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PROPERTIES OF BARLEY GUMS REDUCED NITROGEN CONTENT

INTRODUCTION

Plants and thelr fruits are composed principally of carbe;
hydrates and proteins., The composition and structure of these materials
have been studied for meny years. For some time ear'btéé vere
regarded mainly as reserve food material, although certain carbehydrates
were classed as structural material. Recent advances, made possible
by the development of new technigues, have indicated that carbohydrates,
as well as vproteins', mey play an important role in the properties of
plants and their products, As & result, the composition and structure
ef plant carbehydrates are now being investigated intemsively., Although
many n@sta.rch polysaccharides have been recognized in plant material ’
study of these lagged until a clear picture of the structure of
starch -~ the main plant polysaccharide -- was aﬁta:lned.. The techniques
that were used to determine starch stmeture are now being applied to
non-starch polysaccharides, the most prominent of which are the plant gums.

Many materials are classed as plant gums, .Some are produced
as exudates from cut surfaces, whereas others are an integral part of
plants or thelr fruits., Although gums obtained from different sources
vary in cemposition and structure, they usually contain hexose residues »
uronic acid residues and pentose reéidues s end produce highly viscous

\a.qaeeus solutions. Detalled study of these complex polysaccharide

materials was greatlj assisted by the development of chromatographic
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procedures for isolation and identification of organic materials, The
progress in studlies of plant gum composition and structure was reviewed
by Jones and Smith (20), and has assisted studies of other complex
polysaccharideé. Aﬁeng these are the neﬁ-starch polysaccharides obtained
from cereals. These carbohydrates have been recognized for many years,
but were not amenable to detailed study. Investigation of these materials
has been revived (28) and they now appear to be related to the plant gums.

Gum isolated from barley is one of several cereal gums that
have been investigated. Barley gums have been known for seventy years,
but ﬁheir composition and structure could not be determined., Earliest
investigation (32) indicated that these gume consisted of polymerized
carbohydrate matei'ial, but no methods were available to study the preducts
further., Later work (5, 11, 28) showed that crude barley gums also
contain nitrogenous material that was believed to have s significant
influence on gum properties. Suggestions have been made thet some of the
barley gum nitrogen may be part of enzymes which degrade the gum (28),
and that at least some of the nitrogen may be part of s protein-carbohydrate
complex (11, 28). Barley gums were therefore investigated in an attempt
to asceriain thé extent to which nitrogenous meterial contributes to
gum properties,

Interest in barley gums was aroused in this Leboratory by
results of studies on wort, Certain wort properties are believed to be
influenced by a component contaeining carbohydrates and nitrogenous
material, Wort viscosity, a characteristic wort Property, decreases as

the amount of this complex material in wort decreases. As viscosity of
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wort is an useful measure of malt guality, investigation of the origin

of the viscous principle of wort was undertaken.
Isolates similar to barley gum can be obtained from malt,

wort and beer (26, 28, 42). However, gums from the latter materials

have not been investigate& intensively, and consequently the relation
between ﬁhe four gums 1s indefinite. It was belleved a systematic
study of the four gums should begin wi'i:h the product isolated from
'barley. Since the gums are presumably interrelated, it will be useful
to rgview briefly the malting process and seme brewing terms,

There are four stages through which barley must be passed
before it is ready to be utilized for the production of beer., The grain
must firet be cleaned and stored. Freshly harvested barley has'a poor
germinstive capacity and, therefore, should be stored for a few months
before malting. After storage, the barley is steeped or scaked in
water until the moisture content of the grain is about 45%. Steeping is
necessary to allow germination to take place. |

- The third, and most important, part of the malting process is
germinatioh. Chenges that take place in the kernel during this stage

ares (a) formation and liberation of enzymes, (b) growth of plumule
and rootlets, (c) disappearance of eﬁdespem cell walls and subsequent
softening of the 'grain, and (d) degradation of proteins and starch. The
development of enzymes is the primary change and all the other changeé

are, to some extent, a result of enzyme activity. When the plumule,
vhich develops during germination, breaks through the hull, enzymatic
activity is usually a maximum.
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Kilning is the final stage of malting; the green malt is dried
by & stream of air to inhibit germination. The temperature of air is
increased stepwise from 85%. teo 176°F. 'I.'hié drying procesg determines

the enzymatic activity of malt and the final flavor ard color of beer,

Kilned melt is ground and the grist extracted with water, The mash is
filtered, and the filtrate or wort is the basic material in the production

of beer,

Several chemical cha.nge_s occur in the barley kerrnel during

malting; the most lmportant changes ere the enzymatic degradations of
carbohydrates and proteins, Enzyme hydrolysis of these materials is
essentlial to attain the greatest potential of malt extract. Modificatien
is a general term used to describe the conversion of insoluble material
into water-extractable products during malting. DPegree of modification
is defined as & measure of malt guality, and is ome of the most important
factors governing the brewing value of .malt. Brewers use the terms
"over-", "under-" and “"normsl-modification®, when speeking of malt
éualitj. 'Hewevei', nenﬁal modiﬁcatien is é.ifficalt to define because
required characteristics vary with brewing methods used and the type of

beer desired.

Several procedures bave been proposed for measurement of degree
of modificstion (14), but none is completely satisfactory as shown by

the diversity efﬁthé methods. One of the most recent and more practical

methods suggested is that of wort viseosity (38); viscosity of wert
decreages with length of barley germination timéo It was through this

property that investigation of barley gums began,
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Barley gums are believed to be the precursor of at least part
of malt gums (28), and hence the former gums may be indirectly
responsible for éertain wort properties. Barley gum and hemicellulose
are chemically similar and both are belleved to be present in barley
cell walls. The presence of nitrogenous meterial in hemicellulose has
not been detefmined, but nitregen has been shown to be present in
barley gum either as a constituent or as a contaminant. Gum that is
free from extraneous nitrogenous material would be of value in studying
gun stfmcture. Therefore, gums from which nitrogen was removed in a
systematic manner were studied in order to elucidate the effect of
nitrogen én gum properties.

Results of studies of properties of barley gums of reduced
nitrogen content are presented in this thesis. The firet section
pregsents some iﬁforma.ti en the nen-starch pelyéaccharides» centai‘ned'in
barley, malt and wort. The carbohydrate composition of these materials
shows thelr relation te plant gums, Precipitation and extraction metheods
used to v.:'ceduce the nitrogen content of barley gums are described in the
second section. The products were characterized by determination of
sclution viscesit&, .seluti-;oénv instability, nitrogen ceﬁtent, carbohydrate
components and: amino acid cnts of gam, The significance of these
gum characteristics is discussed in the third section., Fimally, all the
relevant information is reviewed and conclusions are dram regarding
the relation of nitrogenous material presemt in barley gums to barley

gum properties.
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REVIEW BARLEY, MALT AND WCRT

Although barley gums have been recognized for a long time, 1t

is only with the development of modern teehniques that the significance
of barley gums in relation to malting has become apparent. Consequently,
the bulk of the work done on these polysacché.ride nateﬁals is relatively
new and not very extensive. Late 1n-the nineteenth century several
workers described gums eb‘f.ainéd from barley, but no investigation was
made at that time concerming the function of these gums in the grain
kernel. The early literature cites a few preparations of gums from
cereal grains other than barley, but the work was of a general nature
and no significance was attached to the products. It was nét untll
Piratziy and Wiecha (39) in 1938 obtained s polysaccheride material from
wort of sherﬁ;grm malt thet an indication was given of the importance
_ef these materisals in the malting process. This information created a

new interest in barley and malt gums, and most recent work has been

directed towsrds investigation of the occurrence of these materials in

barley.
One of the earliest workers in the fileld of barley gums was
0'Sullivan who reported (32) two fractions of carbohydrate material

obtained frem barley by éater extraction, O*'Sullivan believed the

fractions to be derived from starch and, therefore, named the materials
"emylens”, The two amylan fractions differed in water solubility. Part
of the amylen materisl wes insoluble in water and was designated

"o -amylen®, wherees the water-soluble fraction was called “P ~amylan®,
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The name "amylen” is unfortunate for it was later shown (39) that

0'Sulliven's A -amylan contained pentosan material and, so, could net be
considered to be g starch derivative, Preece (k1) found this water-

soluble fraction was similar to plant gums and so designated it "barley

gun”.

. the separation of protein fractions of barley meal
Osborne (31) found that gum was extracted from barley by salt solution.
However, ‘Osborne was primarily interested in preparing pure protein
fractions and did not investigate the barley gum contaminant. Lindet (23)
isolated gum similar to that obtained by O'Sullivan. Later Brown,
Escombe, McMullen and Miller (5) extracted a barley gum, the amylan
centenﬁ of which corresgondeé.'wi‘bh the estimated guantity of hemicellulose
in barley. Preece, Ashworth and Hunter (43) point out, however, that
the amylan material of Brown et al. may have been highly contaminated
with hemicellulesie ma.tér:lal by virtue of their extraction methed.

The early workers gave no indication of the erigiﬁ of the
complex polysaccharides in the barley kernel, although 0'Sullivan

believed of - and ﬂ -amylans were degradation products of starch. However,

Brown et al. state that the "amylans™ have no genetic comnection with

starch. At the same t:ﬁne » these workers perceived that barley gums
piayed en important role in the malting process. Hind (16, p. T70) in =
summary of the early work om barley gums writes that » according to Brown,
solution of barley gum is one of the most significant changes that 6ccurs
vhen barley is converted into malt. However, it was mot until thirty

years later that investigations of this evident change were undertaken.
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In general, there are two methods by which polysaccharide
material may be pﬁrepared from cereal products. These are:

(1) extraction of the cereal with water or dilute salt

| solution, or

(2) extraction with dilute scdium hydroxide
The first methed was employed by O'Sullivan and scme other early workers,
and yields what are now called cereal gums. Alkaline extraction, on the
other hand, yields hemicelluloses, The two products are chemically
similar, although they differ in 1ni£ial water-golubility in the grain,
Ag little is known about the structure of hemicelluloses, they are very
inadequately defined. Preece (k1) defines hemicelluloses as cell wall
materials that are insoluble in 'wé.ter, but which are fairly soluble in
4% sodium hydroxide. Hind (16, p. T0) broadens this definition by
sfa.t:lng that hemicelluloses are more :Eea.é.ily attacked by enzymes than is
cellulose; hemicellulose~-splitting enzymes are called hemicellulases or
cytases. Hemicelluloses have been isela.téd from a variety of sources
such as woods , straws and seeds, and according to Preece (41) meny
hemicelluloses obtained from such materials yielded x,ylesé aﬁd arabinose
after hydrelysis. Hemicellulesic material may also contain hexose
vsugars and uronic acids. Larmour (22) obtained gummy substances , which
contained glucose and appréciable ;moénts of pentose sugars, from
alkaline extracts of several cereal grains. Thus, two different, though
somewhat similar, materials can be cbtained from cereal products
depending on the method of extraction. Cereal gum is in an imitially
~ water-soluble state in the grain, while hemicellulose material is
extractable only with alksline solution, this basis Preece (41)

declares that O'Sulliven's amylans are barley gums and not hemicelluloses
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as Hind (16, p. T1) previously named them. It is genmerally agreed that
the source of 'beth—gum and hemicellulose is in the cell wall of the
kernel,

What happens to hemicelluloses during melting presents a
éemplex problem to study, and about which there has been much
speculation, Hopkins and Krause (17, p. 132) state that during malting
hemieellﬁlaseé dissolve mai:er:l.al m the cell walls of the grain which
results in softening of the kernel., Kernel softening is said to be the
cause of the most evident feature of malt modification, This view is
supported by Preece (40) in an address to the Joint Meeting of the
Ingtitute of Brewing' and the Incorporated Brewer's Guild, He states
thet Windisch and van Waveren found softening of the grain is accompenied
by an increase in the soluble pentosans of the corn. The important role
that cytolysis plays in melting is emphasized by Helm (14). Decomposition
of the cell walls permits amylases to come in cenfact with stéreh and so
make saccharificatien possible during mashing. Hemicellulosic material
of cell walls is broken down by enzymes during melting.

Enzymatic degredation of cell wall msterial is the central
point in the modification preblem., Modification is essential in the
- production of malt, and there have been several methods proposed to
. measure degree of modification. As the guality of malt is reflected in

the guantity and quﬁity of malt extract, many procedures utilize wort
quality as a measure of medification, Two such measurements are
determinations of wort nitrogen and wort turbidity, In 1936 wort
viscosity was proposed as a method for determining degree of modification.

Recently Feys (9), after studying five methods of measuring degree of
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modification, recommended the determination of wort viscosity as an index
of modifications This method is now used quite extensively, as it is
easily and quickly‘ done. However, studies on variations of wort
viscosity are few as Hopkins and Krause (17, p. 192) indicate,

Piratzky (37) found that ghort-grown malt gave more viscous
solutions than malt grown a normal length of time. He therefore
suggested that high wort viscosity was an indication éf imperfect
mfiea.tiono Later, Piratzky and Wiecha (38) indicated this property
could be used a.s & measure of modiﬁcatien; i‘hey concluded that when
malis produce worts that have minimum viscesi'ﬁy, they are well modified
and are in a condition where all the convertible hemicelluloses in the
worts have been converted.

Wort viscosity is an important factor to be considered in the
production of beer, for, according to Helm (1%), beer viscosity is
dependent on the viscosity of the extract. It is believed by seme
brewers that high viscosity is a governing fé.c‘b@r of head retention and
probebly of palatefulness of beer., However, "high 'viscos:lty“ is not
defined and it remains a rather uncertain term. |

As ‘the importance of wort viscosity in brewing became more

apparent, not only as a measure of wort quality but also as a factor
affecting beer quality, the nature of the "viscosity-giving compounds"

in wort was investigated. In a paper by Meredith and Sallans (29) the

authors state that wort viséosity is a measure of the extent of
degradation of starch and protein material, and is attributed to the
cambined effects of high molecular weight fractions of these materials.
Later, the same workers reported (30) that an increase in wort nitrogen

was accompanied by a decrease in ﬂséosity. This inverse relationship
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is the result of incomplete degradatiocn of protein material resulting in
the presence of colloidal protein particles. After studying the effect
of temperature on wort viscosity and wort nitrégen, Meredith (25)

suggested that wort viscosity was due to some factor other than nitrogen,

Piratzky and Wiecha (39) imdicated that wort viscosity is caused -
by carbohydrate materiel. Theée %orkers isolated a viscous polysaccharide

from wort of barley that was germinated for three days. The material was

not obtained from fully germinated barleys, hewe#er, end it was suggested
that the polysaccharide 1s broken down during the latter stages of

melting, Preece (4l) agrees with this suggestion when he writes that
full modification V'ofhbarley probably results in complete hydrolysis of
the viscous material of barley. If this statement is accepted, the low
viscosity of wort from fully medified barley can be explained. Hopkins
and Krause (17, p. 193) mention that wert viscosity is mainly determined
by the quality and guantity of carbohydrate material present in the
extract, thus indirectly, indicating their agreement with the suggestion
of the German workers. |
The product of Piratzky and Wiecha resembled O*'Sullivan's’

o -amylan; it was only slightly soluble in water and waé reported to be

nitrogen~-free. A solution of the gum was quite viscous; 1% solution had
‘a viscosity of over 4.0 cp. The polysaccharide material was starch-free,

but on enzyme hydrolysis yielé.ed only glucose and maltose. This result

implied that the material was comprised of high molecular weight dextring,
Helm (1%) agrees that the wort gum of Piratzky and Wiecha is
responsiblé, at least in part, for high wort viscesity. It is known that

maltose imparts to wort a higher viscosity than to water, vbut, as

Helm (14) points out » wort viscosity is considersbly higher than that of .



a maltose solution of the same density. This would indicate that there
is another factor contributing to wort viscosity.

Meredith (26) in a further effort to isolate the viscous
principle of wort, éﬁté.ined a gum from wort by alcocholic precipitation.
This wort gum, which contained pentosan materisl, was obtained from an
extract of well-modified malt, Since the materia; contained pentosans,
Meredith considered }t to be derived from the vpentasans of barley. It
has been mentioned ‘l;hat Windisch and van Waveren found that soluble
pentosans of barley increase in amount with increase in length of
germination time,

Helm (1%) acknowledges that barley contains pentosan material
which is sttacked during cytolysis. He writes that cytase, which
includes enzymes éapable of hydrolyzing pentosans and similar compounds ,
attacks the hemicelluloses of endosperm during modifieatien. The products
of decomposition of pentossms in wort are ‘likely 1o be more eeﬁplex ‘than
high molecular weight dextrins. Therefore, as noted by Meredith (26),

it seems reasonable to expect that pentosans or similar car’bohyd:ré.teé

are responsible for wort viscosity.

| Several workers (11, 31) have reported the preparation of gums
from cereal products by sait extraction., The gums obtained from barley
were found to contain pentosan materisl ana., according to Freeman and

Gortne:r (11), "they comsist largely of mixed polymers of xylese and

arsbinose sdmized with some protein material”. Perlin (35) describes

gum isolated from wheat flour, and reports that ome fraction of it contained
_ prinecipally xylose and arsbinose, while a second fraction was hexosan in
-nature. A similar polysaccharide material had been found associated with

' B -amylase prepared by extraction with alcohol from flour of
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ungerminated wheat (10).

More recent work on gums has been directed towards determining
the relation between wort gums and barley gums. Cytolysis involves the
water-goluble barley gums that make some contribution to viscosity in
barley extracts. Preece, Ashworth, and Hunter (43) isclated gum frow
barley that had been beiled with alcchol to inactivate enzymes., The gum,
recovered by acetone precipitation, contained varying amounts of glucese »
arabinoeé and xylose as determined by chromatographic analysis of a
fraction of acid hydrolysate. The barley gum obtained by Preece et al.
corresponds to O'Sullivan's B Qémylan, and both have been esteblished to
be nen-;starch polysaccharides (39, 43). Preece et al. report that their
material is viscous in a.queeusﬂsolutic.m, but as yet no definite commection
has been shown to exist between the viscous polysaccharide of barley and
the viscous principle of wort. However, Meredith (26) believes the
factors causing high wort viscosity are complex carbohydrates, He
postulates further that the material in barley which gives rise i:e compounds

responsible for wort viscosity is a protein-carbohydrate complex. This

view is emphasized in a later paper (28).

Gums from raw barley fleur; malt grist and wort were prepared
by Meredith, Bass and Anderson (28) to study the characteristics of the
three products. These workers reported that solutions of barley gums

are unstable, and suggested that instability mey be due to gum-splitting

enzymes that are precipitated with the gum. When hydrolyzed with acid,
the gums yield glucose, arabincse and xylose as principal sugars with
traces of galactose and mannose. Meredith et al. (28) report thet gum
vhich is stable in solution can be prepared by refiux:ing barley gum with

dilute alkali, Hydrolysates of alkali gum contain the same sugers as
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hydrolysates of the parent gum, but in different proportions.
Early workers who investigated the composition of barley gums
were not in agreement concerning the nitrogenous content of gums.

OtSullivan (32) indicated that his products were nitrogen-free, while

Brown et _g_l_. (5) reported that their crude gum contained 0.1 to 0.8%
nitrogen, Meredith et al. (28) ﬁere the Pirst to attach any significance
to nitrogen content, They éugéested that nitrogen appears to be a |
eritical factor affecting gum stebility, since the writers found unstable
barley gum conteined sbout 3.0% nitrogen. Unfortunately, Preece et al. (43)
did not repeft nitrogen content of their barley gums. -

It has been Teported that alkali treatment of gum will reduce (26)
or remove (28) the nitrogenous material and produce a stable polysaccharide;
Larmour (22) also found that gum recovered after alkali extraction was
low in nitrogen, Piratzky and Wiecha (39) reported s nitregeﬁ;free gume
This product was obtained from alkaline solution which may have been
i.'esible for the removal of the nitrogenous constituents.

After heat;coa.gua'ble protein had been removed, the protein

nitrogen content of barley gum was T.25%, according to Freeman and Gortner

(11). They suggested that the protein inaterial was admixed with poiymers
of ﬁentésans. Similarly, Meredith (26) made the suggestion that nitrogen
content may be due to a protein-car‘éohjdxate complex, However, the

function of nitrogen in barley gums remains in doubt (2, p. 31) end as

yet little work has been reported on the problem. As Meredith (26) writes
concerning alkeli gums, "although there is a direct relation be'éweén
nitrogen content of predéct and viscosity of solution, the role of

nitrogen in the properties of the material is not élea.r".
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From the available literature it is evident that knowledge

concerning the chemistry of barley gums is quite limited, although
there has been considerable speculaticn about these materials. The
problem of the relation between the gums from barley, malt and wort is
almost untouched, Preece et al. (43) believe that weter-soluble malt
gum is formed from hemicellaleses“byéytelytic action, However, other
workers (28) suggest that at least some of the malt gum is derived frem
barley gtjm.‘ Little information is available concerning the composition
and structure of these gums, end uatil such work is deme, the relation
between the gums will remain cbscure. To this end it was believed a
worthwhile contribution eould be made by the preparation of pure barley
gun in which the material‘ contributing to viscosity is concentrated.
The isolation of such a gum mey also shed seme light on the problem of

'Ehe role of nitrogen in barley gum.
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EXPERIMENTAL

MATERTIALS

The material used for the preparation of barley gums was
Montcalm barley grown at the University of Manitoba in 1949, The

grain was stored in bulk in sealed containeré from vwhich aliquet
samples were obtained with a Boerner sampler. The barley contained
11.3% protein baged on 14% moisture, Barley grist was obtained by
grinding 500 g, lots of barley in a Wiley mill with 1 mm, sieve,
Studies were made using both raw barley grist and alcehol-;
treated barley grist. Preece et al. (43) reported the preparation
of gum from ground barley that had been refluxed twice with 85%
ethyl alcohel to inactivate enzymes., A similar procedure, in use by

Meredith (27), was utilized in this study. Ground barley was boiled

under reflux for 30 mins. with 5 parts ("/v) of ethanol (sp. gr. 0.85).
‘Specific gravity of alcohol must be adjusted carefully, as it has a
significant influence on pre;éeri;ies of the final gum product. The
mixture of alcohol and barley was centrifuge& and the grain air;dried.
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METHODS

Gum tion

The procedure for fractionation of gums described by Meredith
et al. (27, 28) was modified slightly for the preparation of further
barley gum fractions. The modified method invelved treatment of the mash
with various pretein:aciive ‘reagents, either after or during extraction.

Two general nethods for preparation of gum frﬁctioné :frm both
TV 'b_a.rlei grist and alcohol-treated barley grist are described bbelew.
De’qails regerding reagents will be found in a sep_arat_e seeti_en. The
i:roced.ure designated “precipitation method"” was used to remove niﬁrogeneue
material after autelyéis hed occurred, The second procedure, "extraction
method®, consists of the removel of nitrogen-containing material before
hydrel&sis had taken place to any great extént;

Precipitetion Method, Crist was extracted for 2 hrs. with distilled

water by continuous stirring of the mash in a water bath at room

temperature, Ratio of ground barley to water was 1:8 (w/v)o Spent grains

vere removed by centrifuging and the reagent solution wes added to
supernatant liguor. ” Material that wes precipitated at this point was
removed by eeﬂtrifuging. | |

The liguor was added with comstant stirring to 3 volumes of
distilled ethyl alcchol to precipitate gum material, After settling for
1 br., the precipitate was recovered by eenﬁr:lfnging. The gum was dried
with alcchol, acetone and ether in that order. This method of drying

is subsequently referred to as "drying by solvent exchange", The product
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was then aire-dried and pulverilzed.

Extraction Method, Ground barley was extracted directly for 2 hrs.

with 8 volumes reagent solution (¥/v) by continumous stirring of the
mash at room temperature, Spent grains were reﬁoveé. by centrifuging.
The clear supermatant liguor was added“te 3 volumes of ethyl alcchol, and
gmn vas recovered and dried as deseribed under "Precipitation Method"o
Reggent Solutionse The reagent solutiors used in the preﬁaratién of
barley gums weres '
Trichléracetic acid
Trichloracetic acld was dissolved in distilled water so that
final concentration of acid after addition to mash or extract
liguor was 6%.
Tannic acid
Twenty grems temmic acid and 10 ml, concentrated sulphuric
" acid were dissolved in ml, diétilleé. water (h6). An
aliquot of this selution was diiuted to yield a final tannmic
é.cid kcenc’en‘bra.tien of 2% after addition to mash or extract
liguer. |
Ficin
Powdered ficin was ground into solution with distilled water,
Undissolved ficin was removed by centrifuging. Aftér addition
of this solution to mash or extract liguor, final fiecin
concentration was 0.25% assuming ell ficin was in solution.
After 2 hrs. of mashing, or 15 mins. in contact with extract
liguor, ficin was precipitated in 6% trichloracetic acid, The |

precipitate was removed by centrifuging,
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Papain

Papain solution was prepared in the same way as ficin solution.
However, assuming all papain was dissolved, the final con-

centration of enzyme in mash or extract liguor was 1%.

Gum Characterization

Viscoaitx and Concentration. Viscosity may be used as a measure of
relative molecular lengths of polysaccharide msterisl in solution,

Viscosity measurements were made with fast-flowing Ostwald viscometers;

water flow-time of viscometers was 13 to 20 sec. Water viscosity was

assumed to be 1 ecp. for relative viscosity claculations, a.lthbugh
temperature of the water bath was 30° + 1%, However, since the gum
solutions were very viscous, this error was negligible.

Solution concentration was obtained by heating an aliquot of
solution in s tared dish at 105°C. and caleulating from difference in
welight,

Nitrogen Determination., The technique used for nitrogen determination

_was a modified combination of two micro-Kjeldshl methods (15, 45, p. 78).
A sample containing 0.2 to 2 mg. nj.trogeh was digested for mina, with

1 g. sodium sulfate, 0.3 g, mercuric sulfate and 2 mil, sulpburic acid

(sp. gr. 1.84), When the mixture was cool, 3 to I ml., water were added
'Eo the digestien fla.skg The solution was transferred to a distillation

epparatus similar to that described by Pregl (45, p. 80), Fifteen ml.

of 30% sodium hydroxide solution containing 5% sodium thiosulfate was
added to the apparatus and the mixture steam distilled., The distillate
was passed into & suitable volume of 0,01 N hydrochlorie é.c:l.d containing

one drop of 0.2% water solution of methyl red as indicator, After
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distilling the sclution for 5 min§., the receiver was lowered and
distillation was continued for a further 2 minj. to rinse out the
delivery tube., The excess acid was titrated with 0,01 N sodium

hydroxide., A reé,gent blank wes done on each run as the blank was found

to vary comsiderably from day to day.

The method was tested with Tl.4 mM, armonium chloride (1 ml. =
1.0 mge §), and the experimental error in the recovery of nitrogen was
within *4%, Treffers (AT, p. T1) states that vhen samples containing
0.1 t0 1.0 mg. of nitrogen are determined with micro-Kjeldahl procedure,
the reproducibility of results is 5% or better. |

Sugar Components. Gums were hydrolyzed for 16 hrs. with N sulphuric

acid in sealed glass tubes of 4 mm. bore at 100°C., Concentration of

gum wes 3%. The hydrolysate was meutralized by passage through a column

packed with activated Bﬁel:lte A-;7 resin, Percolate from the column was

distilled under reﬂuceé. pressure and the residue of mixed sugars retained,
The apparatus and method used for chromatography were based on

those originally described by Consden, Gordon and Martin (7) and

incorporated refinements suggested later by Jermyn snd Isherwood (18).

The cellulose base for partition of solute was Whatmen No., 1 filter paper.
‘ ' Six pl. of a 15} mixed sugar solution were applied to a
penclilled starting line, 3‘inches from one end of the filter-psaper strip.

Solution spots were placed 2.5 cm. apart on the base line, The éhrmato-

grem was placed in the glass tenk and equilibrated for a few hours with
the agueous phase of the solvent system, ethyl acetate/pyridine/water in
the ratio 5:2:5 (18, 19). The solvent phase was then added to the trough

and the chromatogram allowed to develop for 20 to 24 hrs., which was

sufficient time for resolution of galactose, glucose, arabinose and xylose.



The paper wes air-dried and sprayed with aniline phosphate in butanol

é.s described by Bryson end Mitchell (6). These workers claim that this
sprey gives a more campact spot thanbtl'aat obtained with Partridge's
aniline phthalate (34). The chromatogram was finally dried at 90°C. for
10 mins. -

When sprayed with aniline phosphate, hexose sugars show up

as brown spots, while pentose sugars are indicated by a characteristic

red-brown color. Rf value, as defined by Comsden et al. (7), is usually

used to identify sugars separated by filter-paper chroma.tog:éaphy.

Calculation of Rf involves knowledge of the distance travelled by the
solvent front during development of thé chrematogram. However this
measurement is often difficult to obtain. Therefore, the compenents of
anknown sugar selutiona were identified by reference to a mixture of
known sugar composition that was applied to the same chromatogram. The
concentration of each reference sugar on the chromatogram is around
0.2 mg.

Amino Acid Components. Gums were hydrolyzed with N hydrochloric

acid in the same way as described under sugar chromatography. Salts, which

interfere with mobility of amino acids during development, were removed

by repeated reduced pressure distillation. Water was added to the residue
to form a 30% solutien, 6 ple of which were éhrema.tog'aphed on Whatman
No, 1 filter paper (18 x 22 inches). h

McLeod (24) suggested one dimensional chromatography was best
when several amino aéids were possibly present in the solution to be
chromatographed. This procedure was considered adequate, when control
solutions of amino' acids were chromatographed and used as reference for

comparison of hydrolyzed solutiens; Control solutions of amino acids in



ethyl alcohol-hydrochloric acid were prepared according to Dent (8).
This worker states that solutions of amino acids in alcohol are stable
for several months,

The chromatographic apparatus is described in the Twenty-fourth
Annusl Bepbrb of the Board of Grain Commissioners (3, p. 31). Resolutiocn
of most amino acids was obtained with the solvent system butanol/acetic

acid/water in the ratio 4:1:5 by volume (24, 33). After development with

the solvent, the air-dried paper was sprayed with 0.1% ninhydrin in
butenol (7). Color was developed by oven-drying the paper for 10 mins.
at 90°C. After heating with ninhydrin, most smino acids give a color
ranging from blue to purple. standing for several hours, the color
deepens and detection of traces of acids is facilitated. With ninhydrin
spray, proline produced a light yellow color that wes often difficult to
detect. A specific proline color developer of isatin in acid butanol
was described by Acher, Fromogeot and Jutisz (1), This spray with
proline gave & characteristic blue color on a yellow background.

Some amino acids are "faét—moving” vhile others are "slow-moving"

on peper chromatograms. The mere mobile aeids cen be resolved by 24 hour-

development, while papers bearing the less mobile acids must be

developed 48 hrs. for resolution., The solvent system butanel/acetic
acid/water does not resolve leucine , ‘iso-leucine and phenylelanine, but

‘these acids are nicely separated with butanol/benzene/pyridine/water in

the ratio of 4:2:2:5 by volume,
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RESULTS AND DISCUSSICN

Barley, malt and wort gums were studied by Meredith et al. (28)
in an atteinp'b to find a relation between the thrée polysaccharide matériéls.
Preliminary investigation indicated that the problem wes very complex,
and that a systematlic investigation of the three gums should begin with a
detailed study of barley gum.

| Crude barley gum was described by Meredith et al. Laﬁer studies
indicated that treatment of barley with boiling alcohol prior to extraction
with water produces a gum that is more viscous in solution and is lower in
nitrogen content than crude barley gum (27)., Both gums are composed
principelly of glucose, arabinose and xyloée. ' Crude barley gum and gum
obtained from alcehel;treated barley are unstable in agueous solution.
Solution instability was suggestéd to be caused by enzymes that were
preciplitated with the barley gums _(28). However, the role of nitrogen in
barley gmnswas not clearly understood. Therefore, properties of barley
gums of reduced nitrogen content were studied in an attempt to elucidate
the function of nitrogen in barley gum. The results of this study are
reported and discussed in the following séctiezw¢

_Nitrogenéus material was systematically removed from barley gum
by treatment of barley and barley extracts with protein precipitanmts and
proteolytic enzymes. Gums prepared by these methods were compared with

crude barley gum and gum extracted from alcohol-treated barley with water.
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Gum preparstions were characterized by the determination of
several gum properties. These were: viscosity of gum solution, degree
of solution instability, nitrogen content, sugar composition and smino
acid composition., Concentration influences gum solution viscosity
appreclably, therefére » viscosity values reported here are accompanied
by the corresponding solution concentration. Degree of insﬁability or
viscoslty reduction was calculated by dividing'the change in gum solution
viscosity in centipoises after 2 hrs., by initial relative viscesity
in centipoises; the value was expressed as per cent. Thése properties

were considered adequate to characterize most of the gmn preparations.

Gums Prepared rb;r Water Extraction

' Gums were first prepared by water extraction of raw barley and
aleehol-;tréated barley. These preparations were sﬁbsequently used as a
basis for comparison of other barley gums. Some properties of raw ba:riey
-gums are given in Table I.

The analjticalAd.ata. contained in Table I are similar to the

| results reported by Meredith (27) and Meredith _e_‘_t_' al. (28); Alcocholic
digestion of barley prior to éxbi'aetion results in an é,ppi'eéiéble
reduction in gum yield and an increase in gum solution viscosity. These
results are probably due to prévention‘of internal changes in barlej grist
a8 a result of alcoholic treatment., Preece and Ashworth (4k) suggest
that raw barley contains two fractions of penﬁesé.ns_. Some pentosans are
initially water-soluble, wherees other pentosan materiel is mede soluble
by enzyme action during eﬁctra.ction. When bai'ley is digested with alcohol,
the action of this enzyme system is iﬁhi'bited, and thus the yield of gum
obtained from alcohol-treated barley is reduced. The enzyme system is

probebly only partially inactivated, as an enzyme in the presence of its
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TABLE I

Data on Crude Barley Gums _ R

Gum from Gum from
Raw Barley Alcochol-Treated Barley

Yield, % 3.4 1.1
Nitrogen, % 3,00 0,46

Viscosity of agueous _
solution, cp. 2,34 48,2

Viscésity reduction after
24 hrs., % 50 62

Concentration of aqueous
solution, % 0.6k 0.79
Amino acld components:
(a) alenine, glutemic acid,
. glycine, serine, aspartic
acid, arginine, lysine + +

(b) leucine, iso-leuecine,
~ valine, proline + -
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substrate is more stable to inactivation treatment, Preece and Ashworth

suggested further that this cytoclastic enzyme system may also decrease
the molecular complexity of barley gum. Therefore, gum obtained from
barley in vhich the gum degrading enzyme has been partially inactivated
should be more viscous in solution. Fuoss (12) states that increased
solvent viscosity is an indication of a pelﬁmeric structure of the solute.
Thus, barley gum may consist of a polymeric polysaccharide structure.
Alcehelie digestion of barley appears to cause the retention of & high
degree of polymerization in barley gum.

Although gum obtained from aleohoi;treated barley may be more
cemplex, both gums possess about the same degree of instability in
solution, The separation of white material from solutions of raw gums
from untreafeé and alcohol-treated barley, when the solutions were
stored for 2k hrs., is believed to be a résul‘c of solution instability. |
Crude gum solution ylelded a greater volume of precipitate., The cause of
instability was suggested (28) to be a degradative enzyme system that is
precipitated with the gum. “ Thus » & relation between nitrogen content

and gum stability is implied. Alcoholic treatment of barley reé.ueed

nitrogen content of gum by about 2.5 percentage units, but did not
increase s'&ability.

Although amino acid composition of the nitrogenous material was
not reported previously, it was found useful for gum characterization.
Seven amino acids were common to both gums, and leucine, iso-leucine,
valine and preline were present only in crude gum, Alccholic treatment
of barley must remove these four amino acids from crude gum. Other amino

acids may have been present in the gums but in insufficient quantities
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to give a color with ninhydrin, Chromatograms of acid hydrolysates

of both gums bear diffuse spots at the upper end. These spots were
attributed to peptide fragments resulting frem inceuﬁplete hydrolysis of
protein material., The composition of the peptide fragments was not
investigated. |
A gum which is gquite viscous in aqueous solution can be
extracted from barley that has been pretreated with boiling alcohol. The
viscous product is precipitated from the extract liquer by alcohol. Preece
et al. (43) extracted aleehei-;~treated barley with water and precipitated o
the gum with acetone. The material obtained after acetone precipitetion .
yielded a cmpara.tively' low viscosity solution; a 0.5% gum solution had
a viscosity of 1.28 cp. at 25°C. As a preliminary experiment in this
study, elcohol-treated barley grist was extracted with water and gum
precipitated from the extract in 3 volumes of a.cetane.' Agueous solution
viscosity of the "acetone gum" was 5.13 cp. at 0.82% concentration. The
gum solution was ﬁnstable. Aé & more viscous gum can be obtained by »
alccholic precipitation -ef the extract liquor, neither the "acetone gum"

nor its method of preparation were investigated further. Aieohelie

precipitation was used for the preperation of subsequent gum fractions.

Digestion of barley grist with alcchol prior to extraction with
water results in a gum product of reduced nitrogen content that is guite

viscous in agueous seolution. Solutions of crude gum and gum obtained

from alcohol-treated barley are unstable, As both gums contain nitrogenocus
material and are umstable, they are not completely satisfactory for

detailed study, However, the products were used as a basis for comparison
of guus that were prepared by treatment of barley and bsrley extracts with

protein~active reagents.
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Gums Prepared by Acid Treatment
: Acid pretein;precipiteats were used in an attempt to reduce
the nitrogén content éf barley gums obtained from raw barley and alcohol-
treated barley. The acid reagents employed were 6% trichloracetic acid
selution and 2% tannic acid solution, The pHA of both acid solutions was
about 1.0, Gums were first prepared by the preciplitation method using
acid protein-precipitants on raw and alcohol-treated barley. The gum
products obtained after precipitation of barley extracts with tannie acid
were highly colored end difficult to handle, This method of gum preparation
was not satisfactory and so was abandoned. The acid reagents, in addition
to removing protein material, may dissolve some of the gum. To determine
the effect of pH on gums during recovery from acid solution, i'aw and
,alcehel-treatedv barley extracts were treated with hydrochleric acid
solution of pH 1.0, The gums were recovered from t.he ‘hydrochloric acid
solution by the usual procedure.

| 'Seme properties of gum fractions obtained by trichloracetic acid
and hydrochloric acid treatment of agueous ex‘biacts ef untreated and
alcohol-treated barley were determined, Results of the determinations are
given in Table II,

Yields of gums obtained after acld treatment of extracts of raw
barley were lower than the ylelds of gum from wntreated extracts of the
same bariey, The difference in yields between trichloracetic acld-gum and
crude gum is pé.rtia.lly accounted for by the yield of precipitate obtained
when trichloracetic acid was added to the aqueous extract, The total
yield of trichloracetic acid-gum plus protein precipitate is 2.,8%. No
precipitate resulted when hydrochloric acid was added to the aquéous

extract of raw barley, and yield of gum recovered by alcoholic precipitation




TABLE II

 Date on Gums Obtained from Acidified Aqueous Extracts of Barley

Raw Barley Extract

Alechol-Treated Barley Extract

 agueous solution, %

Trichloracetic Hydrochloric Trichleracetic =~ Hydrochloric

Acid Acid Acid Acid

Yield, % 2.1 2.7 1.1 1.1
. Nitrogen, % 0.50 2.1h 0.50 0.30

Viscosity of agueous :
 solution, cp. : 3.55 2.77 6l.1 33.3
Viscosity reduction
~ after 2h hrSo, % 1.7 1.1 61 3.0
Concentration of »

0.T79 0.T1 0.75 0.56
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was 2.7%. Therefore, acid treatment of nquc;rs has probebly extracted
some gun materiasl, Nitrogen determinations on these f:_ra.ctions indicate
that the material removed from gum by acid treatment of liguor is
nitrogenous.
Gum yields from trichloracetic acid- end hydrochloric acid~
treated extracts of pretreated barley were the same as the yield ‘of gum
obtained by direct water gxtra.ctien of alcochol-treated barley. When |
trichloracetic acid was added to an aqueous extract of alcohol-treated

barley, a slight smount of material (0.3% of barley) was precipitated,

Digestion of barley with alcchol prior to extraction removes most of the
precipita'ble protein of crude barley gum, since further treatment of the
‘gum with a protein precipitant has no effect cn the nitrogen content.
Similarly, no precipitate was obtalned when hydrochloric acid was added
to the extract liquor, Thus, yields of all gums prepared from alcohol-
treated barley are the séme.

Cemparison of yilelds and nitrogen contents of gums obtained after
acid treatment of aqueous extracts of both barleys indicates that at least
three fractions of nitrogenous material are associsted with ecrude barley

gum. These fractions are: material that is soluble st pH 1.0;

precipitable protein material; and, finally, material that is more elosely
assoclated with the gum,

Gums obtained from acid-treated extracts of raw barley have

approx:!matély the same viscosity in solution as gum extracted with water
from untreated barley. Solutions of all acid-gums obtained from raw barley
extracts, however, were much more stable. Hydrochloric acid treatment of

aqueous extracts of alcohol-treated barley tended to stabilize gum, whereas
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trichloracetic acid had no effect on gum stability,

All gums obtained from acidified aquecus extracts of both
barleys contain glucose, arabinose and Xylose. The same sugars were
identified previously in barley gums (28, 43) and in wheat gums (35).
Qualitative comparison of the color dénsity of suger spots on chromato-
grams of hydrolysates of the acid-gums indicated the proportion of
glucose was greater than that of the rentose sugers. The relative
proportion of the three sugars appeared to be the ’game' &8 in crude gums
extracted with water from both untreated barley and alecheol-treated
" barley.

Although & mixture of three sugars is present in barley gum,
only glucose was detected in the hydrolysates of the precipitates that
resulted from the addition of trichloracetic acid to agueous extract
liguors. Thus, this precipitant remaved scme carbohydrate material as
well as prétein from the barley gums, The glucose-containing material
mey be an integral part of the preeipité,ted protein, or it may be co-
precipitated,

Addition of trichloracetic acid \te extract liquors of untreated
and alcchol-treated barleys does not remove all protein materié,l from gum.
Amino acid composition of gums obtained by acid precipitation methods on
untreated and alcohol-treated barley extracts was determined and the
results are given in Table III.

Acid-gums pi'epared‘frem untrested barley by the precipitation
method using either trichloracetic acid or hydrochloric acid contained
essentially the same amino acids as those found in the corresponding crude
gum, Insufficient trichloracetic acid~-gum from extract of alcchol-treated

barley'was available to determine its amino acid composition, However,
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TABLE III

Amiho Acid Components of Gums Obtained from

Acidified Aqueous Extracts of Barley

Alcohol-Treated
Rew Barley Extract Barley Extract
Trichloracetic Hydrochloric - Hydrochlorie
Acid © Acid Acid

leucine . + +
iso;-'leucine * + +
phenylalanine - - -
valine + + +
proline - - -
alanine + + +
glutamic acid * + +
glycline * + -
aspartic acid + + +
lysine + + +
arginine + ? +
serine + + -

+ denotes identification
- denotes not detected
? denotes trace




evidence discussed la:ker indicates that the amino acid content of this

gum is likely similar to that of the corresponding product obtained
from raw barley extract. With the exception of glycine and serine s the

amino acids contained in the hydrolysate of hydrochloric acid-gum

obtained from extract of treated barley were the same as those contained i :-.'-_.'."";iz-'
in the acid-gumes from raw barley extract. Lack of detection of amino

acids does no£ necessé.rily mean that they are absént from the gum; they |

may be present, but in quantities below the minimum required for

chromatographic detection, The occurrence of leucine s iso-leucine and

valine in the hydrochloric aéid—gum from extract of treated barley makes
this gum significantly different from gum extracted with water from the
same barley. The explanation for this difference will be discussed later,
Acid treatment of aqueous extracts of raw and alcohol-treated
barleys produces gum fractions that are more stable in solution than
solutions of the corresponding crude gums. The nitrogen content of gum
from an acid-treated extract of raw barley is reduced, whereas acid
treatment has no effect on nitrogen content of gum obtained from an
extract of pretreated barley. Gums prepared by acid treatment of agueous

_extracts have the same sugar composition as that of crude gums, bub

differ in amino acid content.
Gums prepared by addition of acid resgents {o the extract liguor

of raw 'bariey grist have lower aqueous solution viscoslity than gums

prepared by acid treatment of alcohol-treated barley extracts. The lower
solution viscoslity of acid-gums from raw barley extracts suggest‘ that gum
degradation has taken place during extraction of raw barley. In an

attempt to prepare gum that had been subJected to limited degrédatien



~34=

during extraction, raw barley and alcohol-treated barley were mashed

with acidic protein-active reagents. Extraction with tannic scid
yielded unsatisfactory gums, and the products were not investigated.
Table IV shows results of some determinations made on the material
iselatéd by trichloracetic acid and hydrochloric acid extraction of
_untreated and alcohol-treated barley.

The yield of gum obtained by hydrochloric acid extraction of
raw ’barley' is greater than that of gum obtained by trichloracetic scid
extraction, although ylelds of both acid-gums are lower than the yield

of crude barley gum. Similar gum yields Were obtained when the correspond-
ing preciplitation methods were applied to untréated barley extracts.
During the discussion of gums prepared by the acid-precipitation methed,
'bhe suggestion was made that trichloracetic acid removes precipitable
protein materisl as well as aeid-seluble nitrogenous substances from

crude gum, whereas hydrochloric acid removes only acid-soluble nitrogenous
material. The same explanation wowld account for the difference in

yields of gums obtained from raw barley by acid extraction., Yields of

gums isolated from alecchol-trested barley by acid extraction are grester

than the yield of gum obtained by aqueous extraction of the same barley.

A low I of the mash liquor may be responsible Ffor releasing more gum
from aléohol-treated grain, but this facet of acid extraction was not

investigated,

Gums prepared by acid extraction of raw barley are more viscous
in solution than their counterparts obtained by precipitation methods,
High solution viscosity of these gums indicates that seid ‘reagents hinder

degradation of the polysaccharide materisl during extraction. Some



TABLE IV

Data or Gums Obtained after Acid Ex'bractioﬁ of Barley

Raw Barley Alcohol=-Treated Barley
Trichloracetic Hydrochlorie Trichloracetic Hydrochloric
Acid Acid Acid A Acida
Yield, % 2o3 20 ’ 105 108
Nitrogen, % 0.73 1.97 0.50 0.82
Viscosity of agueous
Selutien, CPo 1208 1108 3201 l"k'08
Viscosity reduction
 after 24 hrs., % 21 10 18 13

Concentration of
_ aqueous seolution, % 0.60 0.51 0.37 0.68
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degradation has teken place, however, as the raw barley isolates are

not as viscous as gums extracted with acid solution from slcohol-treated
barley., Extraction of barley with hydrochloric acid has a grea.fer
effect on gum solution stability than trichloracetic acid extraction,

even though gums prepared by the former method contain more nitrogenous
material. This result is anomaslous unless the degradation of poly-

saccharide material is due to enzymes that are partially inhibited by

- hydrochloric acid.

’

The composition of gums prepared by acid extraction is similaer

to that of the other acid-gums. The polysaccharide materisl of gums
obtained by direct acld extraction of both barleys comsists of glucose,
arabinose and xylose. Gums isolated by acid extraction of untreated

and alcohol-treated barley have the same amino acid composition as gums
obtained by aecid treatinen‘b of raw barley extracts. Amine acid composition
of the latter gums was presented in Table III. As gums prepared from
untreated barley by both acid methods and gnms prepared by acid extraction
of alcchol-treated barley contain the same smine acids, it seems likely

that gums isclated after acid precipitation of alcohol-treated barley

extract also would contain the seme amino aclds, That is, all acid-gums
would be similar in amino acld composition. Acid—émns frem alcchol-treated
barley contain several emino acids that are not present in the correspond-

ing gum prepared by water extraction (cf. Table I). The difference in

amino acid composition is probebly dué to the different pH of the extract
liguors. |

Gums prepared by acld treatment of barley and barley extracts
are similar not only in amino acid eanpition but alse in sugar composition.

Some of the nitrogenous material present in the gum may be part of a
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protein-carbohydrate complex as suggested by Méredith et al. (28), put

the pessibility also exists that the protein may be simply admixed
with the gum polysaccharide material (1l1). Some of the residual nitrogen

may be part of an enzyme system that causes gum instability in solution.

A1l acid-gum solutions ere unstable, but, &s gum instability is
decreased appreciably by hydrochloric acid treatment of barliey and
barley extracts, hydrochloric acid may partilally inhibit enzymic
degradative action. Acid treatment has been useful in removing some
‘nitrogenous material from barley gums, however, the residual nitrogen
is not passive and appears to affect gum properties. Therefore, other
methods for removing nitrogen were tested.

Gums Prepared by Proteolytic Enzyme Treatment

Acld extraction of untreated barley and acid precipitation of
aqueous extracts of untreated barley produced gums that had reé.ueed.
nitrogen content, but that were still unstable in solution. Trichler;
acetic acid was more effeetive than hydrochloric acid for reméval of
nitrogen, and it is likely that all free protein matérial was removed
from gum produced by trichloracetic acid methods. Neither acid was more

effective than bolling alcohol in reducing the nitrogen content of crude

barley gum. Thus, trichloracetic acid and boiling alcohol probably
remove the saine protein material from crude gum., If the residual
nitrogen is part of bound protein material, then pi‘oteelytic enzymes msy

split the binding linkages and thus facilitate removal of the nitrogenous |

materiel from gum. Therefore, ficin, an active proteolytic enzyme, was
employed in preliminé,ry extraction experiments. .
Alcohol-treated barley was extracted with ficin solutioﬁ, as

pretrea‘bed'barley grist ylelds viscous gum of the lowest nitrogen content,
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The product obtained after fiein extraction was much more viscous in
solution then any barley gum prepared previously. A 0,85% ficin-gum
solution had a viscosity of 282 ep. High solutien viscosity indicates
that ficin limited the degradation of the polysaccharide material during
extraction. Nitrogen content of the gum was 0.34%%. This nitrogen value
is lower than that of other gum fractions prepareti from alcohol-treated
barley. The gum solution was not completely stable; viscosity decreased
after 24 hrs., Nevertheless, this ficin product had the highest
solution viscosity and was the most stable gum prepared from alcoheol-
treated barley.

Ficin products prepared subsequently did not possess the same
properties. Gum solutions were lower in viscosity, 184 cp. at 0.78%
concentration, and were more unstsble. Solution viscoslty decreased
17% after 24 hrs. The apparent anomaly in properties is difficult to
explaln as all ficin-gums were prepared with the same enzyme preparstion.
The nitrogen content of the more unstable ficin-gums was 0.42% s and the
inerease in nitrogenous material may be responsible for the greater
instability and lower viscosity of solutions of these gums.

Chromastographic analysis indicates that the "high-" end "low-
viscosity gums" prepared by ficin extraction of alcohei—treai:ed bai'ley
are similaxr in‘ sugar composition. An hydrolysate of the more viscous
gun contained glucose, arabinose, xylose and & 1@# Rf sugar that appeared
above glucose on the chromatogram. On hydrolysis, the low-viscosity
ficin-gum ylelded glucose, arabinose, xylose and galactose, Galactose
has a lower Rf value gluéose » and separates above the latter sugar
bn the chromatogram. The concentration of glucose in ficin-gum was grester

than the concentration' of either of the pentoses, and galactose was present
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only as a trace. Although galactose was not detected in gums prepered

by acid treatment nor in gum extracted from alcohol-treated barley with
water, trace smounts of this sugar have been reported to be present in
crude barley gums (28) and wheat gums (35).

The precipifate recovered after addition of trichloracetic acid
to ficin extract liquér contained material which, when hydrolyzed,
yielded glucose. The precipité.te conslists predeminantly of ficin that is
removed from the ek!;raet liquor by the protein precipitant., However, no
sugars were detected in the hydrolysate of pure ficin. This indicates
that either trichloracetic acid or ficin extracts some gmn material which
is then co-precipitated with the proteolytic enzyme by the protein
precipitent. Glucose was also identified in the protein precipitate
obtained when trichloracetic acid was added to agueocus barley extracts.
Therefore, it appears more likely that trichloracetic acid rather than
ficin liberates the saccharide material from gum. The glucose-containing
- material may be associated with protein that is reméved, or it masy be wholly
carbohydrate material, The same material wes obtained from preparations
of gums of both high and low solution viaeesity.

Insufficient ficin-gum of high solution viscosity was available
to determine its amine acid composition. An hydrolysate of "low-viscosity
gum" contained the same amino acids, with the exception of aiginine , that
were. detected in the acid-gums.

| Proteolytic enzyme extraction of aleehol-treated barley yielded
a gum which was similar in amino acid composition to acid-gums, but which
contained a new hexose sugar. This gum was somewhat unstable and
contained nitrogenous material., Another proteinase may be more efficient

than ficin for removal of the nitrogenous material, Therefore papain,
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& less active proteolytic enzyme, was used to prepare barley gums.

Before papain wes used to prepare barley gum, its proteolytic
effect on gums obtained from untreated and alcochol-treated bharley was
tested. One milliliter of 1% pepain solution was added to an agueous
solution of crude gum extracted with water from untreated barley. A
white substance separsted from solution and the solution viscosity
decreased 23% after 2l hrs. Viscosity of a control solution of crude
gun decreased 29% in an equivalent time., The precipitete was removed
and the gum recovered by alcchollc precipi‘tatien. Recovery was T6% of
the crude gum. The nitrogen content of the crude gum was 2.91%, while
that of the recovered gum was O.46%. As papain is insoluble in alcohol,
the recovered gum is probebly contaminsted with co-precipitated papain.
Addition of 1% pepain to a solution of gum obtained after water extraction
of alcchol-treated barley resulted in the gum solution becoming cloudy,
but solution ingtability was not increased, Therefore, papaln does not
degraae the pol&saccharié.e material, but appears to feduce nitrogen
content of crude gum effectively. These preliminary experiments indicated
that preparation of gums by papain i;reatmen‘b of barley might be worth-
while.

Papain hag a much lower proteolytic activity than ficin,
According to the Klim Clotting Method for the determination of relative
enzymatic activities y ficin is 5-20 times more e.gtive ‘than pa.painl.

Extraction of alcchol-treated barley with 0,25% ficin solution produced

1 Personal communication frem Dr. R. B, Long, Chief Chemist, General
Biochemicals, Inc., Chagrin Falls, Ohio..
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gum that was the most stable and most viscous in agueous solution of any
gum thus far obtained, Therefore, papain solution of equivalent
proteolytic activity might produce a gum possessing similar properties
to those of ficin-gum. A# 1% papain solution was believed to have
maximum activity equivelent to a 0.25% ficin golution, end hence this
‘concentration of papain was used in the precipitation and extraction
methods.

The precipitation method wes applied to both raw barley and

alcohol-treated barley to determine the effect of papain on gum obtained

from their aqueous extracts. When papain solution was stirred into

either extract, grey-colored material was precipitated and was subsequently
recovered. Yields of this material were 0.5% of barley. The precipitates
were belleved to consist mostly of protein material that was removed

from gums by papain. However, hydrolysates of the precipitates from

both barley extracts contained smell quantities of galactose and glucose.
Although the precipitates may be contaminated with papain, this

iareteolytie enzyme, on hydrolysis, contains no detectable sugars. There-

fore, papain must remove some carbohydrate materisl from the extracts.

- The presence of galactose and glucose in the material precipitated from
both extracts by papain is a significant difference from the presence

of only glucose in the precipitate d'bta.ined. 'from rew barley extract by
trichloracetic acid treatment and in the precipitate obtained when papain
is removed frem extracts by trichloracetic aeié.. The bulk of these
precipitates is protein, but the presence of sagaré in them is suggestive
of a protein-carbohydrate complex in gum., The presence of galactose in

one preclpitate is interesting, but for the'present the similarities-im--—-..

Pt

the materials are more important than the differences,
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Yields of gums obtained from papain-treated extracts of both
barleys (Teble V) are lower than yields of the corresponding gums
recovered by acid treatment. Low ylelds are probably due to purity
of the gums; these products are almost free of nitrogencus material,
The residual nitrogen may be merely a contaminant or it may be an
integral part of the gum.

Gum cbtained from untrested barley extract by the papain
precipitation method was very scluble in water, and the sclution was
-cerrespondingly more viscous. Increased solubility may be due to the
vpuri’cy of the gum.. Gum prepared from extract of alechol-treated barley
by the papain precipitation method was more soluble in water than gum
obtained by direct water extraction., Further, the pespain-gum solution
wés stable, Gums prepareé. by water extraction and acid treatment of
barley contain various emounts of nltrogenous material and have various
degrees of stability, whereas "nitrogen~-free" papain-gums are stable,
These two properties of papain-gums, stability and almost camplete
freedon from nitrogenous ma.terial; lend support to the hypothesis that
degradation of gum in solution is caused by an enzyme or enzyme system.
Degradation of gum during extraction is discussed later.

ﬂ Sugar components of gums obtained from papain-treated extracts
of both barleys were glucose, arebinose, xylose and an unidentified
sugar. This sugar had the same Rf value as galactose which appeared to
be 8 cemﬁenent of ficine-gum. The important point is that gums pro‘d.ﬁced
by proteolytic enzyme treatment of aqueous extracts of raw and alcohol-
treated barley have the same sugar composition.

Gums obtained from papain-treated aqueous extracts of raw and

alcohol=-treated barleys contained scme preteiny‘-material. The amino acid

L
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TABLE V

Datea on Gums Obtained from Papain-Treated

Aqueous Extracts of Barley

Viscosity  Viscosity Concentration
of Agueous Reduction  of Aqueous

Yield Nitrogen Solution after 24 hrs. Solution
% % cp. % %
Gum from rew |
N barley extract 108 0,12 l‘-cO? 1.0 0.93

Gum from alcohol-
treated barley . :
extract 0.9 0.07 T5.8 1.0 0.88
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composition of these gums, however, is quite different from those of the
other gums studled. Detalled results of amino acid chromatography of
Eydrelysa.tes of gums obtailned by the papain precipitation method will
be presented and discussed along with results of the determination of
the amino acid cemposition of gums prepared by pepain extraction of
barleys.

The effect produced on gum properties by direct papain
extraction of barley wes tested. Extraction of alcohol-treated barley
with papein solution should produce a stable gum that has been degraded
to a limited extent during mashing. |

Before barley gums were precipitated by alcohol, papain was
removed from the extract liquors by addition of trichloracetic acid to
the solutions. The precipitates were recovered and hyérolyzed. Sugar
analysis of the iiydrolysa.tes showed that they contained glucose. This

 glucose-containing material appeared to be similar to the preducts'
precipitated by trichloracetic acid from the liguor from ficin extraction
of barley and the papsin-containing barley extracts from the precipitation
method, Presumably trichloracetic acid removes nitrogenous material

from the solutions, but the precipitates contain carbohydrate material

as well as protein, The carbohydrate material may be associated with
protein and removed with it. Similar material was cobtained frem the
pepain extracts of either raw or alcochol-treated barley.

Table VI shows some properties of gums obtained after extré.ction
of untreated barley and alcohol-trested barley with pepain solution.

Yield of gum extracted with papain from raw barley is the lowest
gum yleld obtained by any extraction method., The polyseccharide materisl




TABLE VI

Datea on Gumg Obtained ai’ter Papain Extraction of Barley

Viscosity Viscosity Concentration

of Aqueous Reduction  of Aqueous
Yield Nitrogen Solution after 24 hrs. Solution
% % cp. % %
Gum from raw : |
barley 1.7 0.12 3.66 1.0 0.92

Gum from alcohol~ ,
_ treated barley 1.3 0.08 752 2.9 0.82
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is more readily soluble in agueous solution, thus increasing solution
viscogity, The gum was white and pulverized to an extremely light powder.
The appea.ranée of this gum closely resembled that of the corresponding
ﬁroduct obtained by the papain precipitation method. These prapergies ’
together with low nitrogen content, indicate that gum rrepared by papein
treatment is probebly the least contaminated barley gum that has been
prepared. Gum purity is defined in terms of the amount of nitreggneus
material present in gum. Nitrogen content of papainegum is low and the
residual nitrogen may be partly due to papain contamination. Selution
viscosity is reduced only 1% after 24 hrs, Solution stability may be
associated with the removal of mitrogenous material from the gum., Low
solution viscosity indicates the gum was degraded during mashing, which
in turn indicates that papein does not inhibit initisl degradative action
during extraction 6:8 raw barley.

Degradation of barley gum during extrasetion is partially
inhibited by pretreating the grain with boiling alecochol. In general,
gums obtained from treated barley are more viscous in solution than their
counterparts obtalned from raw barley, but are still unsteble, The
results contained in Teble Vi show that extraction of alcohol-treated
barley with papain produces a stable gum that is extremely viscous in
1% solution. Solution viscosity of this gum is much higher than that
previously reported (27, 42) for barley gums extracted from alcohol-
treated barley. As viscosity measurements were made in an Ostwald
viscometer, the viscous solution of papain-gum required a long flow-time
which resulted in reading and dreinage errors. Jones and Stauffer (21)
showed that drainage error in viscometry is megligible except for very

viscous liquids, Calculation of viscosity of highly viscous solutiens
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relative to the viscosity of water results in further error. Therefore,
vigcosity values of very viscous solutions are not considered to be
accurate, but for jpurpeses ef comparison they are adequate.

Papaln-gum extracted from alcohol-treated barley was a white,

fibrous materiel; fibrous appearance and high solution viscosity are
indicative of a complex, polymeric gum structure., Viscosity of gum
solution decreased 2.9% after 24 hrs., but the decrease probably is

not due to enzymatic dégra.da‘bion, as viscosity changed only slightly
after another 24 hours. Stsbility of gum solutions acccompanies removal
of the bulk of nitrogen from gums obtained by papain treatment of barley
and barley extracts. It is quite possible, therefore, that instability
is a function of the ni‘bi‘ogeneus materiel present in barley gums. ‘Some
of the nitrogen may be part of enzymes that cleave the polysaccharide -
material, and thus cause a decrease in solution viscosity.

'~ The principal sugars present in gum extracted with papain from
raw barley and alcohol-treated barley were glucose, arabinose and xylose.
Trace amounts of a fourth sugar were also detected, This sugar yilelded
a spot of low Rf value on the chromatogram, On some ¢hroma.tengams of

papain-gum hydrolysates, the sugar spot of low Rf value was replaced by

a spot that was identifled as galactose. Similar results were obtained
previously when hydrolysates of gums prepared by proteolytic enzyme

action were chromatographed. The sugar responsible for the spot of low

Rf value 1is probably an oligoséecharide resulting from incomplete acid
hydrolysis of gume The oligosaccharide may contain only galactose units,
or gelactose combined with at least one of the other three sugars.

Glucose was present in the material precipitated when trichlor-

acetic acid was added to papain extracts of raw and alcohol-treated
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barley. Glucose was alsc present in other proteolytic enzyme precipitates

obtained in the same way from various liguors. The suggestion hes been

made that carbchydrate-containing material is aséecia:bed with the nsterial

thet is removed from extracts by trichloracetic acid.

Most of the nitrogenous material contained in crude barley gums

is removed by papain treatment of barley and barley extracts. Some
nitrogen remains in the gums, however, either as a contaminant or as
part of the gum structure., Amino acid composition of papain-gums
prepared by the precipitation method and the extraction method are much
alike and hence are discussed together. Data on aminoc acid components
of these gums are given in Table VII.

" The amino acid compositiéﬁs of the four papain-gums are
striking in their similarity to that of gum extracted from alcohol-
treated barley with water (cf. Table I). The amino acids that are
chromatographically more mé'bile;, leucine to proline in Teble VII, are
ebsent from all papain-gums. Several of the "slower-moving" amino
acids were not deteéted,. or were present only.in trace amounts. Lysine
and serine were the only amino acids that were present in all four
papain-gums. Lack of detection of other amino acids, however, does not
exclude the peésibili’cy that these were present in non-detectable
quantities. The presence of amino acids in papain-gum hydrolysates
indicates that the residual nitregen is probably part of protein
material and not of other nitrogenous compounds.

Barley gum, that is almost free of extrenecus ﬁitrogenous
material and which has undergone minimum degradation during mashing,
has been prepared by papain extraction. Possibly this gum bears the

closest resemblance to the materisl in barley that is the precursor of
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TABLE VII

Amino Acid Components of Barley Gums Prepared by

Papain Treatment

Raw Barley Alcohol-Treated Barley
Precipitation ~Extraction Precipitation Extraction

Method Method Method Method
leucine - - - -
iso-leucine - - - -
phenylalanine - - - -
valine - - - -
proline - - - -
alanine - + + -
glutamic acid - ? - -
glycine +* - - +
aspartic acid ? - + ?
lysine + + ? +
arginine - - - -
serine 4+ 9 +

4+ denotes identificatien

- denotes not detected

2 denotes trace




~50-

other gums., The nitrogenous material, which is removed from barley gum
by papain, is probebly protein ina:berial that is released from the gum
by proteolytic enzyme action., The residual nitrogen may be due to

papain contamination, or it may be an integral part of the gum

structure. If the protein material was papain that was co-precipitated
with the gum, it seems llkely that the gquantity of nitrogenous material
precipitated would véry within fairly wide limits from one preparation
to another, However, the nitrogen content of several gums extracted
with pepain fi‘em alcohol~treated barley was consistently between 0.07%
and 0,11%.

Gum extracted from aslcohol-treated barley with papain was
" reprecipitated in an attempt to remove the residual nitrogenous material.
A 0,15% aqueous solution of papain-gum was mechanically stirred until
the gum appeared to be completely dissolved. Gum concentration of
such a solution is equivalent to that of an extract liquor obtained by
papain extractlon of barley., The gum solution was acidified with
trichloracetic acid to & final acid concentration of 6%. The solution

wag filtered, and the filtrate added to 3 volumes of etha.nél. The

precipitate was recovered, dried by solvent exchange end then air-dried.
Recovery of reprecipitated gum was 83%. The original gum
did not dissolve completely thus reducing final g\m‘yield. Nitrogen

content of papain-gum was not reduced by reprecipitation from trichlor-

acetic acid solution. The gum was fibroue and had a viscosity of
546 cp. in & 0.78% solutien, This viscosity value is similar to the
viscosity of 476 cp. yielded by a 0.76% solution of the crude papein-
gums The difference in solution viscosities is probably due to the

slight‘ difference in gum concentration. A small chenge in concentration
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of gum solutions results in a marked change in viscosity. Seolution
viscosity of papain-gum is plotted ageinst concentration in Figure 1.
The slope of the viscosity~concentration curve increases ra.pid.ly with

increasing concentration. Both physical and chemical properties of

iceprecipitated gum are essentially the same as those of crude papain-
gum, Unfortunately, there was not sufficient material available to
do sugar analysis on the reprecipitated gum. However, as solution
viscosities of crude and reprecipitated pa.pain?gums are the same,
probably nelther sugar cempesition ner gum structure hes changed.
Purification of papain-gum did not remove the nitrogenous -
material., Hence, the nitrogenous residue present in gum is probebly
not a conteminent s but may be part of the gum structure. As amino
acids were detected in pspain-gum hydrolysate, the non-carbohydrate
fraction of gum is proteinaceous. The protein material may be part of
a gum degrading enzyme system that accompanies the gum, If an enzyme
is present in barley gum, it must be inactivated by papain, as solutions
of papain-gum, unlike rew gum solutions, are stable., The suggestion of
Méredith et al. (28) that some of the nitrogen in barley gum is part

of a protein-carboh&drate complex also appears plausible. A nitrogenous

residue of 0.08% represents about 0.46% protein. If the protein
material is unbound, it should be removed by trichloracetic acid. The

alternative possibility is that the protein is attached to the carbo-

hydrate material and the protein?-earbohydrate linkage is not broken by
papain treatment. The protein may be bound to the carbohydrate material
in such a way that it acts as a cement to hold small polysaccharide

fragments together as a large unit., The enzyme system that degrades
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crude barley gums may alter the linksge of the protein-carbohydrate
complex, causing the liberation of the smaller fragments constituting
the polysaccharide unit. The polymeric structure of barley gum may
thus be due to polysaccha.ride fragments that a:be cemen'ked together by
protein material.

In general, materials of polymeric structure increase the
viscosity of a solvent. Valuable information concerning the type of

polymeric molecules being studied can be deduced from viscosity curves.

If weight intrinsic viscosity (n?.;_l.-) is plotted against concentration

(c), Fuoss (12) states that "for neutral polymers, the dats lie on a
gtraight line which climbs with increasing coneentra.tion.' For s
polyelectrolytes, the data give a curve which climbs very sharply with
- decreasing concentration”. Polyelectrolytes are high molecular weight
subgtances that are simuitaneously electrolytes, Welght intrinsic
viscosity 1s plotted against concentration in Figure 2 for papain;
gum obtained from alcohol;treated barley. A minimum occurs in the
curve at about 0.,05% concentration. The shape of the curve suggests
that papain-gum is a polyelectrolyte. Meredith et al. (28) found that
crude barley, malt and wort gums appeé,red tovbe polyeleétrolytes. These
workers found the minima of intrinsic viécosi'ty-;concentratien curves
for these gums occurred at about 0.4% to 0.6% concentration. The
minimum in the curve for paspain-gum may lie at a lower concenti‘a‘bion
because of the_ purity of papain-gum. Polar groups causing polyelectrolyte
behavior in papain-gum may be attributed to protein material, polar
sugar derivatives, or a combination of both,
To determine whether the proteolytic enzyme action of papain

liberated inore gum from ground barley than was obtained by direct water
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extraction of the grain, a series of extractions was made on alecohol-

treated barley grist., The grist was first extracted for two hours with
8 parts of distilled water at room temperature. The spent grains were
recovered by centrifuging the mash, and were washed twice with water.
The spent grains were then extracted twice more under the same
conditions with 8 parts of water, Gum was precipitated from each of
the aqueous extractes and weshings by 3 volumes of alcohol. The products
were dried by solvent exchange and air-dried. The spent grains were
then re-extracted for 2 hours with 8 parts of 1% papain selﬁt:lan. The
mash was centrifuged and trichloracetic acid added to the liguor. The
precipitate was removed by centrifuging and the supernatant liguor
added to 3 volumes of alcohol, A slight precipitate was recovered from
solution that was stored overnight. The product was dried by solvent
exchange aund air-dried. |

Viscosity detemi}aatiens were made on solutions of gum
fractions that were isolated by successive extraction of alcchol-treated
barley, Table VIII contains data on these fractions,.
| Yields of isclates obtained after successive water extraction
of barley are much lower than yield of the crude isolate obtained é.fter
the first water extraction. The low yleld of isolate from papain
extract liguor indicates 'bhatAproteolytic enzyme sction does not free
an apprecisble amount of gum from spent grains., Gum obtained after
papain extraction of spent grains is probably vater-soluble material
that was not removed by water extraction., Gum precipitated from
washings of spent grains snd from second and third water extracts were
coarse, grey, powdery products. Their asppearance and low solution

viscosity resemble the corresponding properties of crude gum obtained




Data on Gum Fractions Obtained by Successgive Extractien

TABLE VIII

of Alcohol-Treated Barley

Viscosity of Concentration
Agueous of Aqueous
Yield Solution Solution
% ~ cp. pJ
Isolate from lst water ex'traet 1.2 134 0.80
Isolate from washings of spent
. grains 0.9 12,2 0.89
Isolate from 2nd water extract 0.k - 3,05 0.38
Isolate from 3rd water extract 0.3 2.15 0.69
Isolate from 1% papain extract 0.1 1.h7 < 0,60




from untreated barley grist. The final gum obtained after pepailn

.extractien of spent grains also was not visceus in agueous solution.
The four isolates obtained after water extraction of treated barley

grist were unstable in solution, whereas the product obtained by papa.in

extraction wes sta‘blé. Thus, a;though papain does not increase gum
yield, 1t does have a stebilizing effect on sny water-soluble barley

gumn material.

As papain treatment of barley had proved useful in the

preparation of a stable gum, additional experiments on gum preparation

by this procedure were undertaken, The first gums prepared by pepain
extraction of alcohol-treated 'ba.rley' had low nitrogen contents and were
very viscous in aqueous solution. However, papain obtained from various
supply houses produced considerable variations in solution viscosity
of gum obtalned from alcohol-treated barley. Several of the enzyme
preparations produced gums that had comparatively low viscosity in
solution. Results of the effect of various papain preparations on gum
viscosity are given in Table IX,

Gums prepa.red' in the ~S'lv'.wz‘!y of the effect of papain on gum

viscosity were extracted from alcohol-treated berley, as gum from this

barley is of most interest for future investigation. All papain
preparations producéd gums that were stable in solution and hed a

nitrogen content of abeut 0,10%. The papain-gums all contained glucose,

arabinose, xylose and either gala.c‘b@se or a suger of low Rf value,
. Variations in solution viscosities as shown in Table IX indicate that
guus were subjected to various degrees of enzymé.tic dégrada.tion during

'extractieno Unfortunately, time did not allow investigation of the

mode of action of papain on barley gums., The use of papain obtained
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TABLE IX

Effect of Various Papain Preparations on Viscosity

of Gums from Alcohol-Treated Barley

Viscosity
Reduction Solution
Source Viscosity after 24 hrs. Concentration
cp. % %
City Chemical Corporation, 346 2.3 0.72
New York #1 211 0.73
289 0.70 -
City Chemical Corporation, 72,1 3.2 0.87
New York #2 58.3 0.75
City Chemical Corporation, 148
New York #3
General Biochemicals, Inc., 118 1.7 0.88
~ Chagrin Falls, Ohio
Nutritional Biochemicals 752 2.9 0.82
Corporation, Cleveland, hs5 2.0 0.65
Chio 546 0.78
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from Nutritional Biochemicals Corporation resulted in the preparation

of a gum that wes extremely viscous in solution, This papain
preparation wes, therefore, used to prepare papain-gum for further

studies of barley gum properties.

ISOLATES FROM NEUTRALIZED ACID-ALCCHOL LIQUORS

Gums prepared by either acid treatment or proteolytic enzyme

ti‘eatment of barleys and barley extracts were precipltated in an

-~ acid-alcohol medium. Afi:er barley gum was removed from the acid-alcohol |
E ﬁliquor, a second fraction was precipitated when the liquor was mede

’ a.lkaline with 1 N sodium hydroxide., This material was recovered by
centrifuging, dried by solvent exchange with alcohol, acetone and ether,
and thén air-dried. When dry, precipitates recovered frem all
neutralized acid-alcohol liquors were cream to dark brown powders, The
final color of the material depended on the volume of sodium hydroxide
edded in excess of neutrality. When the acid-alcohol liguor was made

Just alkaline to litmus paper, the dried preducts were cream colored.

As the isolates are precipitated from solution by neutralization

of the liquors, the products probably contain high concentrations of
salts. However, they were not purified, and physical and chemical
'prepert:t.‘es were determined directly on the crude precipitates., Table X
’_vc..opta;ins data on some properties of the precipitates obtained from
B vé-rious neutralized acid-alcohol liquors.
Yields of precipitates varied considerably among preparations.

Variations in yields probably depend on the extent of salt contamination
of the products. In general, the yields of prodt_xcts obtained by tannic

acid precipitatien‘and extraction methods are exceptiomally high., These




TABLE X

Data on Isolates from Neutralized Acid-Alcchol Ligquors

Viscosity Concentration

Nitro- of Aqueous of Agueous
Yield gen Solution Solution
% % CP. . %
Rew Barley | |
Trichloracetic Acid Precipitation Method 1.1 0.18 1.08 0.55
Hydrochloric Acid Precipitation Method 1.2 1,76 1.16 0.67
Tannic Acid Precipitation Method 6.1 0.11 1.01 0.91
Trichloracetic Acid Extraction Method 2.3 0.17 1.0k 0.53
Hydrochloric Acid Extraction Method 2.5 0.95 1.1k 0.70
Tannic Acid Extraction Method 549 0.18 1.07 0.79
Papain Extraction Method 1.2 0.45 1,06 0.50
Alcohol-Treated Barley
Trichloracetic Acid Precipitation Method 0.5 1.08 0455
Hydrochloric Acid Precipitation Method 0.3 1.85 0,57
Tanmic Acid Precipitetion Method 0.k 1.1k 0.75
Trichloracetic Acid Extraction Method 2.3 0.21 1.05 0.65
Hydrochloric Acid Extraction Method 2.1 0.50 1,06 0.34
Tamnic Acid Extraction Method 9.1 0.11 1.01 0.86
Papain Extraction Method 0.6 1.25 0.37
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isolates are highly contaminated with sodium sulfate. Also, yield of
an isolate obtained after the precipitation method was applied to
barley is generally much lower than the yield of material obtained

after extraction of barley. Solutien viscosity of these products is

low compared to the viscosity of barley gum solution, and does not
appear to differ among prepsrations. Pretreatment of barley with
alcohol does not affect the viscosity of solutions of these precipitates.
Although apparent concentrations of solutions of precipitates eppear

to be high, they are probably increased because of salt contamination

of the products. Nitrogen content .of the products varies considerably,
the highest being contained in isolates from neutralized hydrochloric
acid-alcohol liguors. No attempt ﬁe.s made to investigate the form in
vwhich the nitrogenous material is present in the precipitates.

In addition to nitrogéneus meterial the products contain sugar
components; Acid hydrolysis of ‘these materials produced gelactose,
glucose, arabinose and xylose in sbout equal proportions. Galactose
was present in all precipitates obtained after neutralization of acid-

alcohol J_.iquors » whereas this sugar was detected only in gums prepared

by proteolytic enzyme treatment of barley. However, in general, the
sugars contained in barley gums are the samev as those found in the
products from neutralized acid-alcchol liquors.

The precipitates resulting from neutralization of acid-alcohol

liquors were isolated incidently during investigation of methods of
preparation of barley gums, a.t_zé. the p’roductskwere not investigated
further., However, the results of more intensiveA study of these fractions

may be heliaful in completing the picture of the structure of barley gum,.
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FURTHER PROPERTIES OF BARLEY GUMS

Gum extracted from alcchol-treated barley with papain

solution is almost completely free of non-carbohydrate material, and

is very viscous and stable in aqueous solution. Thus, of the several
ba.rley gums prepared, papain-gum is the most suited to studies of

‘barle_y gum structure. Although investigation of structure is beyond

the seope of this study, several other properties of papain-gum have

been determined, and knowledge of these may contribute to the
elucidation of the structure of barley gums.

Effect of Sodium Hydroxide on Barlgy Gum

Sodium hydroxide has an importent use in carbohydrate
chemistry as an extraction medium. Cell-wall polysaccharide material s
hemicellulose for exsmple, is separated from cellulose by virtue of
the insolubility of the latter polysaccharide in alkaline solution.
Barley gums and hemicellulose are defined by Preece (4l1) in terms of
their solubility in sodium hydroxide. Barley gums are soluble in
alkali as well as in water, whereas hemicellulose is soluble only in

alkali. It is generally believed that alkali treatment of these

polysacché.ride materials only dissolves them, and does not affect
their chemical structure.

Barley gums have a maximum solubility in water of around

0.T%, whereas they readily form 1% solutions in 1 N sodium hydroxide,
Meredith et al. (28) found barley, malt and wort gums that had been
refluxed with alkali were more soluble and more viscous in water than
the corresponding crude gums., These workers reported also that

alkali-treated gums contained no nitrogen and were stable in solution.
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It hes been observed during the study of gums of reduced nitrogen
content that as _nitrogencus meterial is removed progressively from
gum, gum solubility in walter increases, Hence, greater water
solubllity of alkali-treated gums may be due to maximum removal of
nitrogen from the gums by alkali treatment. In any case, prrties
of alkali-treated gums reported by Meredith et al. opened up a field
for considerable speculation. Therefore, a preliminary study of the
effect of alkali on barley gum fractions obtained from alcohol-
treated barley was undertaken,

Treatment, less drastic than alkali digestion, was applied

to sevéral'gums obtained from alecohol-treated barley. The polysaccharide

material was usually dissolved in cold 1 N sodium hydroﬁde to form
1% solutions. In some tests, however, gum solution was heated r"he
boiling. Both hot and cold 1% solutions of crude barley gum and gum
obtained after trichloracetic acid precipitation of agueous extract,
and a cold 1% solution of gum prepared by papein extraction of grist
were prepered. '

The gums were readily soluble in sodium hydroxide solution

at 1% gum concentration. Viscosity determinations were made on aliguots

of the gum solutions, Gum viscosity values were calculated relative
to the viscesity of 1 N sodium hydroxide solution., Heated crude gum

solution had a viscesity of 9.85 cp. and cold gum solution had a

viscosity of 9.32 cp. As all gum was disselved, the maximum viscosity

of a 1% alkaline solution of raw gum obteined from alcohol-treated

barley 'is around 10 cp. This viscosity value, however, is much lower

than the viscosity of anajueous solution of the same gum. Agqueous raw

gum solution has a viscosity of 48.2 cp. at 0.79% gum concentration,
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Similar results were obtained with alkaline solutions of gum obtained

after trichloracetic acid precipitation of aqueous barley extract.
Viscosities of hot and cold 1% solutions of this gum were 9.03 cp. and
15.7 cp. respectively. These values are agein much lower than the
aqueous solution viscosity of 6.l cp. at 0.75% gum concentration.

The four alkaline solutions were unstable, their viscoslties belng
&eereased i’roﬁ 10 to 15% after 24 hours. A stable solution resulted
vhen gum thet was obtained by papain extraction of pretreated barley
was dissolved in sodium hydroxide. A cold 1% solution of this gum had
a viscosity of 35.8 cp. as compared to an aqueous solution viscosity
of T52 cp. at 0.82% gum concentration. Thus » gums obtained from
alcohol-treated barley impart a lower viécosity to alkaline solution
than to aqueous solution, and theose gums that are unsteble in agueous
solution retalin thelr instebility in alkali,

The lack of stability of soclutions of certain gums appears
to be caused by several factors. Firstly, gums from raw and alcohol-
treated barleys may be degraded during extraction end in aqueous
solution, Two or more enzyme systems may be involved., The simplest
condition is thét in papain-gum cbtained from alcohol-treated barley,
| as degradstion of this gum is prevented by extraction with papain.
Thus, one enzyme system may be inactivated by boiling 85% alcohol and
é.nother by papain. Papain also stabilizes gum from raw barley, but
as this gum produces a solution of low viscosity, it must Have been
degraded- to an apprecieble extent during extraction., This parfia.l
degradation may be a contributing factor to further degradastion of

the gum when in aqueous solution.
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The predisposition of certain barley gums towards instability

in solution is further emphasized by alkali treatment of gums, Raw
gums that are unstable in agueous solution are also unstable in alkali
solution, whereas steble gums retain their stability in alkeli. How=-
ever, all gums possess lower viscosities in alkali than in water. It
is most unlikely that enzymes would be active in 1 N sodium hydroxide,
80 the instability of certain gums must be regarded as inherent., The
difference in viscosity between agueous gum solutions and alkaline
gun solutions 1s another matter. It appears that sodifzm hydroxide
must react with the gum so as to reduce molecular complexity. This may
well be accomplished by the scission of weak bonds that hold poly-
saccharide molecules together. A further experiment directed towards
elucidating this point was undertaken.

To detezjmine the effect of boiling alkali on barley gum,
papain-gum' extracted from alcohol-treasted barley was dissolved in
bolling 1 N sgdium hydroxide to yield a 1% gum solution., The solution
vwas cooled and added to 3 volumes of alcohol. The bulky precipitate

- was recovered. The product from the sodium hydi-oxide-alcohcl liguor

was then dissolved in water and reprecipitated by alcohol, The
precipitate was centrifuged and washed with alcohol until ﬁhé washings
were neutral to litmus paper. The final product was dried by solvent

exchenge, followed by air-drying. Gum recovery from the second

precipitation was 80%. The final pfoduct vielded readily a 1% aqueous
solution thet had a viscésity of 3.70 cp. relative to the viscosity of
‘water. The solution was completely stable. A nitrogen deteminatien
on the isolate showed that the reprecipitated gum contalned 0.06%

nitrogen,
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Papain-gum precipitated from boiled alkali solution was less
viscous in aqueous solution than pure papain-gum dissolved in cold
sodium hydroxide solution. The nitrogenous materisl was not removed
completely from the gum by more drastic alkall treatment; nitrogen
content was reduced only 0.02%. The residual protein of pure barley
gum may function as & binding agent, holding smaller polysaccharide
fragments together as a unit. Sodium hydroxide may then breek this
cementing protein material and release the smaller carbohydrate
fragments. Reduction in size of the gum complex would account for the
low viscosity of alkaline gum solution. The same cementing material
could be present in the other gums, but would be associated with
extraneous protein material.

Although the results of alkali treatment of barley gums do
not provide explicit information on the influence of nitrogen on gum
properties, they suggest strongly that a protein-carbohydrate complex
exists in barley gum. Additional tests gum cleavage were therefore
undertaken, |

Effect of Crude Barley Gum Solutions on Papain-Gum

A chara.cte_ristic property of gums isolated after papain treat-
ment of raw and alcohol-treated barley grists is their stability in
aqueous solution. Crude gums and acid-gums obtained from these barleys
have varicus degrees of instebility, Meredith et al. (28) suggested
that 1nsta'bility of solutions of crude gum extracted fromv raw barley
may be the result of enzymatic cleavage of the polysaccharide ‘eomplex.
Thus, these authors implied a relation between instability and nitrogen

éontent of gum. The ‘existence of such a relation is more evident when
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the properties of recently prepared gum fractions are considered.
Papain-gums obtained from both barleys contain around 0.1% nitrogen,
whereas acid-gums and crude gums have nitrogen contents of 0.4% to
3.,0%. If degradation of crude gum solution is due to enzymatic action
and the'enzymg system is removed or its action is inmhibited by papein
treatment, then a solution of crude gum obtained from either untrested
or alcohol-treated barley should degrade a solution of papain-gum,

| To determine the effect of a solution of crude gum on
stabllity of papain-gum solution, 1 ml. of a 1% solution of crude gum
obtained from raw barley was mixed with 7 ml, of papain-gum solution
that had a viscosity of 180 ep. A dilute solution of papain-gum was
used so that viscosity would be lower and, consequently, the time of
flow of solution in the viscometer would be 'eemparatively shoert. The
initial viscosity of the m:txﬁure was 68,8 cp. The large initisl
reduction in viscosity is attributed mainly to éilution of the viscous
solution. However, pepain-gum was degraded repidly and in 30 mins.
solution viécesity was reduced to 58.8 cp. Similar results were
obtained when a solution of rew gum extracted from alcohol-treated
barley was added to papain-gum solution. Initial viscosity of the

mixture was 140 cp. Two hours after mixing, solution viscosity was

123 c¢cp; gum degra.datibn was almost complete after 24 hrs. If instability

of crude gum solution is attributed to degradative é,ctien of an enzyme
system accompanying the gum, then this enzyme system must also attack
papain-gun,
Although degradation of barley gum solution by enzyme action
appears likely, the poséibility that crude gums are inherently unstable

and degrade naturally is not excluded. In an attempt to verify which
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of the possibilities 1s true, completely degraded crude gum solution
was added to e \riscous papain-gum solution. Two 1% solutions of crude
gum extracted from alcohol-treated barley were prepared by dissolving
the gum in hot and cold water. Two drops of toluene were added to.
each solution, and the solutions were stored for 7 days at room
temperature. Maximum degradation of crude gum wes attained within

T days, and the solutions had viscosities of 1 to 2 cp. At the
expiration of this time, 1 ml, of each of the heated and unheated

solutions of crude gum was added to two 5 ml. aliquots of papain-gum

solution that haed a viscosity of 285 cp. The crude gum- solutions were
enzymatically active and were effective in degrading pepain-gum solution.
Initisl viscosities of the mixtures contalning heated crude gum

solution and unheated crude gum solution were 110 cp., and 10k cp.
respectively. These viscosity values were not corrected for change in
concentration caused by dilution. | The papain-gum sclutions were
degraded considerably; after 24 hrs; the mixture containing heated

crude gum solution had a viscosity of 43.7 cp., while that containing

unheated crude gum solution had a viscesity of k7.6 ¢ps Initial heat-

ing of crude gum sclution deoes not -affect its degradative actionm,

This is not surprising since the enzyme system that causes gum
degradation during extraction was not completely inactivated by

digestion of barley with boiling alcohol. As papain-gum solution is

degraded by crude gum solutions which have been completely self-
degraded end have attained equilibrium, the conclusion can be drawn
that gum instability is not an inherent barley gum property, but is

.caused by a heat-stable enzyme system.
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Partition chromatography was employed in an attempt to detect

sugar fragments resulting from degradation of paspain-gum. The reaction
mixture of papain-gum solution end unheated crude gum solution was
evaporated to dryness by reduced pressure distillation. The residue
wes dissolved in 0.2 ml. water and an aliquot of the solution was
chrcmatographed. No free sugars or polysaccharide fragments were
detected. Lack of def.ection of polysaccharide degradation products may
be because the quantity .of reaction products formed is below the
minimum amount required for detection by chromatography.

Results of these experiments support the suggestion made by
Meredith et al. (28) that gum instabiiity 'is caused by enzyme activity. .
Stable papain-gum solution is degraded appreciably by solutions of
crude barley gum extracted from either raw barley grist or alcchol-
treated barley grist., Although no reaction products were detected, it
is evident from the reduction in solution viscosity thet the pbly—
saccharide material of papain-gum is cleaved into smaller fragments by
some agent present in crude gum solution. Degradation is not a result
of inherent gum instability, but appears rather to be caused by a

degradative enzyme system that is precipitated with crude barley. gum.

Effect of X-Enzyme on Papain-Gum

Recent investigation of barley and malt gums showed that
viscosity of agueous solutions of these polysaccharide materials could
,l'be reduced by a commercisl preparation ofc( -amylase and also by an
extract of green malt (2, p. 32). Further studies indicated that a
solution of inactivate& o(-amylé.se i‘ra.s also capable of reducing gum
solution viscosity. This result indicated that a degradative enzyme

system, other than of Q-amylase » Wwas present in the commercial
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preparation. The carbohydrase system was subsequently isolated from
both & bacterial source and green malt, and was tentatively named
X-enzyme (4).

Bass » Meredith and Anderson (%) used a modified raw gum
obteined from uzitreated barley as substré:be for their studies of
X-enzyme. Modified gum was prepared by digestion of crude barley gum
with water, The modified product cont.a.ined 0.7% nitrogen. This gum
was not entirély satisfactory for enzyme kinetic studiés » as it was
low in viscosity and unstable in solution. Therefore, kinetic studies
of X-enzyme were diséontinued until a more sé.tisfactory gum was
prejia.red. If the viscous and stable gum extracted with pepain from
alcohol-treated barley is degraded by the carbchydrase system, this
polysaccharide material would be satisfactory as a substrate for
X-enzyme kinetic studies.

To determine the effect of X-enzyme on pepain-gum, aliquots
of X-enzyme solution prepared from Wallersteints " ¢X -Amylase Special
for Analytical Purposes”, and buffered at pH 6;5 s 'werg added to viscous

gun solutions. One miliiliter of X-enzyme ~scalu:!;iem was added to T ml,

papain-gmn solution that had a viscosity of 300 cp., Solution visecosity
measured immediately after mixing was 3.83 cp. X-enzyme must répidly
cleave the polysaccharide material to result in such a merked decrease
in viscosity, although part of the viscosity change is due to dilution
of gum solution. After 3 hrs, in contact with the carbohydrase, gum
viscosity was reduced to 1.35 Cpe Within 24 hrs. a white precipitate
separated from the mixture, Smaller aliquots of X-enzyme were equally
effective for gum degradation and resulted in negligible dilution of

gun solution; 0.0l ml. X-enzyme caused 89% degradstion of gum in 2 hrs.
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The enzymatic reaction proceeded until the solution viscosity was
around 2 cp. Figure 3 shows the rate of viscosity reduction of papain-
gum solution caused by 0,01 ml, X-enzyme. The curve emphasizes the

initial rapid decrease in solution viscosity.

Although 0,01 ml, and 1.0 ml. of X-enzyme caused equivalent
decreases in solution viscosity, the quantity of materisl tha:_b

separated from the two solutions after 24 hrs. reaction time was not

the same, The precipitate resulting from the addition of 1.0 ml. qf
X-enzyme to papain-gum solution was more voluminous., The precipitate
recovered from the reaction mixture contained glucose P | arabinose and
Xylose. The precipitated material could be either a part of the enzyme
material or a degradation product of the substrate., The latter
alternative seems more likely, as a similar precipitate was obtained
from the reaction mixture of papain-gmn solution and crude gﬁm
solution. Papain-gum is degraded more slowly by crude gum solutions
than by X-enzyme. These results are further evidence that crude barley
gums contain a gum-degra.ding enzyme system,

Viscosity reduction of gum solution indicates that the carbo-

hydrase syétem cleaves the carbohydrate material into smaller poly-

saccharide fragments. The detection and identification of these frag-
ments would yield some ﬁseful evidence for the problem of barley gum

structure. Therefore, although Bass et al. (4) did not detect any free

sugars or sugar fragments in the reaction mixture of X=~enzyme and
modified. crude barley gum, it seemed worthwhile to chromatograph the

reaction mixture of X-enzyme and papein-gum.
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Curve showing relation between specific viscosity and time for the
reaction mixture of X-enzyme and papain-gum.




One milliter of X-enzyme solution was mixed with 10 ml. of

1% solution of gum extracted with repein from alcohol-treated barley,
and the reaction was allowed to proceed for 36 hrs. at room temperature,
Toluene was added to the reaction mix;;ure to prevent bac_:terial growth.
A vhite precipitate was removed fram the solution, and the liquor

was evaporated to dryness by reduced pressure distillation. The
residue was dissolved in 0.1 ml. water and 15 ple of the solution

were chromatographed for sugars.

When sprayed with aniline phosphate, three spots were
visible on the chromatogrem. One of the three sugar spots was at the
starting line on the chromatogram; this spot had the charscteristic
color of a pentose sugar. The other two sugar spots were lower on the
chromatogram and had Rg values of 0,14 and 0.40, Rg is the ratio of
the distance the unknown sugar travelé to the distance travelled by
glucose on the same chrometogrem. This value is used to replace Rf (36),
as calculation of the latter velue requires measurement of the distance
the solvent front travels on the chromatogram during development. How-
ever, to ensure sufficient resolution of these polysaccharides with
the solvent system ethyl acetate/pyridine/water, the chromatogram
must be developed for 48 hrs., in vhich time the solvent front runs
off the filter paper. Both spots of low Rg value had colors character-
igtic of hexose suga.rs.' The slight movement on the chromatogram of
these three fragments relé:bive to glucose indicates that they are
definitely of greater complexity than simple sugars, and are probably
even more complex than di- or trisaccharides. Ko free sugar fragments
were detected in either gum solution or X-enzyme solution, therefore,

the oligosaccharide fragments must be cleavage products from papain-gum.
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The components of these three oligosaccharides were
identified by hydrolysis of the polysaccharide fractions and sub-
sequent chromatogrephy of the hydrolysates. To obtain sufficient
quantities of the oligosaccharides for hydrolysis, a streak of a
aolufion of the residue from the reaction mixture was placed 3 inches
frem the end of a sheet of Whatmen No. 1 filter paper (6 x 22 inches).
The streak was 5 inches in length and was placed. one~-half inch from
each side of the paper. The chromatogram was developed for 48 hrs.
with the solvent system ethyl acetate/pyridine/water. The paper was
air-dried after development., One inch strips were cut from each .
lengthwise edge of the chromatogram snd sprayed with aniline phosphste.
The sugar spots on the filter-paper strips were used as guides to
detemine the location of the sugars on the unsprayed part of the
chrematogram. The sections conteining the oligosaccharides were then
cut from the paper. An equivalent section of filter Paper was used
as a cellulose blank. The oligosaccharides were eluted from the
filter-paper sections with two 10 ml. portions of water. The solutions
were filtered through glass wool and evaporated to dryness by

reduced pressure distillation. The residues were then hydrolyzed

with sulphuric acid. After neutralization and reduced pressure
distillation, the residues from hydrolysis were dissolved in Ol ml, .

water, and 15 y.l. of the solutions were chromatographed. The chromato-

greams vere developed for 24 hrs. Color of the sugar spots was again
developed with aniline phosphate spray.

Results of chromatogrephy of the oligosaccharide hydfolysates
show that the three sugar fragments consist of two glucosans and an

arabo-xylo-glucossn. The base line sugar spot contained glucose,



arebinose, xylose and a sugar that ylelded a brown colored spot of

Rg 0.27. This spot of low Rg value was unidentified, but may be
due to a pi'oduct resulting from incomplete hydrolysis of the oligo-

saccharide. The position of this spot on the chromstogram corresponds

to the spot of low Rf value that was frequently found when the
hydrolysate of papain-gum wes chromatographed. The other two oligo-
saccharides ylelded comparatively heavy concentrations of glucose.
The hydrolysate of the cellulose blenk contained no sugars. Figure L
éhs & chromatogram bearing the three oligosaccharides and their
respective hy&olysis products,

Three of the four sugar spots below A in Figure 4 represent
oligesacchérides 3 the fourth and lowest sugar spot is a glucose
reference spot. The heavy-colored spots on either side of B and D
represent glueose;. arabinose and xylose, in descending order. These
reference sugers ald the identification of unknown vpruets. The
faint spot appearing sbove glucose is a ghost spot that i1s associated
with this sugar in the solvent used for development. The sugars below

B, C and D are the hydrolysis products of the oligosacéharides. The

éugé.rs below B are contained in the hydrolysate of the base line

oligosaceharié.e » while the sugars below C and D are the respective
hydrolysis products of the lower oligeeaceha.rides.

The same oligosaccharides were obtained by the action of

X-enzyme on either high or low "viscosity-giving" pepain-gums. However,
the chromatogram of one ‘reae'bioia mixture contained a pentese-colered
base line spot and three hexose-colored oligesaccharide spots, The

Rg values of the latier spots were 0.05, 0.19 and 0.40. On hydrolysis,

only two of these three low Rg spots yielded glucose ; the third spot



Figure 4,

Chromatogram showing the composition of oligosaccharides isolated
from the reaction mixture of X-enzyme and papain-gum.
A = oligosaccharides of Rg 0.0, 0.1l and 0,40 and glucose.
B = hydrolysis products of oligosaccharide of Rg 0.0:
glucose, arabinose and xylose in descending order.
C = hydrolysis products of oligosaccharide of Rg O.lk:
glucose, ,
D = hydrolysis products of oligosaccharide of Rg 0.40:
glucose,




gave no sugars. This third spot may have been produced by & contaminant
on the paper.

The degradative action of X-enzyme on papain-gum extracted
from alcohol-treated barley frees at least three soluble oligo-
saccheride fractions from the gum. One of these fractions is an arabo-
xylo-glucosan. Assoclated with this complex fraction is another
saccharide that may be gealactose, The other two oligosaccharide
fractions are glucosens. The composition of the three oligosaccharides
6btained from pepain-gum is anslogous to the composition of three
pelysaccharide fracti?ms isolated 'by Gilles, Meredith and Smith (13)
from raw gum exfracted from alcchol-treated barley, These workers
found that methylated raw gum comtained three polyssccharide fractions
which, when hydrolyzed, ylelded methylated simple sugars. Component (a)
on hydrolysis gave 2, 3, 5-trimethyl arasbinose, 2, 3-dimethyl xylose,
2-methyl xylose and simple xylose in the molecular ratio of 1:12:2“2
respectively. Component (b) on hydrolysis gave tetra-, tri- and
di-methyl glucose in the moiecula.r ratio of 1:6:1 respectively.
Cem;éonent (c) on hydrelysié gave 2, 3, 6-trimethyl glucose., As only
one methyla.téd. suger was obtained from component (c), this polysaccharide
fraction appears to be structurally related to cellulose. Gilles et al.
‘§btained an srabo-xylan fraction and two glucosan fractions from raw
gum extracted from alcohol-treated barley. Thus, 'bbth rav gum and
pepain-gum extracted from alcochol-treated barley contain three similar
polysaccharide fractions,

The polysaccharide fragments contained in barley gum may be
cemented tdgether in a complex by protein material. X-enzyme apparently

_ breaks the bonds of the protein-carbohydrate complex and liberates the
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polysaccharide fractions. No prc;'bein fragments or free amino acids
were detected in the reaction mixture of X-enzyme and papain-gum.
Lack of detection of nitrogenous materisl by chromatography may be
due to the liberation of insufficient protein materisl from secission
of the cempleito Pi'otein may not be removed completely from the
complex. Some weak bonds of the protein-carbohydrate complex may be
destroyed by X-enzyme, whereas stronger bonds remein unaltered and
bind the bulk of the protein to some carbohydrate material,
Degradation of papein-gum by X-enzyme is indicated by the
reduction in gum solution viscosity and the identification of cleavage
products in the reaction mixture. Degradation liberates oligossccharides
from the gum. These oligosaccharides may be bound together by protein
materiel in a pi'otein-car‘bohydrate complex, The presence of X-enzyme
may destroy the weak bonds of the gum cémplex and thus result in gum.

degradation.




GENERAL DISCUSSION

Results of experimental work shovf that papain extraction of
alcohol-:treated barley produces a non-starch polysaccharide that
is very viscous and stable in aqueous solution., This material is
elmost completely carbohydrate, but contains about 0.1% nitrogen.
Properties of this gum material can be compared to the properties
of crude barley gum. The latter gum produces an unstable agueous
solution of low viscosityo The nitrogen content of crude gum is about
3e0%e Both papain-gum and ci‘ude barley gum contaln approximstely
similar proportions of the same sugars. Therefore » the nitrogenous
material of crude barley gum reflects the difference in properties
vetween the two products.

Nitrogenous material was progressively removed from crude
barlej gum by various procedures, Acid reagents and alcoholic

treatment of barley remove some nitrogen from gum, but the products

are unstable and not very viscous in aqueous solution. The bulk of
the residual nitrogen is removed by papain treatment of barley. Study
of the properties of these gums of reduced nitrogen content has
provided a key to the elucidation of the role played by nitrogen in

barley gums.

The nitrogenous material that is removed most easily from
crude 'ba.rléy gun is unbound or extraneous protein msterisl, This
meterial can be distinguished by treatment of ‘barley and ba,rléy

extracts with hydrochloric acid and trichloracetic acid. Hydrochloric



acid removes acid-soluble protein from crude gum, while trichloracetic

acid removes the residue of extraneous protein material ss well as
acid-soluble protein, These two fractions were removed from crude
gum without affecting gum structure. However, yield and nitrogen
content of gums recovered after acid treatment of barley and barley
extracts were lower. This treatment was not as effective in reducing

nitrogen content of bai-ley gum as alcoholic digestion of barley prior

to water extraction. Alcchol completely removes extraneocus protein

material from crude barley gum. When trichloracetic acid was added

to an aqueous extract of alccholetreated barley, only 0.3% protein

material was recovered, However, alccholic treatment of barley not

~ only removes extraneous protein from gum but also affects gum properties,
Solution viscosity of gum was incressed greatly as a result

of alcoholic digestion of barley, whereas gum yield was reduced, The

difference in yield between crude barley gum and gum obtained from

alcchol~treated barley cannot be entirely attributed to removal of

protein material by alcohol, but must be caused by some other factor,

Preece and Ashworth (Ll) suggested that there are two fractions

of pentosans in barley., One péntésan fraction is present in a water-
soluble state, whereas the second fraction is initially insoluble, How-
ever, the latter pentosans may be converted into water-soluble products
by enzyme action during maéhing of barley, If this enzymatic action

~ Wwere prevented, then insoluble pentosen material would not be extracted
with water-soluble gum. Meredith (27) found that alcoholic treatment
of barley prior to mashing eensiderabiy reduces the yield of gum, The
decrease in gum yield could be attributed to prevention‘ of the enzyme

action that is responsible for the release of certain pentosan material
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from barley. Yields of gum prepared by hydrochloric aeid, trichlor-
ecetic acid and papain treatment of rew and alcochol-treated barley
offer confirmatory evic_ience for this hypothesis.

Alecoholic digestion of barley produces gums that are more
viscous in agueous solution than erude barley gum. Preece and
Aghworth (llt) suggested that crude barley gum may be degraded during
extraction by & cytoclastic enzyme system, Gum structure appears to
 be polymeric and the polysaccheride molecules mey be enzymatically
cleaved to ﬁeld smaller fragments, thus resulting in lower solution
viscosity. Digestion of barley with alcohol partially inhibits the
action of this degradative enzyme system. Hence, the molecular
vcom'ple'xity of gum from alcohol-treated barley is greater and solution
viscosity is higher than that of ecrude gum.

Acid also appears to limit the action of the degradative
enzyme system. Acid extraction of raw ba:bley produces gum that is
more viscous in agueous solution than crude gum, The addition of acid
to agqueous extracts of raw barley, however, has no effect on gum
solution viscosity. This result is obtained because gums recovered

from acid-treated aquéous extracts have been degraded during aqueous

extraction, and so addition of acid does not affect a change in
molecular complexity of the gums. These resulte imply that mashing

at pH 1.0 partially inhibits the degradative action of the enzyme

systém. Extraction of alcohol-treated barley with acid does not

result in an increase in solution viscosity of the recovered gum. Thus ’
an acid pH is no more efficient than alcoholic tregﬁment of barley in
inhibiting the action of the gum degrading enzyme system during

extraction.
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Extraction of alcchol-treated barley with papé,in effectively
iﬁhibits gum degradation during extraction and in aqueous gum solution.
Solution viscosity of papain-gum was increased tenfold over that of
raw gum obtalned frem alcohol-treated barley., Unlike raw gum solutions,
solutions of papain-gums obtained from either raw barley or alcochole
treated barley were stable., Meredith et al. (28) suggested that
instability of agqueous solutions of crude barley gum may be caused
by cleavage of the gum polysaccharide material by enzymes precipitated
with the gume. Results of papain treatment of barley support this
viewpoint. |

‘Barley gume that are unstable in agueous solutlion are un-
stable in alkaline solution. It is most unlikely that instabllity in
alkali is caused by enzyme actioﬁ. Sodium hydroxide is commonly used
in orgenic chemistry to remove nitrogen from carbohydrate materials,
and polysaccharides are generally believed to be unaffected by sodium
hydroxide treatment. However, degraded barley gums may contain a
varlety of polysaccharide moelecules that can react at various rates

with sodium hydroxide., The resultant changes in the gums resemble the

phenomenon of enzymatic gum degradation,

Two enzyme systems that affect gum properties must be assumed

to exist in barley. One enzyme system degrades the polysaccharide

material during extraction of bariey. This enzyme is partially

inactivated by boiling 85% alcohol. Thé second enzyme system, which
survives alcoholic treatment sy 18 precipitated with the gum. This
enzyme causes gum instebility in aqueous solution, but it is inactivated

by pepein treatment of barley.
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The mode of actién of papain on alcohol-treated barley was
not investigated, but a factor that prevents gum degradation appears
to be present in some papain preparations. Several papain preéarations
did not prevent gum degradation, and the gum products produced solutions
of viscosity comparable to viscosity of solutions of raw gum from
alcohol-treated barley. Different papain preparafions may have the same
proteolytic activity, but contain another system presenf as a variable.l
The effects of this variable have not ﬁeen investigated. The presence or
sbsence of the variable may well be the cause qf the variations in
molecular complexity of papain-gums obtained from alcohol-treated barley.
The varisble factor may be a substance that inhibits the action of the
degradative enzyme, or it may be another enzyme system that destroys the
degrading enzyme precipitated with the complex polysaccharide material
of the gum. The source and mode of action of this variable in papain
preparations should be in#estigated, if gum extracted from alcohol-
treated barley with papain is to be studied further.

Although alcoholic treatment of barley, combined with papain
extraction of the grist, removes the bulk of nitrogenous material from
crude barley gum, some nitrogen is still associated with the poly-
saccharide. This nitrogenous material is bound quite firmly to the
carbohydrate material. It is not a protein contaminant, as it was not
removed by reprecipitation of gum from trichloracetic acid soiution.

The conclusion must, therefore, be drawn that the nitrogenous material

is part of the gum structure.

1 personal communication from S. M. Mann, Nutritional Biochemicals
Corporation, Cleveland, Ohioc.
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The residual nitrogen resembles protein materisl, as an
hydrolysate of the gum contained amino acids. Meredith et al. (28)
suggested that some nltrogenous material of barley gum may be part'
of a protein-carbohydrate complex, The residual protein of papain-
gum may form a complex with the polysaccharide material of the gm.
The complex may not be chemically united, but may be bound together by
weak bonds, such as hydrogen bonds.

- The carbohydrate materiasl of barley gum appears to 'bé

comprised 6:6 several polysaccharide fractions. Thesev fractions may be et

cemented togéther by the protein materlal to form the compi_l.ex gum, The
extremely high solution viscosity of gum extracted with papain from
aleohol;treated barley can be explained by this hypothesis. BExtraction
with papain prevents destruction of the weak linkeges of the protein;-
carbohydrate complex, and thus the gum has. a very branched structure,
Apparently the bonds binding the protein material to the
carbohydrate fraction are susceptible to the action of the enzyme
system that causes gum instability, Indeed, the destruction of this

cementing material is probably the 1nitial ceuse of the cleavage of

protein-carbohydrate cempléx almost completely destroyed by enzyme
action during extraction of gum from barley. The complex contained in

gum obtained from alcohol-treated barley is eniy partially destroyed

during gum preparation. However, destruction of the complex is
completed in agueous solution by the degradative enzyme system con-
tained in unstable barley gums.

X-enzyme also degredes barley gum, This enzyme, or enzyme

system, may not cleave the carbohydrate material directly. It may
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merely destroy the wesk bonds cementing the protein and carbohydrate
materials, and thus cause the liberation of smaller polysaccharide
fragments, Three oligosaccharides were obtained by the action of
X-enzyme on gapain-gum. These were two glucosans and an arabo-xylo-
glucosan. These oligosa.céharides are similar in composition to
three polysaccharides isolated by Gilles et al, (13) from gum
extracted from alcohol-treated barley, The oligosaccharides, along
with other polysaccharide material, may be bound together by a small
proportion of protein to form a very complex gum.

Alkali treatment of barley gums offers further evidence for
‘the presence of a protein-carbohydrate complex. When viscous papain-
gun is dissolved in sodium hydroxide, viscosity of the solution is
much lower than viscosity of an é.queeus gum soluﬁion. The decreasge
in viscosity of alkaline gum solution indicates the gum has a much
simpier molecular structure when it is dissolved in sodium hydroxide,
Thus, alkall treatment must destroy the bonds binding the» protein-

carbohydrate complex and release the smalier polysaccharide fregments,

Crude barley gum contains s mixture of protein material., The

bulk of the nitrogenous material is extraneous protein and merely

contaminates the gum. Some of the protein materisl is enzymatic and
appears to be more closely assoclated with the gum, This enzyme

system apparently causes gum instability in aqueous sélutions. Finslly,

the residusl nitrogenous material forms a protein-carbohydrate complex,
and is an integral part of barley gum structure. Thus s although
there are three nitrogenous fractions associated with crude barley gum,

only one of these fractions directly affects barley gum properties,
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Study of properties of barley gums of reduced nitrogen
content hes provided information that indicates the role that
nitrogen plays in barley gums. Knowledge of the role of nitrogen in

barley gums will be of value in completing the picture of barley gum

structure, Determination of the structure of barley gum is necessary
before the relation between barley, malt and wort gums can be

ascertained,
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SUMMARY

Certain properties of non-starch polysaccharides
o'bta.ined from barley variedv widely among preparations and
appeared to be related to nitrogen content. To provide
infomé,tion on the role of nitrogen in barley gums, protein
material was systematically removed from gums by various
extraction and vprecipitati@n procedures. Properties of gums
of reduced nitrogen content were studied.

_ Crude gum obtained by water extraction of barley
containg ebout 3.0% nitrogen and produces an unsteble aqueoﬁs
solution of low ﬁscosity. Extraction of barley with agueous
6% trichleracetic\ acid, of pH 1.0, removes more nitrogenous
material from barley gum than extraction with hydrochloric acid
of the seame pH., Alcoholic digestion of barley was used

previously to reduce nitrogen content of barley gums, but acid

"treatment of barley is no more efficient in removing nitrogenous

material than boiling alcohol. Acid extraction of raw barley
produces gum that is more viscous in solution than crude barley
gum,. mgums are not campletely stable in aqueous solution.
Papain extraction of alcohol-treated barley produces
gum that is stable and extremely viscous in aqueous solution,
This gum hes a polymeric structure and contains principally
glucose » @lthough arabinose, xylose, galactose and about 0.1%

nitrogenous material are also present.,
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(5)

(6)

(1)

(8)

(9)

Study of gums of reduced nitrogen content indicates

that the bulk of the nitrogenous material conteined in crude
barley gum is extraneocus protein,
Preparation of gum from raw barley and alcohol-treated
barley indicates that gum is degraded by an enzyme system during
extraction. This enzyme, which is partially inactivated by

alcoholic digéstion of barley, reduces gum complexity and

increases gum yield.
Degradation of barley gum in aqueous solution appears

to be the result of the action of an enzyme system that is

‘precipitated with the polysaccharide material. Treatment of

barley with papain removes the enzyme system and produces & stable
gum.

The residual protein materisl of barley gum asppears to
be part of a pretein-carbohydraﬁe complex that may be bound by
weak bonds. The protein may :bind polysaccharide molecules
together to form complex gum molecules. The complex appears to

be readlly destroyed by a.lkali or enzyma.tic action,

Solution of gum obtained by papain treatment of barley
is degraded by agueous solutions of crude barley gum and gum
extracted from alcohol-treated barley with water, This lends

support to the hypothesis of enzymatic degradation of gum in

aqueous solution,

The action of X-enzyme on gum obtained by extraction of
alcohol-treated barley with pa.paiﬁ yields at least three oligo-
saccharide fractions as gum degradation prodﬁcts. Two of these

polysaccharide fractions are glucosans end the third is an

arabo-j@quo-glucosan;
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This ie a further indication that the non-starch polysaccharide
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Alkeli treatment of barley gum appears to decrease
the complexity of gum structure, but does not completely
remove nitrogen from the gum, Gums that are unstable in

aqueous solution retain their instability in alkali.

Neutralization of acid-alcohol liguor from which gum
has been removed produces a second gum-like fraction. This
material has low solution viscosity and contains galactose,

glucose, arabinose, xylose and varying amounts of nitrogen.

b'bta.ined from barley is very- complex and mey contein a protein-
carbohydrate complex,

Study of properties of ba.rley gums of reduced nitrogen

content has provided & key to the elucidation of “the role of

~nitrogen in these ma.terials. This infoma.tion will be useful

for studies of ba.rley gum structure > knewledge of which is

necessary to determine the relation between ba.rley, malt and

wort gums.
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