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phides, left after washing with hydrochloric acid, in aqua regia,
expel nearly all the acid, dilute, and add slight excess of tartaric
acid, and then very great excess of sodium hydroxide. Boil
and pass hydrogen sulphide through till no further precipitation
occnrs, filter iimiediately. Test the precipitate for cobalt by
borax bead. The presence of nickel in the filtrate is indicated
by its deep brown or black color. If nickel be absent tlie filtrate
will be yellow or colorless.

If uickel be present add dilute hydrochloric acid to filtrate
filter, and test the precipitate for nickel by borax bead.

The amnionium sulphide should be prepared as recently as
possible, as au excess of sulphur in solution causes the solution
of a portion of the nickel sulphide.
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HE proteids of barley have received little attention oun the

part of cliemists. Mulder® states that this grain contains

six per cent. of albuminand plant-gelatin; the latter was obtained

by extracting barley-nieal with hot alcohol, cooling the resulting

solution and treating the deposited substance with ether. Tle
couposition of this body he gave as follows:

1 2
Carboll vvevvinevvennnnns 54.93 54.75
Hydrogen -«.ovvvevniinn 7.11 6.99
Nitrogen «vvvveevernvenns 15.71 15.71
Sulphur «cevevieiiiann, 0.57 0.62
Oxygeu .................. 21.68 21.93
100.00 100.00

v. Bibra® names albumin, plant-gelatin, and casein as coustit-
uents of barley but gives no particulars couceruing these bodies
further than that they all contain on the average 15.5to 15.6 per
cent. of nitrogen.

Kreusler made an investigation of tlie proteids of barley, the

1 From the Report of the Counecticut Agrienltnral Experiment Station for 18¢4.
2 Phys. Chem., 1, 306-308.
8Die Getreidearten u. das Brod. Niirnberg, 7860, p. 504.
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results of which are given by Ritthausen.' XKreusler employed
coarsely ground meal and finely grouud flour, the latter yieldiug
purer preparations, the results being otherwise thie same.

He states that the aqueous extract of the grouud seed contaius
an albumin coagulated by boiling and of the following compo-
sition :

CArbOI s v evvn v e 32.86
Hydrogen ««oeveovoeiieen 7.23
NIEIOZEI +vvvvraennaus e 15.75
Sulphur. .o, 1.18
OXVygen coveee i i, 22.08

100.00

Tle extract made with seventy-five per cent. alcoliol contains,
according to Kreusler, three proteids: gluten-casein, gluten-fib-
rin. and nucedin.

The gluten-casein separates on cooling tlie liot alcoliolic
extract, and wlien purified by boiling with dilute alcoliol and
fractionally precipitated from solution in acetic acid lias the com-
position stated below.

1, is not corrected for ash and represents the first precipitation
from a turbid solutiomn.

2, is the secoud precipitation from a clear solution and is cor-
rected for ash.

The cold alcoliolic extract contains gluten-fibrin and mucediu.

The cowposition of these Kreusler gives as follows:

Glinten-casein. Gluten-fibrin, Mncedin.
1. 2. From meal. Fram flour. Irom meal. From flour.

Carbom -... . 53.84  53.25  55.23 54.35 5319 53.97

Hydrogen ... 7.16 713 7.24 7.27 6.65 7.03

Nitrogen ----  16.63 15.49 13.70 16,14 16.98

Sl .68

Sulphur | 22.04 22.48 24.02 b 0.6

Oxygen ) Lar.3y
100.00

These proteids were supposed to be the same as those simi-
larly named and described by Ritthausen as occurring in the
wleat kernel.

So far as tlie writer has been able to learn thie preceding su-
niary includes all that lias been published hitlierto in regard to
tlie proteids of tlie barley kernel that is now wortly of uotice.

1 Die Eiweisskoerper, ete., Bonn, 7872, . 103,



THE PROTEIDS OF BARLEY. 541

My preliminary examination of barley-meal showed that the
seeds contain proteid matters soluble in water, in sodiunichloride
solutions, and in alcohol, and that after complete extraction with
all these reagents there remains a considerable quantity of pro-
teid which cau be partly extracted by dilute potash solutions,
but the greater part of which is insoluble in any reagent hitherto
applied.

The material employed consisted of mealmade from two-rowed
barley aud of a very white barley flour kindly furnished by the
Health Food Co., of New York, both of which yielded proteids
of the same composition and properties, the preparations derived
from the flour, however, being less contaminated with coloring
matter than those derived from the nieal made from the entire
grain, including the ground husk, which was so closely adhe-
rent, as to render its renioval in the laboratory inipossible.

PROTEIDS SOLUBLE IN WATER. LEUCOSIN. PROTEOSE.

As an aqueous extract of any seed, is in reality a dilute saline
solution, owing to the salts extracted from the seed, and as the
proteid matter soluble in alcohol dissolves to a slight extent in
very dilute salinie solutions, the proteids properly solubleinwater
were obtained by extracting the meal with sodium chloride solu-
tions, dialyzing away the salts and filtering off the proteid that
thereby precipitated. In this way the proteid matter, soluble in
pure water, which had been extracted from the meal was obtained
in solution by itself. Three kilos of barley, ground to a fine
meal, were treated with nine liters of ten per cent. salt solution,
applied in successive portions, the bran being renioved by wash-
ing on a coarse cloth. The starch and other suspended matter
was allowed to settle out and the extract was filtered clear. This
solution was then saturated with ammoniuin sulphate and the
precipitate produced, after filtering out, was treated with ten per
cent. salt solution. The resulting liquid was filtered clear and
dialyzed for five days. The globulin that separated iu this pro-
cess was collected on a filter, the solution was returned to the
dialyzer for three days longer, and the very small additional
amount of substance that separated was filtered out. The clear
solution was then lieated in a watér-bath to 65°, the water of the
bath not exceeding 70°.  After an hour the coagulum was filtered
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ont, waslied with warm water, alcoliol, and ether, and dried over
sulphuric acid. This preparation, 1, weiglied 4.15 grams and
when dried at 110" l1ad the following composition:

COAGULATED BARLEY ALBUMIN, LIUCOSIN. /heparation /.

Carboll v oo e vt e e e 55,04
Hydrogemm «oov v vnen i 6,78
NITOZEN covrie e, 16.84
Sulpliur.cee o e e e P42
OXyygen «ovvnr i 21.92

100.00
Asll o oot e 0.29

Another preparation was made by treating two kilos of barley
nieal with ten per cent. sodiumn cliloride solution, squeezing ont
in a press aud repeating the process on the residue. Tle filtered
extract was saturated with ammounium sulphate, the precipitate
dissolved in dilute salt solution, subjected to dialysis and, wlien
freed from chlorides, filtered and heated to 65° in a water-bath of
70°.  'The coagulnm produced was wasled thoroughly with hot
water, alcohol, and ether, and dried over sulphuric acid. This
preparation, 2, weighed two and three-tenths grams and, when
dried at 110°, had the following composition :

COAGULATED BARLEV ALBUMIN, LELCUSIN. [reparvation 2.

[ 8 5T ) § SN 32 67
Hydrogeu.....,.........,......,. 6.77
NItrogem «oveee vvnnnnes civvie et 16,41
SUIphur‘........ B TR X I 54
Oxygen

100.00
Asll v e e i e 0.31

As this body separated slowly when its solutions were heated
to 63° it was thought possible that more than one albumin was
present which, if a fact, might be shown by analysis of prepara-
tious, precipitated in successive fractious.

Accordingly six kilos of barley-meal were extracted with ten
per cent. salt solution and the clear filtered extract saturated with
ammonium sulphate. The precipitate produced was dissolved
in briue and the solution, after filtering clear, was dialyzed until
all the the globulin had precipitated. It was tlien again filtered
clear and in order to obtain a concentrated solution the filtrate
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was saturated with amnionium sulphate, the precipitate formed
was dissolved in water, and this solution was filtered clear and
dialyzed. After six days only a very little more globulin had
separated, which was filtered out, and a portion of the clear solu-
tion was tested carefully for its coagulation point. When slowly
heated in a double water-batl it became faintly turbid at 39° and
but very little more so at 49°. The turbidity then rapidly
increased, flocks appearing at 56°. After heating at 56° for
twenty minutes the solution was filtered and again heated. Tur-
bidity occurred at 50° and flocks formed at 60°. After heating
to 65° aud holding at this temperature for sonie time the solution
was filtered and again heated. Thereupon the turbidity took
place at 70° aud a very few flocks formed at 74°. The solution
still had a just detectable acid reactionn. ‘The entire solution was
then heated with great care to precisely 56° in a large water-bath,
the temperature of which did not exceed 57°. After keeping at
this temperature for an hour the coagulum was filtered out,
washed with hot water, alcohol, and etlier, and dried over sul-
phuric’acid. This preparation, 3, weighed 0.36 gram and con-
tained, when dried, without correction for ash, 16.48 per cent. of
nitrogen.

The filtrate from preparation 3, was then heated to just 60°
for three hours, and the second coagulum filtered off and treated
as the first had been. This preparation, 4, weighed four-tenths
gram and contained, without correcting for ash, 16.74 per cent.
of nitrogen. Anmnother part of this same extract, after freeing
from globulin as above described, was dialyzed into alcohol for
three days, whereby tlie solution was coucentrated and the pro-
teid partly precipitated. In order to separate the albumin from
any proteose thrown down with it, the precipitate produced by
alcoliol-dialysis was digested with absolute alcohol for three day's
longer and then washed thoroughly with water. A considerable
part of the albumiu was thus rendered insoluble in water. and
after being further washed with absolute alcohol and ether, was
dried over sulphuric acid and found to weigh o.51 grani. This
preparatioi, 5, contained 16.30 per ceut. of nitrogen without cor-
recting for ash.

Another preparation of albummin was made in the same way, in
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order to obtain a larger quantity for complete analysis. Six
kilos of barley flour were mixed with twenty-eight liters of ten
per cent. salt solution and seventeen liters of clear filtrate ob-
tained, which was saturated with ammonium sulpliate. The
precipitate produced was dissolved as far as possible in ten per
cent. salt solution, filtered clear, and in order to reduce tlie vol-
ume of the solution it was saturated with ammonium sulphate,
the precipitate dissolved in 1000 cc. of water, and dialyzed until
entirely free from globulin. The solution was theun filtered and
dialyzed into alcohol. After being concentrated, absolute alco-
hol was added and the precipitate filtered off, washed with abso-
lute alcoliol and ether, and dried over sulpliuric acid. This
preparation, 6, weighed four and one-tenth grams. It was then
digested with water and tle insolnble matter washed thoroughly
withh water, alcohol, and ether, dried over sulplinric acid, aud
had the following composition wheu dried at 110°:

COAGULATED BARLEY ALBUMIN, 1.EUCOSIN. Freparation 6.

(@09 270} + N T 52.71
Hydrogen «veeveininiiiiiiiininn. 6.78
Nitrogen «-eeocovvevennninnaen i 16.93
Sulphur..o.oovn i 1.51
Oxygen ........................... 22,07
100.00
ASH tviiis ittt i i e i e e 0.50
SUMMARY OF ANALYSES OF COAGULATED BARLEY ALBUMIN—LEUCOSIN.
1. 2. 3.1 41 5.2 6.8 Average.
Carbon..... 53.04 52.67 Sy 52.71 52.81

Hydrogen.. 6.78 6.77 6.78 6.78
Nitrogen... 16.84 16.41 16.48 16.74 16.30 16.93 16.62

Sulphur ... 1-42} 24.15 1.51 1.47
Oxygen.... 21.92 22.07 22.32
100.00  100.00 100.00  100.00

If this proteid be compared with the leucosin’ obtained from
the wlieat and rye kernels, it will be seen that the tliree are
almiost identical in composition.

1 Not corrected for ash.

2 Not corrected for ash; coagnlated by alcohol.

8 Coagulated by alcohol.
4 Report of the Connecticut Agricultural Experiment Station, 18¢3, p. 179.
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LEUCOSIN.

Wheat. Rye. Barley.
Carbon..covvvvennn 53.02 52.97 52.81
Hydrogem.......... 6.84 6.79 6.78
Nitrogen.....oouuvn 16.80 16.66 16.62
Sulphur «evcvvvinn, 1.28 1.35 1.47
Oxygen .oovesansns 22.06 22.23 22.32

100.00 100.00 100.00

The aqueous extract of the barley kernel contains also a small
quantity of one or more proteoses, but owing to the great diffi-
culties encountered in attempting to separate these, no pure prep-
arations have been obtained.

PROTEID SOLUBLE IN SODIUM CHLORIDE SOLUTIOX. EDESTIN.

The large amount of gum extracted from barley-meal by salt
solution renders it very difficult to prepare the globulin in any-
thing like a pure state. This difficulty is further increased by
the readiness with which the globulin passes into the insoluble
or albuminate condition and is thus lost for further purification.
In only three cases was it possible to redissolve and reprecipi-
tate this proteid in sufficient quantity for analysis. In all the
extracts made, a considerable anount of globulin was precipita-
ted by dialysis in the form ot minute spheroids. So far as no-
ticed, this globulin resembled, in all respects, that found in wheat
and rye. It was readily and completely precipitated from salt
solution by dialysis and also by adding acid. When dissolved
in ten per cent. sodium chloride solution and heated, turbidity
occurred at 9o°, but no coagulum formed until the solution was
boiled, and then only a small part of the dissolved snbstance sep-
arated.

Three kilos of barley-meal were extracted with ten per cent.
salt solution, the filtered extract saturated with amnmonium sul-
phate, and the resulting precipitate filtered out, dissolved in ten
per cent. brine, and the insoluble matter removed by filtration
after adding a very small quantity of two-tenths per cent. potash
water in order to neutralize the slight acid reaction of the extract.
The solution was then filtered clear and dialvzed for four days.
The proteid separated in the form of small spheroids whichwere
filtered out, washed with water, alcohol, and ether, and after
drying over sulphuric acid found to weigh 4.02 grams. This
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preparation was dissolved in ten per cent. salt solution and again
submiitted to dialysis. After the proteid liad precipitated it was
filtered out, washed with water, alcoliol, and ether, and the final
preparation, 7, when dried at 1:0°, had the following compo-
sition:

BARLEY GLOBULIN, EDUSTIN, Freparation ;.

Carbon v o vvee vt tnte sneenecnnnnnenns 51.13
Hydrogen ......................... 6.71
Nitrogen «vovvvervorenenenineeans, 18.14
Sulphur | T 23.72
Oxygen

100.00
- ) S 0.48

Again six kilos of barley flour were extracted with ten per
cent. salt solution, the filtered extract saturated with animonium
sulphate, the resulting precipitate dissolved in salt solution and
dialyzed. The precipitated globulin was again dissolved in ten
per cent. salt solution and precipitated a second time by dialysis.
One and nine-tenths grams of preparation 8 were obtained,
having the following composition :

BARLEY GLOBULIN, EDESTIN, Preparation §.

Carbon vovr vieiii ittt i 50.82
Hydrogen «oovvviiiiiiiiiie 6.76
Nitrogen «+vevevee coveiiiis 18,16
Sulphurl 2026
Oxygen }

100.00
ASH tiit ittt e e e e e, 0.37

Another preparation was made in the same way, save that after
dissolving the ammonium sulphate precipitate in salt solution,
the proteids were again precipitated by saturation with ammo-
nium sulphate and redissolved in brine, thus yielding a solution
of smaller volume which was then dialyzed. After five days’
dialysis, the chlorides having been removed, the precipitated
globulin was treated in the usual manner and found to weigh
1.85 grams. This preparation, 9, had the following compo-
sition:
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BARLEY GLOBULIN, EDESTIN, Preparation g.

Carboml cvvevvnrtirr it cisnsnsennns 50.40
Hydrogen «+ee vt vnveiiniinieinnn, 6.48
Nitrogen ceeeee cenverieniiienenns 18.00
Sulphur} ....................... 25.12
Oxygen

100.00
ASH t vt it it i ii st it e 0.44

The foregoing analyses, although not showing the agreement
to be desired, are on the whole sufficiently alike to warrant their
publication, and for the sake of comparison they are here tabu-
lated.

BARLEY GLOBULIN, EDESTIN.

7. 8. 9. Average.
Carbon....c.vvvnn 51.43 50.82 50.40 50.88
Hydrogen «««+-.. 6.71 6.76 6.48 6.65
Nitrogen ... ... 18.14 18.16 18.00 18.10
Sulphur} ----- 23.72 24.26 25.12 24.37
Oxygen

100.00 100.00 100.00 100.00

In view of the close resemblance in properties and similarity
in composition it is the writer’s opinion that this globulin is the
same as that found in a large number of other seeds and pre-
viously described under the name edestin.' The following table
affords a,comparison of the composition of this proteid from its
different sources.

EDESTIN.
Hemp- Castor- 8qash- Flax- Cotton-
Wheat. Maize. seed. bean. seed. seed. seed. Rye. Barley.

. 51.03 §I.71 51.28 51.31 5I1.66 §51.48 51.71 §I.1g 50.88
6.85 6.85 6.84 6.97 6.89 6.94 6.8 6.74 6.65

. 18.3g 1812 1884 18.75 18.51 18.60 18.64 18.19 18.10
0.69 0.86 0.87 0.76 0.88 0.81 0.62 88

.- 23.04 22.46 22.17 22.21 22.06 22.17 22.17} - 2437

cwzmo

I00.00 I00.00 I00.00 I00.00 I00.00 I00.00 I00.00 I00.00 I00.00

On comiparing the above analyses it will be seen that the prep-
arations obtained from the cereals show the greatest deviation
from the average of these figures. This is unquestionably due
to the fact that in these seeds this substance is present in small

1Report Connecticut Agricultural Experiment Station, s8¢z, pp. 179 and 216,
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quantity and is associated with otlier bodies so that it lias been
impossible to prepare it from them in a state of perfect purity.

PROTEID SOLUBLE IN DILUTE ALCOHNOL. HORDEIN.

After extracting soo grams of barley-meal with Drine the resi-
due was treated with alcoliol added in sufficient quantity to form
with the water retained by the meal, an alcoliol of approximately
seventy-five per ceut. After digesting a short time, the meal
was squeezed out and again treated with seveuty-five per. cenut.
alcohol, and pressed out. The united alcoliolic extracts were
then filtered clear, concentrated to small volunie on a water-bath
cooled, and the proteid thus separated washed thoronghly by
kneading with distilled water. Tlie separated substance now
presented every appearance of gliadin. the proteid similarly ols-
tained from wleat aud rye. It was dissolved in g little dilute
alcoliol i1 whicl it was very readily soluble with thie exception
of a slight residue of coagulated proteid which rendered filtra-
tion extremely difficult. Tle solution was tlien precipitated by
pouring iuto absolute alcohol and the precipitate digested with
absolute alcoliol, rubbed to a powder while still moist witli alco-
hol, and treated with ether. Wlen dried over sulplhuric acid
this preparation, 10, weighed 4.34 grams, and when dried at 110°
gave oul analysis the following results:

Barlliy PROTEID, Mreparation ro.

1. 11 Average,

Carbon....eovvvnnnn 53.83 53.93 53.88
Hydrogen. .. ...... 6.72 6.92 6.82
Nitrogen..coeer-es. 17.32 17.52
Sulphur) s
Oxygen

100.00
ASH t i e e e e 0.22

Anotlier extract was made by treating 500 grams of barley-
meal with three liters of alcohol of nine-tenths specific gravity
applied directly to the freshly ground meal. Tlie extract, which
had a red-browun color, was squeezed out i1 a press aud coucen-
trated to about one-eighth of its volume. After standing over
night the mother-liquor was poured off from the proteid which
had separated in a firm mass on tlie bottom of the dish.



THE PROTEIDS OF BARLEY. 549

This was then dissolved in dilute alcohol and precipitated by
pouring into absolute alcohol. The resulting precipitate was
washed with absolute alcohol, digested with ether, dried over
sulphuric acid, and found to weigh 12.3 grams. This prepara-
tion, 11, when dried at 110°, had the following composition:

BARLEY PROTEID, Preparation I1.

Q02703 + RSN 53.78
Hydrogemn «oveesie vvrrnsnenseonens 6.51
Nitrogen «cveeeveneneinn i 17.27
Sulphur..ecvviiiiiiiiiiiiinine, 0.95
OXYZEN vovvtiviiniinisnuinieiniinns 21.49

100.00
ASh vttt ittt ittt i r i e i o.1g

The remainder of preparation 11 was then dissolved in dilute
alcohol and, after filtering clear, poured into distilled water and
precipitated by addiug a few.drops of sodium chloride solution.
This substance was again dissolved in dilute alcohol and precip-
itated by pouring into absolute alcoliol. After treating with ether
and drying at 110°, this preparation, 12, was analyzed with the
following results :

BARLEY PROTEID, Preparation r2.

Carbon +vevvienirtnarianinrsanannns 53.78
Hydrogen «veeveeeus e vnnsennnins 6.82
NitrOZem «oevervennrtvensunnsnnvans 17.16
Sulphur coeves ciiiit ciiiin e 0.93
(0347213 « B 21.31

100.00
- XY « T 0.86

Three kilos of barley-nieal were treated with ten per cent. salt
solution and washed ou a coarse cloth until only the bran and
larger particles of ineal remained. This residue was then ex-
tracted with alcohol of nine-tenths specific gravity, yielding a
deep red solution, which was filtered through animal charcoal;
but only a part of the coloring-matter was removed. The clear
solution was next concentrated on a water-bath, poured into
absolute alcohol, and the resulting precipitate digested with
absolute alcohol and treated with ether, giving preparation 13,
weighing thirty grams and, when dry, having the following
coniposition :
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BARLEY PROTEID, Freparation 15.

L 11 Average,

Carbolt.vvver v vnns 55,80 53.70 5375
Hydrogeu.......... e 6.78 6.8
Nitrogen...oooooo.. 17.48 17.33 17.41
Sulpliur ...........  0.93 0.03
OXYZEeI v vvvvnvinns 71.13

100.00
ASH ittt e it e et e, 0.25

A portion of the solution from which preparation 13 had been
obtainied was precipitated separately by pouring iuto strong alco-
liol and adding a few drops of salt solution. The precipitate
was treated in the usual manner and gave a preparation, 14,
containing much less coloring-niatter than the preceding and
having the following coniposition :

BARLEY PROTEID, eparalion 4.

Carboml vevveevenee ot sina e enns 54.32
Hydrogen «eeeeeeeercece iiivuanns, 6.74
_\'itrogen .......................... 17.13
Silphur)
e eees b sses e e .81
Oxygen ) Z
100.00
I XY « I I 1.43

The starchy portion of the barley-meal whicli liad been
washed thirougl the clotli, as described, was thoroughly extracted
witlh salt solution and then with dilute alcohol, the extraction
being repeated until the proteid was completely removed. The
united extracts were filtered and concentrated to two-thirds of
their volunie by distillation when the solution was poured into a
dish and the evaporation continued. The proteid separated asa
skin on the surface of the liquid and as a solid niass on the bot-
tom of the dish. When reduced to about one-half the volunie
of the original liquid the hot mother-liquor was decanted from
tle separated proteid which formed a tough mass of a piuk
color. This was washed with water and redissolved in dilute
alcoliol, giving a deep red solution whicli was poured into abso-
lute alcohol and the mass of substance that separated was cut
up with scissors into small pieces and digested witlh absolute
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alcohol and with ether. When dried over sulphuric acid this
preparation, 15, was pinkish in color and weighed thirty grams.
Dried at 110° aud analyzed the following results were obtained:

BARLEY PROTEID, Preparation 15.

Carbon +vvvtiiiit i i i e 54.00
Hydrogen ......................... 6.72
Nitrogen «vvevevvveiiiiiiiiienianns 17.49
Sulphur) 21
Oxygen } 79
100.00
- XY « N 0.95

The mother-liquor decanted from preparation 15, was still
further concentrated and allowed to cool over night. Only a
little substance separated which, however, was washed with
water, redissolved in dilute alcohol, and precipitated by pouring
into much distilled water to which a little salt had been added.
On standing about thirty-six hours the milky solution cleared
and tlie proteid was found in a transparent layer at the bottom
of the vessel. After treating with absolute alcohol and ether
and drying over sulphuric acid, preparation 16 was obtained
weighing seven gramis and having when dried, the following
coniposition :

BARLEY PROTEID, Preparation r6.

Carbom voveer ittt ittt 53.90
Hydrogen «voovv v iiiiiiiiiinnnn, 6.63
NItTOZEM v vvveverennarnssenssnenns 17.08
Oxygen \ ...
Sulphur ) 22.39
100.00
- =) « TS 0.23

As this proteid resembled gliadinso closely in its physicaland
chemical properties it seemed .important to subject it to very
thorough fractional precipitation in order to determine whetler
it was a mixture of gliadin with another body or a new, distinct
proteid. Another extract was niade by treating three kilos of
freshily ground barley-meal with ten per cent. salt solution,
squeezing out in a press, and treating the residue again in the
saie way. The meal residue was then mixed with alcohol in
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quantity sufficient to make, with the water retained by the meal.
an alcoliol of about forty per cent. After squeezing out the
liquid, alcoliol was again added to the residual meal sufficient to
increase thie streugth of the solvent to seventy-five per ceunt.
After digesting for some time the extract was squeezed out and
found less colored than the first dilute alcolm! extract.  This
second extract was concettrated by distillation to =mall volmile
aud cooled giving a deposit of proteid much whiter than auay
previously made. The mother-liquor from this precipitate was
pourcd into absolute alcoliol znd a sccond precipitate obtained.
Tlie two precipitates, when united, dehivdrated iu the usual way,
treated with etlier, aud dried over sulplirie acid, weigled
twenty-two grams,  Dried at 110° this snbstance liad the follow-
ing coniposition :

BarLEY PrROTEID, Preparation 77,

Carbotl v v ee i e 54,50
Hydrogen «covvver oo e e 5.67
NITOQEI «rvv v cin v oo oe 17,47
Sulphur..ov covv i .81
Oxygen ........................... 20,72

SRS &

About eighteen grams of this preparation were dissolved in
alcoliol of o.g specific gravity and absolute alcoliol was added
until a cousiderable precipitate resulted, wlen the mixture was
heated o1 a water-bath until tlie precipitate dissolverl. The
solution was then cooled aud after standing some time the
mother-liquor was decanted {rom the separated substance. This
precipitate was marked I. The solution decanted from I, was
furtlier treated with absolute alcoliol and a second precipitate IT,
obtained in the samie way. The niother-lignor from II was
mixed with a large quantity of absolute alcoliol and, as the pro-
teid did not separate, a few drops of salt solution were added
and thie resulting precipitate III filtered off and treated with
absolute alcoliol and etlier in the usual manuer.

In the first place, precipitate I was dissolved in a small quan-
tity of seventy.five per cent. alcohol and absolute alcohol was
added until the precipitate began to reappear. The wlole was
heated until the precipitate again dissolved wlereupon the solu-
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tion was cooled. The substance which separated settled out
leaving the solution milky. The mother-liquor was decanted
from the small anount of deeply colored proteid which adliered
to the bottom of the beaker, and this deposit was dissolved in a
little seventy-five per cent. alcohol, treated with absolute alco-
hol, aud the opalescent solution so produced mixed with a little
etlier. This gave a very small precipitate, almost black in color
and very sticky. The solution decanted from this small deposit
wastreated witha drop of potassium acetate solutionand tle result-
ing precipitate, after washing with absolute alcoliol and etlier,
dried over sulphuric acid. It formed a light pink powder,
preparation 18, weighing 0.65 gram and when dry contained,
ash-free, 16.60 per cent. of nitrogen. Its ash couteut was 1.04
per cent. The mother-liquor, decanted from the first precipita-
tion of 18, was treated with a drop of potassium acetate solution
and the precipitate produced allowed to settle. After standiug,
the substance settled out and adhered to the bottown of the
beaker in a solid mass, from which the clear supernatant solu-
tiou was decanted. This solution after treatment with absolute
alcohol yielded a precipitate which, washed with absolute alco-
hol and ether, and dried, formed preparation 19, weighing 1.79
grawus and having the following composition:
BARLEY PROTEID, Preparation 19.

Carbotl ve vttt ittt iitiian e 53,85
Hydrogen ......................... 6.69
Nitrogen .......................... 17.22
Sulphur) = 22.24
Oxygen /

100.00
- XY « TSSO 0.40

The substance deposited after the addition of potassium ace-
tate to the solution fromi which 19 was derived, was dissolved in
seventy-five per ceut. alcohol, absolute alcoliol added to the
solution, and the resulting precipitate dissolved by heating. On
cooling, a part of thie proteid separated and after this had set-
tled, tlie liquid was decanted and mixed with absolute alcoliol,
and ou treating the precipitate in the usual manuer preparation
20 was obtained, which when dried weighed 1.18 gram aud gave
tlie following results on analysis :
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BARLEV PROTEID. Freparation 20.

Carbon ... cooviiiiiis 54.33
Hydrogen ..............cooc0 o 6.81
Nitroget ............ P P 16.63
Sulphur i 21.93
Oxygen !

100.00
ASh. 0.58

The substance deposited by cooling the solution from which
20 was obtained was ouly partly soluble in dilute alcoliol. It
was accordingly treated with seventy-five per cent. alcohol and
allow to stand until the insoluble matter had settied out. The
clear liquid was then decanted and completely precipitated with
absolute alcohol. The separated substance was washed with
absolute alcoliol and ether and when dry weiglhed 0.81 gram.
This preparation, 21, coutained, ash-free, 16.65 per cent. of
nitrogen and 0.32 per cent. of ash. The insoluble matter just
described, after washing by decantation with seventy-five per
cent. alcohol, was treated in the usual manner and yielded prepa-
ration 22, weighing 1.56 grams aud having the following coui-
position :

BARLEY PROTEID. Preparation 22.

Carbon ....oooviiiiiii 53.91
Hydrogen .....oooviiiiin, 6.77
NItrogen ..oooovviiiiiiiiiiiiiiiiiniiananis 17,00
Sulphur - 22.32
Oxygen !

100.00
Ashociiiiiii 0.71

Precipitate II was dissolved in a little seventy-five per cent.
alcohol and the solution mixed with absolute alcohol. Tle
resulting precipitate (a) was dissolved by heating and the solu-
tion cooled, whereupon a part (&) of the proteid was precipi-
tated. The supernatent solution was poured off, mixed with
absolute alcohol, and this precipitate {¢) which contained all the
proteid remaining was dehydrated with absolute alcohol and
washed with ether, giving preparation 23, weighing two and
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two-tenths grams and having, when dry, the following composi-
tion :

BARLEY PROTEID. Preparation 23.

I. II. Average.

Carbon.....coveveeinnns 54.63 54.68 54.65
Hydrogen............. 6.62 6.50 6.56
Nitrogen .............. 17.16 ... 17.16
Sulphur} .63
Oxygen

100.00
- ) « 0.32

The substance (%), deposited on cooling the solution as above
described, was dissolved in seventy-five per cent. alcohol and
partly precipitated by adding absolute alcohol. After redissolv-
ing the precipitate by the application of heat, the solution was
cooled and allowed to stand some time to deposit the precipitate
which formed. The liquid was then decanted and the separated
substance treated with absolute alcohol and ether, yielding prepa-
ration 24, weighing 3.11 grams and having the following cow-
position after dryiug at 110°.

BARLEY PROTEID. Preparation 24.

Carbon ...ooviiiiiiiiiii 54.27
Hydrogen........ooenuet . e 6.67
NItrogen ...coovivviiiniienens cevennnenn 17.39
Sulphur } .............................. 21.67
Oxygen

100.00
Ashiiiiiiiiii, 0.32

To the solution from which 24 separated, absolute alcohol was
added in considerable quantity and the proteid thus thrown down
was dehydrated with absolute alcohol and washed with ether.
When dried thiis preparation, 25, weighed 0.87 gram and, with-
out correction for ash, contained 17.28 per cent. of nitrogen.

Precipitate III was treated with absolute alcohol and with
ether, and dried over sulphuric acid. It weighed 1.63 grams
and its composition after complete drying was :
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BARLEY 'ROTEID.  /reparation 26.

Carbon ...........o . 53.30
Hydrogen..................c 7.02
NItrogen ..o e 17.49
St
Sulphur Y 22.10
Oxvgen

100.00
Ash 0.59

If these figures are compared it will be seeu that no fractional
separation has been effected, the variations in the results being
1o greater than in the preparations previously described.
Preparation 18 is low in nitrogen, but this is doubtless due to
its containing nearly all the imipurities precipitable from tle
solution. Preparation 21 is also low in uitrogen but this was
the most colored of all tlie preparations and as 1t was also small
in quantity tlie accuracy of the analysis could not be confirnied.
Excluding these two preparations tlie results agree fairly as
shown by the following table :

SUMMARY OF THE PRECEDING FRACTIONAL PRECIPITATES.

original

subsance
1g. zo. 22. 23. 24. 23 17.
Carbon ... 53.85 5433 33.91 35465 5427 54.30
Hydrogen 6.69 6.81 6.77 6.36 6.67 6.67
Nitrogeu.. 17.22  16.93 17.00 17,16 17.3 17.28 17.47
Sulphuri 22.24 21.93 22.32 21.63 21.67 21.56

Oxygen ! .

100.00 100,00 100.00 100.00 100.00 100.00  100.00
Weight ... 1.79 1,18 1.36 z.2 3.11 0.87 1.63  18.00

As all the preceding preparations were made by extracting
barley-meal whicli contained a large quantity of brau, they were
miuicl contaminated with coloring-matter.

In order to obtaiu products free from color 880 grams of fine
ground ‘' pearled barley’ (4 commmercial preparation of barley
made by rubbinug off the outer coat of tlie grain), were treated
with salt solution, and after squeezing out tBe excess of liquid,
the residue was digested with seveuty-five per cent. alcohol.
The extract was then filtered. coucentrated to small volume,
cooled, and the mother-liquor decanted from tlie separated pro-
teid. ‘T'hiis was then dissolved in dilute alcohol, tlie solution
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poured into distilled water, and the proteid thrown down by
adding a little salt. The precipitate was again dissolved in a
small aniount of dilute alcoliol and reprecipitated by pouring into
absolute alcohol, digested with absolute alcoliol for some tiule,
then with etlier, dried over sulphuric acid, and found to weigh
eight grams. This preparation, 27, was pure white and had the
following composition when thoroughly dried:

BARLEY PROTEID. Preparation 27.

Carbon .vviviiiiiiiii e 54.37
Hydrogen .....cccovvveiiienieneniinnens 6.81
Nitrogen ....oovvviiiiiiiniiinennnens 17.33
Sulphur..ccooiiiiiiiiiniiiic s 0.88
105371 L3 « D 20:61

* 100.00
ASh e 0.48

Another preparation was made by extracting six kilos of bar-
ley flour with salt solution and then treating the residue with
alcohol added in sufficient quantity to inake with the water of the
brine, which still adliered to the meal, as nearly as possible
seventy-five per cent. alcoliol. After standing over night the ex-
tract was filtered off, concentrated to about one-third its original
volume, and cooled slightly. The proteid that now separated
out from the hot solution was removed from the liquid, rinsed
with water, dissolved in a very little dilute alcohol to a thick
syrup, and reprecipitated by pouring into absolute alcohol. The
substance was then cut up into small pieces and digested with
absolute alcohol and also with ether. When dried over sulphuric
acid seventy-eight grams of a pure white preparation were ob-
tained. Twenty-five grams of this were then dissolved in seventy-
five per cent. alcohol and the clear solution poured into a large
volume of distilled water. A part of the substance separated,
leaving the liquid milky. The milky solution was decanted from
tlie separated substance and the latter was washed with water
in which some of it dissolved. The turbid liquid and washings
were united and precipitated with a little salt solution. After
standiug over night the proteid separated as a transparent viscid
liquid on the bottom of the vessel in the sanie way as gliadin
does under siniilar conditions. After decanting the supernatant
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liquid tlie deposit was dissolved in dilute aleoliol and precipitated
by pouring its solution into absolute alcohol. The separated
proteid was thien digested with absolute alcohol and with etlier,
and dried over sulphuric acid. A pure white preparation, 28,
resulted, whiclh wlen dried at 110° had the following coniposi-
tion :

BARLEY PROTEID.  Mreparation 28.

Carboml ...oovi 54.02
Hydrogen.....................ooee 6.79
NItrogen ..o, 17.38
Sulphur.......... 0.84
OXYEeN..oiiiiii 20.97

100.00
) + N 1.00

T'lie mass whicli separated on pouring the alcoliolic solution
into water, as above described, was dissolved in seveuty-five per
cent. alcohol and, as it contained a little insoluble proteid which
rendered filtration impossible, the solution was allowed to stand
over unight. The clear supernatant solution was tlien poured off
and concentrated to about one-third of its volume and cooled.
Tlie proteid whicl separated was again dissolved iu dilute alco-
hol and precipitated by pouring into absolute alcohol. After
tliorough dehydration with absolute alcohol and digestion with
ether, the substance was dried over sulphuric acid and yielded
preparation 29, whiclh was white in color and weighed 5.46
grams. This substauce, when dried, had the following compo-
sition:

BARLEY PROTEID. Preparation 29.

1. 11. Average.

Carbon................. 54.48 54.54 54.51
Hydrogen............. 6.70 6.79 6.75
Nitrogen.............. 17.22 17.18 17.20
Sulphur) 21.60 21.49 21.54
Oxygen

100.00 100,00 100.00
Ashociiiiii s 0.32

Another preparation was made without lieating, by pouring a
part of the original extract from which preparatious 28 and 29
were derived into a large amount of distilled water and allowing



THE PROTEIDS OF BARLEY. 559

the separated substance to deposit. After some time this settled
and the supernatant liquid was poured off, the precipitate washed
with water, dissolved in cold dilute alcohol, and the solution
poured into absolute alcohol. The precipitate produced was
digested with absolute alcohol and then with ether and dried
over sulphuric acid, yielding a pure white preparation having,
when dry, the following composition:
BARLEY PROTEID. Preparation 30.

L7 T « P 54.23
Hydrogen...oooovvviiniiniiiiniininnnnn,. 6.83
Nitrogen ...coveevivenninneeerneeennnnn, 17.27
Sulphur....oociiiiiiiin, 0.75
(0514741 O 20.92

100.00
7 ) < D 0.17

In order to obtain a larger quantity of a colorless preparation,
five kilos of barley flour were treated with 10.5 liters of seventy-
five per cent. alcohol, and after standing sonie time the extract
was filtered off and six liters of clear solution obtained. This
was then concentrated to one-third its volume and rapidly cooled.
The proteid separated as a bulky plastic mass, which, after de-
canting the mother-liquor, was macerated with about 500 cc. of
distilled water, the washings were poured off, and the mass of
proteid dissolved in 500 cc. of seventy-five per cent. alcohol,
yielding a solution of a pale yellowish brown tint. This solu-
tion was poured in a thin strean into a quantity of distilled water,
and the separated proteid, after removal from the liquid, was
again dissolved in seventy-five per cent. alcohol, and the per-
fectly clear solution poured in a small stream into a large quan-
tity of absolute alcohol. As the soluble salts had been almost
completely removed the proteid did not separate even after ad-
mixture of 800 cc. of absolute ether. Three or four cc. of salt
solution were therefore added to the milky liquid, and an imme-
diate precipitate resulted which rapidly settled, leaving the solu-
tion clear and free from proteid, This mixture of absolute alco-
hol and ether retained all the fat present in the proteid before
precipitation, and also some coloring-matter, the liquid beiug
yellow. The solution was decanted and the voluminous precip-
itate treated with successive portions of absolute alcohol, and
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obtained as a snow-white grannlar substance, weighing, wlhen
dried over sulphuric acid, ninety-tiirce grams. This prepara-
tion, 3., liad the following composition when dried at 110°:

BaRrLEY PrROTEI. reparalion 51,

1 11, Average.

Carbotr....ooooeoviit 54.18 34.31 54.25
Hydrogen .. 6.98 6.65 6.82
Nitrogen 17.20 17.30 17.25
Sulphur 0.84 A .84
Oxyvget........oo.. e e 20,84

T, 0
Asll Lo 0.0

Tu order to make certain that this proteid, whicli so closely
resembled gliadin inn every respect but composition, was not that
substaice contaminated with {at. a portion of this preparation
was ground to a very fine powder aund washed for a long time
with hot ether in an extraction apparatus. Only a trace of sub-
stalice was removed by this treatment, and the proteid after dry-
ing, liad the sanie composition as before, as the following figures
show:

BARLEY PROTRID.  Preparalion 32.
Carbon ..o
Hydrogen
Nitrogen.........oooennns

Sulphur.........
OXYEeM.oviiiiiiiiiii

106,00
J N T P 0.25

Auother portion of 31 was dissolved in two-tenths per cent.
potash water, yielding a clear solution, wlhicli was precipitated
by neutralization with two-teuths per cent. hydrochloric acid.
The precipitate waswashed with water, deliydrated witl absolute
alcohol, washed with etlier, and analyzed with tlie following

results:
BARLEY PROTEID. Preparation 33.

Carbon ..viviiii 54.21
Hydrogen . 6.87
Nitrogen................ e 17012
Sulphur... . 076
(051337 =4=3 « 21.04

100.00
Al i e 0.23

Preparation 31 was tlien subjected to fractional precipitation
in order to make sure that it was 10t a mixture of two or more
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proteids. ‘Twenty-five grams were dissolved in 300 cc. of alcohol
of 0.863 sp. gr. by lieating on a water-bath, and the solution was
quickly cooled. After adding a few drops of ten per cent. salt
solution the most of tiie proteid separated in a cohereut mass,
leaving the liquid clear. After decautation, tlie residue was
treated in tlie same way again, the decanted solutions being
united. The residue was again dissolved and absolute alcohol
added to tlie hot solution until a considerable precipitate resulted,
wlen it was lieated until clear aud theu cooled. A few drops of
salt solution were then added and the proteid precipitated, leav-
ing the solution slightly milky. This liquid was joined to tlie
two solutions from which the proteid hiad been previously sepa-
rated, and a little more salt solution added to tlhie mixture,
thereby precipitating the remainder of the dissolved proteid.
After decauting tlie liquid from the separated substance tlie lat-
ter was treated with absolute alcohol and gave preparation 34,
representing thie fraction soluble in tlie strongest alcoliol and
having, when dry, the following comiposition:
BARLEY PROTEID. Preparation 34.

Carbon ....ovviiiiiiiis e 54.32
Hydrogemn, ...oooviiiiviiniciieniinnns 6.7
NItrogemn ..ooovvviviiiiiiiiiiiieeenes 17.02
Sulpliur.coviiic 0.94
Oxygen....cocoiviiiiiiiiiiiiiinne, 20.94
100.00
Ash. i 0.21

The proteid, which had been precipitated during the prepara-
tion of this substance as just described, was dissolved in alcoliol
of 0.865 sp. gr., and the solution cooled rapidly by innmersing in
cold water. When a part of tlie substance liad separated tle
solution was decanted and the separated substance treated with
absolute alcohol. Preparation 35 was tlius obtained, which gave
the following figures on analysis:

BARLEY PROTEID. Preparation 35.

[QF: 3 ¢ 1o 3 S E 54.47
Hydrogen..........ooiviinnninn 7.01
NItrogen ...ooiviiiiiiiiiiiini, 17.15
Sulpliur..cvcviiriec e 0.74
(05 3 N 20.63

100.00
Asho e 0.43
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The above preparation represented the portion least solublein
strong alcohol. The solution decanted from this preparation was
precipitated with absolute alcohol and a few drops of salt solu-
tion, and the resulting precipitate, after the usual treatment,
yielded preparation 36, having the following composition:

BARLEY PROTEID. Preparation 36.

Carbon ... 54.37
Hydrogen................o.oiieen L. 6.81
Nitrogen .......ooovviiiiiiiinnnnines 17.30
Sulphur.......oo 0.84
(0.9 7 {3 « 20.68

100.00
Asho.iiiiiiii e 0.38

The following table includes all analyses of the preparations
which were free from coloring-matter.

HORDY¥IN. BARLEY PROTEID SOLUBLE IN DILUTE ALCOHOL.

27. 28. 29. 30. 31, 32.

Carbon ........ 54.37 54.02 54.51 54.23 54.25 54.20

Hydrogen..... 6.81 6.79 6.75 6.83 6.82 6.58

Nitrogen...... 17.33 17.38 17.20 17.27 17.25 17.07

Sulphur....... 0.88 0841 0.75 0.84 0.91

-54

Oxygen........ 20.61 20.97 20.92 20.84 21.24

100.00 100.00 100.00 100.00 700.00  100.00

33. 34. 35. 36. Average.
Carbon............... 54.21 54.32 54.47 54.37 54.29
Hydrogen........... 6.87 6.78 7.01 6.81 6.80
Nitrogen ............ 17.12 17.02 17.15 17.30 17.21
Sulphur...........0 0.76 0.94 0.74 0.84 0.83
Oxygen ..oooveenninns 21.04 20.94 20.63 20.68 20.87

100.00 100.00 100.00 100.00 100.00

This body differs essentially from all the well-defined plant
proteids now known. As it appears to be characteristic of bar-
ley, I propose to adopt for it the latterly disused naine Aordein,
which was first applied about 1870 by Proust' and ten years later
byHermbstddt® to certain products of their attempts to isolate the
proximate principles of this cereal.

Hordein appears to have been obtained nearly pure frow bar-

1 Ann. chim. phys.. §, 337.
2 J. tech, Chem., 12, 46.
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ley flour by Kreusler, as snown by the following comparison of
his analysis with the average above given.
BARLEY PROTEID SOLUBLE IN DILUTE ALCOHOL.

Kreusler. Osborne.
Carbon.... vevviiiiineiniinennns 53.97 54.29
Hydrogen......oooveererenens 7.03 6.80
Nitrogen ....ocvevvviensnnineens 16.98 17.21
Sulphur......iinn 0.68 0.83
OXygen...ooviiiiiniiinninnnnns 21.34 20.87

100.00 100.00

Ritthausen regarded this proteid as identical with the mucedin
believed by him to occur in wheat and rye, but which, as my
investigations prove, does not exist in those grains.

Toward water my different preparations of hordein behave
somewhat differently. Preparations dried over sulphuric acid
and still retaining a little alcohol dissolve in cold water to a
greater or less extent according to the amount of alcohol present.
When dried completely at 110° so that all the alcohol is removed,
very little hordein dissolves in cold water and slightly more on
raising the temperature. Solutions thus niade with hot water
do not precipitate on cooling or coagulate on boiling although
they give no inconsiderable precipitates on adding salt. A
large number of preparations of this proteid and of wheat gliadin
were thus tested and compared under similar conditions. The
gliadin showed variations in solubility in the same way as the
barley proteids, but throughout was inuch more soluble than the
latter, yielding solutions with warm water which were precipita-
ted by cooling. As drying at 110” tends to render more or less
of these proteids insoluble in seventy-five per cent. alcohol it is
not possible to say definitely whether the difference was due to
original difference in properties of the two proteids tested or to
the drying. It is the opinion of the writer that the hordein of
barley is decidedly less soluble in water than the gliadin of
wheat.

Toward alcohol the hordein behaves, so far as could be
detected, exactly like gliadin. Invery dilute acids and alkalies
it is readily soluble and is precipitated by neutralization. Dis-
solved in concentrated hydrochloric acid a beautiful crimson
color is produced similar to that given by gliadin under like
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couditions. With a warm mixture of equal volimes of water
and concentrated sulphuric acid a red color is given by lordein,
not a purple red as by gliadin.

Tlie most marked difference between hordeirs and gliadin isin
composition, since hordein comntains one and a half per cent.
more carbou, one and a half per cent. less nitrogen, and threc-
tentls per cent. less sulphar than gliadin,

In the extraction last describal sooo grams of barley flour
were treated with ro.3 liters of alcoliol, and the extract obtained
measured six liters, whicit was cquivalent to 37.1 per cent. of the
whole solution emploved. If we assimme, as is very nearly true,
that this was equal to a complete extraction of 37.1 per cent. of
the flour, thie proteid obtained was equivalent to all the alcoliol
soluble proteid contained in 2855 grams of flonr.  In addition to
the mninety-three gruins of proteid above described, tliere was
obtained a further guantity weigliug, when thoroughly dried
over sulpliuric acid. 17.35 grams, thus making in all 110.5 grams,
This quauntity ix 3.87 per cent. of the 28335 yrams extracted.
In order to confirn these figures 500 grams of barley flour were
extracted withh two liters of liot seventy-five per cent. aleoliol,
squreczed ont i a press and the residual meal treated again in
thie same way with anothier liter of alcoliol and the nnited
extracts filtered ciear and concentrated by evaporation.  All the
proteid contained 11 the solution separated on cooiing and was
waslied with etlier, thienn delivdrated with absolute alcoliol, again
digested with cther, and dried completely over sulpliuric acid.
Twenty and two-tenths granis of proteid were thus obtalied
eqnal to .04 per cent of the flonr. We may therefore assume
thiat this barley flour contained about four per cent. of the aleo-
liol-soluble proteid, lhordein.

FROTEID INSOLUBLE IN WATER, SALINE SOLUTIONS, AND
ALCOHOL.

The proteids thius far described form ouly a part of the total
proteids of the seed. Oue lmndred grams of barley flour were
extracted, first, with a large excess of five per cent. salt solution
and then, repeatedly, withh liot seveutyv-five per cent. alcohel.
Tlie residue, washed witlh absolute alcoliol and thoronglhly air-
dried, weigled seventy-one grams and contained 1.07 per cent.
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of nitrogeu. The air-dry flour, before extraction, contained 1.83
per cent. of nitrogen. The 100 grams of flour therefore cou-
tained 1.83 gramis of nitrogen and the residue, after extraction,
contained 0.76 gramns. The nitrogen removed by the solveuts
therefore amounted to 58.3 per cent. of the wlhole.

If we assume that the nitrogen all belonged to proteid-matter
containing seventeen per cent. of mnitrogei, the flour included
10.76 per cent of proteids, of which 58.3 per ceut. was soluble in
the reagents used iu extracting the proteids already described.
We have therefore 10.76—6.28 = 4.48 per cent. of proteid unex-
tracted. It was only possible to obtain this proteid by treating
the residue witl potash water. All attempts, however, to thus
prepare it in quantity sufficient to yield preparations of even
approximate purity resulted in comnplete failure.

The previous extraction of the flour to remove the proteids
already described seemed to render, tc a great extent, the
remaining proteid insoluble in potash water and only insignifi-
cant precipitates resulted on neutralizing the extracts. The
barley flour also contained a large quantity of gum which ren-
dered the filtration of the alkaline extract very difficult, as this
gum dissolved freely in potash water. As the proteids prepared
from the barley flour are all so similar to those obtained from
wheat flour it is most probable that this seed also contains a
considerable quantity of proteid soluble only in dilute alkaline
solutions, but, as in the case of rye, the writer was uuable to
obtain results of any value whatever in regard to it.

CONCLUSION.

The barley kernel contains :

I. Leucosin coagulating at 52°, which is the same as the albu-
min found in the wheat and rye kernels. Its compositiou, as
shown by the average of six analyses, is:

[GF5 o TeT « DO 52.81
Hydrogen...cooovoiviviiineeiiiinennens 6.78
Nitrogen .....oooovviviiiiiiiiiiinnnans 16.62
Sulphur ...eviiiii 1.47
(05,4771 T U 22,32
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This substance forms about three-tenths per cent. of the seed.

IT. A small quantity of proteose, the reactious aud composi-
tion of whicl conld uot be definitely ascertained,

IT1. Edestin, a globulin which is thie samc as that found iu
tlie wheat and rye keruels and in a large number of other seeds.
Its composition is approximately shown by the figures given
below. Owing to tlie small amount of this body and the diffi-
culty in preparing it, no perfectly pure preparations were
obtained.

Carbom ... 50.88
Hydrogen........oooeviiiiiiiianininnns 6.63
Nitrogen ......oovviiniriniiiiinninn, 18.10
Sulphur)
PN 24.;
Oxygen | _ifz
100.00

This is the proteid comnionly known as vegetable vitellin. It
is precipitated from saline solutions by dilution and by dialysis,
is 1ot coagulated by heating below go°, and above that tempera-
ture only partially. It is not precipitated by saturating its solu-
tion with sodium chiloride, but is thrown dow froin saline solu-
tious by adding acid.

IV. Hordein, a proteid insoluble in saline solutions, very
slightly soluble in pure water, and extreniely soluble in alcohol
of about seventy-five per ceut. This is tlie barley proteid
described by Ritthausen as mucedin. It lias almost the same
pliysical and cliemical properties as gliadin obtained from wheat
and rye kernels.but a different composition.

CarbOIl L i e 34.29
Hydrogen......... ..., 6.80
NS 13 {o7:{-) ) SRS 17.21
Sulphur ... 0.83
Oxygen .................................. 20.87

100.00

About four per cent. of the seed consists of this substance.

V. After extractinug the barley flour with salt solution and
with alcohol the residue still contained forty-two per cent. of the
total nitrogeu, corresponding to proteid-matter equal to about
four and five-teutlis per cent. of the flour. It was 1ot possible
to extract more than a very small amount of this residual pro-
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teid with dilute potash water, as the treatment for removal of the
other proteids rendered it insoluble, if it were not so already.

VI. The barley flour contained 1.83 per cent. of nitrogen, and
if it be assumed that this all belonged to proteid-matter with
seventeen per cent. of nitrogen, the flour would contain 10.75
per cent. of proteids. The barley accordingly contained about
four and a half per cent. of insoluble proteid, four per cent. of
hordein soluble in dilute alcohol, three-tenths per cent. albumin,
and 1.95 per ceut. of globulin and proteose.

THE DETERMINATION OF NITROGEN IN FERTILIZERS
CONTAINING NITRATES,'

By H. C. SHERMAN.
Received April 13, 1893,

S soon as the accuracy of the Kjeldahl method for the deter-

mination of nitrogen was generally recognized, attention
was turned toward the discovery of some simple modification by
which it could be made applicable in the presence of nitrates.

Asboth (Chem. Centrbl., 1886) recommended the simple addi-
tion of benzoic acid to the decomposing mixture. It was soon
found that this method was not sufficient.

The following year, two methods were brought before the As-
sociation of Official Agricultural Chemists, one by Mr. Scovell,
the other by Mr. Farrington. The principal difference consisted
in the use of salicylic acid with the sulphuric acid to fix the
nitrogen oxides by the former, while phenol was used forthe same
purpose by the latter. Both used zinc dust as the reducing
agent. The Scovell method was adopted and remains practi-
cally unchanged.

In 1890, the Association sanctioned the use of zinc sulphide as
a reducing agent. In case of its use the acid mixture was to
contain one gram of salicylic acid instead of two. The use of
zinc dust with two grams salicylic acid was retained.

In 1892, sodium thiosulphate, which had been used for redu-
cing nitrates in the Rufle method, was adopted as a third redu-
cing agent, and it was directed that five grams of the crystalized
salt should be added ‘* direct.”

1 Read before the Washington Section.

5-21-95



