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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 
occurs, filter immediately. 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 the 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 ammonium sulphide should be prepared as recently as 
possible, as an excess of sulphur in solution causes the solution 
of a portion of the nickel sulphide. 

THE PROTEIDS OF BARLEY.’ 
BY THOMAS B. OSBORNE. 

Recei%ed Apri l  I, 1895. 

HE proteids of barley have received little attention on the T part of cheinists. Mulder2 states that this grain contains 
six per cent. of albumin and plant-gelatin ; the latterwas obtained 
by extracting barley-meal with hot alcohol, cooling the resulting 
solution and treating the deposited substance with ether. The  
composition of this body he gave as folrows : 

I 2 .................. Carbon 54.93 54.75 
Hydrogen 7.11 6.99 
Nitrogen 15.71 15.71  
Sulphur  ................. 0.57 0.62 
Oxygen .................. 2 I .68 21.93 

............... 
................ 

- - 
100.00 100.00 

v. Bibra3 nanies albumin, plant-gelatin, and casein as cotistit- 
uents of barley but gives no particulars coiicerning these bodies 
further than that they all contain on tlie average 15.5 to 15.6per 
cent. of nitrogen. 

Kreusler niade ail investigation of the proteids of barley, the 
1 Froni the Report of the Comect icu t  Agriciiltural Hxperitiient Station for 1%. 

9 Phys. Cheni.. 1. 306-309. 
SDie Getreidearten u. d a s  Brod. Niirtiberg, 1860. p. j04. 
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results of which are given by Ritthauscn.’ Kreusler employed 
coarsely ground iiieal and finely ground flour, the latter yielding 
purer preparations, the results being- otherwise the same. 

H e  states tliat the aqueous extract of the ground seetl coiitaiiis 
an albumin coagulated 1)y boiling aritl of tlie follo\viiig coiiipo- 
sition : 

Carl)oii . . . . . . . .  

.................... Sitrogen IL5.75 
Sulyliiir . . . . 1.18 

Oxygen ..................... 23.qS 

100.00 

___. . 

The  extract made with seventy-five per cent. alcolioi contains, 
according to Kreusler, three proteids : gluten-casein, gluten-fib- 
rin, and niucetlin. 

The  gluten-casein separates 011 cooling the hot alcoholic 
extract, and wlieii purified by boiling with tliIute nlcoliol aiitl 
fractionally precipitated from solution in acetic acid has the coin- 
position stated below. 

I ,  is not corrected for ash aiid represents the first precipitatioii 
from a turbid solution. 

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

The  cold alcoholic extract contains gluten-fibrin and niucetlin. 
The conipositioii of these Krcuslcr gives as  follows : 

Carlmii . . . . .  j.i.84 53.25 55.23 54 .55  53.19 53.97 
IIydrogeti . . .  7.16 7 . 1 3  7.24 j . 2 7  6.65 7.03 

Su!pliur 1 . , _  . , , ,  . . . .  2 2 . 0 4  22.4s 24 .02  
0 S ) g e u  J I 2 1 . ; 4  

(;liitcii-cnsviii.  C;liiteii-fihriii. >Iuceriiii. 
1 2 .  I:i-otti tiieal. From flour. 1:ioni nienl  From flour. 

Sitiogeii . . . .  16.63 . . . .  r j . j g  i j . 7 0  16.14 16.98 
I 0.68 

~- 
1oo.no 

‘l‘liesc proteitls were supposed to be the saiiie as those sinii- 
larly iianied am1 described by Ritthausen as occurrirlg ill the 
wheat kernel. 

So far as the writer has been able to learn tlie preceding sum- 
mary includes all tliat has been published hitherto in regard to 
tlie proteids of the barley kernel that is now north!. of notice. 

1I)ie Eiweisskoerper. etc.. U O I I ~ I .  iX72. 11. IO.; 
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My prelimiilary examination of barley-meal showed that the 
seeds contain proteid matters soluble in water, in sodium chloride 
solutions, and in alcohol, and that after complete extraction with 
all these reagents there remains a considerable quantity of pro- 
teid which can 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 and of a very white barley flour kindly furnished by the 
Health Food Co., of New Uork, both of which yielded proteids 
of the same composition and properties, the preparations derived 
from the flour, however, being less containinated with coloring 
matter than those derived from the meal made from the entire 
grain, including the ground husk, which was so closely adhe- 
rent, as to render its removal in the laboratory impossible. 

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 saline solutions, the proteids properly soluble in water 
were obtained by extracting the meal with sodium chloride solu- 
tions, dialyzing away the salts and filtering off the proteid that 
thereby precipitated. I n  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 3 fine 
meal, were treated with nine liters of ten per cent. salt solution, 
applied in successive portions, the bran being removed 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 amiiioniuin 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 in this pro- 
cess was collected on a filter, the solution was returned to the 
dialyzer for three days longer, and the very sniall additional 
amount of substance that separated was filtered out. T h e  clear 
solution was then heated in a water-bath to G5", the water of the 
bath not exceeding 70'. After an hour the coagulum was filtered 
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otit,  asli lied with wariii water, dcohol, and ether, and dried over 
sulphuric acid. This  preparatioil, I .  weighed 4. I j graiiis ; ~ i i d  

when dried at I 10- had the follcwiiig composition : 
Cu. i c ;w , . iw i i  J < . \ K I . I I Y  AI.H~:.IIX, 1,i:vCosis. /'rrpuraf2on i .  

. . . . . . . . . . .  5.;."4 

Sulpl""' . . . . . . . . . . . . . . . . . . . . .  1.42 

 oxy^"' ..................... 21 .92  

I (JO.LX3 

A s h .  ........................ o.29 

Another preparation was made by treating two kilos of barley 
meal with ten per cent. sodium chloride solution, squeezing out 
in a press and repeating the process on the residue. The  filtered 
extract was saturated with aiiimoriiuni sulphate, the precipitate 
dissolved in dilute salt solution, subjected to dialysis and, when 
freed froiii chlorides, filtered and heated to 65' in a wnter-bath of 
70'. The coagulum produced was washed thoroughly with hot 
water, alcohol, and ether, and dried over sulphuric acid. This 
preparation, 2 ,  weighed two and three-tenths grains and, wheii 
dried at I IO', had the following composition : 

COAGULATEI) BAKI.EY ALBLXIX, 1 , ~  U S I S .  / ' ~ * ( ~ p a ~ a l i o i i  2. 
Cart,oll ............................ ~ 2 . 6 7  
Hydrogen .................... 
>- j t rog e 11 ..................... 
Oxygetl S 11 lph u r 1 

Ash.  .............................. 0 , A I  

As this body separated slowly when its solutions were heated 
to 6j" it was thought possible that more than one albumin was 
present which, if a fact, might he shown by analysis of prepara- 
tions, precipitated in successive fractions. 

Accordingly six kilos of harl'ey-meal were extracted with ten 
per cent. salt solution and the clear filtered extract saturated with 
ammonium sulphate. The  precipitate produced was dissolved 
in brine and the solution, after filtering clear, was dialyzed until 
all the the globulin had precipitated. I t  was then again filtered 
clear and in order to obtain a concentrated solution the filtrate 

........................ q . 1 j  

lWJ.00 
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was saturated with ammonium 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-bath it became faintly turbid at 39" and 
but very little more so at  49". The turbidity then rapidly 
increased, flocks appearing at  j6", 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" and holding at  this temperature for some time the solution 
was filtered and again heated. Thereupon the turbidity took 
place at 70" and a very few flocks formed at 74". The solution 
still had a just detectable acid reaction. 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 ether, 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. Another part of this same extract, after freeing 
from globulin as above described, was dialyzed into alcohol for 
three days, whereby the solution was concentrated and the pro- 
teid partly precipitated. In  order to separate the albumin froiii 
any proteose thrown down with it,  the precipitate produced by 
alcohol-dialysis was digested with absolute alcohol for three days 
longer and then washed thoroughly with water. A considerable 
part of the albumiii was thus rendered insoluble in water. and 
after being further washed with absolute alcohol axd ether, was 
dried over sulphuric acid and found to weigh 0.51 gram. This 
preparation, j ,  contained 16.30 per cent. of nitrogen without cor- 
recting for ash. 

Another preparation of albumin 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 sulphate. T h e  
precipitate produced was dissolved as far as possible in ten per 
cent. salt solution, filtered clear, and in order to reduce the vol- 
ume of the solution it was saturated with ammonium sulphate, 
the precipitate dissolved i n  1000 cc. of water, and dialyzed until 
entirely free from globulin. The solution was then filtered and 
dialyzed into alcohol. After being concentrated, absolute alco- 
hol was added and the precipitate filtered off, washed with abso- 
lute alcohol and ether, and dried over sulphuric acid. This 
preparation, 6 ,  weighed four and one-tenth grama. It  was then 
digested with water and the insoluble matter washed thoroughly 
with water, alcohol, and ether, dried over sulphuric acid, and 
had the following composition when dried at I IO’ : 

COAGCL.lTED BARLEY A t B C j > l I N ,  I.l~vCosIN. f+’t;bavafio?L 6. 
Carbon ............................ 52.71  

Hydrogen ......................... 6.78 
Nitrogen ‘6.93 

Oxygen ........................... 2 2 . 0 7  

.......................... 
Sulphur  ........................... 1.51 

100.00 
Ash..  ............................. 0 . 5 0  

S U M M A R Y  O F  -4XALYSES O F  COAGCLATED BARLEY ALBCMIN-LEUCOSIN. 
1. 2. 

Carbon.. ... 53.04 52.67 
Hydrogen. .  6.78 6.77 
Nitrogen.. . 16.84 16.41 

24.15 Su lphur  1.42 1 ... 
Oxygen..  .. 21.92 1 -- 

Ioo.00 IOO.00 

3.’ 4.’ 5 . 9  6.2 Average. 
.... .... . . .  52.71 52.81 
.... .... .... 6.78 6.78 

16.48 16.74 16.30 ‘6.93 16.62 
.... 1.51 1.47 

22 .07  22.32 
... .... 

-- 
100.00 100.00 

If this proteid be compared with the leucosiii‘ obtained froni 
the wheat and rye kernels, it will be seen that the three are 
almost identical in composition. 

1 Not corrected for ash. 
2 Not corrected for ash : coagulated by alcohol. 
8 Coagulated by  alcohol. 
4 Report of the Connecticut Agricultural Experiment Station, 289.3, p. 179. 
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LEUCOSIN. 
Wheat. Rye .  Barley 

Carbon. ............ 53.02 52.97 52.81 

.......... 6.78 Hydrogel1 6.84 6.79 

Oxygen ............ 22.06 22.23 22.32 

......... Nitrogen..  16.80 16.66 16.62 
.......... S u l p h u r .  1.28 1.35 1.47 

- -  - 
Ioo.00 IOO.00 100.00 

T h e  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 I N  SODIUM CHLORIDE SOLUTIOS. 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. 
I n  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 amount of globulin was precipita- 
ted by dialysis in the form of minute spheroids. So far as no- 
ticed, this globulin resembled, in all respects, that found in wheat 
and rye. I t  was readily and completely precipitated from salt 
solution by dialysis and also by adding acid. \l.'hen dissolved 
in ten per cent. sodium chloride solution and heated, turbidity 
occurred at cpo ,  but no coagulum formed until the solution was 
boiled, and then only a small part of the dissolved substance sep- 
arated. 

Three kilos of barley-meal were extracted with ten per cent. 
salt solution, the filtered extract saturated with ammonium sul- 
phate, and the resulting precipitate filtered out, dissolved in ten 
per cent. brine, and the insoluble matter removed by filtration 
after adding a WYJ' small quantity of two-tenths per cent. potash 
water in order to neutralize the slight acid reaction of the extract. 
T h e  solution was then filtered clear and dialyzed for four days. 
T h e  proteid separated in the form of small spheroids which were 
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 
submitted to dialysis. After the proteid had precipitated it was 
filtered out, washed with water, alcohol, and ether, and the linal 
preparation, 7 ,  when dried at  110’. had the following cornpo- 
sition : 

BARLEY GLOBULIN, EDSSTIX, P~epnvutzou 7 

Carbon 51.43 
Hydrogen .  ........................ 6.71 
Nitrogen .......................... 18.14 

............................ 

Sulphur  1 ...................... 2 3 . 7 2  
Oxygen 1 

-- 
IoO.00 

Ash ............................... 0.48 

Again six kilos of barley flour were extracted with ten per 
cent. salt solution, the filtered extract saturated with ammonium 
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 GLOBULIS, EDESTIX, PTeparation 8. 
Carbon ............................ 50.82 
Hydrogen ........................ 6.76 
Nitrogen ......................... 18.16 

1 ......................... 24.26 
Oxygen J 

100.00 
............................... Ash 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, g ,  had the following compo- 
sition : 
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BARLEY GLOBULIN, EDESTIN, Pvepavaiion 9. 
Carbon, .  50.40 
Hydrogen ......................... 6.48 
Nitrogen .......................... i8.m 

.......................... 

Sulphur  ) ....................... 25. I 2  
Oxygen 

Ash 0.44 

- 
100.00 

............................... 
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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 .......... 51 4 3  50.82 50.40 50.88 

Nitrogen ........ 18.14 18.16 18.00 18.10 
Hydrogen ....... 6.71 6.76 6.48 6.65 

..... Sulphur} 23.72 24.26 25.12 24.37 Oxygen 

100.00 100.00 100.00 100.00 

I n  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. 
Hem Castor- Sqash- Flax- Cotton- 

Wheat. Maize. seed? bean. seed. seed. seed. Rye. Barley. 
C.. . .  51.03 51.71 51.28 51.31 51.66 51.48 51.71 51.19 50.88 
H ... 6.85 6.85 6.84 6.97 6.89 6.94 6.86 6.74 6.65 
N .  ... 18.39 18.12 18.84 18.75 18.51 18.60 18.64 18.19 18.10 
S .... 0.69 0.86 0.87 0.76 0.88 0.81 0.62) 23,88 24.37 
O.. . .  23.04 22.46 22.17 22.21 2 2 . 0 6  22.17 22.17 

100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 
_. - 

On coniparing 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 

1 Report Connecticut Agricultural Experiment Station, 1893, pp. 179 and 216. 
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quantity and is associated with other bodies so that it has been 
impossible to prepare it from then1 i n  a state of perfect pcrity. 

PROTEID SOLUBLE IS L)ILI:TE .ILCOIIC)L. I i O K I ) > ~ I N  

After extracting jOO grams of barley-meal with hrine the resi- 
due was treated with alcohol added i n  sufficient quantity to form 
with the water retained by the nieal, aii nlcoliol of approximately 
seventy-five per cent. After digesting a short time, the iiienl 
was squeezed out and again treated with seventy-five per. cent. 
alcohol, and pressed out. Tlie united alcoholic extracts ivcre 
then filtered clear, conceiitrated to sniall voluine 011 a ivatei-bath 
cooled, arid the proteid thus separated ~vasliett tliorouglily by 
kneading with distilled water. The separated huhtaiice n o \ v  
presented every appearance of gliadin, tlic proteitl simiix-1). 01;- 
taitied from wheat and rye. It was dissolvcil i i i  ;i little dilute 
alcohol in which it was very readil\, soluhle wit11 tlie exception 
of a sliglit residue of coagulated proteid which rendered filtra- 
tion extremely difficult. The solutio11 was tlieii precipitated l ~ y  
pouring into absolute alc'ohol atid tlic precipitate digested ivith 
absolute alcohol, rubbed to a powder while still moist with alco- 
hol, and treated with ether. Wlieri dried over sulpliuric acid 
this preparation, IO, weighed 4. j.+ grams, and when dried at  I  IO^ 
gave on analysis the following results : 

B .I r< r.xY PKOTEI I ) ,  / ' r e p  mi iot1 / u .  

Carbon .... 53.83 53.93 53.58 
Hydrogen .  . . . . . . .  6 . 7 2  6.92 6 . 8 2  
Nitrogeu ........... 1 7 . 3 2  . . . .  I :,,jz 

Oxygen 1 

I .  11 Iverng-e. 

. . . . . . . . . . . .  . . . .  Sulphur ' 2 I . y s  

I O O . D ( J  

Xsh ..................................... 0 . 2 2  

.Iiiother extract was made by treating 500 grams of 
iiieal with three liters of alcohol of nine-tenths specific 

barley- 
gravity 

applied directly to the freshly ground meal. The  extract, wliich 
had a red-brown color, was squeezed out in a press a i d  concen- 
trated to about one-eighth of its volurrie. After standing over 
uight the mother-liquor was poured off from the proteid which 
had separated in a firm iiiass on the bottoin of the dish. 
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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, I I ,  when dried at I IO", had the following composition : 

BARLEY PROTEID, Preparation zr.  
............................ Carbon 53.78 

Nitrogen 17-27 

Sulphur. 0.95 

Hydrogen ......................... 6.51 
.......................... 
.......................... 

Oxygen ........................... 21.49 

100.00 
Ash ............................... 0.19 

-- 

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

BARLEY PROTEID, Preparation rz. 

Hydrogen ......................... 6.82 
Nitrogen .......................... 17.16 

Oxygen ........................... 21.31 

............................ Carbon 53.78 

Sulphur 0.93 .......................... 

100.00 
Ash ............................... 0.86 

Three kilos of barley-meal were treated with ten per cent. salt 
solution and washed on a coarse cloth until only the bran and 
larger particles of meal 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 
composition : 
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B.\KLIS\I PKOTHII ) ,  I’i.fpn).utio?l 23. 

Carboil. 5.i.80 53 .70  53.75 
Hy.drogeii. . . . . . . . . . . . . .  6.78 6.78 
Si t r0gt .n .  . . . . . . . . . .  17.48 17.33 17.41 
Snlpliur . . . . . . . . . . .  0.93 . . . .  o.y-7 
Osyge11 . . . . . . . . . . . . . . . .  . . . .  2 I . I j  

I. 11. Average. 
. . . . . . . . . . . .  

_ _  - 
100.00 

.ash ..................................... 0 . 2 5  

X portion of the solution froni which preparation 1 3  had been 
obtained was precipitated separately by pouring into strong alco- 
hol and adding a few drops of salt solution. The  precipitate 
was treated in the usual manner and gave a preparation, 14, 
containing iiiuch less coloring-matter than the preceding and 
having the following composition : 

BARLEY PROTEID, Prfpnvndioir r f .  

Carbo 11 51.32 
Hydrogen 6.74 
Nitrogen .......................... I j . 1 3  

............................ 
........................ 

- 
Sulphur ’I ....................... 2 I .8 1 
Oxygeii J 

100.00 

............................... .%sh I .43 

The starchy portion of the barley-nieal which had been 
washed through the cloth, as described, was thoroughly extracted 
with salt solution and then with dilute alcohol, the extraction 
being repeated until the proteid was completely removed. T h e  
united extracts were filtered and concentrated to two-thirds of 
their volunie by distillation when the solution was poured into a 
dish and the evaporatioii continued. The proteid separated as a 
skin on the surface of the liquid and as a solid mass on the bot- 
ton1 of the dish. When reduced to about one-half the volume 
of the original liquid the hot mother-liquor was decanted from 
the separated proteid which formed a tough mass of a pink 
color. This was washed with water and redissolved in dilute 
alcohol, giving a deep red solution which was poured into abso- 
lute alcohol and the mass of substance that separated was cut 
up with scissors into small pieces and digested with 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 I 10' and analyzed the following results were obtained : 

BARLEY PROTEID, Pvepayafio?t 15, 
Carbon 54.00 ........................... 
Hydrogen ......................... 6.72 
Nitrogen .......................... 17.49 

...................... 21.79 Oxygen -- 
I 0 . 0  ............................... Ash 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, mas 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 the 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 granis and having when dried, the following 
composition : 

BARLEI' PROTEID, Rejara t ion  16. 
............................ Carbon 53.90 

Hydrogen ......................... 6.63 
Nitrogen .......................... 17.08 

...................... Oxyge*1 1 22.39 Sulphur J 

1 0 . 0 0  
Ash ............................... 0.23 

As this proteid resembled gliadin so closely in its physical and 
chemical properties it seemed important to subject it to very 
thorough fractional precipitation in order to determine whether 
i t  was a mixture of gliadin with another body or a new, distinct 
proteid. Another extract was made by treating three kilos of 
freshly ground barley-meal with ten per cent. salt solution, 
squeezing out in a press, and treating the residue again in the 
saiiie way. The  meal residue was then iiiixed with alcohol in 
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quantity sufficient to make, with the lvater retained by thc ~iiecil. 
ail alcohol of about fort!. per ceiit. After sciueeziiig out thc. 
liquid, alcohol was ayai:i atltled to the residual iiie:il suficieiit to  
increase the strength of thtr ,solvent to seieiity-fi\-c 1)cr ( ' v i> ; .  

After dige.;tiiig for some tiiiie tlii. cstrnct IVX+ -(11ix;!c(I (.ji.it : i i i d  

foulid less coloretl tliilii  tlie i"i!.st tlillltc ~ l c o h ~ !  i,stt-,ic,t. '1'11ih 
secontl extract \ vas  co1icrlitr:itecl L)>$, distillation to sliiall \-oluiilc 

and COCJletl gi\?iiig a cleposit o l  proteid iiiucli w1iitc.r tliaii :i:ij. 

previously inade. The  iiiotlier-liquor froni this precipitate \ \  ns 
poured iiito absolute :~lcc~liol :~iid n secontl precipit;itr. olitniiiecl. 
The t i i o  precipitates, when united. dehydrated i n  tlie U S L I ; ~  \v:L!-, 
treated ~ \ - i t l i  ether, arid drietl cn.er .s;ulphu~ic acid, \\.eiglied 
tn-eiity-two grams. Dried at i 10' this sulistaiice 1 i :d  the follo\v- 
iiig compositiori : 

B , \ K I . E Y  I'KOT ILILJ, ~ z ~ l ~ C ~ ~ t ' ~ t ~ l O ~ ~  2'; 

Cart,on . . . . . . . . . . . . . . . . . . . . . . . .  
Iiyt1ro~:en . . . . . . . . . . . . . . . . . . . .  
Si t Jq r : e ] l  . . . . . . . . . . . . . . . . . . . . . . . . .  i;..r7 
Su 1 pliu r . .  0 . Y t  

Oxygen j l -  
. . . . . . . .  . . . . . . . . . . . . . . . . . . .  LO.'" 

....... 

I 

About eighteen grams of this preparation ivei'e dissolved in 
alcohol of 0.9 specific gravity and absolute :ilrollol \vas added 
until a considerable precipitate resulted, ivhen tlit: inistiire was 
heated oii a water-bath until the precipitate dis,solve~l. The 
solution was then cooled and after stantliiig wine time tlie 
mother-liquor was decanted froin the separated substance. This 
precipitate was marked I .  The solution decanted froiii I .  \vas 
further treated with absolute alcohol anti a secoiid ilrecipitate IT, 
obtained in the same wa>-. Tlie mother-liquor from I1  vas 
mixed with a large quantity of absolute alcuhoi ar~t l ,  as the pro- 
teid did not separate, a few drops of salt solutioii were added 
and the resulting precipitate 1x1 filtered o f f  atid treated with 
absolute alcohol and ether in the usual nianiier. 

In  the first place, precipitate I was dissolved i n  a small quan- 
tity of seventy-five per cent. alcohol and absolute alcohol was 
added until the precipitate began to reappear. The  whole \vas 
heated until the precipitate again dissolved \vht.rwpoii the solu- 



THE PROTEIDS OF BARLET. 5 5 3  

tion was cooled. The substance which separated settled out 
leaving the solution milky. The mother-liquor 1va.j decanted 
from the small amount of deeply colored proteid n-hich adhered 
to the bottom of the beaker, and this deposit was dissolved i n  a 
little seventy-five per cent. alcohol, treated with absolute alco- 
hol, aiid the opalescent solution so produced mixed with a little 
ether. This gave a very small precipitate, almost black in color 
and very sticky. The solution decanted from this small deposit 
n-as treated with a dropof potassium acetate solution and the result- 
ing precipitate, after washing with absolute alcohol and ether, 
dried over sulphuric acid. I t  formed a light pink ponder, 
preparation 18, weighing 0.6 j grain and when dry contained, 
ash-free, 16.60 per cent. of nitrogen. I ts  ash content n a s  I .o+ 
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 stailding, 
the substance settled out and adhered to the bottom of the 
beaker in a solid mass, from which the clear supernatant solu- 
tioii 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 
grains and having the following composition : 

BARLEY PROTEID, Pi-cpizvaation 19. 
Carbon 53% ............................ 
Hydrogen ......................... 6.69 
Sitrogeii .......................... I 7.22 

Sulp11ur ’ ....................... 22.24 
Oxygen I -- 

t00.00 
Ash ............................... 0.40 

The substance deposited after the addition of potassium ace- 
tate to the solution from which 19 was derived, was dissolved i n  
seventy-five per cent. alcohol, absolute alcohol added to the 
solution, aiid the resulting precipitate dissolved by heating. On 
cooling, a part of the proteid separated and after this had set- 
tled, the liquid was decanted arid mixed with absolute alcohol, 
and on treating the precipitate in the usual manner preparation 
20 \\-as obtained, which when dried weighed I .  18 gram and gave 
the following results on analysis : 
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B.~RI,EY PROTETD.  h.r$nrdioii do. 

Carbon .................................. 54.33 
Hydrogen .............................. 6.81 
Nitrogen ................................... Ih.93 

2 1  93 Sulphur  I 
Oxygen 1 

............................. 

1 0 0  00 

Ash., ........................................ 0.58 

The substance deposited by cooling the solution from which 
20 was obtained was oiily partly soluble in dilute alcohol. I t  
was accordingly treated with seventy-five per cent. alcohol and 
allow to stand until the insoluble matter had sett!ed out. The  
clear liquid was then decanted and completely precipitated with 
absolute alcohol. The  separated substance was washed with 
absolute alcohol and ether and when dry weighed 0.81 gram. 
This  preparation, 21, contained, ash-free, 16.6j 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 I .56 grams and having the following coni- 
position : 

BARLEY PROTEID. Pveflavufio?r rz 

Hydrogen ................................. 6.77  
..................................... Carbon 53.91 

Nitrogen..  ................................. 1i.m 

22.32 Sulphur  I 

Oxygen 1 
................................. 

100.00 
Ash .......................................... 0.71 

Precipitate I1 was dissolved in a little seventy-five per cent. 
atcohol and the solution mixed with absolute alcohol. The  
resulting precipitate (a) was dissolved by heating and the solu- 
tion cooled, whereupon a part (6) of the proteid was precipi- 
tated. The  supernatent solution was poured off, mixed with 
absolute alcohol, and this precipitate (c) 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 coniposi- 
tion : 

BARLEY PROTEID. Preparation 23. 

Carbon ................. 54.63 54.68 54.65 
Hydrogen. ............ 6.62 6.50 6.56 
Nitrogen .............. 17.16 ...... 17.16 

I. 11. Average. 

100.00 

Ash .................................................. 0.32 

The  substance ( b ) ,  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. I I grams and having the following coni- 
position after drying at I IO'. 

BARLEY PROTEID. Preparation 14. 

Carbon .................................. 54.27 
Hydrogen.. ............................ 6.67 
Nitrogen ............................... 17.39 
Sulphur ( oxygen 1 .............................. 21.67 

- 
100.00 

Ash ....................................... 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 this preparation, 25, weighed 0.87 gram and, with- 
out correction for ash, contained 17.28 per cent. of nitrogen. 

Precipitate I11 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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I3 XRLEY I’KO‘rxi I). /’rl , f loy(zfion 26. 

Carbon . . . . . . . . . . . . . . . . . . . . . . .  

Sitrogeri ................................ 17.19 
Si11 pliur 1 
ox>-+lL I 

I Iydrogen ...................... 7.02 

2 2 . 1 0  .............................. 
- 

I<Xl.uO 

. ish...  ............ 0. jl] 

If these figures are compared it will be seeii that no fractional 
separation has been effected, the variations i n  the results being 
110 greater than i n  the preparations previously described. 
Preparation 18 is low in nitrogen, but this is doubtless due to 
its containing ritarly all the impurities precipitable from the 
solution. Preparation 2 1  is also low in nitrogeii but this was 
the most colored of all the preparations and a s  it \vas a h  siiiall 
in quantity the accuracy of the analysis could not I E  confirmed. 
Excluding these tn-o preparatioiis the results agree fairly a s  
shown by the following table : 

S 1 ’ 3 I X . i K P  OF THE I’RECEDISG FK.\CTIOS.\L I’RFCTPIT.1 TES. 

19. m. 
Carbon . . .  53.85 5.t.33 
Hydrogen 6.69 6.S1 
Si t rogen . .  1 7 . 2 2  1 6 . ~ 3  

21.93 S u l p h u r  I ~~,~~ 

Osygru ’ 

\\‘eight . . .  1.79 L I S  

.As all the preceding 

-- 
1tm.00 Ioo.00 

harley-iiieal \\liicli coiitaincd a large quantity of brali. the). were 
much contaiiiitiated with coloring-matter. 

In order to obtaiii prodiicts free from color SSo grains oi fine 
ground I ‘  pearled barle!-” ( ;i coniniercial preparation of barley 
made by rubbing off the outer coat of the grain),  were treated 
with salt solution, and after squeezing out the excess of liquid, 
the residue \vas digested \\it11 sevent\.-five per cent. alcohol. 
The  extract \vas then filtered. coiiceiitrated to small volume, 
cooled, and the mother-liquor decanted from the separated pro- 
teid. This was then dissolved in dilute alcohol, the 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 amount of dilute alcohol and reprecipitated by pouring into 
absolute alcohol, digested with absolute alcohol for some time, 
then with ether, dried over sulphuric acid, and found to weigh 
eight grams. This preparation, 2 7 ,  was pure white and had the 
following composition when thoroughly dried : 

Ba R LEY PROTEID. Preparation 27. 
Carbon .................................. 54.37 
Hydrogen .............................. 6.51 
Nitrogen ................................ 17.33  
Sulphur ................................. 0.88 
Oxygen .................................. 20161 

' Ioo.00 
Ash ....................................... 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 make with the water of the 
brine, which still adhered to the meal, as nearly as possible 
seventy-five per cent. alcohol. 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 
the 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 
standing over night the proteid separated as a transparent viscid 
liquid on the bottom of the vessel in the same way as gliadin 
does under similar conditions. After decanting the supernatant 

- 
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liquid the deposit was dissolved in dilute alcohol and precipitated 
b y  pouring its solution into absolute alcohol. The separated 
proteid was then digested with absolute alcohol and with ether, 
arid dried over sulphuric acid. X pure white preparation, 28,  
resulted, which when dried at I IO' had the following coniposi- 
tion : 

RAKI.E:V PKOTEII). / 'rt~pavntioi/ 28. 
Carbon .................................. 54.02 
Hydrogen.,  5.79 
Si trogeti ................................ I 7.38 
Sulphur ................................. 0.84 
Oxygen.. ................................ 20.97 

............................. 

1oo.ocI 

Ash ...................................... I .oo 

T h e  mass which separated on pouring the alcoholic solution 
into water, as above described, was dissolved i n  seventy-five per 
cent. alcohol and, as it contained a little insoluble proteid which 
rendered filtration impossible, the solution was allowed to stand 
over night. The clear supernatant solution was then poured off 
and concentrated to about one-third of its voluine and cooled. 
The proteid which separated was again dissolved i n  dilute alco- 
hol and precipitated by pouring into absolute alcohol. After 
thorough dehydration with absolute alcohol and digestion with 
ether, the substance was dried over sulphuric acid and yielded 
preparation 29, which was white in color and weighed 5.46 
grains. This substance, when dried, had the following compo- 
sition : 

BARLEY PROTEID. Pwpal-atiou zy. 
I 11. i \ vcrage .  

................. Carbon 54.48 54.54 51.5I 
Hydrogen.. ........... 6.70 6.79 6.75 
Nitrogen .............. I j . 2 2  17.  I 8  17 .20  

2 J ..54 ............ Sulphur  Oxygen 1, , 21-60 21.19 

-- ___ ___ 
100.00 100.00 100 .00  

Ash ................................................. 0.32 

Another preparation was made without heating, by pouring a 
part of the original extract from which preparations 28 and 29  

were derived into a large amount of distilled water and allowing 
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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. PreburuZzbn 30. 
Carbon.. ................................. 54.23 
Hydrogen. .............................. 6.83 
Nitrogen ................................ 17.27 
Sulphur ................................. 0.75 
Oxygen .................................. 20.92 

Ash ...................................... 0.17 
I n  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 some 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 5 0 0  cc. of seventy-five per cent. alcohol, 
yielding a solution of a pale yellowish brown tint. This solu- 
tion was poured in a thin stream 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 being 
yellow. The  solution was decanted and the voluminous precip- 
itate treated with successive portions of absolute alcohol, and 

- 
100.00 
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obtained as a snow-white granular su!istarice, iveigliing, when 
dried over sulphuric acid, ninety-three grains. This p r e p - a -  
tion, 3 I ,  had the follon-itig coiiipositioii when dried at I io3 : 

f ’i ( - p ( Z  i z /  I io// .; / . Ii.\RI. b;Y 1’Rt )TI.: I I I .  

I 11 ‘\\cragre 
Carboii . . . . . . . . . . . . . . . .  j . i . ~ S  j4.31 S . 2 5  
Hydrogen . . . . . . . . . . . . .  6.98 G . 6 j  G.Sz 
Sitrogen . . . . . . . . . . . . . .  I 7.20 r 
S u l p h u r  . . . . . . . . . . . . . . .  (1.84 . . . .  
oxygen . . . . . . . . . . . . . . . . . . . .  . . . .  

IOO.i.!I> 

reseiiibled gliadin in every respect but coiiipositioii. was not that 
substance contaiiiiiiated with fat, a portion of this preparation 
was ground to a very fine pon.der and \vashed for a long time 
with hot ether in an extraction apparatus. 0111,. a trace of su1)- 
stance was reniovecl by this treatment, aiid the proteid after dry- 
ing, had the same composition as  before, as the following figures 
show : 

B.4 K L I X  I’KOTEIIL /’re,twmf  io^ .?r 
.................... j4 2CI 
. . . . . . . . . . . . . . . . . . .  6.58  
.................... I ; . ( J j  

Sulphur  ................................ 0.91 
...................... 2 1 . 2 4  

I ~ J . ~ ~ ~  
....................................... A s  1. 0 . 2 j  

Another portion of 31 was dissolved in two-tenths per cent. 
potash water, yielding a clear solution, which was precipitated 
by neutralization with two-tenths per cent. hydrochloric acid. 
The  precipitate was washed with water, dehydrated with absolute 
alcohol, washed with ether, and analyzed with the following 
results : 

BARLES I’KoTErrj. Pwjaratioir 33 
Carbon .................................. 54.2 1 
Hydrogen ............................. 6.87 
Nitrogen ................................ I j. i 2 
Sulphur  ................................. 0.76 
Oxygen.. ................................ z I .<q 

I o o . 0 0  
A s h . .  ................................. o 2 j 

Preparation 3 I was then subjected to fractional precipitation 
in order to make sure that i t  was not a iiiixturc of two or more 
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proteids. Twenty-five grams were dissolved in 300 cc. of alcohol 
of 0 .86 j  sp. gr. by heating on a water-bath, and the solution was 
quickly cooled. After adding a few drops of ten per cent. salt 
solution tlie most of tile proteid separated in a coherent mass, 
leaving the liquid clear. After decantation, the residue was 
treated in the same way again, the decanted solutions being 
united. The  residue was again dissolved and absolute alcohol 
added to the hot solution until a considerable precipitate resulted, 
when it was heated until clear and then cooled. A feiv drops of 
salt solution were then added and the proteid precipitated, leav- 
ing the solution slightly milky. This  liquid was joined to the 
two solutions from which the proteid had been previously sepa- 
rated, aiid a little more salt solution added to tlie mixture, 
thereby precipitating the remainder of the dissolved proteid. 
After decanting the liquid from the separated substance the lat- 
ter was treated with absolute alcohol and gave preparation 34, 
representing the fraction soluble in tlie strongest alcohol and 
having, when dry, the following composition : 

B.1 RLES PROTEID. Pi-ejni.ation 34. 

Carbon 54.32  
Hydrogen, .  ............................. 6. j 8  
Nitrpgeii ................................ I 7 .02  

.......... 0.94 
Oxygen 20.94 

................................. 

.................................. 
- 
100.00 

Ash ....................................... 0.21 

The  proteid, which had been precipitated during t h e  prepara- 
tion of this substance as just described, was dissolved in alcohol 
of 0.865 sp. gr., and the solution cooled rapidly by iniiiiersing in 
cold water. R'hen a part of the substance had separated the 
solution was decanted and the separated substance treated with 
absolute alcohol. Preparation 35 was thus obtained,. which gave 
tlie following figures on analysis : 

B A K LEY PROTH ID. Prejn 9-0 f ion 35. 
Carbon .................................. 54.47 
Hydrogen..  ............................. j . 0 1  
Sitrogen ................................ 17.15 
S u l p h u r . .  0.74 
Oxygen. .  ...................... .... 20.63 

............................... 

1 0 0 . 0 0  
Ash ....................................... 0.43 
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The above preparation represented the portion least soluble in 
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. Prepurafion 36. 
................................. Carbon 54.37 

Nitrogen 17.30 
................... 6.81 

................................ 

Oxygen .................................. 20.68 

Ash ....................................... 0.38 

___ 
1 0 0 . 0 0  

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

HORDXIN. BARLEY PROTEID SOLUBLE I N  DILUTE ALCOHOL. 
27. 28. 29. 30. 3'. 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 
Su lphur  ....... 0.88 0.841, zI.54 0.75 0.84 0.91 
Oxygen ........ 20.61 20.97 J 20.92 20.84 21.24 

-- I_ - -__ ___ __ 
1 0 0 . 0 0  100.00 100.00 100.00 100.00 100.00 

33. 34. 3.5. 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  ............. 0.76 0.95 0.74 0.84 0.83 
Oxygen .............. 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 name hordeiit, 
which was first applied about 1870 by Proust' and ten years later 
byHernibstadt' to certain products of their attempts to isolate the 
proximate principles of this cereal. 

Hordein appears to have been obtained nearly pure from bar- 
1 Ann. chim. phys., s, 337. 
p J. tech. Chem., :a, 46. 
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ley flour by Kreusler, as snuwn by the following comparison of 
his analysis with the average above given. 

BARLEY PROTEID SOLUBLE IN DILUTE ALCOHOL. 
Kreusler. Osborne. 

Carbon ......................... 53.97 54.29 
Hydrogen ...................... 7.03 6.80 

Sulphur ........................ 0.68 0.83 
Oxygen ......................... 21.34 20.87 

Nitrogen ....................... 16.98 17.21 

- -- 
100.00 100.00 

Ritthausen regarded this proteid as identical with the niucedin 
believed by him to occur in wheat and rye, but which, as niy 
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 I IO', so that all the alcohol is removed, 
very little hordein dissolves in cold water and slightly more on 
raising the temperature. Solutions thus made with hot water 
do not precipitate on cooling or coagulate on boiling although 
they give no iiiconsiderable precipitates on adding salt. A 
large number of preparations of this proteid and of wheat gliadin 
were thus tested and compared under similar conditions. T h e  
gliadin showed variations in solubility in the same way as the 
barley proteids, but throughout was much more soluble than the 
latter, yielding solutions with warm water which were precipita- 
ted by cooling. As drying at I IO' 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. In  very 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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cotiditions. IVitli a wariii riiisture of equal volumes of \rater 
anti coilcentrated sulphuric acid a red color is given by Iiordeiii, 
not n purple red as by gliadiii. 

The iiiost iiiarlied differeiicc liet\i-cen hordeiii aiitl gliatlin i.; i n  
co~iipositio!~, since iiortleiii cotitniiiy one ; ~ i i [ l  :I half per cent. 
more carboil, oiie and ;t l ialf  p v r  ceiit. ieis nitrogen, anti tlirec- 
tenthi per ceiit. leis sulp!:iir tliaii ~1i.idiii.  

111 the estixctioii 1:iit tlescrilmi 5000 graiiis of barle!. flour 
were treated nitli 1o .5  liters of :~ lcu l io l~  and tlie extract obtaiiietl 
measured six liters, ivliic-ii \ v a s  ecluivaieiit to 57.1 per cent. of the 
whole solution eiiiplo\-etl. If \\-e ;issiiiiic, as is \.er). nearly true, 
that this was equal to a complete estractioii of 7 7 .  I per ceiit. of 
the flour, the protcid olitaiiietl ivas equivalent to  al l  the alcohol 
soluble proteid coiitxiiied i r i  23x55 grains of flour. In addition to 
the ninety-three gr:iiiis of proteid alioi-e tlescril)t.d, tlierc u .ns  
o1)taiiicd n further tliiaiitity ivcigliing, ivlieii thoroughly dried 
over sulpliuric :icitl. I 7.5 grains. tlius iiinking i i i  all I 10.5 graiiis. 
This ciuantit!. i:? 5.37 p ' r  ceiit. of t l ~ e  2S j . j  gr2iiis extractttl. 
111 ordcr to confirni these figures y:io Xraiiis of l):irIe!, flour ivere 
estr:tctctl. \vitli t \ v o  liters of hot scveiit\.-fivt- per cent. alcoliol, 
squwzcd out i n  a 11rcsc :iiitl the i.esitlual menl treated agaiii in 
tlic wiiie wnh. Lvitl: aiiotlit'r liter of alcohol :tiit! the  united 
extracts filtcrcc! cicar ~ i i i ( 1  conceiitratrd b y  ev:ipor:itioii. All tlie 
proteid contained i i i  tile bolutiori separated o i l  cooling niitl \vas 
w n SI I ec 1 rv i t 11 t' t li  e r ~ t 11 e i I t 1 e 11 y ( 1 rnt e t 1 ~ i -  i t 11 absol 11 te ; I  kc lio 1 :L g a i 11 

digested \ritli ether,  : i i i t i  tlriecl coiiipletely over siilpliuric acid. 
Tnwi t!. a i i t l  t \YO- tc i i  tli s g zi i i i  s o i protei tl \-,.ere t 11 us ob t ;i i t  ietl 
equal to 4.04 pcr cent of tlic tloiir. lye inay tlierefore :issiiiiiv 
that tliis barley flour coiit:iiiiecl aliout four per c'ciit.  of t h e  alco-  
1iol-solul)le proteid. hordein. 

i"uri;Iu IssuLt . i<I , I . :  IS \v.i'rmt, S.\L.IXE SOLVTIOXS, ASSD 

.\ I. c 0 1  10 L . 
Tlie proteids tlius far descri1)ed form only a part of tlie total 

proteitls of the seed. One Iiuntlrecl grams of uarle). flour were 
extracted, first, with a large excess of five per cent. salt solution 
and then, repeatedl!., ivitli hot seventy-five per ccnt. n lco l~nl .  
The residue, waslied with absolute alcohol am! thorouglily air- 
dried, weighed seveiit).-one grauis aiid coritniiied I .07  per cent. 
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of nitrogen. The air-dry flour, beiore extraction, contained I .83 
per cent. of nitrogen. T h e  IOO granis of flour therefore con- 
tained I .83 grams of nitrogen and the residue, after extraction, 
contained 0 . 7 6  grains. The  nitrogen removed by the solvents 
therefore amounted to 58.3 per cent. of the whole. 

If we assume that the nitrogen all belonged to proteid-matter 
containing seventeen per cent. of nitrogen, the flour included 
10.76 per cent of proteids, of which 58.3 per cent. was soiuble in 
the reagents used in extracting the proteids already described. 
We  have therefore 10.76-6.28 =4.48 per cent. of proteid unex- 
tracted. I t  was only possible to obtain this proteid by treating 
the residue with potash water. All attempts, however, to thus 
prepare it in quantity sufficient to yield preparations of even 
approximate purity resulted in complete 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 iiisignifi- 
cant precipitates resulted on neutralizing the extracts. T h e  
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 iiiost 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 unable to 
obtain results of any value whatever in regard to it. 

CONCLUSION. 

The barley kernel contains : 
I. Leucssin coagulating at  5 2 O ,  which is the same as the albu- 

Its composition, as min found in the wheat and rye kernels. 
shown by the average of six analyses, is :  

Carbon.. ................................ 52.81 
Hydrogen.. ............................. 6.78 
Nitrogen ................................ 16.62 
Sulphur ................................. I .47 
Oxygen .................................. 22.32 -- 

100.00 
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This substance forms about three-tentlis per cent. of the seed. 
11. -1 sniali quantity of proteose. the reactions and composi- 

tion of which could not be definitely ascertained. 
111. Edestin, a globuiin which is the samc as  that found in 

the \\.heat and rye kerneis and i n  a large number of other seeds. 
I ts  composition is approxiiiintely s1ion.n 1)). the figures given 
below. Owing to the small aiiioutit of this body and the diffi- 
culty in preparing i t ,  no pei-fcctlj. pure preparations were 
obtained. 

Carbon .................................. 50.88 
Hydrogen .............................. 6.6j 
Nitrogen ................................ IS. I O  

Sulphur  1 
Osygen  

............................... 2 4 . 3 7  
T _ _  

I o o . < x )  

This is the proteid commonly known as vegetable vitellin. It 
is precipitated from saline solutions by dilution and by dialysis, 
is not coagulated by heating below go', and above that tempera- 
ture only partially. I t  is not precipitated by saturating its solu- 
tion with sodium chloride, but is thrown down froin saline solu- 
tions by adding acid. 

IY.  Hordein, a proteid insoluble in saline solutions, very 
slightly soluble in pure water, and extremely soluble in alcohol 
of about seventy-five per cent. This is the barley proteid 
described by Ritthausen as niucedin. It has almost the same 
physical and chemical properties as gliadin obtained from wheat 
and rye kernels.l)iit R different composition, 

Car1)on 54.29 
Hyclrogen.. ............................ 6.80 
Sitrogen ................................ 1 7 . 2 1  

Oxygen .................................. 20.57 

.................................. 

Sulphur  ................................. 0.83 

About four 
1 0 0 . 0 0  

per cent. of the seed consists of this substance. 
V. After extracting the barley flour with salt solution and 

with alcohol the residue still contained forty-two per cent. of the 
total nitrogen, corresponding to proteid-matter equal to about 
four and five-tenths per cent. of the flour. It was not possible 
to extract more than a very small amount of this residual pro- 



DETERMINATION OF NlTROGEN I N  FERTILIZERS, ETC. 567 

teid with dilute potash water, as the treatment for removal of the 
other proteids rendered it insoluble, if i t  were not so already. 

VI. The  barley flour contained 1.83 per cent. of nitrogen, and 
i f  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 cent. of globulin and proteose. 

~ 

THE DETERIllNATlON OF NITROGEN IN 
CONTAINING NITRATES.' 

BY H. c. SHERMAN.  

Recemed April 13. 1895. 

FERTILIZERS 

A 
was 

S soon as the accuracy of the Kjeldahl method for the deter- 
mination of nitrogen was generally recognized, attention 
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 wa,s 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 Ruffle 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. 
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