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GENERAL
Object of the Investigsation

In preovious inveatigationas on ths vegetable proteins the
workers have been moast interested in determining the mmber of
different proteins the sead or material ocontained, and in establish-
ing their slementary composition and amino acld content, litile
attention being paid to the quantitative estimation of the wvarious
proteins. Although the amino asid eontent of the individual proteins
in a given material may be known, unless data regarding the relative
proportions in which the proteins ars present are availsble, it 4»
obviously impossible to estimate the percentages of amino acids in
the whole plant material. This is an important consideration from a
practical standpoint. For instance, the dletitian, or animal husbandry
man, is interested in lmowing how mush of the different nutritionally

-egsential amino acids the whole wheat, or corn, containg rather than
the percentages of the amino aclds in gliadin, glutenin, or zein,

Earlier work on the peamat established the fact that it
contains two globulins, arachin and conarachin, and possidly an
albumin, although no positive evidence for the latter was obtained.
Glutelins and prolmnins were not looked for, nor wers the exact
anounts of arschin and conarachin determined. This is important
as conarachin contains an unusually large amount of the nutritionally
essential amino acids, and it is very desiysble to know tha smount



of these amino acids in the whole meal.

This investigation was undertaken to determine the relative
amounts of the two globulins; to isolate, if present, albumin,
glutelin, and prolamins; $o ascertaln the properties of all the
proteins extracted; to estimate quantitatively the protein and
non-protein nitrogen; to determine the preciplitation limits of
arachin and conarachin with smmonium sulfate; and to study the
effect of the tannin in the skins on the extraction of the
different proteins present.

Historical

Ritthausen (1) was the first to study the proteins of
the peanut. This worlcer extracsted oil-free peanut msal with
a solution of sodium chloride sand with solutions of potassium,
calcium, and barium hydrexides. He obtained the glotulin by
saturating the diluted extract with carbon dloxide or simply
by diluting the extract with a large volume of water. He
apparently obtained the same globulin by scidifying the
alkaline extracts with acetic or sulfuric asids, Ritthausen
showed no evidencs that indicated the presence of mores than
on® globulin in the peamit.

Ritthausen dried the peanut meal over malfuric ssid in
a desicoator and analyszed it for nitrogen, obtaining 10.18 per
cent or 56 per cent of protein. The latter value he obtained
by multiplying the percentage of nitrogen by 5.5, assuming that
the protein contained 18 per cent of nitrogen. When this meal
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was extracted with 10 per cent sodium chloride sclution he
isolated 27 per cent of globulin by diluting the sxtract
with water and then saturating with carbon dloxide.

Johns and Jones (2), using dhelled Virginia peamits,
extracted ths oll-free air-dried peanui meal with 10 per cent
sodiuwm chlorids. From this meal conlaining 42 per cent protein
(¥ x 5.5) was obtained 32 per cent of protein in the sodiwm
ﬂhleﬁ.dn extract at room temperature. Rslsing the temperature
4id not lm:; the yield, By saturating the extract with
carbon dloxide they obtalned 25 grams of protein from a volume
of extract caloulated to contain 32 grams, This yield was
baged on the actual weight of pure protein after drying st
100°¢ 0. and did not take in consideration the lesses incurred
duoring 1ts 1w‘i&tim.

Thay made fractional precipitations of the protein fram
the extract and isolated two globulins, one of which was present
enly to a small extent, The globulin composing the grester part
of the precipitate obtained by diluting the 10 per cent sodium
chloride extract with water, they cbitained by adding sammonium
sulfate to 20 per cent of saturation. To thia globulin they
gave the name arachin. The seocond glotulin obtained by eaturating
the filtrate with ammonium sulfate or by dlalysis they called -
conarachin,



They gave the following analysie and comparison of the

two proteinss

Afashin  Comaraghin

O teerireeerennne.. 52,18 81.17
; SR X ). 6.87
H ovreerneneererenes 18,29 18.29
T - 1. 1,09
O trrrrnrreerennnes 32,23 22.58

They called attention here to the fact that conarsshin contsined
three times as smch sulfur as arachia,

Another striking difference was shown by their table of the
nitrogen distribution.

Nitrogen Araghln
Amide ..........00. 3,08 2.00
m,.......’...... .22 0.22
Basio coccrvenecees 4,98 8.566
Hon-basia ......... 13,07 £.40
TOTAL 18.28 18.24

Conarachin was shown to have more basic nitrogen than any other
ssed globulin hitherto exsmined. 7The percentage of basis nitrogen
of the mixture of these globulins was also shown to be high, being
5.23 per cent. They gnve a table showing the basic nitrogen in
some proteins from'sasda sommonly used for food, taken from “The
Vegetable Proteins," by Osborne, as follows:



Basic
= ' gcr mg
ZeIn c.iciveinnen Malze 0.49
Gliadin +ccevee.. Bye 0.91

*‘ *H ess e boo mat l.m
Fhaseolin ....... Kidney bean 3,62
Vieildn ......c.. Poa 4.92
Arvachin ......... Poanut 4.96
Legumin ......... FO2 §.11
Excelsin ........ Brazil mut 8.76
Blestin .s....... Hempseed 5,97
Globulin see..... Cocopmmt 8.08
Conarachin ,..... Peamut 6.55

They also called attention to the fact that a trace of allmmin
was found in the extract which cosgulated at 65-70° 0., but the
guantity was so small that a complete analysis could not be
obtained.
Quantitative Separation of ths Proteins

It was desired at first to grind the peanuts as fine as
poesible, but the oil rendered this impracticable, clogsing up
the mill., Therefore, the peanuis were ground as small as was
convenient, itreated with several liters of petroleum ether, dried,
and then ground to a fine flour. This method saves time and a
better produgt was obtained,

Two metheds were used for the estimation of the mumber
of proteins in the exBract, c¢oagulation by heat and fractional
precipitation with smmonium sulfate, determining from the breaks
in the curve the number of proteins present., Both methods showed
the presence of but two proteins, arachin and conarachin,

For qumtit:—ative work it was found best ¢o extract a 5O gram
sample in a 500 c.e. centrifuge bottle by using a shaker, After



4 hours' ghaking the whole was centrifuged and a fresh 400 c.e.

of 10 ner cent sodiwsa cldoride added to the residue and the mixture
saaken asain., It required aboul 12 hours to extract all the globulin
guantitatively, The surernatant ligquid was very easy to filter after
centrifusing and there was but little chance for loass., Iy this
netliod, 88 to 89 wer cent of the total protein (based on nitrogen
content) was extracted, As later tests gave no evidsnce for other
protein'nﬁ.trogen. 10 »er cent sodium chloride rmst have extracted
practically all the ;aroteih in the wneanut,

For all quantitative work on the peanut extract 1t is neceseary
to use fresihly prepared material., A solution over thres days' old
glves different results dus to the decomposition of aome of the
nrotein and precinitation of some material insoluble in the sodium
chloride.

At 40 ner cant saturation with anmoniuvn sulfate a clean cut
separation of the two globulins was gbtalined, and here again it
was found convenient to use centrifuge bottles for carrying out
tie precipitation., The arachin forsed a commact mass on the
bottoz, and the sunernatant liquid could be neoured off without
losing any of the precipltate. Thie sunernatant liquid was
filtered, then dialyzed for two wasks, but only a small guantity
of an unpromising material separated, Conarachin is aprreciably
goluble in water unless a2ll traces of salts are removed, and this
method of dialysis does not remove the last traces of salts. The

1aolation of {~globulins is somevhet difficult due to this fact,



and they may be mistaken for albumins owing to their solubility
in water containing traces of salt. s are now desiming an
electro~dialyzing outfit with which we hope to eliminate these
last traces of salts and obtaln quantitatively the f-globulins,
By this method all doubts as to whether we have a trace of albumin
or soluble E~-globulin will be settled.

The quantitative estinmation of conmrachin, consequently,
had to be made indirectly, but first it had to be ascertained whether
all the nitrogen extracteod was protein nitrogen, whether the extract
contained wmore than two proteins, snd whother there were any vrotein
degradation products of a vroteose or pentone character, By use
of the ordinary wethod of armonlw: sulfate precipitation,by use
of variocus precinitating agents and by coagulation, it was shown
that there were only two proteins present, that these were intact
nroteina, exoent for a trace, and that the extract contained no
non=-protein nitrogen. Therafore, advantagsse was taken of the wide
range in the cosgulation points of the two proteins, Conarachin
coagulates at 80°, while arachin does not separate even at a2 bolling
temmeraturs. “he arachin, therefore, can be estinmmted easily by
deteraining the nitrogen in the flltrate from the coagulated con-
arachin by the kjeldahl method. The difference between this result
and the nitrogen of the original filtrate gavs the arachin nitrogen.
"his method checked with the precipitation mwethod and the direct
method of welgshing the arachin,

It was desired to find if some other salts could be found

to senarate asrachin and conarachin. ‘The sodium sulfate method of



Howe (18) was studied, but the higher temperature used in this
method was thought widesirable, Sodium sulfate at room temperature
did not effect any separation nor 41d lithium chloride, magnesium
sulfate, sodium chlorids, or potassium chloride, No clear cut
pseparation was obtained by use of acids. Ammonium sulfate appeared
to be the only salt that would effegt a satisfactory separation of
the two globulins,

Tha influence of dissolved proteins

upon the refractive indices of various solvents has been especlally
studled by Reiss (3), Herlitsia (5), Schmidt (6), Robertson (4) (7-18),
and Robertson and Greaves (17). Reiss used pseudo-globuline which
were prepaved by fractional coazulation with ammonium sulfate and
parified by prolonged dialysia, Théss proteins were introduged in
dilute salt solutions and the change in refractive indices noted,
He found that the changa in the refractive index of the solvent
dus to the introdustion of thease proteins was directly W@ﬁim
to the quantity of protein dissolved in it, for “paeudo-globulin I°
being 0,00224 and "pseudo-globulin 11" 0.00230 for introduction of
1 per cent of thess proteins. He found that the difference in the
index between these two globulins did not constitute sufficient
difference to distinguish between them and therefore could be
‘assumed %o give the same change in the refractive index.

Robertson mmplified and confirmed the results of Reiss,
employing a number of proteins (gliadin, casein, paramuclein,
serum globulin, ets.) in aguecus, alcohol water and acetone water



miztures. He introdused the following formula showing that the
change in ths refractive indlees of agqueous solvent dne to the
tntroduction of this protein is very acourately proportional to
its concentration:

n=n', = a0
where n is the refractive index of the solution, n!, that of the
solvent, ¢ the percentage of protein in the solution, and a a gonstant
which is characteristic of the protein. He found this formula to hold
good for solutions of ovomucoid in water, paramoslein in X/10 XOH,
potassium serum globulinate and potassium caseinate in alcchol water
mixtures and gliadin {n various solvents,

Robartson came to two important conclusions: first, that the
influsnos which a protein exsrts upon the refrasctive index of its
solution i® independent of the naturs or proportion of acid or base
which i3 combined with it; second, that the refractive index of a
protein solution remains unaltersd by hydrolysis,

Assuming that s for arachin and conarachin are alike within
the limits of experimental error, Robertson's method was used to
determine the amounts of these two globulina, and the results
agree wall with the data obtained by other msthods.

Properties of the Proteins
For studying the properties of arachin and conarachin, the
proteins were precipltated from a fresh solution and used as quiekly
as possible in order to avoid change or decomposition., The data
obtained on the coagulation point, for example, was quite different
.when a solution of arachin in 10 per cent sodium chloride was allowed



to stand in the ice chest for esveral days. Haterial coagulating
at thrae diffarent temperatures was obtained, indicating z decompo-
sition of the protein. Another eéexample is the precipitation point
with ammonium sulfate, #With an old solutien there is no clear cut
separation between arachin and conarachin, small amcunts of material
saparating at 50 per cent, 60 per cant, and 70 per cent saturation
with ammenium sulfate,

In working with conarachin it appearsd that this protein
was somewhat soluble in water, This might be due to the inability
to remove tha last traces of salts from the protein extract, and
might account for traces of protein left in diplysate at timeas,
Even after three weeks traces of salts are present in the dialysate.

#ith approximately 11 per cent protein (based on nitrogen
of the meal) unaccounted for, a study of ths meal left after the
sodium chloride extraction was undertalean, Sixty-five per cent
aloohol, and 0.2 per aent alkall removed from 2 to 8 per cent
of nitrogen, but no protein was found, A garbohydrate was
isolated with 60 per ¢ent alcohol, but was not investigated
further,

It 1s well imown that tamnin forms an insoluble compound
with proteins and as thers is tannin in the red akins of the
peanut, it was thought that the tannin might affect ths extraction
of these proteins. Therefore, peanut meal was prepared without
the red skins and extracted with 10 per cent sodium chloride
solution. It was found that the tarmin exerted no influsnce

whatsoever,
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Protein and Non~Protein Nitrogen

The terms protein and non-protein nitrogen are loosely
used in chemical literaturs, and confusion exiats as to Just
what the terms signify. As 1ittle woric has been done on the
quantitative estimation of the proteins in a given product
and not very much is Imown just in what form some of the
nitrogen is, the determination of nitrogen by the Kjeldahl
method and multiplying by the factor 6.5, 8.0, 5.5, ete., only
gives a hagy ldea as %o what is protein and what is non-protein.
A great number of precipitating agents have been used, some
claiming to precipitate only the intact protein. moleculs,
some the intact protein together with its larger split products,
and others, leaving only small peptides and aminoe acids in
solution. In some cases it is not known whether these reagents
will precipitate suoch non-protein nitrogenous products as purines,
nualeic bases, choline, betalnes, glucosldes, ures, uric , acid,
and others, which are knowa to oocur to some extent in maxy protein
extracts. 1f we are reasonably sure that we are enly precipitating
protein nitrogen, how larze a split product shall we leave in
solution as non-protein nitrogen? On glanoing over the various
precipitating agents, including copper hydroxide, lead acetate,
tungetic acld, pleric acid, tannic acid, phosphotungstic acid,
phosphomolybic acid, ethyl alcohol, colloidal iron, alumina cream,
uranmum acetate, sulphosalicylic acid and trichloracetic acid, ons
is confronted with the problem of determining first just what



ghould be called non-protsin niirogen, for each one of these
reoasents leaves a different guantity of nitrogen in solution.
After selecting the precinitating apent, it is frequently
difficult to decide what to ¢all the compounds contalning the
non-nrotein nitrosen., Are they peptones, proteoses, subpeptones,
pentides?-—~for there is no shary line of demarcation between these
grouns, nor 1s it understood just what is meant by these terms.
Various authors differ in regard to the division of protein split
products. For examnle, J/asteneys and Borsook (19) divide the
hydrolysate into six fractions according to the nitrogen that 1a
precipitated by various reagents, as followas

Trichloracetie acid ....... Intact protein

30l. acid to Pl 6.0 ....... Metaprotein

Sodiun sulfate ............ Froteose

’i:‘ar%nic 2c1d i vieerannoe.. PEptONG

95> aleohol + Z4nlly ....... Subpeptones

Solution ....ecccvvevveee.. Amino aclids
Other authors have divided then into coagulated proteins, meta-
nroteins, proteogses, pentones and peptides, and amino acids, the
nzne nrotein stooning at the neptone stage. A review of the
literature will show the various opinilons and worlt done on this
subject,

Hon=protein nitrogen may consist of any part of these,
denending on the precipitating agent used.
A. varie (20) used ethyl acetate and showsd it cave a

maried precinltate with even dilute solutions of proteins and

a turbidity with wentones, proteoses and albumoses, but solutions

of amino acidssliowed no chanpge,



Sallman (21) showsd that the preoipitation of proteins
with tannin depended on the hydrogen ion concentrstion of the
medium.

Marshall and Wellwmr (22) by using an alumimaa hydroxids
solution precipitated ths following quantitatively:

Bge albumin ............ . Gliadin (4in 703 ale.)
Edestin (in 5% NaCl) .... Ovomuooid ,
Golatin ...c..ccovnev.q.. Acid metaprotein (.)7 HOL)
Casein (in half

saturated lime water) . Frimary protecse
Gluterdn (0.5% Nag0Oy) .. Secondary proteose
Blood ssrum (protein} ... Milk (4necluding fat and

protein)

Oxyhemoglobin is the only protein tested that AL(OH),
falled to remove.

¥inograd-Villchur and Losee (23) used colloidal ferric
hydrate and claimed that it precipitated protein, some large
albundne, leaving most of the intermediary produnots in solution.

Wolf (24) stated that lMichaelis' colleldal ferris hydrate
method is suitable for rexmcving protein from blood.

Folin and Wu (25) used tungstic acid as protein precipitant
for blood and found it as good as phosphotungstic acid, They
called the nitrogen in the filtrate non-protein aitrogen. This
reagent precipitates many of the proteoses and peptones, lsaving
only small peptides in solution with the amino acids,

Ritthausen (28) used copper hydroxide to precipitate
proteins and this reagent has besn uased to precipitate gliadin

and edestin guantitatively by Osborne and leavenworth (27).



Greenwald (28) statem that a precipitant for the complete
removal of protein should have thres properties: (1) It ehould
be used in agueous solution so as to male more probabls the complete
extraction of all non-protein water soluble substanee and also %o
insure complete precipitation of lipoids with the proteins; (2) 1t
should not redissolve protein vhen present in exnessi (3) it should
not interfere with subeequent digestion or distillation, Hs selects
trichloracetic acld as monst closely spproximating the idsal precipitant.

Blish {29) aearried out experiments on flour extracts snd found
that more nitrogen was recwoved with copper hydroxide than any other
precipitant, such as aloshol, asetic amoid, trichloracetic acld, salts
of heavy metals, collpidal iron, slumina hy&mxmé ¢resm, phospho~
tungstic acild and tannio acld., Fhosphotungstic asid removed nsarly
a8 much, and tannic acid slightly less, Amino asids and peptides were
probadly left in the filtrate. The follawing is a tadle showing the
relative value of these reagents as precipitantst

1. 5% colloidal iron precipitate
at room temperature followed

by 1 c.e. of concentrated lg,304 mol. 0. 00286
2. Same at boiling temperature, 0.00330
3. 10 a.q. of 107 phosphotungstic asid

after making strongly acid with HC1. 0.0010
4, Tanniec acid, 0.0012

8. Copper method. 0.0008
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Morgulis and Jahr (30) used metaphosphoric acid as
precipitant, and Folin (31) used this same reagent for blood.

Gettler and Baker (32) used acld merouric chloride
solution for determination of non-protein nitrogen in dlood,
'.t'hoy gave a table of comparison of thelr method with othera,

Gettler and Baker (32) 50-45
Folin and Denis (33) 23-37
Oreenwald (28) .

Bang (34) 19-39
Taylor and Hulton (35) 25-28
Mclean and Selling (%8) 23-44
Myers and ¥ine (37) 25~30
Hohlweg (38) 40~61

Hiller and Van Slyke (29) made a study of precipitating
sgents and cane to the following conclusions:

Tungatic acid and pioric acid precipitate protein
intarmediary products, leaving amino acids and mmall peptidas.
Trichloracetic acid precipitates only whole protein.

Hetaphosphoriec acid, colloidal iron and mercuric chloride
ocoupy intermediate position in regzard to action on protein
producte. Aleohol bDehaves in this case likes tungstic acid.

Bigelow and Cook (40) reviewed the literature for the



ssparation of protecses and peptones from simpler msino bodies,
referring to Stutszer's method (41) with phosphotungstic acid,
Mallet's method (42) by precipitation with phosphotungatic acid
in hot solutions, Allen and Searle's method (43) by precipiltation
with bromine, and Schjerning's method (44) by precipitation with
a tannin salt solution.

Stutzer belleved that his method separated peptones
sompletely from all the simpler amino bodlies, but it since has
been shown that phosphotungatic acid precipitates some of the
meat bases and the reagent is not suitable for thes purpose
first suggested,

The bromine method of Allen and Searle has been shown %o
be un$rustworthy (45),as 1t decomposes both proteins and meat
‘bases and liberates nitrogen; also that the amount precipitated
undsr different conditions is not constent (48). Bigelow and
Cook think that the tannin salt method is ths best for work on

meat extracts and made sn extensive study of the best conditions
for 1te use,

On working with a protein extract, therefore, the worker
must have a complete knowledge of the type of nitrogen present
in order to make a clear cut separation of protein, its decompo-
sition products (peptones and proteose), and non-protein nitrogen.
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RXPERTMENTAL
Preparation and Analysis of the Meal

Shelled Virginia peanuts were ground as fine as possidble in
an eleetric mill and the 01l was extracted by treating the meal,
first with petroleunm ether and then with ethyl ether. 3ix
axtractions gave a meal free from oll, The meal was then allowed
to dry 4in the air by spreading 1t out on a large sheet of paper.

Analysin of Hitrogen Qontent of Meal

The dry, oil-free meal was next analysed for nitrogen by
the Kjeldahl method. This gave 7.38 per cent nitrogen (aversge).
This rmltiplied by the factor 6.5 gives 40.48 per cent protein

in the meal,
G, N/10 HaS04
Per cent
1. 1.0688 gna, 55.9 ¢.c. 7.34
2. 1.0721 gns, B6.4 o.a, 7.38

Extraction of Globulins

Fifty grams of wmeal was treated with one liter of 10 per
eent sodium chloride solution and the mixturs stirred for three
hours. After standing over night in an ice chest, 1t was filtered
through finely pulped filter paper. Another liter of salt solution
was used to extract from the residue the last traces of nitregen
a8 detsrminsd by the Kjeldahl analysis. The filtrate was clear
with a phosphorescent tinge. The solution was made up to $two
litera, and two 10 ¢.c. aligquots were taken for snalysis. The
total nitrogen extracted was 6.41 per cent (average) or 35.27
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per oent protein., This was 86 par cent of the total protein
1f the total nitrogen in the meal was all protein nitrogen.

6.5 34.87
6.51 35.80
6.45 J6.47
8.54 34.87

In ordar to ascertain whether a detter extraction could
be mads with less danger of losses, 50 gus. of the meal was
put into s 500 e.0. gentrifuge bodtle and shaken with s shaking
mmmmuz&aﬁbs.m of 10 per cent sodium
chlarids., The suspension was then cantrifuged and the super-
natant liguid poured off, This procednre mas ryepsated wniil
the salt extract gave no test for nitrogen. The solutions
were combined and nitrogen detemmined on a 10 e.c. aliguot.
The amount of protein extracted was practioally the smme as
the first procedure, 35.47 per cent.

Preliminary Comgulation Tests on Extract

Tour smmles of 10 ¢.c. each were talenm and heated at
the rate of 4 degrees per mimite. The first cosgulation was
at 60 degrees, This was filtered and the filtrate heated
further., The sglution becse cloudy at 94 dagrees, but there
was no coagulation even when heated to Lolling at 102 degrees.

Sulfate, Solutions of ammonium sulfate were made up verying
from 10 por e $0 a saturated selution, Ten c.e. of the



extract was talen and enough ammonium sulfate solution added to
make it saturated in steps of 10 per oent. After each step the
solution was filtered and more smmonium sulfete added in the
flltrate., A gradual increase in the precipitats up to 40 per cent
of saturation with azmonium sulfate was obtained. Beyond that, no
nitrogen was precipitated until the solution was 70 per gent
saturated. Hitrogen contimued to precipltats up to 80 per cent.
At 90 per cent saturation there was no further precipitation,

nor was thare any more nitrogen preciplinted at saturation with
smmoniun sulfate, the solution remaining clear., Ths following
curve showa plainly that only two proteins were present:

""63 e 4"? ’ %0 ZA'% ez 70  &eo g0 ro0



Quantitative Estimation of Arachin
A quantity of the e¢lear, flltered

extract (500 ¢.¢.) was put in a centrifuge bottle and made 40 per
cent saturated with ammoniwe sulfate (152 gns.). After standing
for several hours the soluticn was centrifuged. In this manner
the arachin was obtained in a compact mass on the bottom and the
supernatant liquid could he poured off. The precipitate was
redissolved in 10 per cent sodium chloride, made 40 per gent
saturated and again gentrifuzed. The arachin was then dissolved
in as 11ttle 10 psr cent sodium chloride as possible and precipitated
by diluting with 10 volumes of distilled water. In this way it was
freed from the last traces of conarachin, The precipitate was dried
by suspending in 55 per cent alcohol over night, then in absolute
alcohol for 3¢ hours and finally in sbsolute ether for 24 hours.
After standing in a vacuam desiceator for o day the white material
was weighed.

1. TWelight 3.85 gms.

2. 2,84 0

3. . 3,00 ®
The tatal extract from 50 grams of peanmut meal was 2 liters. There-
fore, the above waights multiplied by four gave the mumber of grams
of arachin in 50 grams of the oll-free psamut meal,

l. 2.86x4 = 11.490

2, 2.B4 x4 =11.38

3. 3.0 x4 =12.00
This was equivalent to 22.8 per cent, 22.7 per oent, and 35 per cent,
or zave an average of 23.5 per cent. In spite of the greatest care
there occurred some losses in purification and thess figures may be

gonaldered low,



Ten ¢.¢. of the sodium chlorids

extract was heated aslowly to 85 degrees. After standing for
fiftesn mimmtes, ths cosgulun was filtered off on a folded
filter paper. The filtration was rapld. The precipitate was
washed with 10 per cent sodium chloride and nitrogen determined
{n the flltrate. As tho total nitrogen in the sxtract, exsept
for an insignificant amount, was all protein nitrogen, the nitregen
calculated was all arachin nitrogen. If
a = swount of arachin nitrogen
¢ s amount of uninown nitrogen
a + 0 = amount of nitrogen in filtrate
from coagulation of conarachin,
¢ was then determined by taling 100 o.¢. of the sodium
ohloride extract, treating with trichloracetic aclid, flltering
off the precipitate and determining the aitrogen in the filtrate.
This valus (c) equals .0140 gms. for the 2 liters of extract.
a+en 2.3 gus, of nitrogm

¢ » 0140 gus., of nitrogen
as 2.8 s, of uimm

M = 12.5 gns., of arachin ia
8.29 the total extract

18.29 = por eant of nitrogen in arachin
The indices were talon with a

Carl Zeiss refractometer using Palo light. The following results
were obtalned:

10 per cent sodium chloride 1.3510
Protein extract 1.3530

The extract was heated carefully to 85 degrees and the conarachin
allowed to asettle, then gentrifuged and after the tube had cooled,
a drop of the supernatant liquid was tested for refraction.
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Reading after removal of conavashin, 1.3528

1.3520 -~ 1.3510 =  .Q020 both arsohin and conarschin
1.25268 - 1,3510 & QODE chin ©

n-n' = as

n = refractive index of the solution,

n!' » refractive indax of the solvent.

o = porosntaze of zlobulins in the solution.
a = constant (0.00238).

%a .835% u 0,635 gma. arachin in 100 a.e.

*

008 = 21187 = 0.2118 gns. eonarachin in 100 o.e.
8§ 7y

Two 1liters, or the total extract from 60 gus. of meal, would
therefore contain 12,70 gms. arachin, and 4.238 gma, sony
Qumntitative Estimation of Conarashin

Icishloracetic Ackd Method A quantity of extxact (100 ¢.c.)
was treated with 30.4 gms. of ammonium sulfate and the precipitate
filtered off. The filtrate was treated with trichloracetic until no
more conarachin was preoipitated., This waas removed by ﬁlﬁﬁim
and all amsontue salis washad out with water contalning trichloracetic
acid. The precipitate and filter paper was then put in a Kjeldahl
flask and the nitrogen determined.

Precipitate contained: 0.03933 gme. nitrogen. This was
squivalent to 0.7685 gma. of conarachin nitrogen in the original
2 liters of extract, which 1s equivalent to 4.20 gms. of conarachin,
or 8.4 per cont in the oil-free meal, |

Indirect Determination (See Theoretioal)

The mathod used here was an slaboration af the method for
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obtaining the amount of arachin. Raving {(a + ¢) and {¢) and
letting (b) be equal to ths amount of conarachin nitrogen, all
that had to be determined was the total nitrogen in the extract
(a+b+a).
Thic mast 3.17 gue.
a+bh+ez 3.17 ges. nlitrogen
a+ ¢z 2,3 gne nitrogm
" bz .87 gee. nitrogem

% - 4.7 gos, 4n 50 gus. mea), or 9.4%

__Tields of Arachin snd Conarsohin in Oil-Fres Peamnt lisal
Y *-s*;“ ey WO . = ¥

40 per cent 11.4 2.8

saturation: with 1148 32.0
smoonium sdfate. 12,0 2.0
Coagulation of
sonarachin and ,
araohin in
filtrate.
Refractometric 12.7 28.4 4.2 B.é
with trichlor— .
acetic asid, - 4.2 8.4
Aversge 12.0 2.8 4.4 8.7

Dus t0 losses in the actual isolation of srachin, the averazs
was considared low, 25 pex cent probably belng the nearvest to the
correct mmount in the oll~free meal,
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Froperties of Arachin

Determination of Cogsulation Foint, A fresh 10 per cent
sodiun chloride extract of the peanut meal was used. Arachin
was precipitated by making the extract 40 per cent saturated
with anmoniun sulfate and the mixture filtered. fThe precipitate
was redissolved in 10 per cent sodiwm chloride and the arachin
thrown out as a white flalky mass by pouring the solution in ten
times its volume of distilled water. Approximately half a grac
of the moist precipitate was dissolved in 20 c.c. of 10 per cent
sodium chloride. Ten c.c. portions of the solution were put into
two test tubes and heated very slowly with stirring. At 90° C.
the solution began to cloud, but no precipitate was obtained up

to boiling.

Determination of Znecific Rotation, Using a fresh extract,

the arachin was purified as sbhove and varicus concentrations were
made up. It was found that volarimetric readings could not be
made on solutions having a concentration greater than 4 per gent.
The solutions were put in a decimeter tube and the reading taken
with a Schmidt and Tlanssch polariscope using & standsrd dichromate
filter consisting of a 3 cm. cell contalning a 3 per cent solution.
The readinss were taken in Venitze units and were changed 1o anzular

degrees by using the factor 0.34657. The following readings were

obtained:



Conc .
Gui, DET C.C, Angular Pesrees — Specific Rotation

. 00880 -0, 34657 -33,3
« 0856 -] ,5595 -38.1
.0205 -0.7971 -38,9
.0192 -0,7971 -41.5

Average -39.5

20
Xn= n_ffi___
Lxw

¢ p = specific rotation,
Q_ = length of tube.
w = welght of protein in gms, per c.c.
<y = reading in angular degrees,

Precipitation Limits with Ammonium Sulfate, A fresh 10

per cent sodiuwm chloride solution of arachin was made up containing

2 gms. per 100 c,c, Ten c.c, of the solution was treated with
trichloracetic acid, the mixture filtered, and nitrogen determined

in filtrate, lio nitrogen could be detected. A series of eizht

10 c.c. aliquots were now taken and various amounts of armonium

sulfate added. 7The precipitates were filtered off and trichlorace tic
acid added to the filltrates. The amount of ammonium sulfate which

had to be added to give no turbidity in the filtrate with trichloracetic
acid was taken as the point of precipitation of arachin., This was

found to be at 40 per cent saturation.

Degree of Saturation Mlltrated treated

with with
Ammonium Sulfate ghloracet id
Peor cent

10.0 saturated larze pnt.

20'0 it L} H

30.0 " H L

32.0 " Small ®

24,0 i Cloudy

36.0 " #

33.0 " Slightly cloudy

40,0 " Cleax
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Properties of Conarachin

Coarulation Temperature, A fresh sodlum chloride extract
was made 40 per cent saturated with ammoniun sulfate and the
arachin filtered off. The filtrate was dialyzed for twenty days
in a parchment bag treated with toluene until only a trace of
electrolyte was present, as shown by treating the dialysate with
Lariwn chloride plus a few drops of dilute hydrochlorie acid. The
clear liquid was decanted off and the conarachin scraped off.
Approximately one gram was dissolved in 40 c.c. of 10 per cent
sodiwn chiloride and 10 c.c, aliquots used. The solution was
heated slowly with stirring until the conarachin flocked. At
80¢ flocks appeared which were filtered off, and the filtrate
heated further, The filtrate remained clear up to boiling.

Specific Rotation, In order to obtaln a large quantity of con—
arachin, 500 gms. of the oll-free peanut meal was extracted with
2 liters of 10 per cent sodiuwn chloride. By malddng the solution
40 per cent saturated and filtering, the arachin was removed.
nousgh ammoniun sulfate was added to the clear filtrate to nmake
it 85 ner cent saturated and conarachin was precipitated. This
was filtered and washed carefully with water, Although a large
gquantity of conarachin was lost in this process a few grams were
obtained free from ammoniwa sulfate, The fresh conarachin was

dissolved in 10 per cent sodium chloride and the optical rotation

taken,
Uonc.
Gns, per c.c, Angular vesrees Specific Hotation
.00898 -, 38122 -42.4¢
. 00449 -~,19330 -43,0°

Average -42,7¢



Precipitation Iimits with Ammonjum Sulfate, A fresh sodium
chloride solution of conarachin was made up containing 2 gmns. per
100 c.c. Ten c.c. of the soclution was treated with trichloracetic
acid, the precipitate was filtered off, and nitrogen determined in
filtrate. Ho nitrogen could be detected. A serlies of eight 10 c.c.
aliquots were tsken and various amounts of ammonium sulfate added.
ine precipitate was filtered off and trichloracetic acid added to
the filtrate. The amount of awumonium sulfate which had to be
added t¢ give no bturbidity in the filtrate with trichloracetic
was taken as the point of precipitation of conarachin, This was
found to be at B85 per cent saturation,

Filltrate treated with

FPer cent
10.0 Large ppt.
20,0 " #
30,0 " "
40,0 # #
50,0 1] ]
60,0 W ]
73.0 " U
8‘900 Glow
81.0 #
82.0 "

o

Slightly eloudy
W #

Clear

O0Low
C‘?&
C Qo

-



Datermination of lNon-trotein Hitrogen

¥recginitation of Intact irotein, Freshl; vprepared arachin
was vurified several times in the manner desoribed and approximately
2 gms. was dissolved in 10 per cent sodium c¢hloride solution. The
volune was made un to 100 c.¢. in a volumetric flasiz, Hitrogen was
determined on & 5 c¢,c. aliquot. Three more 5 e.ec. aliguots were
takten and 20 c.e. of 10 per cent sodiun chloride addsd to sach
aliguot in order to facilitate filtering., One aliquot was treated
with 16 per cent trichloracetic acld until no further precinitation
ocourred, the second treated similarly with 10 per cent aqusous
tanmnic acid, the third with a mixture of equal amounts of sodium
tungetate and two~thirds normal sulfuric acld., The resulting
vrecinitates were filtered off and washed with 10 ner cent sodlum
chloride containing a few drops of the precinitating agent. Hitrogen
wps determined on the clear filtrates,

The following table shows that thess three reagents precinitate
nractically 21l the intact nrotein:

Total arachin nitrogen in 5 c.c. = 02527 gms.
Hitrogen in trichloracetic acid filtrate = .00028 gms.
Hitrogen in tannic acid filtrate = .0002 gma.
Hitrogen in tungstic acid filtrate = ,0002 gna.

In order to see whether the above precipitants would alsc
precipitate free amino acids, the following experiment was carried
out:?

A mixture of amino acids was prepared from 50 gms, of the
a~zlobulin of tomato sead, treated with 100 e.c. of concentrsted

hydroehloric acld and 100 e¢.c. of water., 7This was heated on a



steam bath until all the e0lid material wae in solution, then
refluxed for 60 hours until it no longer gave the Bluret test,

The sclution was then distilled under reduoed pressure until

a thick syrup was obtained. The residue was redissolved in

water and the solution evaporated again in order to remove as
sueh of the hydrochloric acid as possible. The residusl sirup
still containing hydrochloric acid, was dissolved in a little
water and neutralized with sodium hydroxide. The ammonia nitrogen
was removed by making the solution slightly acid with hydrochloric
acld, An equal volume of 95 per mﬁalmbolmu&d&dmﬁthma
10 per cent suspension of calofium hydroxide until all the humin
was thrown down and the solution remained clear. The whole solution
was then distilled at 40° in yagug until sbout one-balf the volume
had diatilled over. The concentrated solution was made slightly
acid and then warmed with charcosl on the steam bath for an hour.
The mixture was filtered and the filtrate made up to 500 c.e.

The amount of sodium chloride in the sclution was determined and
found to be 10 gme. per 100 c.c. On standing over night tyrosine
precipitated out., This was filtered off,

Solutions were then made up of 5 c.¢. of arachin solution
and 5 ¢.0. of amino scid solution, and treated with trichloracetio
acid, tannic acid, and tungstic acld, The precipitates were
filtered off, and nitrogen determined in the filtrate.

The following tables show that the intact protein was



‘presipitated practically complete in the presence of amino
aclids by these reagents:
& ¢.e. of the arachin solution contained L0171
5 c.¢. of the amino acid solution contalined .0571gH
Nitrogen in filtrate (trichloracetic acld) .OB4A3gN
Nitrogen in filtrate (tamic aeid) +054 3%
Fitrogen in filtrate (tungstic acid) .0583gN
This experinent was toputéa with 1/2 ¢.c. of smino acids
and 5 ¢.0. of arachin solution.

dasults
Nitrogen in 1/2 o.c. of samino acids 0083 gms.,
Nitrogen An 5 ¢.¢. of arachin solution 0171 gms,
Hitrogen in filltrate (trichloracetic acid) .0052 gas.
NHitrogen in filtrate (tannic aeid) .00B7 gms.
Nitrogen in filtrate (tungstic acid) 0054 gma,

In order to get a

solution of intermediate decomposition products a bacteriologio
poptom.mufaémoﬁ by Parke, Davis and Company, was used. Ton
grams of the peptone was dissolved in 10 per cent sodium chloride
and made up to 100 ¢.@,

Five o.¢. aligquots were taken and pracipitated with tannie
acid and trichloracetic acid, filtered,and nitrogen determined

in filtrate.
Hitrogen in 5 c.c, of peptone solution 0368 gms,
Nitrogen in filtrate {(tannic actd) 0119 gns.

Netrogen in flltrate (trichloracetic acid) .0258 gms.
The above resulte show the difference in the amount of peptone~



peptide nitrogen precipitated by tannie aecid and trichloracetic
aclid, Trichloracetic acid does not precipitate any of thisz nitrogen.
Cne=half

c.c. of peptone solution and H c.c. of arachin were used and
nrecilpitated with trichloranatic acid, tannio acld, and tungstic acld.
The precipitate was filtered off and nitrogen determined in filtrate.

The following table shows that intact nrotein can be precipitated
quantitatively from solution by trichloracetic acid even when mixed
with peptones, tannic acid and tungstic acid being unsatisfactory

for this nurpose:

fesults
¥Hitrogen in 1/2 c.,c, peptone 00253 gns.,
Hitrogen in 5 c.c. arachin L0171 gma.,

Hitrogen left in filtrate (trichloracetic acid) .00253 gns.
Hitrosen left in filtrate (tannic acld) 00154 gma.
Hitropen left in filtrate (tungetic =c0id) 00140 gms,

fresh extract (25 c¢.c.) was treated with 2 o.c. of the sodium tungstate
and sulfuric acld mixture and the preciritate filtered off. ZEgual
amounts of the filtrate were then put in four test tubes and traated
with the followlng reagents until precipitation was complete:

1. Tannic acid (10. agueous solution).

2. Sulvheosaligylic acid (107 agqueous solutiocn).

3. ideric acid ~ saturated solution,

4. Trichloracetic acid (16°).



Samits

1. Tannic acid and tungetic acid gave a precipitate, a very
gopious one in the presenge of sodlum chloride,

3. Sulphosalioylic asid gave no precipitate.

3. PMorico acid pave no precipitate.

4. Trichloracstic acid gave no precipitate.

It was dasired here to get an idea of the amount of niftrogen
removed from solution by other reagents after preaipitation with
tungstic acld. It was found that on adding tannic soid to tungstic
acid without thes presenoe of protein a precipitate is formed which
becomes larger on addition of more sodlium chloride solution, Thesre-~
fors this result oould mot be used. Sulphomalioylic acid, plorie
acid and trichloracetic acid could remove nc more nitrogen after
precipitation with tungetic acid.

Mrzse.c. of the peanut extracted was first treated
with sulphosalioylic aoid and filtered. The filtrate was put in
five test tubes and treated with:

Tarnic acid.

Trichlorasetic sald.

Piorie acld.

Tangstic acid,

liore sulpbosalioylic acid.

Bemiltse

Tannic acld gave a large preocipitate.
Trichloracetic actld gave a trace of protsin.
Floric acid gave a trace,
Tungstic aold gave a large precipitate.

Hore sulphosalicylic asid gave no further
precipitate.



Here a better idea of the relative value of thess rrecipitants
1s obtained., Tannic acid and tungstic =01d precipitate mugh more
nitrogen than salphosalicylie, tridhloracetic asid and plaric aecid.

extract was treated with:
1. 107 tennic aoctd,
2. 16/ trichloracetic acid.

3, Saturated solution of sodium
tungstate and 2/3 ¥ sulfurie aoid.

4. 104 silphosalicylic aciad,
The solutions were filtered and washwed, and nitrogen
determined on the clear filtrates,

Regulls
Total nitrogen in 20 ¢.c¢. of extract ,04115 gma.
1. Filtrate from tanmnic acid .O0000 gma.
2. Filtrate from trichloracetic acid 00940 gms.
E. Flltrate from tungatic acid 00660 gms.

4. Filtrate from sulphosalicylic acid 01053 gna,

As the above table did not zive reaults consistent with the
data obtained in previous experiments when precipitating with
trichloracetic acid, it was desirable to kmow juat what caused
the difference. It was found that an extract over two days' old
showed a breaking down of the whole protein, even on standing in
an ice chest and covered with toluene. A fresh extract of 2000 e¢.e.
only contained .014 gma. nitrogen not precipitated by trichloracetic
acid. Tannic acid left no nitrogen in solution and tungstic acid



-4

only & trace.

From the above results, 1t appears that the fresh sodium
chloride extract of the cil-free neanut meal contains no non=
protsin nitrocen, all of the nitrogen, except for a very sall
amount, being in the intact protein.

Examination of Peanut lical for other Proteins
than Arachin and Conarachin

Fifty oms. of meal was stirred

with approximately 1 liter of 65 per cent alcohol for four hours,
and the mixture filtered. The clear solution was made up to 1 liter
and nitrogen deternined on a 100 c.c. aliguot,
Hesults
100 e.c. gave 0,005616 gms, nitrogen
or 1.5% of the total nitrogen in
the meal.
The alcohol solution was evaporated to dryness and a hard yellowish
gubstance wag obtalned. This was dried with aloohol and ether, and
analyzed for nitrogen,
0.4529 gms. sarple gave 0,00238 gma,
nitrogen, or 0.5 nltrogen in the
subsatance,
This compound had s sweet taste and an odor like molasses, giving a
strong olisch test. It was probably a carbohydrate snd was not
investigated further. The nitrogen removed by the alcohol gave

ne indiecation that it was »rolamin nitrogen.

For Glutelin, The peanut men) after having been

exnaustively extracted with 10 ner cent sodium chloride was washed
and 100 gns. treated with 0,2 per cent agueous sodiwn hydroxide for

eisht hourg with stirring. The mizture was centrifuged, the supsr-—



natant licuid filtered, and made up to definite volume,
Hltrogen dotercination made on this sxtract showed that

4 ner cent of the total nitrogen in the original oil-free
meal was extracted by the alkali. %When this allaline sxtract
was slightly acldified with acetic acid a brown material
separated. 7his substance when dry was found to contain
9.52 per cent nitrogen. The character and nroperties of
this substance were not those generally charascterlstic of

a glutelin.

By varying the time of exposure of the meal to alkali
various percentages of nitrogen were exiracted amounting to
from 2 to 6 per cent of the total nitrogen of the original
neal.

Effect of Tannin in the Iied Skins
on Extractions of I'roteins

The red aktins were removad

by slightly moistening the siwelled psanuts with water and slipning
off the sidns. The neamits were then ground and the oil extracted,
leavinge a fine whilte meal. This meal was dried and 50 gms. was
axhnustively extracted with 10 per cent salt solution. Hitrogen
wae determined on the filtered extract,and the results showed
quite conclusively that the tannin had no sffect on the extraction

of the zlobulinas.



SUMMARY

0il-free meal obtained by ether extraction of finely ground
shelled Virginia peanuts was found to contain 7.36 per cent nitrogen,
squivalent to 40.48 per eent orude protein (¥ x 5.5).

Ten per cent sodium cghloride solution extracted from the oil-
free meal £.41 per cent nitrogen, or 35.27 per cent aruds protein.

Exmnination of ths peamat wmeal showed the presence of only
two globuline, arachin and conarachin. Quantitative estimations
by three dilfferent methods of the relative amounts in which these
globulins were present showed that arachin constitited 20 per cent
and conarachin 8 per cent of the oil-free meal,

Arvachin 4in 10 per cent sodium chloride does not coagulate
oven at boiling temperature of the saline solution; 1% has a
speaific rotation, (a)% = «39.6. It precipitates completely
from $ts sodium chloride solution at 40 per gent saturation
with ammonium sulfate,

Uonarachin ocagulates at 80° C.; has a specific rotation,
(2)2Q = ~42.7°, and 1is precipitated at 85 per cent saturation
ﬁthnmnnim sulfate,

Practically all of the nitrogen extracted from a fresh
10 per caent sodium chloride extract of peamit meal is precipitated
by trichloracetic acid, $annic aecld, and tungatic acid, showing
that the extract contained little or no nitrogen other than that
of arachin or conarachin,

The tannin in the red skins of the peanuts has no significant



aeffect on the extraction of the globulins,

An extensive study was made of different methods employed
for the precipitation and differentiation of the intact protein
moleoule and its degradation products.

Peanuts were examined for the presence of albumins, prolamins
and glutelins, No evidence was obtained to show the presence of
these classes of proteins in significant amounts.

The use of the refractometer for the quantitative estimation
of arachin and conarachin gave results closely agreeing with those

obtained by other methods.
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