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I. ABSTRACT

An investigation was made to determine the practicability of
utilizing barley for the production of starch. The separation of
starch from protein was attempted in six varieties of barley by
Dimler's alkali process and the batter process; however, only Dimler's
process gave a .gatisfactory separatlon. The yields of starch obtained
in the. separatlon of 100 gram samples of the various barley flours
varied from 43 t0.63 grams; while ‘the. protein recovery varied from
81 to 86%. Some’ non-carbohydrate constituents of these various
starches were determlned.
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IT. INTRODUCTION

The cereal grain most common in the Pacific Northwest is wheat.
This is due to the relatively short growing season and also the high
netwreturné, per acre, obtained by the farmer. | |

The incfeésing wheat prices of a decade ago, which were brought
about by the eéormous cereal demands of World War I:, insPired Tarmers
o bring additional acreage into production. Now, however, our nation
has- accrued a surplus of wheaﬁ; and it has become necessary to reduce
the acreage in producfion. Recently our government initiateq a "Soil
Baﬁk" plan as a means of'boléfering wheat prices. This meaﬁsfmaqy
fields musf be removed from wheat production.

Barley is a cergal grain ﬁhich grows‘well under the climatic con-
dition of the Paéific.Northwest. In- the past few years, much of the
écréage removed from yheat productign-has Yeen planted in barley'as
the farmers are permitted to géow barley on theiy fields e&en though
" they are drawing the “Soil Bank" allotments. As a result, a surplus
of barley hag accumulated. It .appears this surplus will continue to
increase as more and more acreage is removed .from the production of
wheat. In view of‘theée facts this study has been undertéken to ex-
ploit furfher the commefcial possibilities‘of barley. '

At the present tiﬁé=approxima£elx 95% 6f'the starch in the Uﬁitéd
States is produéed from corn and milo ﬁaize° A small amount is pro-
duced from culi potatbes. Also, a small amount is produced from

damaged and low grade wheat flour (1); however, wheat still could not
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compete with corn in the production of starch if it were not for the
Tact that its protein is used for the manufacture of sodium glutamste.

Several proéedures have been developed in an effort to produce

starch from'wheat economically but because dfléhexhigh‘cosﬁlof wheat
this has not been too .successful. However, barley, in certain aress,
mgrkets at a much lower price, per pound, th@n wheat or corn. Also,
the process for.-the production of starch from wheat, which.was recently
dévelopedﬂby Dimler et al. (2) had been tested successfully on a few
strains.of barley. In this process, the protein can be‘reécvered in
the denatured staté and g0ld for feed or feed supplement.

The batter process (3) is an excellent and inexpensive procedure
for ‘the separation of starch and gluten from wheat, but so far as
known,'it haé never been atﬁemi%ed on barley. In this procedure the
gluben, or protein, is recovered in its natbive stabe. Undenatured
gluﬁen eould possibly be added o low probein flours and thereby in-
crease their baking qualities. . ‘

Most of the starch plants are located in the Corn Belt. This '
means the consumers of the Pacific N@rthwest must pay the shipping costs
from the_Mid~W¢st, The starch production process developed by Dimler
et al. (2) could be carried out in any sugar beet plant of the Northwest
with only a small addition of equipment. This would appear to be ideal
as Tthese plants ére now.operéting only duringlthe sugar beet campaign.
These plants could devote the larger portion of each year to starch
production and wiphla littlé additional equipment could produce dextrose

syrup frem the raw starch.
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The lowlqost of barley per bushei; its availability, the accessi-
bility qf existing prodﬁction faqiliﬁies, and an increasing demand for
starch and starch products'in the Northwest would place barley starch
in strong competition,with:corn starch in this area.
Recently much ihtefést'has been extended in the study of the
qualities and properties of the various types of staréh., It has been

reported that a large granule starch is highly desirable. Since barley

starech contains large granules it might bring a premium over corn

starch for certain uses.

Another possibllity resulting from. the produetion of starch firom

'bariey would be the commereial production of yeast. Yeast is présently

produced for a variety of commercial outlets. They include: Bakers
yeast, feed supplement yeast, anélyeast for productlion of vitamins.
Yeast is grown best on a media which is low in carbohydrates (1 to 2%).

This 1s approximately the concentration of the starch wash solutions.

The recovered protein could be added to the wash solution bo. give it

the protein concentration required for maximum yeast growth. Yeast
production, howevef, ﬁ;uia fequire considerable addltional equipment.
In summstion, a satlsfactory method must bg established for the
separation of starch from the various varieties of barley, and a
thorough investigation of barley starch is necessary to determine its
chemical propertiéé. Tdentification of oubstanding starch character-

istics would do much to support the production of starch from barley.

™
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“IIT. EXPERIMENTAL METHODS AND MATERIALS

The pyocess.dévelqped Ey Dimler et al.’(2) for the production of
starch essentlally involved the disﬁersion of the flour pré%ein in a
dilute aqueous alkaline solﬁtion and then the removal of the starch
fraction from the glkaiine solution by centrifugation. The alkaline
protein solubion was then acidified and the alkali soluble protein was
precipitated. The starch and protein can then be processed as desirved.

Dimler's process was developed for ﬁhe)£f6duction of starch from
Wheat flour;-using so@ium hydro#ide as a protein dispersing agent,
and éulfuric acld for the acidificétion and precipitation of the pro-
tein.' Iﬁ order for this procedure to e applied effectiﬁely to barley
flour the soldﬁility of tﬁe protein of variots strains of barley and
.the pH fTor the maximm precipitation of fhe barley protein had to be
determiﬁgd, |

The following strains of barley: Betzes,.Compana, Carlsberg,
Hannchen, Vantage and Ymer, were milled to flour in an experimental
Buhler mill equipped with 10XX bolting silk. A sample of Compana,
barley was pearled té determine if pearling would facilitate the pro-
duction of sbtarch from barley flour. Tﬁe samples of barley investigat-
ed were of known hisbory and selected by Mr. Robert Eslick of the -
Monbtana State College Agronomy'Department. Each flour prepared Was
ahalyzgq for its content of starch, protein, p%ntosan, crude fiberﬂgpd
ash to_de#ermine i? any of these qualities were‘cefrelated with sfarch

production. Starch was debermined polarimetrically by the procedure

T=TT
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outlined by Clendenning (lk). A Kraav full circle polarimeter was used
for these ‘deteminations; In calculations, the value 203.50., which was
determined by Clendenning and Wr-i ght (5), was used as the opti cal rota-

" tion of purifiéd barley starch. The per cent starch was calcula'bed by
L . (‘ .

L

_employing the following formula: % - ggg.stagﬂ ?;gZX .lO . Nitrgggn wasg
determined by the Kjeldahl mgtho‘d. The per cent protein was calculated
by multiplying the ﬁer cent nitrogen by the fac:box; 5"7 (2). Pentosans
were determined by the official A, O.A ¢, (1940) procedure s Tthe dlstil-=
late being redistilled and the furfural prec1p1tated by thiobarbituric
acid. Crude fiber was determined by the standard A.0.A.C. method (6)
and ash content by ignition for three hours at T00°C.

In applyﬁ.ng Dimler®*s process tc; barley, various normalitiles of
sodium hydroiide were 'ﬁséd to find the apparent waximum solubiiity.
Ten gram sam'_ple‘s of the various a-j:r" driéd barley flours were mixed with
100 ml_. por‘bi‘ons of S‘odium hydroxide varying from 00015 to- O.hSl\T until‘
8 homegenous mixture wWas ob’c.aaneda M:i.xlng time Was, reduced. by First
making 8 pa.ste W:L'th 20 ml. portions o:E‘ the alkal" ne solut:n.ons .and then
the remaim.ng 80 mls. added., This procedure wasg carriad outbt between
20°C and 30°¢ 'bo prevent gelatinizatién of the s‘uarch. The samples
were allowed to stand with occasional st-ﬂ rr:v.ng for 30 ninwkes to .a.nsure
protein solubll:t.ty and ’c.lnen ‘the "pH of the soluts.ons was determined..
A mode_l H2 Beclcman glass el-ec‘erode pH meterz was usec‘L :E‘or the pH deter-;
i-zhi‘ne;*b.iozi.- They W‘ere then centrifuged :E'or 7 mmutes and 10 ml. al:.quots

of the supernatan‘o Were removed for ngldahl analys*s, The mill:.grams




of-nitrogen were divided by the weight of the flour:samples; which were
corrected for molsture content, to flnd mllllgrams of nitrogen dissolved N
per gram of dry‘flour. Five gram samples of the varlous flours were
p;aced in e.vacuum oven at lOOQG for 16 hours-and the mo;sture ccptent

was calculated as the weight losgs. “

.After the normality of ﬁhe aqueoue-sodium hydroxide solution re=-
guired for maximum probein dispersion had beec determired,-loo gram
semples of the sir dried flowrs were mixzed with 1200 ml. porbions of en
alke;iﬁe:soiution.of fhe desired strengfh;_ Again, the mixing time was
shnrtened if a smooth paste was made and, theﬁ diluted with the remainder
-of the 1200 mls. of alkali. Thirty minutes from fheﬂinitial time of
mixing a 50 ml. aliquct was removed and the pH was determined. The
suspensions were then screened through a 140 mesh sieve to remove hull
'particlesa, After screening, the suspen51ons Were centrifuged for 10

inames 1n a 81ze 2, RV llO Lnternatlonal Centrifuge equlpped Wlth 250
-m.lo jars. In all cases, three distinct layers were obtained. On top
was the tawny alkeline gupernatant, next was é tan viscous layer de;
scribed by Sandstedt et al. as the amylodextrln layer" (7)3 MacMasters,
however, designated it "Lail1ngs fractlon , & more- approprlate name (8), |
and on the bottom'was a whlte cake of starch. The supernatant was de=
canted and saved for probein recovery analye;s,‘ The tailings fractiohs
were removed by meane of a spatula, washed with aﬁ-equal voiume_of Weter,
and. ce_ﬁtrifug_edo The shtarch cakes were removed and regsuspended iﬁ a

small amcuht of Waterfand reecenfrifuged ﬁolfeciliﬁate a more:quantitatirei
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removal of Lbe talllngs fractlon. The talllngs fractlon was placed on
a large Watch glass and. the starch was placed on a large we?ghed filter
paper and both were allowed to air dﬁYr

The-pE for maxlmum.proteln recovery was then determined by taking
T, 100 ml. aliduofs-from the supernaﬁant=and acidifying them with 0.30N
sulfuric acid to pH's of 4.0, 4.5, 5.0, 5.5, 6.0, 6.5 and T.0 Arespectin
velf. The sulfuric acid was added from a buret and the volume added
to each was‘qoted, The solutions were then centrifuged for 10 minutes
and a 10 ml, aliquot'was taken from the supernatant for Kjeldahl analy-
sis. The difference between the per cent protein per ml. in each of
the acidified filtrapes, and the per cent protein per ml. in the origi-
,nal alkaline solutions was taken as preclpitated protein. Corrections
were made for %he‘volume'of acid added to produce the various PH's
desired. Undoubtedly some of the precipitated protein is not recoveredo '
Recycling of the ‘slkaline solubion would probably produce a greater
protein'reoovery.

The vatter process (3), designed for the separation of stafch.andv
gluten from'wheat flour, was investigated Ain additlon to Dlmler s"
1alkall process (2). Thvs process invelved formlng a homogenous batter
of flour and waber and then disintegrating the batter in an excess of
_ water by means of a high speed mixer; ' The batter produces milk starch
and small, apparently uodenatured, gldten curds upon disintegration.

One hundred gram samples of the air dried flours were added to

portlons of dlstllled water varywng from 80 to 170 mls. The btemperature
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of phe 'water used was varied from' 20°¢ o lLSO-C. ‘The flour and water
were mixed with a small hand'peddle:for»l to 5-minutes and allowed to
'sfendo The nixiné Time was,inverselyerelated to the temperature of
the water used. The dﬁration of spsnding, which was inversely relsted
to the mixing time and the temperature of the nater' used, varied from
1 %o 60 minutes, When a smaller amount, or cooler, water was nsed more
time was reqpnred for gluten hydra‘c:u.on° _

After the batter was formed 3OO mls, of waier were added, The"
comblned batter. and water wa:s 1mmedlately subgected to a h gh speed
nnxer in an attempt to shred the batter and wash ‘the starch free; leav-
4ng gluten curds and'an agqueous starch suspension. The resultlng m1X=
ture Wwas poured on a lhO mesh sieve in order to separate the gluten
curds or_msss'from'the‘sterch:mi;h. _Thejreeovery;of pure staroh from-
the hérleyréfréins investigateéd, hy_the'above prooedure, Was‘unsatise |
Factory because‘the barley did not form‘strong elastic curds.

The ran starches from the various‘S€rarns of'berley, which were
- obtained by Dinlerfs'method of separation; were analyzed for per cent
staroh and some nonhcarbohydrape consti'bu.entse Starch was determined
polarimetrioeliyfas.ounldned by Qlendenningv(h) on a Krasv full cireie
Dolartaster.. | I

.ﬁhe non—carbohydrate analysis included: phosphorus, silica, sulfur,
calciun, magnesium, potassiunm, sodium, nitrogen and fat. Nitrogen was
determined by Kjeldahl analysis of 5 grsm samples of sterch.f For the

other constltuents T gram samples of the various room dried sterohes
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were washed 3 times in 100 ul, portions of water at ropm;temperature.
Each time the starch was recovered froﬁ the agueous suspension by cen-

trifugation. The samples were washed before analysis in order to re~'

move any mechanically held particles.

Five hundred milligramféamples qf'the various Washed‘starches
were Weighed'inﬁo 50 ml.. Florgncé flasks; They were thén ashed by the
foiléWiﬁg précedure: 2 mls. of concentrated nitric acid were added
and after & few mlnutes 3 mls. of 70% perchloric acid. After addiﬁioﬁ
of the ac1d the samples were placed under a hood on a hot plate and
heated just to dryness., They were removed from the hot plate, allowed
to cool, dissolved in a sﬁall amount of water and trahsferred quanti-

tatively into 25 ml. volumetric flasks.

Five ml. aliquots were pipettéd into new 25 ml. volumetric flasks

and each was diluted tb.§qiume. The originél solutions were set. aside

for flame phétometrical analyses. From the dilution, 10 ml. aliquots
were btaken for the phobtometric debtermination of phgsphorus. A modi-
ficatlon of the procedure outlined by Ailen (9) was used. A model B
Beckman Spectrophotometér was used for this analysis.

Two mls. of dilute phosphoric acid were added to the reméiﬁing
20 mls. of the orlginal solutlons, and they were then used for the
£lame photometrlcal determination of calcitm, magnesium, potassium
and sodium.

Three standard solutions consisting of all thevioné reported in

stérch, 2t ratios of their approximate concentrations; were prepared.
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These solutions were analyzed for calcium, magnesium, pofassium and
sodium, andyfhe observed readings for each of the ions were plotted°
The concentration of each of the eleﬁents investigated was-obfaihed
by interpolation from these gtandard curves. A modei D.U. Beckman
FlamefSpectrofhotometér with oxygen~hydrogen flame was used fof'thgse
determinations.

The procedure used for the flame photometrical determination of
calcium was a modification of that which was suggested by Cooley’(lO),
The procedure empldyed for the determination of magnesium, .

potassium and sodium was a modification of the method of Pro and

Mathers (11), agd current investigabions 2t Montana State College,
Bozeman, Montans (1la). ‘
Silica was determined»photometrically Ey the procedure u;;a by

Kerr and Trubell (12).

The determination of sulfur was attempted by the photometric

. procedure of Snell and Snell (13); however, the percentage of sulfur

was someﬁhét guestionable due to small sémples and the apparent lack
of sensitivity of the procedure.

The fat content was determined by acid hydrolysis aﬁd exbtraction
from the hydrolysate as suggested by Taylor and Nelson (14). Ten
gram samples were usged for ﬁhis analysis{.

The ™allings fractions”(7) or "amylodextrinsﬁ (8) were pul-
verized in a type V.A. Braun Pulverizer and analyzed for fheir nitrogen
and starch contents. Nitrogen was aetérmined by Kieldahl analysis

on 2 gram éamples:pf the pulverized "tailings". Clendenning's

T
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procedure fégf§tardh analysis, Vhich wag employed véfy effeqtively'for.
the determinationvof starch in flour andlpurify of raw starch, would B
not work satisfactorily for the determination of starch in‘the "tailings
fractioné"; however, a'modified method of the wheat proceaure outlined
by Earle and Milner. (15) was used satisfactorily. $néteadan using
the 3, 10 ml,‘portioﬁé_bf 0.05N sodium hydroxide as suggested by Earle
and Milner, ome 20 ml. pprtiqn of‘O.Q5N sodium hydroxide was used.
Only one sodlum hydroxide ex#raction was neéessary because mosﬁiof the

protein hgd been removed dufing separation.
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IV. RESULTS

The milling yiEIds:of the various flours-were noticeably differ-
ent (Table I). Several varieties milled very readily while others
were_more diffieult to mill. In milling Ymer, ‘the flour: had a tendency
to.“ball up". Carlsberg, on the: other hand, milled quité readily;

. however, a much greater‘percentage of the hull was retained ln the
floux. ln general, the_large, heavy kernelsimilled more readil& and
gave higher milling'yields. Tempering was found to be disadvantageous
'in the milling of barley flOUr. Tn fact; dryness appeared-to be &
prerequisite'for good nilling.

Of the two. methods 1nvest1gated,for the-separatwon of starch,
.onIy Dimler s alkali. process (2) wad satlsfactory. A batter possess-~
ing the elastlclty and rlgldlty requlred for the batter process could
~not be prepared from barley flour. With low water rakios only a
crumbly ball could be formed. Upon di51ntegrat10n most of the batter
was transformed 1nto a flour suspensxon, A few "curdsf resultedg d
however, they existed as a sllme coated" flour ball.

The dlspers1ng actlon of aqneous sodlum hydroxide on barley
proteln 1s strikingly dlfferent as shown 1n figure l, Only 95. 6% of
the’ protein was extracted from Garlsberg and 97. 2% from Hannchen in
a O. OHSN solutlon. The proteln of the other flour strains was lOO%
soluble in the same strength solutlon and also 1n.less concentrated
’solutions. The observed apparent proteln soldbﬁlrtles and PH variam

.Eioné giﬁen ;ndTable-Il_lndlcate that the proteln or prqterns,;oﬁ~the’

1T

-
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Legend

Betzes

Compana

Pearled Compana

Carlsberg
Hannchen
Vantage
Ymer
Normality of Sodium Hydroxide
Figure 1. Relationship of the extent of barley protein extraction to

the normality of aqueous sodium hydroxide.
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various varieties are somewhat different or that thevr mechanical
,"tie-up ie somewhat different. However,lif in milling, an abnormal
amouht"of hull and/or germ is thrown into “the .flour stream, a measur~
able amodnt'of a foreigh protein'mayfhe introduced. Thie,situation
Was apparent in Carleerg. Carlsherg ilour contained an excessive
amount of hull particles. .This fiber Which‘was obtained by sieving
the alkaline flourrsolution, after it had. been allowed to set for 30
minutes, revealed 1.3% nitrogen or 7 5% protein by Kjeldahl analys:Ls°
The nitrogen contained in the fiber was approx1matehy equal to the
total hoh-soldble nitrogen or protein of the flour.

In-general, about 82% of the dispersed barley.protein‘Wasfvery-
éasily. recovered (Table IIT). The meximum recovery (85.7%) was ob-
talned from Vantageo In all cases, the optimum pH for protein pre-
01pitation'was approximately 5 as is’ 1ndicated in flgure 2; however,
there was a slight variation. If the 1onic strength is low, the pH
where the protein is least soluble would be the 1soelectric point of
that protein. This evidence sﬁbstantiates—further the hypothesis
that the proteins of the varilous barley varietieskare somewhat dif-
ferent.

Of the varieties investigated, Corpana, appears to be the best
suitéd for the production of starch. The starch yield appears more
closely correlated to the starch content of the flour. than any other"
'factor, The yields of hlgh quallty starch varied from 43 t0 63 grams
per 100 grams of flour while the "tailihgs fraction g! varled from

16 to 30 grams (Table £V)
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Legend

Betzes
Compana
> ,> ,» » Pearled Compana
< < < ( Carlsberg
_ e —_—_ Hannchen
___________ Vantage

- .— .— . Ymer

4.0 4.5 5.0 5-5 6.0 6.5 7.0
pH

Figure 2. Effect of pH on the extent of precipitation of barley protein
by acidification of the alkaline dispersion with sulfuric acid.
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The purity of the raw starches varied from 97.3 to 99,7% while

the starch content of ‘the. "tailings" varied from 57 to 82% (Table IV).

These‘valués‘were obtained polarimetrically and the error involved is
reported to be less then 1% (15). |

The non—carbohydréte ahalyses of the raw.starches revealed a low
nitrogen content (Tables IV and V). The analyses of phosphorus,
calcium, magnesium, potassium, sodium, and silica, as listedﬁin Table
V, reveals barley starch compares more closeiy to rice starch fhan any
othgr cereal grain (16). The sulfur content was not determinéd
accurately, but it appeared to be at approximately the same concentra-
tioﬁ as Tound in other starches. ’

The percentage of "bound" fat found in barley starch was slightly

higher than that amount reported in corn starch (1L ){Table V).

™ T
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TABLE I

ANALYSES OF FLOUR SAMPLE:
(A11"data on moisture-free basis)

o Milling Starch Protein Pentosan Ash
Strain of Barley Ibs/buﬁ Yield Content . Content . Content Content

CfudeéFiber

Conbtent

Betzes 50.6 u? 7? 16?% 1.?4 . 1.%% ,1.23
Compana, (No.l)l 51,4 58 . 80 ST 1.06 1.23 | 1.03
Pearled Compana® -- 57 79 9.0 -- - -

Carlsberg ‘47.3 51 67 10.0  1.57  1.98  1.92
Hamnchen - 50,5 6 T 11.2 i}lé' 1.54  1.51
Van@;ge- 48.8 43 f9 11.8 1.11 1.27 1.23
Ymer | 48,%" 48 Th 10.3 1,07 1.43 1.5k

1. Twovdifferent Compana samples were used.

2, ST.é repreSen%s hulled berries, pearled berries gave. 65%.




Strain of Barley
Betzes

Compana

Pearled Compana
Carlsberg
Hannchen

Vantage

Ymer

Note:

.015
%BEXT

JSH
10.0

10.2

10.1

9.8

9.6

10.1

9.8

93.

TABLE 11

EH DETERMINATION FOR MAXIMM

3

92.6

93.2

83.8

76.0

86.6

89

-5

.020
joH  7aBExt
10.5 o94.5
10.6 97.8
10.6 100.0
10.4 90.4
10.3 90.7
10.6 91.4
10.3 92.4

pH measured with glass electrode,

.025
JR %EXT
10.8 96.6
10.8 o98.3
10.9 100.0
10.7 96.0
10.6 94.6
11.0 963
10.6 96.6

PROTEIN EXTRACTION

Normality "
03 __ .035
_js JiExt joH  %Ext
11.0 g9-1 11.1 100.2
11.0 100.1 11.1 100.1

T 100.0 11.2 100.0
10.9 953 11.1 95.6
10.8 94.9 11.1 o95.7
11.1 98.9 11.2 99.6
10.8 100.3 11.1 100.0

errors.

uncorrected for alkali salt

11.

11.

11.

11.

11.

11.

11.

-040

2

JExt
100.0
100.3
100.0
95.6

96.9

100.0

99.6

.045

11.3

11.3

11.4

11.4

11.4

11.3

11.3

%BEXt

100.2

100.1

100.0

95.6

97.2

100.0

100.0



FH DETERMINATION FOR MAXIMUM PROTEIN PRECIPITATION
(Nitrogen calculated as N x 5*70)

Strain of Barley
Betzes

Compana

Pearled Compana
Carlsberg
Hannchen

Vantage

Ymer

77-4

65.5

63.3

74.1

71.6

79-3

75-2

- 22

TABLE

Per Cent Protein Precipitated at pH

4.5

80.0

75-8

79.7

80.9

76.2

84.4

81.0

5.0

82.5

80.9

83.3

80.3
81.6

85.7

83.3

80.2

80.2

83.4

77-5

76.7

83.9

80.6

6.0

69.6

73.9

74.3

53.8

43.4

72.3

71.0

6.5

44 .

35.

47.

38.

35.

38.

45.

4

2

38.0

31.4

42 .4

36.2

31.5

14.8

42.5
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TABLE 1V

YIELD OF STARCH AM) PROTEIN FROM VARIOUS VARIETIES
(All data calculated on moisture-free basisJ

Strain Crude Starch Tailings Starch Ppfd Protein
of Starch Protein Starch Protein Protein Protein
Barley Yield Content Content Yield Content Content VYield Content Recovery
Gms/100 Gms/100 Gms/100
Gms b Gms _ Gms JL (4]
Betzes 51 98.5 0.3 24 68 1.1 13.2 65.7 82.5
Compana 63 99.7 0.1 16 57 1.7 11.6 53.7 80.9
Corapana* 60 99-7 0.2 20 69 1.4 11.5 65.5 83.4
Carlsberg 47 99.7 0.2 24 80 1.2 11.7 66.3 77.6
Hannchen 56 97-3 0.3 18 77 1.3 14_1 62.8 79.0
Vantage 59 98.5 0.2 16 77 1.3 16.6 61.1 85.9
Ymer 43 99.7 0.2 30 82 1.1 16.6 51.8 83.3

* Pearled Conrpana
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TABLE V

SOME NOW-CAEBOHYDRATE CONSTITUENTS OF BARLEY STARCH

P205
Strain of Barley b
Betzes 0.250
Compana 0.223

Pearled Compana 0.255

Carlsberg 0.270
Hannchen 0.412
Vantage 0.392
Ymer 0.270

* Fat was determined by

SiOg Ca0
% b
0.011 0.013
0.013 0.015
0.008 0.015
0.021 0.013
0.012 0.018
0.016 0.015
0.014 0.013

hydrolysis

MgO
b

0.020
0.017
0.020
0.019

0.035

0.030

0.017

KgOo
o

0.060
0.051
0.055
0.055
0.080
0.065

0.049

NagO

0.123
0.098

0.107
0.107
0.171

0.160

0.093

N

1
0.053
0.018
0.035
0.035
0.053
0.035

0,035

Fat*

0.87
0.69

0.73

0.71

0.78

0.89



- 25 -
V. SUMMARY
A The batter process (3) would not give a satisfactory separation
of gluten and starch from the barley flours examined.
Dlmler s alkall process (2) provided a very satisfactory separation
of gluten and starch from barley flour; howeyer, the percentage of
nitrogen or ﬁrotein dispersion raried:with the different strains suggest$

ing that the protein is different. The varlatlons of strength of alkali

'requlred for maximum protein dlspersion (figure 1 and Table IT) and the

variaticns in protein recovery ‘(fifure 2 and Table ITI) substantiate
this belief |

The recovered protein has'a purity of 52 tc 66% and constitutes
81 to 86% of the flour protein. The purity of this 'protein could be
increased and starch yields increased by a retrecipitation, but the
ecdhomiqs of such a procedure are questiohable. It appears that there
is no advantage in pearling the barley before milling as over-all
yields are the same—whéther or not pearling is practiced..

The starch‘dbtained from barley by the alkali process has an ex-
tremely low proteim combent (9,1 - 0,3%)'. Other alkali insoluble
solids reduce the purity of the starch to between 97.3 and. 99.7%°

As Table I 1ndicates, there appears to be a varylng amount of an

undetermrned substance or . substances in the various barley flours.

The analyses of starch, protein, pentosans, ash, and crude flber of
the various flours accounts for only 82.5 to 94.4% of the total flourf
These values have been calculated on the moisture free basis. Ether '

extractable fats; guﬂs,‘sugars, and dextrins would account for only

T T 7"
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a small percentage of the unidentified substance.or subétances unless
one or'severel occurrea-in exﬁrerely large quantities. Further in-
vestigation of the undetermined substance wili”be carried out as time
permits. It is interestinhg to note that the\exact epﬁpositioq'of
wheat flour is still undetermined (17). |

The results of this iﬁvestigation indicafe that low protein

starch can be produced from barley flour and. that approximately 82%
of the proteln can be recovered. Local anulrles have revealed that
wmilling by~products are in great demand in this area for livestock
feed and, at the present lee, hﬁgh protein llvestock feeds are belng
shlpped 1nto the Northwest at great expense° The byfprqducte from’
barley flour mi;llng and the recovered protein cowld be converted
ipto an excelleﬁtiliveStock feed supplemenf which is in-greaﬁ demaﬁd
in rﬁis area° These factors 1nd1cate that the productlon of starch

from barley in this ares might be feas1ble°




(1)
(2)

(6)
(7)

(8)
(9)
(10)
1(11)

(11a)

(12) -

(13)

(1k)
(15)
(16)

(x7)
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