one., Independent determinations
were therefore carried out in the acid hydrolysate of the proteins by
the methods of (1) Folin and Looney (/. Biol. Chem., 1922, 51, 421)
making use of sodium hydroxide instead of sodium carbonate as modi-
fied by Hunter and Eagles (/. Biol. Chem., 1927, 12, 177) and (2)
Sullivan (/. Biol. Chem., 1927, 14, xiv).

Tryptophan was determined by the methods of (1) Komm (Z
Phystol. Chem., 1926, 156, 202) usnyng p-dimethylaminglzenzaldehy(de, -
and (2) Tillmans and Alt (Biockem. Zest., 1925, 104, 135), using in both
cases a solution of pure tryptophan as standard. It was however found
difficult to compare colours by Komm’s method, those developed
by the proteins having always a shade of violet different from that



TABLE VL

Distribution of Nitrogen in Concajanin, Cajanin and Albumin (Percentages of total nitrogen).

Albumin

Cajanin

Concajanin

AVverage

194

905
313

10-31

1-61
1-52

202

2496

12:04
131
443
718

1'20

071

0-49

24'88

11-37

0-31

500 |
820

| 6284
6217

64-07

5926

190 |

358

99-98

10046

10°20
1-17

066

0-51

25:31

11-40
0-34
548

8:09

63:33

"61-65

100°01

10-42

122

0-47

24+45

11-34
028
452
831

6481

6269

2-12

10090

Average

901

897
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1-93

I°11
0-87

1-07

(-86

14° 16

1-12
381

9-88

5965

56-43

322

1 9961

28°51

1-23
353

9-54

59-88

57-22

266

99-29

9-0§

2:03

11§

0-88

29-43

1411

1:01
409
10-22

5942

5564

378

99-93

Form of Nitrogen

Amide

Humin :—

Insoluble

Soluble (adsorbed by lime)

Basic :—

Arginine

Cystine

Histidine

Lysine

Non-basic : —

Amino

Non-amino

Total .
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given by tryptophan. Since similar difficulties were also experienced
in trials using egg and blood albumins the results obtained by Komm’s
method were not recorded. The method of Tillmans and Alt worked
satisfactorily.

Tyrosine was estimated independently by the method of Folin
and Ciocalteu (/. Biol. Chem., 1927, 13, 627) and together with tryp-
tophan by that of Tillmans, Hirsch and Stoppel (Lrockem. Zeit., 1928,

198, 379). The percentages of the essential amino-acids as determined
by the different methods are given in Table VII.
TABLE VII.
Amino-acid Albumin Concajanin Cajanin Method
—
Lysine 554 790 ) 693 Van Slyke
Arginine 5-53 675 572 "
Ristidine 242 2'16 2:99 ”
Cystine 223 2:24 1'41 Folin and Looney
. 232 | 198 139 | Swullivan
Tryptophan 2:05 148 021 Tillmans and Alt
" 153 012 | Tillmans, Hirsch and
hd ! Stoppel
Tyrosine | 345 } 316 Tillmans, Hirsch and
Stoppel
.o 361 329 | Polin and Ciocalten

The figures for cystine by Sullivan’s method are probably more
trustworthy than those by that of Folin and Looney because the latter
method is not specific for cystine (U. du Vigneaud, /. Biol. Chem.,
1927, 75, 393). The methods of Tillmans and Alt for tryptophan and
Folin and Ciocalteu for tyrosine gave more consistent results than the
combined one of Tillmans, Hirsch and Stoppel; the figures obtained
by the first two have therefore been taken as correct.

CAJANUS INDICUS FLAVUS (fur tuar)

The seeds of the above variety were from Thiruppattur in South
India. The meal was prepared in the manner described already and
on analysis was found to have the following percentage composition :—
Moisture, 7-07 ; Ash, 357; Crude fat, 0'83; Protein (N x 6-25), 2409 ;
Crude fibre, 4-21; Carbohydrate (by difference) 60°24,
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Saline 3'5 per cent. extracted 780 per cent. of the total nitrogen
at —2° and yielded on fractional precipitation with ammonium sulphate
followed by repeptisation and dialysis in the manner described already
the two globulins concajanin and cajanin. Pure specimens of the

roteins were analysed for their sulphur and tryptophan content
(Table VIII).
[

TABLE VIII.

. I Percentage
Constituent and method Lo ] e
# Cajanin l Concajanin
_— N | .
Sulphur (Hoffman and Gortner, loc. ¢it.) 040 1-11 .
Tryptophan (Tilimans and Alt, loc. cit.) 032 1-61

The results approximate to those from peas of the bicolor variety.

DISCUSSION.

As observed in other plants of the natural order leguminose, the
seeds of Cajanus Indicus contain among their reserve proteins two
globulins which (1) appear to be characteristic of genera and inde-
pendent of differences in species or varieties, (2) form the chief
proteins of the seed and (3) differ from each other with regard to their
sulphur contents and limits of precipitability with ammonium sulphate
(compare Jones and Jobns, /. Biol. Chem., 1916-17, 28, 67; Jones,
Gersdorff, Johns and Finks, /. Biol. Chem., 1923, §3, 231).

The three proteins differ from each other in their general distri-
bution of nitrogen, particularly in their amide and basic amino-acid
contents. Cystine and tryptophan decrease in the order, albumin,
concajanin and cajanin: lysine and arginine also vary, but follow a
different order. Cystine appears to be the main sulphur-containing
amino-acid in cajanin, while in concajanin and the albumin there
appears to be also a large proportion of another sulphur-co.ntam.mg
amino-acid of a lower molecular weight. The presence of identical
_proteins containing similar amounts of sulphur and tryptophan
suggests that the peas of the dicvlor and the flavus varieties are of
almost equal nutritive value.

All the proteins in the pea are rich in tyrosine and contain the
requisite amounts of cystine and the other essential diamino-acids;

205

but although the albumin and concajanin contain the necessary
amounts of tryptophan, cajanin, the chief protein of the seed and
representing over 58 per cent. of the total nitrogen, is deficient in
that acid which is essential to growth and maintenance. Although
this tends to reduce, to some extent, the independent nutritive quality
of the pea, it does not lower its value in a mixed diet containing the

~ essential amino-acids generally supplied by a variety of vegetable and

animal proteins, so that deficiency in one is made up by adequate
supply from another. In India where the peasdre generally taken
together with cereals it ought to be of high supplementary nutritive
value, since it supplies useful amounts of the essential diamino-acids,
particularly lysine, in which the latter are generally deficient.

SUMMARY.

. 1. The chief proteins of the peas of Cajanus Indicus of both the
bicolor and flavus varieties were two globulins, cajanin and concajanin
which (@) accounted for about 58 and 8 per cent. respectively of the
total nitrogen and (4) differed from each other in their sulphur and
tryptophan content. An albumin representing about 4 per cent. of
the total nitrogen was also prepared and examined.

2. The three proteins contained requisite amounts of cystine,
arginine and lysine : but since cajanin the chief protein of the seed was
found to be deficient in tryptophan, the pea could not be said to make
a complete protein food by itself. It should, however,make a valuable
supplement to the cereal foods which are generally deficient in the
essential diamino-acids.
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