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180@1116 eF gaRËEy egffit @. BEETGED trIBocEN g@ñEilT

IilBOIT'CgTOT

Hlantg oncl tbefr fmfts are eqposedl prfaef¡nlty of earbo-

þdratea and, ¡rroteilaEc &e eoøçnaltloa a¡d. stnrotr¡r.e of thege n¿teria1E

b¿ve been gtuctfert for uan¡r gearae For eæe tf-ne carboh¡drates rere

rega¡de¿ nef-nly a€ reaer\re fooril, naterlal, altbougþ certal.n earÞúydratee

rrere elassedl as strtætutal usterl.al. Beeent aÄvanees, naåe poeeÍbJ.e

by tbe dlevelo¡meat of Eer teebalguee¡ have fnêleaterit tbat earboh¡r{lratee,

as sell aa protefae, EqTr play e fu¡lortaat role f.n t&e prø¡rertÍeE of

$Laate aad. thel,r proêucts. As a result, tbe cecpoeltf.on aa¡l str¡reture

ef pLant earboh¡rdrates are acm bei.ng fuveetlgatetil, tnteaslvel¡r. Althou€Þ

ildllr aoB-gtareh ¡rclysacehra,nl.cles b¿ve been reeogafzert ls plaat naterlal,

atudl¡r of tl¡ese laggeel unùíI a qlea¡ pLeture of the gtructure of

etareh -- tbe mala P1a¡lt poþeaeebartðe -- ras ettaLueil. Ílle teoüalquea

that rere uged. to tleteral¡e stareb Etrueture are tlsr belag a¡plfecl to
nsn'eta¡cb poþsaecbartdlee, tbe nost prælaeat €f ïbtch are the pLant g@sr

Uåny tn¿terfals are elassett as plaot grrr,so Sæe are proclueeél

as ssilatec fr€o ctrt strÉa€es, wlrereas othere are aa iuteæal part of
plaate or tbefr frtlts. Althougb guøs obtafneel. fræ dl,lfferest aourees

varXr f.a eqnef.tf.æ anril Etru,cturer they eenelly eontafa hexose resÍdluee,

u¡oaf.c ae!.dL regLrlEeE aarl. ¡nntoee reeiðues, and. proðuee htgbly viecoì¡s

aqueou8 soluti.oBs" Detaf,led, stu{y of theee cøplex polrysaeeba¡ldle

naterla.ls raa great\r aseieteè by the dleveLo¡nneat of ehræatograpbLe
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preceitures fol fsolatLoa antt ldtentlfÍcatlon of organfc nater.lale. B¡e

Plo$feEE fn st¡rcllea of plaat g¡¡n coqposltlon ancl etnrcture was revlerred,

by Jonee and. sr¡lth (N), end. hae assLsted. stud.Les of other cø¡ùex

BoJ'ysacchar!.des. A¡nong thege a¡e the non-starah polysaccharldee obtalneil
frm cereals. fheee earboh¡retratee håve been recognfzedt for na,EJr yeajrg,

but vere aot anenable to cþtalledL etu(y. IanreEtlgatfon of these nsterfale
h¿s been revlvecl (a8) au¿ they nor arrrear to be related, to the ptant gpüao

Gm Lsoraterr. fron barr.ey f.s o'e sf severar eereql gù,r'F that
have beea faveet!.gatecl. Barley g¡us bave been hqa for seventy yea;rs,

but t'belr eøposltlon and. etructure could, not be deterrlaed.. Earlfest
lnveetl.gatfon (3e) fnd,laatect that these gxEE consfeted of poil¡merlzedl.

carboþdtrate naterLaL, but no netbod.g nere avallabLe to etud¡r the prodlpets

fu¡tber. I¿ter rrork (5, 11, A8) showed, th¿t ertrdle barLey grme also
eontafa altrogenous naterLel that ¡ree bellevecl. to have a slgnificant
!'nfl¡enee on gun prø¡nrtles. Suggeetlons h¿ve been sade that eæe of the
barJ-ey gun nltrogea üÊlr be part of enz¡rueg rùicb dtegrade the gr¡n (eg),
andl that at Leaet e@e of the nftrogen na¡r be part of a proüein-earÞoh¡d,rate

eqÈex (ff, eB). BarJ-ey guns rrere tlaerefore iwestigateð fa an aütenpt
to agaert¿fa the extent to wbi.eb nLtrogeaouE naterfal contrlbuteE to
gun propertfee.

rntereet ia barJ.ey $mE na' arousecl rn tJers ra,boratory by
resuLte d Etutll'ee oa ïorb¡ certel.n vort pro¡rertl.ee a¡e ÞeLievecl, to be

lafruencetl by a eøpomeat eoatafnrng carbo\yitratee and. nttrogenous

naterLar' Ifort vleeoeity, a sba¡acterLgtfc vort propefrrr decreesee aß

the amount of thfs eøpJ-ex u¿terf.ar ln rrort deereaeeeo Ag vfseoelty øtr



-3-

rort LE an usefi¡.L neasure of na.lt gudity, lnrvestLgetf.on oÉ tbe orlgta

of the vlscouE ¡triact¡ite of vort ças unrlerbaken.

Isolates sLnlLar to bariley gwt can be obtafueril fræ na].t,

norb and. beer (26, 28, 42). Eørever, gums frm tåe latter neterfals

bave not been 1¡rvest!.gatecl LntenElvely, and. coneequentl¡r tlre re1a,tloa

betseen tlre f,our guus 1e f¡deftalte. It vas bellevecl a eyetematfc

stucly of, the four guuø sbonld. begfn r.ltb tbe produet lsolaterl frm
barley. Sface the guus are presmably fnterreS.atedl, tt rt]J. be ueeful

to revÍer br{.ef1y the uaLtlog ptoeess andl gqs bremfng teruso

flrere are four stages throu€b u¡lf.cb barley æst be passerl

bef,ore f.t f.g rea{y to be r¡tfllzeê fer the productf.on of beerr ltlle grafn

nust flret be c3.eanecL ancL etored.. Freøh!¡ ha¡¡veste¿ barley bas a poor

gerafna,'btve capacfty aarË[, therefore, eboaldl be storect f,or a few oqnths

before Eartl¡og. after storage, the barley le steepecl or eoake{t f.¿

tater untfl the aolsture eoatent of the graia 1s about l+!S. Steepfag Le

aecessar¡r to elLor geralna'tlon to take pIaee.

She thJ.t€., and, noet l4orüant, Þar.t of the ua-ltfng procese Ís

geralaa'bLon. Chaagee that take plaee la the kernel d¡¡rlüg thie stage

ere: (a) to¡sa,tloa anÄ lf.beratlon of enz¡rnesr (b) grorth of plmule

an{[ rootletgr (c) afeag¡earaace oû enðoe¡nrs ceLL ra.llE and. subeeguent

eoftenf¡g of the graiu, anÄ (ð) ttegradattoa of prortelns anil etarcb" The

rilevelø¡nent of, eaz¡mee 1s tbè prfnalif chaagB and. all tbe other changee

are, to s@e exteat, a result of enz¡roe.actlvlty. tlbea the plruule,

rhf.oh ðenreLops durfr¡g gerulna'Ëlon, breafts through the bull, enzyuatic

activtty is treually a uaxfnm.
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Kl.f¡fug ie tbe f,laa.t stage of na-1t1agi the greea aa-lt le ctrle¡il

by a etrean of aÍr to fahlblt geraf.natfon. &e teuperature ef, alr f.g

f¡creaped, ste¡nÍee fræ 859r. þ 1JO9F. Thf.E êryfrg ¡lr@cess dlete l.neE

the eaz,¡matLc aetivlty o,f ua.lt anil tbe flaal flaror and. coLor of beer.

KLLDeA m¡lt 1e ground. a¡oil tåe grlst exùraeted[ vtth ruter. Iäe ¡¡a^sb fs

fflteredl,, and. the fLltrate or rort ls the Þa,el,e usterfal la the prettuetf.on

of beer.

Sereral ebemLeal olr¡ngêB occut ln the barley kernel ehrtag

ueltf¡g¡ tbe noet fmportant ebaugee are tbe erz¡æatfe ilegr"ad.atlose of,

carbohyttrates ard. protelaec ezyne by€roþeis oû these pateriale ls

essenttaL to attaf.a the greateat ¡oteutial sf nalt ertraet. üeðtffeatløa

Le a general tern ugedl to ôegcrrlbeithe eouverEf.os of laeolub1e naterlal

leto seter-extractable proðu,cts durlng e¿1t{ã9. Begree of nodllff.eatlo¡r

Ls ttef,iseel as a EeÊEure of na].t guallty, and, 1s oae of the nost f-npoÉa¡lt

factore goverrrlng the brelrl¡g valne of naLt. Brerers u,ee tbe tems

'qver-ü, ou¡¡iler-o a¡rdl Éaoma.1-moùÍ:tleatlonr, rl¡en speakfng of nalt

qualf.ty. Eørever, aomal a¡cltfLcatLsn 1s ¿fmfn"ft to ctefine beeause

regal.reril. eharacter':lstf.es va,rry rríth brerrtug nethodls usett andl tbe ty¡n of

þeer é[eef.reel.

$everaL proee<luree bsve been proposedl for neaßureueat of, ilegree

of, nocLfff.cet!.ø (fh), Þut nøae fe eæpletely eatfefaetorry as ehora by

tbe dl,lverelty of the netbods. One of the nogt receat aoit nore practteal

uetborils euggesteô le that of nort vleeoef.t¡r (ge)¡ vleeosfty of rort
dlecreages rtth teagËh of, barJ.ey gertt¡¿'btoa tf.ueo It waE threugþ tùle

preperby that lavestigaÈloa oû barJ.ey guns began.
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Ba,rley g¡BE are belf.evedl, to be the precureor of at J.ea,et part

o'f nalt g@s (a8), a¡¡rl bence tbe f,o¡net g@s na¡r be l-ailtrectly

regI,oÉsibte for eertafn rort ¡rropertf.es. Bar1ey gm a,ntL benicelluJ.ose

are cheuLcally gls.tlar a¡il both are be3.leverl to be preeeat ta barley 
:. :

cell tt¡Lls. lbe presence of nLtrogenou,s naterfal fa benf.celluloEe þas

aet been dleteæfrerl, but attrogen, bas beea shøtm to be preseat ia
Þarley gm etther aE a eoaatitueat or as a c@tâmlsåEt. 0@ that is
free frm ercb¡a¡¡eoug altrogerone naterlal voulcl be of value 1n etaê¡r{ng

gw stnreturee &erefsrer g@n f,rea Ê1ch nftrogen sas retisved. fn a ,

eyetenatlc 'nenËer sere stud,l,eril. f.¡ order to eLucietate the effeet of

uftregea @E gÌ¡m pro¡rertLee.

Beeults sf etuÈles of pro¡nrates otr barley gune of reGtu,ceCl,

nftrogea eoateat are preseateel la tbfs theEf.s. lbe ftret sectLon

presents s@e f.Bf,omÊ,tlotr on the aoa-etarcb polyeaecbarletes contalaeril ts
barley, aalt and wort. $ae carbo\ytilrate eo4roeltf,oa of theEe naterlaLg

gho¡rE thelr relatfon to plant güBBo Frecipf.tatLon and, ertraetf.oa nethorile

ueect to.reélece the aftrogen cootent of barJ.ey g@F are dl¡eserlbed. La tbe

see@d. geetl,sa. Íhe prottnets re¡e ebo¡acterf.zedl, by êeternlnatl.øn of, r',
a-::.- ':

eojlutlon vlseoslty, solutflÞ 1¡etablllty, altrogeu eonteat, carbob¡rdtrate

eon¡ræents êü(il,'ealao acfit cø¡rcøeats of gruc &e elgnfflcance of theee

grn ehara,cter{stfce f.E d,lscuseedl la the tJrl¡d. gectf.sa. FfaaLLy, all the

relevast l¡fom¿tfæ le revieneê and. eæelue!.sne are drasa regiardl.f¡sg 
,¡;,,¡,,,

the relatfø of, nltrogenouE uaterl.ar ¡rreeeat La barley gnne to barLey ':

g@ prqpertf,ee.
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BEVTffi OF BART,ET. !dAT,Í AEÐ WOBE qilß

Althougþ barJ.ey guus bave been recegpÍzeril f,or a J.oag tLmer lt

1e onJ.¡¡ rrltJr tbe dLerveLø¡meat of aottern teehnlguee tbat the stgntfle,anee

of barley gme La ¡elatføs to naS.tfag hos beeøe a¡4rareat. 0onsegueuu.y,

t-be bnlk oú tbe work elone on theee ¡odysaccba¡'¡.dle ¡ater{.aLs f.s reLatlvel¡r

nEn a¡od. not ver.5r extenslve. tr¿te ln the af¡eteeath ceatur¡r geveral

sorkere eteecllfbe(t gws obtal.uecl f,rø barley¡ Þut uo LaveetlgatÍon ras

na,ile at tbgt tfre coneerûlag the funetloa of these gros t¡r tÞe grala

kermel. &e early lf.terature eitee a f,en preparatf,o¡rg sf, gws fren

cereal grÊtne other than Þgrley, but the ro¡k rnas of a geaerla1 nature

anÄ so elgnf.flcance ras attaerhetl to the proctucts. It vae sot uatfL

PtratzJry a¡eå siecba (Sg) 1rr L938 obtatnetl a po\yeaccha¡f.rile naterLal f¡æ

rrsrt of, short-groru nalt tbat an f¡rillcatf.on was glven of tbe fqrorta,aee

of these nateria.ls ln tbe aa-].tf¡B process. llh{s lnfors¿tfos createdl a

aelr Latereet 1a barl-ey aoit uÊtt gpusr anel noet reeeat rørk hae beeB

ttlreetecl tøa¡rüs lnvestfgatl.on of tbe occunence of tbese naterlale f¡

barleyr

One of the earlleet rorkers tn the fieLdL of ba'r1ey gEEs ras

gr$¡ü.Ilvan rrbo reporteô (32) tro fraetf,oue of, earbohyitrate materfal

obtaf¡ed f,rcm barley ty uater erbractlou. gtsqL3.f.van bellenredt the

fractlqs to be elertveGl fræ sta,reh aad, therefore, naueril the uaterf.aLe

oqrlaneË. Íbe tro au¡rlaa fraetLons elffferetl. ltr rater soLublltt'yo Pa¡*

of the qr].an nater{.al ras iasoLuÞLe ln rrater aad, ras dùestgnated.

üol-aryLan!, nbereae the rater-soLubLe f,raetÍoq rae ealleù "P-aryIaôËe



-1'
Ð¡e naue Þa4rlan* fe u¡fortunate for ft ras later Ebena (¡g) t¡et

OtSt¡lLfva,r¡ra p -ryLas coataf.¡ed. ¡leotoeaa noterlal a,uil,r eo, coulcl. ¡¡ot be

eoaeLderetl. to be a stareh derqlvatÍve. Preeee (hf) for¡nA tbf.a rater-

soluble fractlon vas slnllar to plant gmg anil ao iteslgnatect lt obarley 
::

gun'.
' 

Durfng the separatfæ of protefa fraebloas of Þar1ey aeal

Ogborge (gf) foæ¿ th¿t gm was e¡rbraßteil f,rø barLey by satt solutfon

Eorwer, Oebome ras prtaartþ lateresteitr tn pre¡rsrlag ¡ruæ proteln

fractføs anif üA not Lwestfgate the barley 8@ eøtanrfnant. I'fuaþt (23) 
:

f.EoLatedl gm alnLlar ts tbat obtalaedt þ Or$u,lllvan. trster Btora,

Escmbe, &fcfi{nllen and, l{f.|-ler (5) extracteil. a barJ.ey gw, the qrlaa

eætent of rúf.cb correapædeô vttb the eetLüatedL gua,ratl.ty of hemf.eeJ-luloee

1a barley. Èeeee¡ Âetsnorth and. Er¡nter (l+E) pofat ont, børever, that

tlae qr,3.an aater{.al of BrE¡n¡ et aÌo nay have beea hl.gþl¡r eonta¡n!¡ateel.

rrtth h€nteelluloele naterf.al by virtae of tbel.r e¡cËraetÍoa setbodl.

Íbe early workers gave r¡o fi¡ilLc¿ttoa of the ortgËa of the

eæ¡ÍLex polyeaceharl(les ltr tåe barley kerøeL, altboueb @t$ullfvan

belf.everif,4- an¿ p-WJ;"nt rere dlegradatl.on procluetE of etareh. Eorever, ,t..,,.',

Bro¡ra g! do state tb¿t tbÊ Fqrlans' b¿ve no geretic co¡rnectf.oa vtth , .'

, ,t. 
".stareh. At tbe sme tfne, theee sorhere percel.vecl tbat bar].ey g@s

playedt an tc¡nrtant roLe fs tbe É¿lt{Fg prosess. Eluê (16r p. ?g) 1n a 
.:*

su@ary of the earlyrorb onbarley gms fflteo that, accordtag to Bronra, 
..j¡.,..:

eoLetf.su of barLey gm 1E oae of tbe uost stgntff.eaat eåanges tb¿t oecurs . 
"

¡ûren barley Íe couvetted. fato naLt. Eorever, f.t rae aot uatfl thtr"ty

yeãre Later tþ¿t f.sveetlgatf.øe of tbl.e evf.dent ehaage rere c¡dlertakeÊ.
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In generral, tbere are tso netbocls by ïÞfcb polyeaceharLile

naterl,al nay be ¡tre¡tareei f¡ø eereal prodluete. Ifhese a¡e:

(L) extractf.oa of the eereal rrfth water or ritllute sa-lt

aoltrtloar or

(2) extractùæ rrttb tl5.Iete eodlluß hyêroxfrite

l&e ffrst 
".tU"¿ 

ras eu¡rileyec[ by OrSulllvan ¡adl g@e otber early rorkers,

aoil yleld,s chat are aenr celLedl cereal gtmoo Alhallne extraetl.on, ou tJre

other haacl, ytelås henLceJ-lu.l@sêBo t1re tno prorluets are ebenlcally

slnllar, althougb tåey dllffer fn {nltfa]. sate¡-aolubttlty fu the graÍu.

Ae Lf.tu.e fe kaor¡¡ about the eÈruetu¡e sf beml.celLtl.1oaes, they are very

fimdlequa.teþ cleflaecl.o Preece (kt) Aetfnes henlcelluloEeE ae cet3. raLL

natertals tb¿t are fnsoluble fn nater, but rt¡tch are faJ.nly EoLuble fu
lr$ eoritttu hyelroxttle. Ef.Dd. (t6, p. ?O) tr.oa¿e¡¡s thfe eteflr¡rtl.æ by

etatlag that hemtcel.Luloeea sre eore reaÄLly atÈaeÈerl by eaz¡mes tha¡r ls

eel.lu"Loee¡ hemf,celluloee-epllttr"rg enzy¡les are ca'llecl hesicelh¡lases €r

c¡rtaseoo EenlceLL¡rIoEeE h¿ve been iEoLatetl. frø a var!.et¡r of eourees

sucb aÊ vood,s, Etrarg asr![ seedls, aoil aceordÍag to Preeee (l+f) nany

he¡úeellulesee obtalaeriL frø secb Eatertals yleLdleð æ'tsee anè a,¡abXaose

af,ter b3drol¡rafe. Een'{cellu,LoEfe uaterlal nay a.Lgo eor¡taLa bexoae

Euga,to and. urontc acl.cb. La,raour (22) obtatned, gury eubgtânces, näleh

cøntal¡eel. gtacoee aarl, aIE¡reciabl,e àouats of penËoee etrga,re, frø
alkall¡le ertraets of EeveraL eerea.L grafas. fbus, tno tll,ffe¡eat, tbotrgþ

sonerbat ef.uLLar¡ nater{.ale eea be obtalnetL frø eereat proêuete

tle¡reuðtng øa the netbsdl sf, e:ctractl,æ. cereaL gm le la an laLtla.Lïr

sater-golu,bLe Etate f.a the €Fallr, rblle bentceLlelose n¿terd.a"t le

exfraatable æ.ly Ftth atkalfne soluttoû¡. oa thls baEi.e Preece (hl)

dlecla¡'es that Ot$u.ll1væls aqrJ.ans are barS.ey gms aad, aot henf.eelluLoEee
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as Ef.ail. (t6, p. Ë) prennloealy naneô tbeu. It ls gererally agreedl that

the sou¡ee of botå guo anä. henicellt¡].oee 1s fn the eeLL ralI of tbe

trer?eI.

Ilhat ba¡4tens to beuLeellu.loses ôErf¡¡g tralt{'ig preeeats a

ccø¡ùer ¡rrobLen to stuåy, and, one aboet sbfch there has beea r¡¡eb

epeeu.Latlæ. Eø¡iktae a!å Kranse (ür ¡r. 132) state thEt dturt¡g uaLt{Ég

benleellälases tlfaeolr¡e uster{.a.L fn the ceLL rralLs of, the grafn rhtch

reeults f,a eofteafag of, the ÈeraeLr Kemel eof,tenfag fs ea'lct to be tbe

eause of tbe næt erldeat featt¡¡¡e oÉ nalt mortÍfÍeatÍonr $rts vttr f,g

ou¡4nrteê by heeee (49) fa a¡¡ ad.dl¡ess to the Jofut l{eetfng e'f tbe

Iaetftute of Brartng and. tbe Ineor¡rcrateel Breryerre Güflal. Ee etatee

tbat !üt-aitlEeh and. van Waveren fou¡d. eoftenfng of, tbe grala le aceø¡naf.erl

by a¡l f,aerease Í¡ the aoiluble ¡rentosaae of tJ¡e eom. 'ltfhe fn¡rortaat role

that cyüolysis playe t¿ aralf,{z¡g f.s o:¡oEùaElzeel by Eel1 (fh). Decæpoaf.tfæ

of the seIL wal-le ¡lernlts qrJ.ases to eøe la co¡¡tact vfth staaeb ancl so

neke eace&arlflcatf.øn posslble ilurtng nashJ,ngo Eenfcelltrloele Eaterfal

of eeIL rralle 1o brokea dtøra by eBaJrEÊs d¡¡rf¡¡g n¡1tl¡6r

Enzyratlc ifeg¡ad¿tton of eeLL rûa.ll eaterta.l f.e the ceattal

pot¡lt f¡ the nodlÍflcatlon probl,eo. l{@ðlflcatlø fs eEsentta], ta the

protltrettøn of, ua.l,tr anlil tbere bave been several netåocls prøgoeetl, to

neasure ,ilegree of uoillfteatiæo Aa the qu¿}|.ty of, ua-lt Lg ref,leetetL f¡r

tbe gruatfty and. qtraflty of nalt e:cÈract, aåry procertnres utlllze sort

qusHty as a ¡leassre of ned,*fleatl,oa. fro saob aeasÌ¡renento are

ileüerøl¡attøs oÊ vort aftrogeu aaiL sort turbirilltyo rn 1936 rort
rlaeostty ras PrqP@eeê aB a netJ¡odl for d.etemtn*ng degree of noôtf,teaÈf.æo

Beeeatty feys (9)¡ after EùsrÈlüf¡g flve ueühorits of aea,aurl.ug rlegree of,



ssdtl.f,fcatlon, receøend.ed, ,"" ;::rr"afon of vorb viseosrt¡r as aB fritex

of ao¡iltfteatløao &l.e Betåodl is affi useil gufte erbenslvely, as it fe

easfþ ard. $rf ckly tlone¡ Eorever, etudfeE oa va¡Latfæe of rort
viecoe!.ty are fen as Eo¡Íklns a¡rt Erans e (L7, p. 192) f,r¡cllcste.

Plratz,þ (g?) Soun¿ that ehort-greça ualt gave nore vlscoug

soltrtf.æs thsn nBJ.t gro¡rir a no¡mal leugth of tlne. Ee tbenefore

euggeetecl that btgþ rrort viseoetty sas Âñ fnclleat!.oa of lr¡nrfeet

mortl.ffeationo Leter, Pfratzlqy anrl $fecha (Eg) fnileatedL tbte properÉy

cotl.ldl be useél * " r."rure of nod,tftcatlon. llbey cøclnéterL that rben

malts prodluee rrorte t'het bave nlntun v!.scoeÍty, they are relI norÉl*ßfeel.

anil are ln a condftl.on s]¡ere a.L1 tbe eonvertfbLe bemfcelLr¡Ioses la the

worts Þeve been comrer'ËedL

Wo,rt vf,eeoetty ls an fmportant f,actor to be eonsldereË|. f.n the

procluctlon of beer, f,or, aceordfig to Ee].m (Ll+)r beer vf.Eeosfty fe

dle¡naileat on tbe vfecoe!.t¡r of tbe extract. It fs belÍenredl. by søe

brer¡rere thåt blgb vleeoeity is a goveratrg factor eÉ hea,ril, retentLo¡¡ a¡d.

probebly of ¡nLaüeful¡ese oû beer. Eonever, "bl& vlscosity' ls aot

iteffner!. anrl lt leu¿fng a rather ¡¡¡ss1,{,a{n te¡m"

Ae the fuupor"tance of sorb vlscosfty tn brerrlng beeane more

a¡rpareat, aot oa\y as a neasure oÉ ror4 grmJ.lty bat aLso ês a factor

a,ffeetlng beer gua.lfty, the nstt¡re of the ÉvÍscoef.ty-glv{ng cæ¡rounds"

fn rror:b rae f.wegtlgaterËl. In a ¡lla¡nr by MereclLth an{L SaJ Lans (eg) tbe

a¡rthors etate tåat rrort vlscoaf.ty Ls a neesure of the exte¿t of

degrada,tlon øf sta¡eb and. protela naterial¡ and. 1e attrdbutecl to tbe

eæbf¡rcel effects of htgb uolecuJ.ar reLgþt fractloae of, these meterLals.

Later, the eane sorkers reporbecl. (3O) tUat aa Lr¡erease la sort uf.trogen

ras acccmpaaÍeð by a cleerease f.a vlscoefty. Ihfs iaverse relattonsblp
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lE tbe reBaLt of laeø¡fl.ete etegrad¿tf.oa of, protela naterial resuJ.tfþg f.n

tbe presenee sf coilloidlåJ. proteln ¡nr*f.c1es. After EttrclytDg tbe effect

of tenperature on rort vf.scoslt¡r and. vor-b aLtrogea, Uerea[fth (25)

suggeeterl tbet sort vLecoslty vas ëue to ssne faetor other than nltrogea.

Ptratz&y and lÍtecha (gg) faAteated, that vorb vlscoslty LE ca¡rEeil

þ carbobydlrate uaterLal. llbese ¡rorkers lso:Lateê a vl.eeous polyeaecbarf.ele

frø sort of bartey th¿t rae getmlnå,'beril for three r!Ùa¡re. f1re naËerl.a3- vae

not obtafueril frø f,ully genqfn¿tect barleye, however, a¡rd. ft vae suggeeted.

tbat the poþeacebarldte 1s broten êøra ður{.ng the latter stages of

n¿Ltlng. keece (hf) agees rrlth thie euggestfon r¡l¡en be r¡f.tes tt¡at

fuJ..l nodff,leatlon otr barley probab\r reeu.Ltg fa corplete byitrolyEfs of

Èhe vLeeous naterla.l of barJ.ey. If thfs stateuent fs aceeptecl, the løn

vleeoelty of, çort fræ fully rnodl,ffiecl barley ca¡e be explal,ueel. Eopkl.as

agtil Krauee (ryr p. 193) ueatf.oa that rert vlecoslty Le natnly riteterufnert

by the qua.l.ity and. guanttty of carboh¡rËtrate naterlaJ. preeeat la tJre

extractr thtrs lnÀlrectly¡ 1rêfcattog tJrel,r agreeueat rrlth the erggestf.on

of the Gernan verkerg.

fbe prodlu,et of Piratzl¡y aadl lÍlecb¿ reseübleð OTSuILÍvantE

d-arylan¡ 1t nae onJ,y sllgbu.y Eoluþle l"a water anð rras reportedl to be

nltrogen-f¡¡ee. A soLutloa of the g¡an rras gulte vfscous; 1$ solutton haÄ

a vlscoeity of øver h.O cp. &e polyeaeerha¡l.tile naterL¿l saE etarcb-free¡

bnt oa eaz¡&e byilrolyets yte!Ëteel. oaly glueose aûd. maLtsseo &fE nesu3.t

furyú.fert tbat the naterlaL uas eæprlleedl of hfgþ nol.eeular velgbt rlextrdne.

Eel¡a (fh) aereee that the rrort gun of Rtratzky a¡rd. IÍlecha ie

reepoasf.ble, at leaet La Bar*, for hlgb rrorb îfscoeltyr It fg børa that

naltoee t¡ry,artg'to rrora a hfgþer vlscoslt¡r thaa to nater, but, as

EeLo (1h) pohtE out, rrort vtseosf.ty 1e eoasiclerebly higþer tha,s th¿t of
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e naLtoEe solt¡tf.on of tbe saee dlensf.ty. Íbl.s roulcl fn¡lÍcate that there

fE a,aother factor contrlbutl¡g to vort vÍscoelty.

Þferecl,lth (e6) fn a furtber eff,ort to lEoLate the vfecoua

prÛoelple of wort, otitafnecl a g¡¡B f,ræ sort by alcoholf.c precþLtatfon.

EÈls sort gm, rbJ.ch cætafnedl peatoaan naterial, ras sbtalneê fræ, an

extraet of, wel'l-nocltff.eril nalt. $fnce the saterfal coatalneð ¡leatosæs,

MeredlLth eøsLdered[,Lt to be rler{veô frø the ¡entosa,Es of barley. It
has beea neaÈlonedl tbat lfl¡diee"h a,nriL van l[averer¡ fou¡¡d. thst eolub].e

gnntoaane of, barley lnerease f¡, øouet vltÀ faereage la leagtJr of

gerutna'tlon tt¡e.

EeLs (1b) aehcmfedgee tbat barley contalns ¡nntoeau naterl.al

¡rbich lE attacked tturfng eyte\rsfs. Ee vrttes that eytase, nh:Leb

lncluôes enuJrnes ea¡nable of, \ydrolyztng peatosaas aad. eln{Iar eøpøunds,

ettacks the heu.l.ceJ-lulosee of erd.oepe¡m clurlag mo+itffLeaÈfon. lhe proeleete

of rileeøposttlo¡r,of ¡rentosaas f.n rorA are llkely to be more eø¡Èex than

hLgþ noleeurar rej.gþt dlêxÈrlns. &enef,ore, as noteril, by Meaedrtb (46),

1t gee¡ns reasonable to ex¡rect th¿t ¡eutosaas 6¡ slmttar carbobyrtratee

are req¡onsfble for rort vl.seosft¡r.

Severa.l vorkers (ff, gf) have reportecl tbe pre¡nratf.oa of gume

frø cerea"L prectucte by sal.t extractLon. flre gms obtaf¡eel. fræ barley

sere fouad, to eætatn pentoeaa nate¡ta"l anel,, accoedfng to Freenaa and.

Gortner (11), 'tåey eonglet largeþ of nfxedt. ¡nlyrnere of ryJ,ose anil

are,bùrose adntxed rrLth Eøe protefil n¿terLal". perlfa (35) ¿eserlbee

guu lsolatedl fron rl¡eat f.J.our, anrl re¡nrts tba,t one fra,stLsa of lt eoaËal.nert

prfnetpa-lIy :çylose endl. a¡,aÞlgoge, rrÈlle a eeeond. fractloa rlas bÐcoEa¡a 1a

aatEre' .A' eLulLar poþsaeeharlele uaterlal bad þeen fou¡il. asEoelated. ffltb
p -øryLæ,e prepareê by extractlss ¡rtth ¿Lcohol frø f,Iot¡r of
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r¡¡ge¡uf¡a'beril'wlreat (f0).

lilore recent rrork on glus h¿e been dllreetecl. to¡ra¡de rteterrlniag

the relatf.on beüreea rort g¡ms an'it barley gr&8. GSoJ¡sls LuvolveE the

uater-so1ub1e bariley gpns übat nake se¡re eontrlbutlon to vf.ecoelt¡r la
barley extracts¡ Freece, Aehnortb, aod. Eunter (h3) igoLatecl gum frø
barley that hsÄ been bof.Ieet vf,tb aleohol to lnaetÍvate enzyues. lhe grn,

reesverecl by acetme Sneefpl.tat!.ø,, coatat¡eð va,r1rt¡rg ano¡¡nte of glucose¡

a¡aþlaoee anil 4ylooe as dletenal¡leê þ chræatogra¡Ëfe anatyef.e of ê
f,racttæ of a'efdl. h¡drorysat€c slxê barley gurn obtafaed þ preeoe gg g¿.

corres¡ronrls ts OtS¿lLfvarate P -ry]';"r, and. both have beea establlsbedl to

be aou-starcb ¡n]¡saeeha¡:f.dleg (39, h3). Freece Êg d. re¡nrt that thelr
nater:la1 Ls vfseo¡ro fa agtreous solutioa, but ae yet no cteftafte eo¡¡¡¡ectlø

has been Ebwa to exÍst betneen the vLeeous ¡nI¡reaeeharf¿te of barley and.

the vf.eeot¡s pr{nclple of rro¡t. Eorerer, Ic[eredr.tb (¿6) ællevee t&e

f,actorE caastng hlgþ nor,* vf,seosf.ty are eøplex carbohydratee. Ee

postulates ftrther tb¿t the naterf.aL fn barJ-ey flhfch gfves r{.se to cøpourds

respoaslble for vort vleeosfty 1s a protefn-aarboliyrilrate coø¡[ex. EhLE

vier 1e em¡Èastzert f.n a later peper (e8)"

Gr¡ue frm ran bariley f,lour¡ ual.t grlst aEC.'¡rort rrere prepa¡eet

by MereêitË, Beas asd. A¡¡dersen (e8) to etudl¡r tbe ebara,eterlstLcE of the

tbree prorilucte. lheee ¡ror&era re¡nrtedt tbat solrltlons 6É barJ.ey guus

"¡1e 
¡'nsteble, aüd, euggestedl thet t¡rstabl].lty uey be ctue to gmrsplttt{Eg

eaã¡|Ines tbat aæ preefpitatect rrltå the gmo Tfbea bydrolyzedl. ¡¡tth aßf.'Ë|,,

the guns yterdt glucoee, a¡aÞÍaoee ard. ryJ.ose as prlaefpal auga,rs ïltb
traces of ga.lactoee agd, rlaün@B€o l[ereêf.tb gg gI. (a8) report that grm

frbfcb is stable tn eoLutf.oa ca¡a be preparecl. by reflud.ng barJ.ey grm rrttb

cll,lute ailralf.. Eyctrol¡reates of a-tkalt g¡n eEntafa tbe esse swarg aE
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\ydroþsates of the parent gm, but la cl,lf,fereat proportf.ons.

Earfy vorkers çbo Lavesttgatedt the cø¡roeltlæ of bartey g¡ne

re¡e uot Ln agreenent GeaserßLüg the nftrogeaous eontent of gumor

OtSnl.llvan (Sg) fnffeateril tba,t hts prnoducte we¡re attrogea-free, rhlle
Brqrn et g!. (5) reporterL that tÞel.r erucle gm cootalneal 0.1 to @.$

uf.trogeao Ue:reáft¡ et aL. (e8) vere the ftret to attach ary stgntfl.ea¡loe

to af.trogen aontest. lhey euggeeted. that nLtrogen at4ears to be a

crl.tf.cal f,actor af,feet{ng guu, stabl.lit¡r, sfnce tJre rïLters f,ound. unstsble

barlley grn cætaiaerL about 3.Ø atttegêlo Unf,ortunate3¡r, heeee É af. (b3)

<tltl not report nf.trogen content of, tbefr barJ.ey g'lnsr

It has been reporbedL that a1kaLt treat¡¡erú of gu r¡1I1 reêuce (26)

otr tremove (a8) tUe nltrogenoue n¿terial arrdl prodnee a Etable polysaccharlcüee

Lanaour (¿å) *f". found. th¿t gm reeøvered, a,fber aLkali exÈraetLoa rras

isr fa "ltràe"a. nlratzry anril Wl.eche (39) re¡¡or.ued. a uf.trogeo-rr"" *.
IIrÍs prodtuet ¡rae obtatned. 3s6¡¿ alknllne solut!.oa nbicb nay høve been

reepæelble fsr tbe ¡¡enotra.l of the nftrogenous constÍtueatso

After heet-eoaguaÞle protela had, bee¡¡ reuovedl, tJre proteln

aå.trogen eæteat of, barLey gun rras 7.2fr, accorrrl,f^ng to Freenran qr¡d. Gsrt¡rer

(f¡)" [tey sr,lggested¡. that the proteln ¡noterl|'a.]. ças q,irn{xef, rrttb ¡rolyners

of ¡lentoeans. SLntlarþ, MeredlltJr (e6) na¿e the sug€egtlsÃ that aftrogea

eonteat nry be etue to a protef-rrearbohSrdrate comprex. Eorever, the

fuaetLo¡l of, rrltrogea f.a barley grms renatne fn d.oubt (zt, p.3r) anel aE

yet lltt1e rork has beea re¡n¡-becl. on the problem. Ag Mererillth (úl vrltee

concernlng qlkalt guns, 'although there is a d,f.rect relat!.on beüreen

nltrogeu conteat of prodget aaè vf.scoo!.ty of, EoLt¡t!.on, the reLe of

af.trogea tn the ¡rroper.bLee of tbe naterf.al is not clea,rÈ.
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Frø tbe ava,Xlable Lf.teratrre tt ts evfêeat tbat þcnrletlge

eoscelnf.ag tbe cheufstr¡y of Þarley gms 1e guite lfnf.teð, a,Lthougb

tÞere has bees sæslclerable speeu.latlæ aboat these n¿terl.alE. Íflbe

problen sf tbe rel¿tfæ betreen the guus frm barley, ralt a¡d. rort ls

aLnogt u¡rtoucbeè. Preece gg gå" (l+3) Ueffeve that ïater-eolgble na-lt

gm fe f,omed. f,rø beolcellt¡losee by e.yto\yttc aetloa. Eorever, other

rrorkers (e8) sug€eet tbat at 1eaEt Eæe otf the nalt gm le tler{verl frø

barley guu. Ltttl,e l¡f,om¿tlsn fe aval'labLe GeaeelÊlng tbe eøpoettlæ

and. gtneture of tbeee g[üsr a¡it untf.]. Er¡€b ïork f.e riloae, the relatlon

bet¡reea the gws r¡tLL remafn obseure. So tbls eudl Lt ras belf.evedl a

ro¡tËtihLle eætr{bctf.oa eonlcl be uade by the pre¡nratLøn sf pæbarley

gun f¡r sh.teb tbe ueterf.a3. contrCbutlag to vLscoslty fe eoncesËratecl"

fl¡e Leo:Latf.oa of gueb a g@ nsy also Ehedl ame 119þt oa tbe preblæ of,

tlae rsle of, nftrogea fn barley gmr
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ÍIre uaterial usedl for tbe prepa¡rêtf@lr of barley g@s ras

üoutcalE Þarley growo at tbe ttralverelÈy of tda¡¡ftoba fu 19119. lnhe

grafn nas etorecl l¡ b'¡'1k 1a eea.letl, eoutal.nere f,ræ ïhtch allguot

sæ¡ÍLee re¡e ebtaf¡eil. rrtth a Boerner ear¡ùer. llhe barley eonËalaedl

rL$4, protef"a basedt on llrÉ no!.Etereo BarJ.ey grlet raa obtafneè by

Sr1aûfng 5O@ g. lote of barley 1n a Wfley nLIl ûlth I @. B!.eve*

$tudfee rrere nade usfag botb rer barley grlst anè ateohol-

treatedt ÞarJ.ey grlate þeece .* gl" (l+g) re¡¡ortedL the preparatioa

of gm fræ groundl. barley that bsd. been ref,Luxeil t¡rlee Íf:l'}h,$|jl

et$I aleohor to faaetfyate enz¡rnes. a gtmlrar procetture, fa use by

$fereé|.1tå (¿ll, nas utLltzetl. la thl.e study. Grou¡r¡l ÞarJ.ey ra^e bolled,

¡¡aoer 
""flu* for 39 st¡osc rfltb ! parte (r/ol of ethanoL (sp. gr. CIo85).

S¡ncttic gravity of, alcobol rugt be ad.juetetl earefull¡r¡ as !.t hss a

elgglf,teant Lafruence on pro¡ler.bf.ee o,f the ft¡al gm prodluet. lfbe

nf.xtu¡e of eLeohol anel. ba,rley nas eentrl.fugeô a¡îit tJre grala aJ'r-drLe¿.
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uEfgous

Gun Preoa¡atf.sn

Ilrc proeeèule f,or f¡actLøatfon of gnue Cleeetttbed, by Hereütth

.g9 31. (ã1, Ñ, ras nodlf,teô s].tgbtly for tbe preparatlon of, fr¡:'tber

barley gm fractf.one. Bre noèl,f,teél. uetJ¡od. tsvolveril treatnent of, tbe naeb

¡rltb vartoaa protel¡raetlve reagenta, efther af,ter or dtnrAag exûractfø.

Ívo geae ral. rethods f,or preparatLsa of gm, fm,etiæe frø boü,b

rar barley gÉst ancl alcobol-treateril berley g¡{gt a¡e riþoerlbeel Þelqro

Deta,LLe regaadlug reageate ¡rL[I be f,oürl fa a eeparate seetfør lÞe

proeedtlre ðeetgnateê t¡reelpttatloa netbodtü nae ugedl. to renove ultrogenous

naterf.al af,ter antol¡æle had. scctr¡reèo fl¡e eeeol¡¡|, proeeðure, tertraetLoa

netåoåP, eonslats sf, the renEva.L of nltrogea-e@tafd¡¡g s¿terLal before

bydroþefs bad. taken plase to aoy great exùent.

PreeLroftatlæ trüethoril.o Gntet sae extraetecl. for 2 hrso rtth dt!.Etltleil

-

water by eontfauous atfrrtng of tåe uåsh fa a rater bath at roø
ter¡leratureo Batl.o of groudt badey to çeter rag I:8 (rl")o Spert Fafra¡

rere renwetl by ceatrtf,uglag a¡rËt tbe reagea;b eoilutlo¿ ras a¡tdeô to

err¡crnataat J.:lqaoro MatertaL that rrus pneelpltatedl at thlø pofot ras

¡eosvetL by eeatatf,ugtngr

Sle J.f.quor vas âildFcl rltb eoastaat ettr.rlng to J volmea of

dlstx.lleè etþl aLeohol to preelpftate gm uatertalo Af,ter eettlfag for
1' h3.¡ the preelpf.tate was reeovereè by eeatr{.fugfag. lil¡e grn ras drfed1

rttJr al.ccüol, aeetøe o''{[ ether fn thÊt orcler. [bts nethorl, d rlryfag

1e subeeguently ref,e¡teril to as "dr¡rl,ag by eoilvent exch,aageso' Íl¡e proiltret
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yag theu af.r-ekleGl aoil putverlzêd..

ExtraetÍsa lletJrorËlr Grou¡¡d. barS.ey sas extraetedL till.rectly for 2 hre.

r¡.th I vohmee reagent 6€Lntf,o¡¡ (t/") by eætfireoue stf.rrlng o,f, the

sasb at roæ teu¡nratu¡er Spent rere reûøYetl. by eentr{.f,ugf¡8.

Eþe elear eepematant llguer ras ailde,il to J voünee oû etþI alcobol, aaè

ge rras reesveredl enrl Ëlrleð as cùeserlbetil unrller r$reelpftatLoa l{ethoriln"

Reageat Solut!.meo fre reagent eolutf@s useal LE the pre¡raratlot¡ of

barley gus seret

'llT.f.chloraeetf.e aeLtL

Trf.cbloracetl,c aefdl, ças diegolvedl fn {Uett]-leil r¡ater so that

ftna,t eouceatrat!.oo of aefdl after adÀl.tfoa to neßh sr e¡Éract

Ltguor væ @o

Ea¡ulc aaldl

Streuty græs ¡eaale a,ctd!. aarL lO u.1. eonceatrateril eulgiburfc

ac&L vere dfEgoLvedl. tn 4€O nI. tlfetLllerl, rater (h6) " Aü,

alf.guot of tJ¡lE eoiletf@a vas dlfluteel. to yieldl a fln¿l !ønn{s

aetcl. eo¡eeatratÍæ øf 4 af,ter add,f.tlø to uash or extract

lf.quor.

FLefn

Førdlere¡l fiefn *as grou¡d. tnto solutlon ¡rl.th ctlsttlLeô ïater.

Unôfgsolvei!, flct¡ rraB renøvedt by ceatrlfugf¡g. Afber aditftlon

sf tJrÍe eo.Lutlsn to nash or e:straet 1fguor, ftas.l flcla
eoncentratf.Ea rras O.zfr ageunlng all flcln rras 1n sslutlouo

Afber 2 hrs. ef uaeblrg¡ or J.! d.as. Ín eontact ritb extract

lfguor, fiein vas precipftateè tÐ q trlchloraeetle aclcl. lhe

¡rreelpLtate ras remøved, by ceatr:lfsglng.
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Panaiu

Papaln soLutlon ças preparerl ln the sme vay ae ffcfn eolution.

Eowever, assuñlng alL papatn r¡as êf.eeoryedt, the flneì con-

centratlon of enz¡rme la mash or e:cbract rlguor vas L$.

Gum CharecterÍzatfsn

Vf.ecosity and Goncentætfon. Vlscsgtty rnay be usedl &e a measr¡re of
relatlve moleeular lengthe of polysaecharicle naterf.al ln soluttonc

Vleeoslty meaEurenents ¡rere rnadte $lth fast-fJ.orrlng Ost$aLd. vfseoneters;

rrater flo¡r-tfme of vfecøetere rrae L3 to 20 eec. !Íater vleeoaity was

assuued. ts be 1 cp. for rel,ative viecoelty cLaeulatf.ons, althougb

temperature of the water bath was 3oo t log. Horever, slnee the grm

soLutlo¡s were vetrr viseoue, tbLs error rrae negrfgf.bre.

Solt¡tl'on concentratlon ças obtalnerl. by heating aa.al-lquorË of
solutl'on in a tareriL cLfeh at 1O5oC. anel ca]-eulating frsn ellff,erence in
wef.gþt.

lTftrogen Ðetemlnatlon. Ilre teehnlgue ueeð for nitrqen dleterrnlu¿tlon

fiaB a mod'lfleel eøblnatlon of tnvo micro-KJeJ.dahl netbod.E (]tr, b| , p. ?B).
A eaupJ-e coataiaing 0.2 to 2 mg. nltrogen nas digeateel for 60 mlas. nlth
J- g. eodfum suLfate¡ o.J go tnÊrGür!.s sulf,ate anil 2 ßL. suL¡ibgrtc acL¿

(e¡r. gr- 1.81+). tlhea the ml¡rture nas eooJ., 3 to h mI. water rrere aÃriterl.

to the d'lgestloa fLasko fbe eolntfon r¡ae traaeferred. to a dlletlllatfon
apparatue El¡l.lar to tha,t clescrlberl by Fre@ (h5, p. gO). Fifteen nL.

of 3Ø godlran bytlroxLtle eolutLon eonta;lnfng S eorl.tun tbiosr¡1¡fate was

Êdde¿l to the nDærarattrs and. the ml¡rture steam dtlstfLLedl. Th,€ rilietll].ate
ÌraE I,aBEecl' lnts a sultable voltue sf O.01 fi þribochLorfe acLdl, contaLn{rrg

one drop af a.$ r¡ater eorutlon of netþJ. red. aß fnd,Leator. After
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illsttlllng the solutLoa for 5 ntaf.r the recelver wa€ loserett ancl

d,lstfJ-latl.on sas continr¡eel, for a fu¡ther 2 nlnt. to risse sut the

cleltverT tubeo flle exeegs a,etd. ¡ras tttrateè rrtth O.O1 N so{itf.un

\ytlroxlile. A reageut bLank sas clone en each run as the blaak was for¡¡d.

to var¡r eonsfdlerablif frcnn dlqy to clay"

1lre uethod. r¡as testeè rrtth Ê.lF nM. amonfun chlorLrle (L rnl. =

1.@ mg. S), and the ex¡nrlseutal. error fn the recøyer¡r of aitrogeu vas

r'fthrn :¡+É. Treffere (b?, p. Tt) states tÀat ïbÊû eæ¡ilee contaf¡¡f¡g

0.1 to L.0 ugo of nltrogen are deteral¡e{if rritb nlero-KJelrlahl ¡rrocetlure,

the reprotluciblltty of reEulta Id fi or better.

Sugar Cøoonenta. Giuns vere bydrolyz.edl for 16 hrs. ELtå g eutpburl.c

acf.Ët la sealed. gl.aes tubeg of lT m. bore at LOOt. Concentratføn of

gun nas 3É. $re hydroþEate sas aentra,Ilzett by paseage tbrougþ a colwn

packerit r.ltå activatecl &ro1f.te A-? regf,n. Fereolate frø. the eol.unn ras

dfstÏLledl u¡der ¡etluceet preosune anet the reeldlue oû ntxedt sug€ure retal¡erlo

IÎre a¡paratus a$d, methoCl useel fsr ebrøatogra¡il1¡r ¡¡ere basecl on

thoee @rlg{ne1'ly riteeer{berl, by Coneriten, Gordon a¡¡if Ua¡tfa (f) a¡¡¿

tneorgorateê reflnemeutg suggeeted Latei by dtreqrn a¡d, Iehersoodl (f8).

lÞe eelluJ.oee base f,or ¡nrtftLen of soLete ¡¡as $batean üs. I flLter pêpêrc

Slx FJ.. of a L5fi ulxeê sugsr solutl.oa rere applf.erl. to a
pencfllecl starting J.lne, J faches frø oae enÉt of tbe fflter-paper strd.p.

SolutLoa e¡rots vere plased.Z.J crtr. Êpa¡t oa the base lfae. fhe ehræ¿to-

grae rsg plasect ln the gtags ta¡k a¡À egufllbratett f,or a fer hourE rrlth

tbe egtaeous phase of the golveat eysten, et\yl a,oetate/Byrftlfae/uater fn

the ratÍo 52215 (f8, fg). Ehe soilveat ¡rhase nas tben aÀrÈlect to the tro¡¡gþ

aad, the cUræatogræ attøea to rleveLop f;ør 2@ to 2lr hrso¡ nbfcb ras

st¡ffl.cLeat tLue f,or reeolutl.oþ of gB.Lactoee, glueose¡ arabfnoEe aadl ryloee"
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[1re ¡n¡nr ras af.r-dr{eð a¡ûal, Epraüreel rrf,tb anlllne ¡ÈoapËøte ls butasoL

as cteEcrfbedl. by Br1yson anil HltcbeLl (6). Bhese rrorkers c1af.n that thls

spray glves a Bore cø¡ract 6¡,ot tha¡û tb¿t obtalnetl, rrlth Pa,rtrl.ritgete

anfJ,l,ne ¡ihtbal.ate (gh). fE¡e cbrmatograa vas ftnally dried. at 9OoC. for
. a.,..,,.,,

10 mias.

Ifben Eprayeð nOg. aal-3.lne ¡ibospbate, hexose EWarB ehow up

aE brøns spotsr vb.tle ¡eatose Eugars are f.rdLicatedl. by e cbâraeterletíe 
,,.,,,

reel-b¡om eolor. Rf va.lue, as cþfined. by Conealen E9 91. (?), fs usually

ueedt to ltlentf':fy suga.rs separateê by ff.Iter-paper ebrøatograpby. ,, ',

CaLeulatlæ of Bf fi¡volvee knorleilge of the tilfsta¡¡ce travellecl by the

eolveat front durrÈg clevelo¡mest of the ebromatogran. Eørever this

meaeureseat f.e often rilLfficnlt to obtala. fherefore, the eeu¡rouente of

unba€mt sggår eolutfoÉs rere !.¡lestifled by refereace to a nl.xture of

knssa Bugsr eø¡rosLttøs tbat nas applf.eel to the sane ehrøa'togram. ÍIhe

conee¿tratfso of eaeh ref,enence suga¡ øa tbe cblæatogram f.e arouart

O.2 mg.

åsloo AetrÈL Ccq¡oaealg. Gms rrere b¡drolyzeû rrttb S h¡rËtroehlord.c 
,.., ; .

aclê fa the gæe ryalr as clescrabedt unüer Bugar chrøatogap\y" Salte¡ nhleh ,.,,. .

l¡aterfere Ftt¡ nobf.llty of anfao aef.ets cturfag d.evelo¡nent, vere renoved. : 
,

by repeatedl rec[uceril preesure dl,Lstil].atLoa. Hèter ras a,rilded. to the resfdlue

to fo¡m a 3Ø solutlon, 6 ¡*. of v{rlcb were cbrøatographedl sn Hhatnas

IiIo. 1 fÏlter paBer (f8 x 22 lachee), 
,,.;:..:.;,,:

MeLeoril. (ah) guggesteil sne dlne¡slonal cbrmatogragÍry $as best

nhen eeveraL anf¡o acl.cils ref,e possibly preeent Ía tbe eo:Lutf.on to be

ehræatogra¡ibeGl" fttÍe procedl,u¡e nas consLaleredl aÊegreate, 'rvbea eontrol

golutlons qf aç{ao aaltls çere ebræatographect anil qss{ ae reference for

eæparfsen of hydrolyzeô solutfoas. Cætrol soLstfons of 'r'rtfgo acfd,s !¡¡
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ethyl alcohol-htrr€rochLorfc acldl rrere prepareil aecording ts Dent (8).

flef.e worker etatee tbat eolutlons of mfno acidts fn aleohoL are stable

for eeneraL nonthg.

fbe chræatogrepblc ep¡raratue Ls deEerÍbecl. tn the Ttreaty-four6h

AnuuaL Report of tbe Boa¡d' of Grata Cmigsloners (3, Þ. 3L) o Reso1r¡tion

sf most nmiro acf.cùe vas obtalned rrlth tbe solvent ryeten butanoL/acetic

acfritr/vater ln tbe ratlo 4¡l-¡5 by volume (24, ESl. After rileveJ.o¡nent rrtth

the gorveat, the afr-clrleel paper ree sprayed. rrtth o.lø nhb¡rélrln fn

butanoL (?). OoLor r¡as developeel by oven-drãrlng the paper for 1o mlne.

at 9OoC. After heating rritb nfrih¡¿r1n, moet ¡,nino aelGts gfve a color

ranging frø bLt¡e to purplen oD etanôirg for severaL hours, tbe color

ðeepene anGl eletectlon of traces of acÍdls ls facl.lltated. Tfith nta\yelrla

sprayr prolfne proeluceci a llght yelJ.or color tÀat rras often êtfftcult to
dteteeto A e¡ncfff.c proll.ne color cteveloper of Ísatf¡r 1n aciriL butanoL

was degertbeel by acheri, Frmogeot ancl. Jutlsz (l). TbfE sxrray ¡rlür

Brollne gave a characterLetic blue coLor on a yerrow background..

Sme a¡nlno acicle are t'fast-moving" rrhl.le others are rsLsn-movlngtt

on paBer chromatograaeo Ebe more moblle aefits can be resolvedl by pt+ hour-

ilevelo¡ment, wbfJ-e papers beartag the ress mobile aclðs mt¡st be

dl'evelopedt l+8 hre. for reeolutf.on. The eolvent eysten butanol/acetJ.e

aeldr/water ctsee not resolve J.euclne, fEo-leucfne ancl pherylelanfne, but

these aeÍcte are nf.ceLy eeparateet Etth butanol/benzene/Byrrttllae/nater tn

the ratto of 4t2t2zJ by voJ-umeo
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RESULSS AEÐ DECSSSION

-

STS@ûTAME EBEPÁNATf,ffi @' BABT"ET qffg

Barley¡ ns.lt aoil rorA gms rere etudlf,ed by Meretllth et af. (eB)

l¡ an atteupt to ftnit a ¡re1atf.æ bet¡reea the three polysaccbarldle naterLalE.

p¡p!{r¡{na¡y lmestlgatton Lacl.fcatecl th¿t tJre probLen ras ver.¡r cøp1ex! :.:. ..

.:-. "
ad thÊt a systematfe lsveEtf.gatÍon of the tbree gums sborrlü begfa rrlür a '''::'::"''''

dletalLetl atudy of barley gru.

6rtrdle barJ.ey gtm ras rteee¡{becl. by Meredtf.th gþ E¡ô l¿ter etuilÍee

l¡tllcatect that treatmeat of barley rttù bolllug alcohol prfor to exbractLou

rlth ¡rater ¡rod.ucee a gun that fs uore rrl.gcoes 1a EoLetfoa aüi, fs Lqrer 1n

altrogeu cætent than cn¡de barley grm (âf). Both gp@E are eø¡rcøedl,

prd:acfpal.ly of, glucoee, araÞtnose a,ad. ryrose. c¡naele bariley g@ Lnil g@

obtalredt frø alcshol-treatetl barley are unstabLe 1¡¡ agee@us solutlon.

So1utl.on ûstabtllty was suggesteê to be eaüeed. by eaz¡rnes that were 
.;.;,,.1:,

preelpftated. rrtth tbe barley grus (a8), Eo¡rever, üre ro].e sf, nltrogea fil , '

barley g@s ças aot elearþ u¡¡ilereioorl. &erefore, prqlertfes of barley ':; ':'

guno of reelncedl nltrogeo conte¡rt rrere stu¿l.eel l¡ an atteu¡rt to eltrefd¿te

tbe fr¡ctLæ of aftroge¡r fa Þarley grm. llfhe reeultE øf tbLg studt¡r a,re

reportedl a¡d. d{scuseedl fi¡ tJre f,ollortag eectf.otrso ::.,'¡,,,'

Sitrogenous tratêr.l.al ras systematteatly renonedl. fræ barley gu
by treatmeat of barley ancL barley exbractE rrlth protela preef¡rftaote aad,

proteol,¡rtLe eaz¡rneer Gws prepareél by tbeee uethod.E rrere eq[,aireal ïltå
erudle barley g@ a¡d. grm ertraetect frø elcobol-treatecl ba,:rley rlth water.
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Gun pre¡nætl,ons rere characterlzecl by the tleterulr¿tl.æ of

several gun prolrertf.ee. llbese ïeret vÍseoof.ty of gtm soletÍon, dtegrce

of esJ.ution laetablltty, nf.trogen eontent, sugar eø¡nettÍoa anct antno

acl.d" eø¡rosttf.æ. Co¡ceatratfon laflueuees gun solutfon vlscosLty

a¡preelabJry, therefore, viseoelty val.ues reportedl bere ere accø¡nnf.eeL

by tåe cotreepondlng goLutloa esnceat¡atloa¡ Ðegree of lagtablllty or

vfseosÍty rednetlon ¡¡as caLeulaterl. by ðtvftltng tJre change fa g¡¡n soLutl.ou

vfseoeity ln eeatl¡rcf.seE a,fter 2h hrs., by tutttal reLatlve vtecoefty

1a ceutl¡nlseo; the vaLue lras expreseed. a,E ¡nr eentr |l1¡eee prøpertles

rrele consf,clerecl adeEuate to chara,cterize most of, the gtn preparatlons.

Gtus P¡¡epa¡ecL bv l{ater Extrnetlon

Guns rre¡e ffret pre¡raredl. by rrater exöraetLæ of rav barLey anô

aLeohol-treatecL barleyo flheee pre¡raratf.ons flere aubsequentþ uged. as a

basle for eorErarfeon of, other bartey gürrsr Søe prø¡nrtlee of rav barLey

g¡es are gfven f.n Bable I.
ïhe enal]rtÍcal rl¿ta cont4,f.neil ln Eeb]-e I are eLullar to the

resu.lts reporteel þ l{ererÈll.tJr (Zl) 
"s¿ 

}ferectfth et aL. (28). AtcshoLle

rilfgestl,on of barley prl.or to exËraetlon reeults ln a,n apprecfable

reehrctløn 1a gm yteld a¡¡d. an lncreaee fi¡ g¡m EolutLoa vf.seosLty. Sbese

¡eeults are probabry ctue to preveatfon sf fnterma.Ì. ehangee fa barJ.ey g¡lst

ag e regtrLt of, ¿Lcoholi.e t¡eatneuto Preeee anil, Aehworth (4h) eug€est

that rqr barley cønta,f.Fs tro fractfsas of ¡reutosaas, S@e pentosane are

rnftlally nater-soluble, Éereas otber pentosao naterLal Lg nåde søIub1e

by eazyne ectlon ðurlng exÈrectioa. Hben barlley f.e dl.Ígesteat ytth a1eoboll,

the ectlon of, tbåE enz¡¡ae systen lE fnhlbited., ancl. thue the yfeLð of gm

obtal¡edl frm a],eobo1-treatecl barley LE :¡erlneeê. Íhe eþztrmre syetem ls
probably oaly pa,r'tially lnaetlvatedl, es aa eaz¡rme f¡, the presence of Lts
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Data oa Crtldle Barley Gue

Gm frm em fr@
Rarr Sar1ey Alcobol-Ereatedt Barley

Iteltt, $

Sf.trogen, $

Vf.seoslty of, agueoue
oolu,tLon, c¡r.

Yf.scoeity retleetf.on a,fter
24 bta., $

Conseatratlo¡l of agueous
aoJ.utloa, $

Anfao acfel cqrøsents¡

(a) afasfne, gtutælc aeid.,
glyefner ser'lue, as¡nrtfe
aelel, argfatne, lyelae

(U) feuetne, f.eo-leuebe,
velLne, proilLae

3.1+

3.OO

2.311

5o

ø.64

1"1

o.b6

h8.a

6z

ø.'l9

+

+
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subgtrate le ao¡e etabl,e to l¡s,etlvatf.on treataeat. heece aad AshçorAh

euggeeterl. fu¡'ther tbat thlE cyùoclastfc enz¡me syeten uey also rileerease

tbe soLecular cøplexfty of, barl.ey gu. Íberefore, g@ obtalneel, f,rm

barley fil wbLcb the gun degraðtag eDzüue bae beea par*fail.y lnactlvateil

ebo¿ld. be nore vfgeous f.¡l eoLetlon. FussE (f2) etatee tbat Laereasect

solvent vlseoofty 1e aa ladlleatLon oÉ a pol¡rnerd.c Etrueture of the eolute¡

ÍBbugr barley g@ uåü eer¡eLgt of, a pol¡rnerte pol¡rsa,echar,'fde etrocture.

AleohELle cl,Ígeetf.on of ba,rJ-ey aglrearÉ to eauge tJre reteatLon of e htgh

rlegree of polrynerizatf.on fa barley gun.

Althougb gru obtafaeê fræ aleohol-treatect barS.ey nay be nore

cøpLex, botb gwe p@ssess about the sane dþgree of lnstaþtJ.tty 1n

eoLutl.on [be separattoa ef shtte n¿terla]. frm Eolutføs of ras gwg

fræ trstreated, a¡lcl alcobol-t¡eatetL barley, *en the eoLutfons rere

etored, for 2l+ brg.¡ iE beLl,eveel to be a resu1t of eolutloa Lnetabtl!.ty.

Cruiþ gm solutfon yteJ.decl a greater vo].tme of precLpf.tate. fl¡e eause of

fustårbtltty nas etrggestecL (e8) to be a ritegradatlve eaz¡rne systen that 1E

preeipltatedt ¡rlth the gm. mnr, a relatlsa betneen aftrogen ooateat

a¡tit g¡m stablllty fs fuçilLietl. .å,Lcobolfe treatueat of Þariley redlueerl

altrogen eøateat of gun by abotrt 2.) pereentqge nÈfte, but dl,f.el. not

f.norease atabl}lty.

Althougb enr{ao acf'cl eæ¡ogLtl.otl of tJre altrogeaous naterlal ïa,s

not re¡rortedl prevLoeelyr lt nas fou¡d. eEef,EI for gu eharaeterizatloao

Sevea dû{tûo acf,tlg ü9:re eodnon to both g@a, ancl, ].encLne, lee-leaeÍae,

valfae ari!, proltae rere ¡nesent oal.y fn crueùe gum, A1cohoilÍc treahent

of barley øuet resøve tbese fou¡ ælno aclclE f,ræ erude gun. €,ther eatao

aciriLrs ra¡r heve beea preeest la tbe gms but 1a l¡sr¡fflefeat gnantÍtl.es
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to gfve a eolsr vttl¡ atn\ydrd.n. Gbræ¿togtramg of aelil. b¡droJ¡reates

of botb guns bear riü.f,fi¡se apoto at the u¡rper end.. SheEe epote were

attributeril to ¡nptirite fragnests resultrag fr€n lrcæpIete \ycl¡olysLs orf

protefn n¿ter"LaL. IIre cø¡losltioa of, the peptidLe fragnente sas aot

laveetLgatecl"

A gun ¡rbleh fs Eette vfsEous 1a agueoue solutt@B ea¡a be

erÈracte¡l frø barley that hag Þeen pretreateð rftb bøfLing a1coboil. lbe

vtseoue prodluet fa preeLpf.tatei!. frq the ertract llqtror by al.eob,ol. keeee

.¡¡! gl. (l+3) exüraeted. alcohol-treatetl. barley vttb rater anil, p:reeipltetert

tbe g;tu Yttb acetgne. [Î¡e uaterlal obtaf¡edl. a,fter asetone preelpltetfon

ylelùedt a eæ¡nratively lor rdecoefty eolutiø; a 0.5É g¡m eo].utlæ bad.

a vLecoalty of 1.28 Gpo 8t 25o8. Ae a prelfaJ.rary ex¡rerlaent Ln tbLE

stuÄ¡r, a-l,eohol-treatetl barley gr1et rrae extraetett rrfth rater andl, gun

preclpf.tated. frø the ertraat Ln 3 voltues of acetsae. Aqueoue eolutíoa

vtseoef,ty of tbe Eaceto¡e g@o vas 5.13 eÞ. at Ø,8$ coneentratlo¡r. S¡e

gtu solutlon. raE n'etable. As a nore rrlgcous g¡r, ca¡ be obtaånecl by

aleohoLlc preelpl.tatf.oa of, the exüraet lf.guor, aeÍther the racetøae gmo

aor ltg nethocl of preparatf.oa nere frreetlgeteel, fr¡r.ther. Alcoþolfc

preelpftatLs¡¡ rae Esecl. f,sr tbe preparatfon of subsequent gun fraetfo3s.

Dlgestl.oa of barley grtst rrlth a.lesbo]. prlor to errtraetion wtrtb

r¡ater resu-Ltg 1s a g¡æ prodluet of reel¡æeel aftrogen eonteut tbet Ls gufte

vLgeor¡s La agtreous Eolutfoa. Solutfons of errde gÊu anil gun ebtaLaerl.

frø aleobsl-treateel, barley are unetabJ.eo AE Þorth 6rus cøotein altrogenous

n¿terllar aniL aíe unstabre, they are not cø¡ùetely eatfsfactory for
ctetalLed' etu{yo Eorerer, the preðeets sere ueeê as a baslE for eøparlson

of guoa th¿t vere pre¡nreê by treatnent of barJ.ey and. barley extrseùE Ìrlth
protef.nractlve reageats.
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Giwe Prepare¡l bv Acfè Treat¡¡ent

Ael.dt protela-precfpl.taüts sere ueedt fB an attew¡rt to rectuee

tJre al.trogea conteat of barlley glus obtatredl. frø rar barley a¡d, aleohol-

treatedt barley. |flre aeicl reageatr employetl vrere Ø trfcbloraøetf.c acicl

solutl.on aÂô" 4 lan¡fs aclê goJ.etlon. &e ¡E of both acÍdl Eoletf.sas waE

about L"@o Guns sere ftret preparedl by tJae preelpftatLoa net'horil uElag

acl.tl proteln-preeLpLtante oÊ tsr a¡d. alcohol-treatecl barley. llbe gun

protltrets obtalnecl after preclpl.tatÍon of barLey exÈractg r{th tr'¡aLe aeLel

rere hlgLLy colo¡ecl anil d1f,f,leult ts hauôIe" &is netbod. of, gm prepa,ratf.on

vas aoù satfstractory anril Bo sas aba¡ôøaecl. Ilhe acf.ê reagents, fn add,ltlon

to rsqv{ag protef.n uater"f.a.l, na¡r ctlesolve s@e of the grm. l[o deterælae

the effeet of !E oÊ grus Au¡{rrg recoverîr fræ aeirl eolutl.on, rgs and,

alcobol-treatedl barley extraets re¡re treateril. rrltb hydlrocÞlorte acfrl

solutfon of ¡tr 1.g. Ílhe gpre flere reeoveretl fræ the by€roebJ.orLc aoidl,

sslution by tbe usþ¡l proceôure.

Sæe properties of gm fraetfons obtatredl by trf.e?'Loraaetfe acfdl

anil. byilroehl.or,Le aclè treatuent of, agueouø exË¡actE of untreateç|. a¡d.

al,eobel-treatetl barJ.ey sere elete¡siaeet' Best¡.Itg of the dleteralna'tleag are

gfvea Ln Eable rI.

fte].èe of gpns obùal'aed, after acfdl treafueat of extm,cte ef rar

barley rrere Lorter tban the yteLtls of gnn frm u¡rtreatetil extractE of tbe

eaue bariley. fl¡e él,lfferenee tn ytelde betteen tz{.cbLoraeetlc acltl-gs aad,

eruðe gun ls parflaIry accountetl for by the ylel.ê of ¡lreclpitate obtafneril

rhea trf.chloraeetfc acf.cl rra,g adlletl to the agr¡eoue extract. Íbe total
yfeldt of tr.tehLoracetfc acÛit-gsn plua protela precfpitate ta 2.$. So

preeipltate reeuLtetL vhea hytlroehlor:le acltl ras adtdedt to the agueous

e¡ctraet of ¡ra¡r barley, anil ytelð of gtn recovered. by al.cohoLf.e preclpltEtfsa

.ì': - "r:. --
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TABI,E II

Data on Gtms Obtat¡erl fræ AeLtllfledl Aqueous Extrasts of Barley

Rar BarJ.ey Extract ALeohol-'lEreatedl BarJ.ey E:ctract
lH.cbloracetlc E¡Ërochlortc TrLchloracetle E¡rdreehl.orte

Aclel. Aefdl Actê Aefê

ffeldf, $
Sltrogea, $

Viecoett¡r of agneow
ss:Lutl@,r 9p.

2.1

0.50

3.55

2.'l

2.Ill

2.77

1.1

@.7L

r.L

@.50

6l+.I

6t

@.75

L.1

0.3€

33.3

3.o

a.16

Yf.ecosLty reriluctlqo
a,fter 24 brl*., % L.7

Co¡centratLon of
aqueous eolutLæ, $ O"79
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vaa 2.1ft. llrerefore¡ aefcl. tre¿tneat of J.J.guoro has probabJ¡¡ extracterË|.

so¡re gr;E ueterLal. Hitrogen tl¡eteratnatlons oE tbeee frectf.æs fuÀLeate

tb¿t tåe nater,l.aì- remsyed. frø gru by aettt treatnent of ll.qlor fs

nitrogeuous.

Gu yteldls frm trlcbloracetfc actdl- and. þtlrochlorfc aclel-

treateril e¡ctracte of pretreatecl. barley ¡rere the s&e aa tåe yte3.ê of g¡¡n

obtal.aetl Þy dl,trect r¡ater ertraetLon of aleobol-treatedl barley. I{hen

trlehLoracetic acld wlae aêdecl to an agueouE extract of alcohol-treateel

barley, a elfgbt amou¡rt of naterfel (0.3ø of barley) rnas preelpitatecl.

Ði.geetlon of bariley rttb elcohol pr{.or to e:cbractf.on reooveE msgt of tbe

precipftable protelu of, cruGle barley gum, sfaee f,urther treatneut of tJee

gtu sltb a prote!.a preefpf.tant has ao effeet on the nitrogen conteut.

Sfntla,rly, ao preetpf.tate ïas obtal.üedl vhen hydrochlor"tc acitl sas addecl

to tbe exùraet J.fquor. lbuEr ytefufs of elL g¡lns prepareéL frø a.Lcobol-

treetecl barley a¡e the s@Êo

Gøparlson of yleldl,s a,nd[ aftrogea eontents o,f g¡ms øbtatae<l af,ter

aeLrÈt treatment of agueous exùracts of Þotå barleye LaÀleates tb¿t at least

tbree fraetl.ons of nftrogeao¡¡g naterdaL are assocLatedl rrttb crude barley

g@o flæse fractfons are: nateriaL the,t l.s eoLuble et ¡tr L.O¡

precf.pltabS.e proteln naterfal; eaclr ffaaLl¡r, naterfal that is more eJ.osely

agsociated, T'ttb tbe gtm.

Gtms obtalnect fron aciel-treatedl extrEcts o'f ran barley have

a¡rproxfmately tbe saûe viscostty fa eolutl.sn aa gum e:ctraeted. rtth m¡ter

f,rm untreatect barLey, Solutfæe of all acf.rt-gms obta.lnecL fræ rar barley

ectracter horever, were mu,ch ms¡e etabLe. E¡rrlrochlorf.e acidl treatnent of

agl¡eou"e exùrecte of alcshol-treatecl bar].ey tenrleel to stabLlf.ze gu, nbereas
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trlchloracettc aclcl had. ao effeet on gun stabfLf.ty.

All gune obtatuecl. frø acfelffLert Êgueorür extracts of botb

barleye eontsf.n gXucose, arabfgose ¡nd. xylose. Ihe sg¡le EEgars vere

Lctentifiecl previously fa barley gunE (a8, l+E) 
"n¿ 

f¡ wbeat gms (35).

QuaLÍtative cøparÍeø, of the eolor cleastty of sngar spots on ch¡øato-
grans of h¡¡itroþEatee of the aefd-grms ladtfcateril tJre prø¡nrtf.oa of
glueoee was greater tban that of the ¡rentose 6ugars. Ebê reLatlve
prol¡ertLm of the three Eugars a¡pearedl to be tlre same aa Ín crucle gms

elrbraeteril rr¡.t'h *eter frm, botb trntreateÈl barley anril, aleo]rel-treatedl.

barley.

Althoueb ¿ mÍxture of tbree sugarg le present fn berley gtrn,

æly elueoae Ìtaa rileteeteð Ín the \ycl,rolyaatee of tbe preclpftatee that
reeulteô f,rø the additlon of trlehloracetLc a,cldl to aEEe@Es exbract

J'l'guore. shus, Ëbfs preefpltant nemoved. seme earboh¡d^rate Daterlal as

veLl as protefa fræ the barley guüEo l1re gtucoge-conta.iafng natenl.aJ-

ua¡r be an fntegral par,t of tbe preefpltateil. protef', or Lt ua¡r be eo_

pneclpftatedl.

Acld'f.tLo¡¡ of trd.cbLoraeet!.c aciri[ ts e:cbract Llgeors of untre¿teel

and' aleshol-treate{L barS.eys dLoee not re¡Eove aJ.J. prortein nsteria1 frø, gum.

Auf¡o ecLô cø¡losltlon of $ms obtafnedt by aefdl preetpitatf.on nethoele on

untreated and' aJ-coboil-treated, barlley exÈraets ryas deterîfned. an6. the

resul,te are glven in Table III.
Acfct-grms preparedl' from untreateit bariley by tåe preefpitatfon

method[ t¡sfng eltber trd.cb].eraeetlc acfGL or h¡rËlroeblorfc acl.ct eontalneril

egsentially the ame enr{no aof.cls ae those for¡aet la the comesponrillng enréle

gt&o Insufffcl.ent trl.chloraoetfe sßtd-gun frm extraet of aloohol_t¡eatecl

barley wae avefLable to cl¡aterufne f.tE e'¡{ao acldl eø¡oel.tLon. Eowever,
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gABT.E ITI

Anlno Aefd Cmponents of Guns @btafneê frø
Acfdllffecl Agueous E¡ctractg of Barley

Alcohol-Treatect
Rar Ba¡iley ExÈract BarLey Extract

Trl.cüloracetic Eyrelroehlortc
Aefô Aeirit

E¡¡droehlor.f.e
AeLd.

+++
+++

+++

+++

+++

++
+++

+++
+?ç

++

].euclae

lEo-Leuefne

phenyla.Laatne

va].Lne

prolllne

aLsnlne

glutæ1c aetd.

glyctrne

aepa,rtfe aal.d,

þetne

argf'uLue

ger¡.ne

+ Glenotes ldleatf.ffcatf.on
- clesotee aot dleteetecl.
? d,eaotes traee
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evf.cteace ellseuseecl ]ater iadlicateg th¿t the sn{ao acfdt conteat of thLs

guB LB ltEeJry gfinllar to that o,f the eonresponctlng prodluet obtataed.

frø r8lr barley extract. Witb the exeeptfon of glycfne ancl. eerf¡rÊ, tbe
amlno aefdte eontalnecl ln the byd.rorysate of hydrochlorle acld-gun

obta;taeê f,rom e¡ctraet of treatect barJ.ey rrene the asÞ as thoge eont¿fueè

f.n the acf'è-gurne fræ ranr barley extraet. ta,ek ef dteteetfou of anfns

ae:td[g cloes uot neceesarÍry rneau that they are aÞ¡ent frø the glu.Ë tbey

na¡r be pnesent, br¡t fn guantftl.ee beLqr the ntnintu regufrerl for
ehrmatograpbic detectf@o &e oeeurrence of leualOe, ieo-letrefne anrl,

valf$e ln tbe b¡rdrochLor{.c acf.dl-gun f,rø ercbraet of treatedL barley nakee

this gm stgntfteantly eltBferent fron guø e¡rtra,etedl rrl.th ¡rater fræ tJre

same barley. SIre or¡ilanation f,or thfs d,lffereuce rrlLl be dlscueeedl laterr
Acldt treatne¡rt of aqueoua e¡rüracts of raw anil, alcohol-tæateril

barJ-eys proðtreee grm f¡aetf.ons tb8t ajre more stable la Eolutl.on tban

soltrtÍonE of the conespond.lng crudle gü4oo Íhe rdtrogen content of gum

fræ an aclð-t¡eeteel e¡ctraßt of rsrr barlley ls rertuceÉ|,, vhereas acfct

treafuent has no effect oa nftrogea oontent of, gun sbta1ne¿ frø a,n

e:ctract of pretreatett barleyo Gtms prepanedL by ael.ril treatneot otr agueous

e:strqaøte have the s@e Bugar sst¡'osftion es th¿t of c¡n¡d.e grms, but
clfffer f.n an{no acið content.

Gtms preparedl' by addftf.øn of aef.dl, reagents to the e:ctract l1gtror
of rar ba,riey grtst b¿ve lE¡rer agueous sorr¡tr.oa vleeosl.ty than gung

preparecl by aclel' treatnent of alcohojl-treateril barley ext¡raetE. Í'¡e lqwer

solr¡tlen vf.scosity of aef.'it-g¡ûs f,rø rar barrey extraetc suggest that gx¡e

t4legradatLon ha^g ta,ken praee ðtrr:tng e¡cbraetloa of ¡ranr barleyo rn a¡l

atteupt to prepare gru that had. been eubJeeterit, te ].{rl¡rf,sfl dtegrad.atfou
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ðlrrf-üg exÈraetlon¡ rêF barley anril, alcohol-treateel. barLey rere nagbeel

Îrlth aeiel,tc protefn-actlve reageats. Ertra,ctloa wltå t+nnic aclè

yleldedt Tasatf,efectorlr guns, ancl. the Brortucts ¡rere aot Lsveatl.gaterl,.

l[able IV shsrE resÈlte of gøe <teternl¡¿tf.sns Eade oa the uater{.a^].

fso:Latedt' by trichloracetLe eciel aaril b¡¡drochlordc acitt exËractfon of, ,,,.'

untreatedl. aod, a"lcohol-treateô barley.

&e ¡rteldl of grru obtat¡aed. by þdroeh]-orle aeûit e:cbractlon of

raw barlley fe greater tl¡an tha.t of gun obta.tned lyy tÉchloraeetle aclcl .',

exfraetføn, al.thougþ yleLôs of borth ee!.el-gme are loner tbs¡¡ tbe ytegl ,, .
: .:.' of crutle barley grm. S{nlla¡: gUn yleldE ffere obta"tnedt uïeea the correepoað-

rng preelpltatLoa netbotLs nere a¡rp3.let!. to untreateel. barley extrects.

Durf-ng the e[l.scusston of guns prerraneð þ the acict-pregfpltatten methorl,,

the enggestløn r¡as nade thet trichlora,eetfc acLê renoves preelpLtabLe

protet-o' u¿terlaL as reIL as s,eldt-solubJ-e nf.trogeoous surbetances fr@
cndþ gun, rlrereas hydrocblorte aef.til reno\res onl¡r acl.ct-Eslub1-e nftrogenoue

mater¡La.lo lhe sane e4planetlon nor¡Ldl Eccount for t¡he dl,ifference ia
ylelcts of grlno obtafnecl frm, res barlley by ecld exÊraetfon. ïfeLtil,e of
gune fsolateet frm aleohol-treateril barley by actct, e¡çtraatlon are greater 

,..1.i,.

than the yleleL of gtm obtatneê by agueous extractlon of tbe eame barley. 
,l

A Is¡r riE of the qash J.fguor nay be responolb1e for releeslag nore gum ,,.,',

irø alcobol-treatect gratn, but thls f,acet of acJ.cl extracttoa rras nob

fnveetfgatecl.

Gms prepareè by a,eld. exüraetf.on of re¡r bar3.ey are more vfgcoug t 
''

Lu soLutl'on thae thefr counterpa,rts obtelnect by preclpftatiou nethorjl¡so

Efgh solutLon rrLscosLty of these guns tnd.lcates thet aelel reagente hf.adter

cl'egradattæ of the pol¡reaeeharidte n¿terlal ùrrlng exÊract1æ. Sme
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EABEE IV

Data oa Gune obtalueel. af,ter Aeicl ExtractLon of BarJ.ey

Rew Barley Alcohol-îreatedt Bar1ey

-

ÍH.chloraeetf.e E¡nilrecbtord.e frtcUfo@orte
Aetd. Aeirt AcÍd. Aefdl

Ttel.ô, $

Hl.trogea, $

2"3 a.8 I.5 l.g ,

0.?3 L.gl o.5o o.g2
Vfscoeity of, agtreoue

eoLutfoa, ep. l2.g ïL.g 3Z.L 4b.g
Vteeosfty redhretf.sn

af,ter zl+ bra., $ zJ- lo Ig 13

0æee¡úraÈlou of
egneous eotutl,on, $ @.60 O.5l @åT @.æ
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Aeg¿€d.attoa h¿e taken pLacer henever, aE the ran barJ.ey lsoLates are

not as viecoua es gmg extraetedl rrith acfd. solt¡tf.on frm al,coboL-treated.

barley, Extraetfon of barley $tth bydrochlorf.c acl.rL has a greater

effeet on gun eolutlon stablllÈy than trlchloracetfc acldl extractf.on,

even tleougb g¡üs prellaaett by tbe fomer method contaia more nltrogeaoÌrs

naterial. Íllls resuJ.t LE anmalous t¡¡¿Ìege the èegradatlon of poly-

Eaccharldle nateria]. ls elue to enz¡mes that dre partta.lïf ronttfted by

h¡rdroehlertc a,cl.ð.

&e eor¡roel.tton of gung prepareCl by acf.el extraetlon ls sÍ-n1].ar

to tb¿t of the other actdt-guns. f,lre polysaceharide naterLal of grne

obtaineð þr èl.rect aefdl exÈracülon of botb barLeys eonsiete of gJ-ueose,

arablnoee and. rryLose. Guns f.solateð by aeldl extractlon of untreatecl

and, alaohoL-treatecl barley have the r"rg arûno aef.eL eou¡ros!.tfon aa g@s

obtalneel. by aeld. treatnent of ranr barley extracts. Aufne acf.dt ccmposf.tion

of the latter gurng ras presenteil. fn tabLe rrr. As guns preparedl. fræ.

untreatecl barley þr botå aclel. nethodls a¡¡d¡. gumÊ prepareet, by aefel. e¡cüractlon

of alcoboL-trea,tecl barley contaLn the gaee âñfoo acl.eLs¡ f.t eeens ].lkel,y

thet guns lgol¡.ted. a,fter aeid preclpltatf.oa of alsobol-treatecl. ba,rley

extraet a.lso vould. contaLa the same amtno acfd.e. Slat Ls, +tI sstd.-gtus

wouldl, be ellmllar tn aluo aclrit com¡rosltton. Aefct-g¡ms frm atcohoL-t¡estecl

barLey eontaÍn several om:lno ectdls that are aot preeelrt l¡ the correaponct-

fng grm pneparecl. by rrater e¡rbraetf.on (cf. llabLe I). fhe el,ffference 1n

anÍ¡ro aelel, eom¡rosltf.on 1e probably tlue to the êifferent fE of the extract

If.guors.

Gms prepareril by aciil treaünent of barley and. bar}ey ertracts

are si.uf.ler aot only fn, em{no aclcl, eø¡rosLtlon but e"Leo fa augar ssql'osltloa.

Scme of the nltrogenous uÊterlal preeent fn tbe gum nay be part of a
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protèl.a-carbohyilrate corplex as suggeEted, by Mèrectfth g! g¿. (e8), tut

the poaelblllty alss ed.sts that the proteln nay be efuply adnlxeð

rrlth the gun potyeaeebarLdte nateria-l (ff). Sæe of the resldl.uaL aftrogen

mey be pa,rü of a,n enzlmÞ rysten that cauees gr¡m lnstablHty 1n solutfon.

AII acidl-grm solutfons are uastebJ.e, but, ae gun tustabtllty 1s

cl¡ecreesecl a¡preclabþ by b¡d.rochlorf.c aefdl treatneat of barley alrd.

barley erbraets, b¡rürochlonf.e acLrit nay ¡ta,r"ttalty 1lhlbtt enz¡rnfc

ilegnadattve aetion. Aeld t¡¡eatment bae been usefÌLL lu removiug eæe

nltrogenoue ûaterfal frø barley gtes, borever, the resLðus,L aitrogea

fs rot passlve and. ap¡rearE ts a,ff,ect guu propertles. Sberefore, otJrer

neth,oeùE for ræstrtng nttrogen were teEted..

Guns Prelrared by Proteollrtic EnzJrne treatnent

Aclcl e:ctraction of trntrestetl barJ.ey a¡d. aeid. precÍpltatLon of

agueous exûraete of untrea,tedt berley prodlucecl guns tbat had. redlueeeL

nitrogea content, but thet vere etiLL unstable ln soLutl.on. [bd.ahl.or-

acetfc acf.dl rras more eff,eetlve thÊn bydrochlorle acicl. for rensvat of

nitrogen, aüd, tt ts 3.ikel-y tbat a-lJ. free protein na,tertaL rrae rensverl

frcm gum prod,ucedl by trlchlsracetfc actrt netboðe. Nelther aefd. rrag more

effeetfve than bolltug alcohol 1n recluelng the al.trogen content of eruêe

barley gun. thusr trfcblorecetf.e aclel andL bollfng a].csho1 probably

renøve the gane protetn uaterf.a^l frm crude gum. If the resÍctual

nttrogea Ls pa,rt of bou¡ad, prote!.n uaterfal, then proteolybf.e eþz¡¡Bes utay

e¡tltt tbe blndtng lraksges and. thus facl}ttate renwal of tbe altrogeaoue

naterlal fræ g¡m' therefore, fiefn, an actfve proteol¡¡tl.e enz¡rne, was

enployedl ùa pre]tniaa,rry extraotf,on ex¡nrfments" -

Aleobol-treated. barley rrae exÈraetecl, r¡'lth ftcfr¡ solution, as

pretreatecl. barl-ey grtet ytelès vlgeoug gun of the LqreEt nf.trogen sontent.
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lbe proriluct ebËa-taect a,fter fl.ela extractton was mueh more vtgcous fs
soJ.utl.on than a,qy bartey gm. preparert prevLously. A. O,$!.{ fl.cin-gru

solutlon had a vl.ecosfty ot 282 ep. EdÉ solutfoû vlecoef.ty lndfeatee

that flcln ]{m{tsð tbe degrad¿tfon of tbe polyeaceha¡,fde naterlaL dturLng

e¡rtractton. filtrogen eonteat of the gre naã Oß4í. $¡fs nftrogen value

ts 1otrer than thst of other gun fraetlons prepareet fræ aleohoL-treateril

bar.Ley. llÏre gtm eo:Lutton ¡vae not ccnpletely stable; visooelty rlecreasecl.

8$ after eh hrE. IÍeverbheLese, tåle floln proùlet had. the hfgbeet

soilutfon viseoelty anil. va^E the noet stabLe g¡¡m prepared, frø alcohoL-

treateet barley.

Ftetn prodlucts pre¡rarecl oubeeguenu.y dldl not possess the aane

properbf.es. Gtn so:LutionE rrere lewer ln vLscoslty, l8b 9po 8t a.I&lo

coacentratíoa, and were more pnetable. SolntÍon vlseoelty dteereaeed,

1?É a¡ter 2h hre. l&e a¡rparent anøaLy in pro¡nrtles ÍE ðiff,tcult to
e4.ol,ala as aLl ffefa-g¡me yere prqpareril råtb the sa¡ne enzyme pre¡raratLoa.

Ílre nltrogen conteat of tbe nore r¡ngtabl-e f,fcln-g@B va,e A"I+$, and, tJre

fnerease 1n nitrogenouE naterfaL nay be reeponslble for üre greater

tnstabfLlþ ar¡it J.otrer vf.ecosfty of solutlons of tbeee günror

Ohrøatographlc anal¡rsis 1r¿f.eates that the "hfgh-" aüd. ttl@r-

vLecoslty gguso preparerfl by f!.cta ext¡raetfon of alcohoi-treaieit barl-ey

are steller !.n sugsr cø¡rosl.tf.on. Aa hyilrolyeate of, tbe more vf.sesus

gun eontelaecl, gLueose, arabfnose, 4rlose al¡d a lor Rf sugar that appearedt

ebEve glueose on the cbrøatogram. 0n þdrolysfs, tbe lør-vlseoElty

flern-gurtr yteLðeè gl.ucoee, arabfnoee, 4¡1ose a,ad. galactoser Ga].aetoee

bae e Iøwer Bf varue than glueoee, and. aeparatee abqre the latter swar

on the chræetogramo lhe co¡¡centrat!.oa of glueoee 1u flcfs-gun laa greater

tban tbe coneentratfon of eltber oû the pentoees, aril galactoEe rras preaeot
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on.ly ae a traceo A.Lthewb galactoee was not cleteetedL ta guns preparecl.

by acicl treafuent nor La grn ercLracteil f,rø a].coho1-treatecl barley rrtth

nater, trace amountg of thl.s sugiar have been reportecl to be preeent La

cn¡ðe barley etus (¿8) a,nel, wheat e¡ms (35).

fbe precfpftate reeoyered. a,fter adtll:blon of trtchLoracetle acld

to ffcf¡l extraet Lfguor esntafneil noteria]. nhLeh, whea \ydlro1yzerl,

yleltlett glueose. Íhe precf.pttate eongfets pretløfna,ntlry of flein tbet 1E

renoveð frø the erBract lf.guor by tbe protefil ¡rrecfpltantn Eøwever, no

sugatrE were dletectedt tn the hyitrolysate of, pure ffef.no 1T¡1E fi¡d.featee

that ef.ther tr{.chloraaetl.c aciit or fLein ertraats s@e gun n¿terlaL r&1ch

ls then co-preetplte,ted, rlth the proteoJ.ytle eazyüe by the proteia

preclpitanÈ. (ÍIt¡cose flaB aLEo ldenttfteÉl f.n the protefa precfpftate

obtaineril vben tr{.ebLoracetf.c aeLcl uae ad.Gteð to agueous barley ettraetg.

Shereforer lt a¡pearg more llke].y tbet trtehloracetf.e acf.ril rather tha¡e

flcfn ltberates the eaeeha,ririle naterlaL frø grm. tlhe glueose-eonta.Laf?rg

¡naterlal may be asesclated rrtth protetn th¿t 1s renoved., or Ít nay be wbolþ

carbohydlrate ne,terLaJ-. She eame uaterfa.t rvas obtaLneril. frø preparatLous

of guus of, botb hfgb a¡d. loc so.Lutlsn vfseoeÍty.

Inetrtftele¡rt f,leia-gtn of hlgh gslutfon vl.ecosity ¡¡as ava{labLe

to eleteralae lts amlao eeltl cæ¡rosLÈfon¡ Au. hyetrotyeate of olor-rrLgcoslty

guno aontalneel, the game arr{no a€ldtsr rri.th the exeeptlon of arginlue, tbå,t

were cletectecl ln the acfcl-grrüsc

FroteolSrblc enz¡ime e¡ctractlon of aLeohol-treateel. barley yteldecl,

a g¡¡!tr rùleh sas E{rrlJ1ar 1n emfno aeid. ampoaLtlon 1" ¿sidrguns¡ but útch
contafnecl. a n€m hexose Bugairo Strfs grnn flas E@erhat uneis6la aJcd

eontafaed. nl.trogenoue naterfel. Another protelnase rm,¡r be more efficfent

than flcfn for remona.l of tbe nltrogenoue naterfaL. Íherefore papslnr

'.; i,,
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a leeE actlve proteol¡rblc enz¡me, ïas used. to prepare barS.ey gutree

Before papaln nas u,Eecl to prepare barley gtru, f.te proteolyfie

effect oa gr¡ms obtafneel frø untreatedl and. a].coho1-treateê barley wae

testeel. OEe ntL1111ter of L% pa¡nla eoLutlon r¡as a,{ild.eit to an agueone

soLutf.on of en¡dle gtlm exbracted rr1th r¡ater frm t¡ntreatetl barley. A

rrhf.te gubstalûee eeparateô fræ EoLutÍon and. tbe solutl-on vLecosity

d.ecreasecl 2S atter 2l+ bre. Vlecoelty of a control Eo].utlon of ertrdle

grm cteereaaeô. 2fi 1n an egulvalent tfine. lÍhe precf.pftate nae renøvetl

and, the gx¡rn recøveredt by aLcobsLlc preclpLtatlon. Reeøvery was 764 of

the crtnle gm. lllhe nitrogen content ef the crt¡ôe gun ras 2.9Lfit rrhlle

that of tlre reeoverecl grm vas O}&. AE papaln ig lnsoLubLe Ln alcohoL,

tbe reconereel g¡n 1e probably contanlnetedl rrlth eo-precipltatecl papaln"

Ad.cll.tlø of L$ papatJo to e solutÍon of, grm. obtafne€L af,ter vater extreetl.on

sf alcohol-treatedl barJ.ey resuLteel. fn the gtm solutLon becomlng o3.ou{y,

but solutloa lnstablllty ¡¡as uot Lncreasedl. Tberef,ore, papaln cloes aot

dlegra,cl,e the polysaccbarl.Éle naterfaL, but qFpeare to reeluce alfrogen

csntent of crucle grm effeetlveþ. Bbeee preJ.Luina,rry e4perlmente lnillcated

that preparatlsn of guns by ¡rapaJ.n treahent of barley sfght be worth-

r¡hlle.

Papata bas a m¡eb Io¡rer proteolybfc acttvity tban fLetn.

Aeeordfng to the t(tla Olottlag Metbod. fsr the tleterutnatf.o¡r of reLatLve

enz¡¡natic actlvlties, ficf.n LE 5-2A tfunee more active than pa¡rafnI.

Extraetr.on of alcohol-treatecl. barley ñt¡h- O"2fr fiefi¡ solutlon pr.oôucecL

I Persons,l e@unfeatlon frø Dtr. R. B. Long, Cbtef Ohenlet, Gene¡'aL
Bl.ochenlc4lEr IDc., Ch€€rtn FaJ.Le, ObÍo.
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gun that ¡raE the aoEt stable anrl moet vlgcous itl agueous solutl.on of any

gtm thus far obtafnecl. lherefore, papaia eolutLon of eguivalent

proteolytfc actÍvf.ty mfght ¡rroduce a gl¡ßr poeseselng slmfl.ar pro¡nrtles

to thoee of ffcin-gun. 4 fS papêla eolutl.ou r¡ae Þelleverl to hsve

nå,xÉ.urr actfrtty equfvalent to a O.ZJ$ flcln solutlon, and henee thÍs

eoaeentmtfsa.of papaia rrae useô Ln the preel¡rftatf.on anô extraetfon

method.s.

Iïre Breefpltatlon netboê wae a¡rplledl to both raw barley and,

aleshol-treatetl barley to tl¡eteraine the ef,fect of ¡npratn on gun sbtaiaed

f,rm thel,r equeoue e¡*racte. lfheu ¡npal.n EoLr¡tfon ffae etl¡redl fnto

eÍther ercbraet, SreY-eoloreeL nateriaL nas precLpltateê and. ¡ras subeequently

reesvered.. Ifeldls of thle naterla-l vere O.5fi of ba,rJ.ey. |llre pneeipttates

çere belf.evetl to eonsfEt mostly of protein materLal tbat rras rensvedl

fræ grms by papaln. Eoïever¡ hyGtrolyeates of the preelpftatee frcn

both barley extracts eoats,Lnedl snåLL quantttl.es of galactose a,nd. glucoee.

Although the precfpltatee ney be sE¡gernfp¿tedt r¡ltJr papaln, thÍs

proteol¡rtie enr¡roe, on \yelrolysf.s, contaias no cletectable segarse Tlrere-

fore, ¡mpaLn must remove søe carbohyclrate naterfal frcm the extractE.

The presenee of galaetose ancl glueoee fn the naterf,al preefpftatert frø
both exbracts by papain Ls a stgnlff.cant d.ûffereace frø the preEenee

of oaly glueose ln the precfpLtate obtaLneð frm rar barJ.ey exbract by

triehloraeetl.c aeLdl treatnent anê f.n the preef¡rf.tate oÞtalaeÉl. when papa{n

ts rensvecl fræ e:ctraets by tr:tchloracétlc aclÉ[, flre bulk of theee

preclpltates ls proteia, but the prese¡rce of eugare Ln then 1e euggestlve

of a ¡rroteln-carboh¡rtlrate corplex ln grm. fte presenee of gaLa,etose ia
one prectpttate ls lnterestlng, but for the present the sluiLarLt!.-ee-":lrl-.*-,

tbe uateria.Ls aae Eo¡ie lqrqrtant tha,E the êlffereneesn

.r,:&.
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TteIdLe of $Bs obtatned. frø papala-treatedl extraete of both

barleys (faUte V) a¡e Lower ttran yleJ.ds sf the eo:r¡es1,ond,ln6 guBE

lecoveredl by a,eÍd[ treatmeat. Lsw ylelits are probably ilue to purtty

of the gmsi theee prodluets are aJ.most free sf nttrogeaous natertalo

The reeLdluaJ- nftregen ray be nerely a contanrtna¡rt or 1t nay be a¡o

tntegrel ¡nrt of tJrc g¡uo

Grm obtalneél f,rø untreatecl barl"ey e¡rtract by tbe papaln

Breelpitation methoeL ïaB ver¡r soluble f.n rrater, and, the Bolutfon nas

correspondlngly more vlecouÊe Inereased eolublltty ua¡r be ilue to tbe

purfty of tbe gÌ¡!n. Grm preparett fron exbract of aleobsL-tre¿ted. barJ.ey

by the papain preclpltatfon nethod. lras more soLuble 1n nater than gr¡n

obta,lned. by dllrect r¡ater ertra,etÍon. Further, the papaln-gun eoLutloa

rraE stable¡ Gume prepareÕ by rrater ertraetlon anril acf.cl treatment of

barley contaÍn varÍoue æotmte of nf.trogenous ns,tefla.L ard. bsve varf.oua

clegreee of stabllf.ty, wbereas "aftrogen-freett flapafa-guns a¡.e stable.

flrese üro propertieE of, ¡npata-gms, atabl].lty and. aJ¡nost com¡r].ete

freectæ frø n{trogenoue naterLal, J.enf, B':Fport ts tbe hy¡rottresls that

ôegrad.atlon of g¡e tå aolutLoa tg eaused, by a¡l enz¡me or eazlme systen.

DegradÊtfon of gun ðurtng extractlon fe cltecugeecl later.

Sugar eou¡loneats of gms obtafnecl, frem papaia-treatedl. exüraets

of both barJ,eys were glueose, arablnose, :çyLoee aael an unLdentlflecl.

eugarr Íbis suga,r bad. the eæe Rf, vel¡¡e as ga-lactose vhfch appeareriL to

be a cæ¡rsneat u¡ Slst¡-gune fþs rÍtEottaat polnt 1g that guus proctucetl.

by proteol¡rtie eaz¡¡ne treatnent of aqueous e:rtraate of rsw aadL aLeohol-

treatecl barLey have the sane Buga;r eæ¡nsÍtl.on.

Gi¡ne obtalnedl frm papafn-treatetl aqueoue extractE of ran aarit.

aLcohol-treatecl bar].e¡rs eontaf.netl s@e proteln materla]-. [he amtno acfê
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rABÍ,8 V

Ðata on Gtrus CIbtatnedl frø Pa¡n1n-freetedl

Agueous Extracte of Bar1ey

Vlseosfty Vlseoef.ty Coneentretl.on
of, Aqueotrs Recluetf.on of Agueøus

TteLcl. Nltrogea Solutton a,fter 2h hrs. Ss1utÍø
%ficP.%fi

Gum frø rarr
bar.Ley extract J-.8 o.L2 l+.OT L.O o.93

Gum fræ aLcohol-
treatecl barley
extraat o.9 0.oT 7j.8 I.o 0"88
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cøposltfon of thege gxrtts, hølever, La gr¡Íte cllfferent frø those of the

other gue atuell.ed.o EetaflecL resuJ.tE of m:[no ac1il ehræatogra¡iltry of

byilroþeatee of gms obtaùeed. by the Bepaln preelpftatfon netbod. wlLL

be preeented an¿ d.lEcussed. aloag trtth reeuLts of the cleteruLnatloa of

the n'miae acfcl ecm¡roeitf,on of gune preparecL by papaln ertraetlon of

barLeye.

l1re effeat prorlueeê on gm proper.tfee by dfrect papaln

e¡cfra'etl.on of barley ïas testeð. E¡rtractf.on of alcohol-treatecl barLey

rttb pa¡nln solutLon ebou].tl proeluce a stab].e gun that hae been clegraôecl.

to a lLmf.tecl e:rbent ôurfng nashf.ng.

Before barrey gruls ïere precipftatect by areobor, papafn rras

renoveel frm the exÈract J,l.guors by ad.ditton of trLehloracetl.c aciil to

the soLr¡tf.oneo l1re preetpitatee rere reeweredl ancl. h¡droþzecl.. Sggar

ane,l¡rsis oú tJre b¡rdtroJgsatee ehowecl that t"hey eontafrecl. ghreoee" Ibfs
glucoee-eærtafafag naterfal appearerl to be sfmÍLar to the producte

precfpttated W trlchloraßetfe aoÍdl frea tbe lfguor frø ff.eln exËractfon

of barley and. the pa¡n1n-contaf.nl.ng barley extracts fræ the preclpftatfon

netboil" Fresmably trLehloraeetie asitl removeÉ n!.trogenous nater{,a1

frqn tbe soltltlonc, but the precipftates eøta!:a earbeþrctrate nate¡f.al

a'E ¡rell as protel.u. 1!be earbeh¡rdrate matertaJ. na¡r be asEscfatedl rrlth
proteln and, renøveð ï¡.tJr {t. S{rn{l-ar naterl.a-l ¡ra,e obtaiaed, frø tbe

paf¡afa extractg ef efther raÌr qr a1cohojl-tæate<1. barJ.ey.

Íable VI Ehørs s@e prqpertleg of guns obtal.neê afber ertraetl.on

sf uatrestedL barlley and, aleohoil-t¡reatecl. barLey rrltå papafa esluttoÞ.

TleLél of gun extraeteel rrltå ¡npalu fræ rarr barley fs tbe lowest

gun yleld' obtalnecl. by any e¡ctraetJ.ou ¡netbod.. &e polyeeccbaririte naterlaL
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EABI,E VI

Eata on gwns CIbtalnecl a,fter Pa¡raf:a Extraetion of Barley

Yf.seosf.ty VLeeoslty GoneeatratÍon
of, Agreous Bêdluctisn of Agueous

Yleld. Sf.trogen SoLatlon e,fter 2l+ hrs. Solutfon

G¡¡m frm rgrr
barley

fi % gp. % fi '':: 
:'r, :,, 

,

1"7 O.l2 3.66 1.O 0.%

Glum frø aleohol-
treatecl barley 1.3 o.o8 TjZ e.9 O;8e

.t,,' , .', .', -
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1s mote read"Lly eoluble fa agueous solt¡tf.on¡ tbus faereaslag solutlorr

vLeeoef.ty. fthe g¡¡L was sblte and. ptrlverLzeê to an extrenely llght pordler.

ltlee ap¡earance sf thfE grrm eS.osely resenbled th¿t of the correspøding

prottuct obtaLnetl by tJre ¡¡apatn preetpf.tatLoa method.. lfheee pro¡nrtì.ee¡

togetJeer ¡rtth lor af.trogen eontent, f.rütLeate that grm prepareil by pa¡rafn

treatnent fs probabþ the least eontaraLnateil bariley gun that bas Þeea

preparedl,o Cum purity ls cleflaetL l.n te¡ms of the amount of rd.trogenous

naterlal present f.n grn. Sftrogeu cøtent of ¡npaia-grn fs tor anË the

resLdlus.L aLtrogen nay be pa¡itl¡r dlue to paparn eonÈan{qatfou. SolutLøt¡

vf.ecoefty ls redueed @ty rS arter 2lr hrs. soruttoa etabt.lfty nay be

assoelateô wtth tbe renr}lral of, nftrogenoue naterla.l frm the gun. Lo¡r

solutloa vl.ecoelty lndfeates the grul vas tlegrad.edl ôurrrag nashfng, rhfoh

fn tum lnd.lcates tb¿t papafn doee ¡st {nhfbit tnftta.L rilegrad.ettve actfm

êurü¡g ertraetf.on of rsn barley.

Degradattoa of barley gi@ dur!.Eg e¡cüra,etl.sa te ¡nrtlalty
fnh{b{tsct by pretreatlns the grala rrtth bofllng aleoholc In generral,

guns obtatnecl f,rqn treatedl. barley are more vlecous Ín solutl.on tbsn tbelr
eouater¡rarte obtafnedl frm rer barLey, but are etill turEtabLeo ltfhe

regtúts eontainecl 1n Íab].e VI Ehon tb¿t extractlon of alcohol-treatedl

barrey vtth ¡qnfn producee a sta,bLe gun thet f.e extrenery viseous fn

1$ øolutfon. solut!.oa vtecoe!.ty of thl.s gum 1e nuch htgber tban tbat

prevlorsly reporbecl. (tl, t+Zl for barley gurns ertractect fræ alcohol-

treatecL barlley. Ae vLscoeLt¡r measr,rreneats lrere nsde ttr an Oetlra-Lê'

vleemeter, tbe vf.gcoug sslutfon of, papaln-gun reçd.red. a J.ong f,Len-tfne

¡rhich resultedl la readf.ng and. clraf.nage êÍr6reo Jones a¡d. Steuffer (ef)

sbs!üeê thåt fus1tra€e error fn vLeegnetrXr fe negLlgfbLe except for verT

v!.Ecous llguletee Ca,lcr¡tatlon sf vleeosity of htgÞly v!.seoue solut1eas
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reLative ts the vf.ecoslty oú r*ater results Ín f¡¡rAher êrf,oro 1berefone,

vfeeoslty valueg o,f very viscsue sslutl.ons are not cosgl.dereð to be

accurate, but for purlþBeE of cæ¡rarlson they are aåeguateo

Papaln-gm ert¡actecl frcm aLcohol-treateil bariley was a vhfte,

flbroug natertal¡ ffbrotre agtrFa;raace and. higþ sol,utLon vtscoeLty are

lnctlcatlve of a eø¡ú.ex, polynerlc gtm Etructure. Vlseosfty of gun

eoLutf.on d.eereasecl. 2.$ alter 2b hrg., btrt the d.ecrea,Be BrobabLy ie

no,t rilue to enErnatle clegrada,tlon, as viecoelty changedl. o,nly s].tgþt1y

a,f,ter asotber 2h bourg" Stabf-l!.ty orf gun Eolutions aecørpanLee remøyal

of the bnlk of aLtnegen frø gms obtafaedl. by paB¡rn treahent of barley

and. bar3.ey extraets" It 1e quite possible, therefore, tbåt fnetabillty

ls a funstfon of, the nLtrogenouE nateria-l preeent fn barley grereo "Søe

of tl¡e nf,trogen na¡r be pa,rt of enz¡Eps that cleare tbe po3;ysaceharlrle

naterf.aL, a¡nd. thus ea¡¡se a cleereaee fn EoLutlon vLeeeefty.

lllre prlncfpal Eugars present fn gun exbra,ateËl rith ¡npeln f,ræ

rar barJ.ey a¡rdl a.Lcohol-treatecl bar.Ley were glucore, erabLnoee a¡rd, rrylose.

lfraee aaonntg of a fourth sugar rrere aleo cletectecl. fÏrfe eugar yteJ.ùed.

a spot of Isfi Rf value on the cbrmatogran¡ OD, sme ahr@atograns of

papafn-g¡m h¡rËirolysates, tbe Bugar epot of Lotr Rf value was repJ.aeeil by

a s¡rot tl¡at sas Lcteatlff.edL as ga,Laetoaec 8t-811âr resuLts nere obtaLneé|.

prevlously when h¡rclrolyeateE of guns prepâred by proteolytfc eazJ¡3¡e

actlon çere chrøatographeelo lflre eugar reepearsible for the spot of lor
Rf val-ue 1s probably an oJ.lgoeaocbarlde restú.tJsg frsn lneø¡ú.ete aef.d.

byd,rolyets of gtm. fbe ollgogaecba,rlåe na,¡r contaia only galactoee trnLts,

or galactose e@bfnedl. rrtth at least oae of the other three BEgaÍBo

GLucoEe ïaE preseat fn the n¿terf.al preelpitated ¡rhen triehlor-

acetLe acl.cl rras ad.êed. to papaf.n exÈraete of retr anct aLeoholl-treatecl
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barLey. G.Lu,cose r¡as aJ.eo preaent fn otþer proteo\rtic enz¡me preelpf.tates

obtalned. f-n the Baüe nay frm varLoue lf.quore. l&e euggeEtl.on bas þeen

nåde tlrat carbob¡drate-contefnlug naterfsL !.E aesocfa,tetl Ftth tl¡e u¿terfal

that te rensved. f,rcnn e¡cbracte by tr,icLLoracetle acirl.

ldoet of tbe nftrogeaous materlal eonÈalaecl f.n en¡ele barley guns

Ls rensved. by pepatn treatneat of bar3-ey anrl barLey ertracte. Søe

u,ttrogen remalrs ln the gusro, however, etther as a contryn.tnant or aa

pa,:É of the gun strrrcture. Amlno eclcl eø¡rosltlon of papafn-gnus

pre¡u,lecl by the preaípltatloa methotl anel the exÈraatfon nethod. are mueb

a'Ilke anrl henee a¡re d,fscueeed. togetber. Data oa anLao aciCl eæponeats

of theEe guns are glven 1n Eable VII.

llhe amlno acld. ccm¡rositl.ons of the four ¡mpaia-gumg êre

etrtH,ng f-n thelr ef.atla:d.ty to that of, grm extracteè frø al.eohol-

treatecl. barley wÍtb water (cf. TabLe I). ft¡s ernlno acidlE that are

chrøatograpbl.cally more noblle, J.euclne to proLf.ue fu Sable VII, are

absent fræ a-LL papafn-guus¡ Several of tibe ttELqfe!-moving" amfuo

actêg were not detecte,il, or rere present on.ly Ln trace *o.*t". Lye{ne

anel Eerlae rrere the æ-ly an{no acfrlg tbat rrere preseot 1n alL for¡r

¡n¡tatn-gms. tr€€k of cleteetl.on of other srn{no acldls¡ however, dloed uot

exeludle the ¡neslbalfty that these lÍere present l.n ¡¡on-dleteetabLe

guantttfes. lfbe preeenee of amfno aß1€Ls 1n papatn-gun bydrolyeates

Índl.catee tbet the reElel,ual nttrogea io probably part of protela

naterlal and. not of other nítrogeaous eøpøunêso

Barley gun, that Ls aLnoEt free of, e¡ctraneotrs nitrogenous

nater{.aÏ. a¡ed. rrbich has unåergone m{ntrnu¡r degfad¿tton riturlag nashlng,

has been preparerl. by pa¡nJ.n e¡ctraotLoao Poeslbþ thls gun bears tbe

closest resenbJ.anee to the neterlaL ln bar.Ley tbs,t te the preeursor of

. .'_... . - .:-, ._-. , -...

.:t^t..:
i'-t ..':"
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A¡nino Actd. Cø¡rønente of Barley Gune Prepa,redl. by

PapaÍn Í?eatneat

Rar Bar1ey Al-cshol-Treatecl Barley
Preefpftatf.oa Extraetfon Freetpf.tat!.on E¡ctreetlon

leucLne

Leo-Ieuclþe

phenylalantne

vallne

prollae

aLa¡{ne

glutn'nic aclð

glyclne

aepartÍc aeicl

lyel.ne

arglntæ

gerlne

+

?

+

+

+

ô

+

+

+

+

+

+

+ rleaotes ldleatff,Leatlon
denotee not dLeteeteel

? clenotes traee
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other güEree The uftrogenous neterial, îrhtcb Ls ænoverl fræ barley gø

by papaln, Ís probably proteln r¡aterlal that Ls releaserll frcm the gum

by proteot¡rtf.e eaz¡me actfoao f1re reEl.cttral nitrogen nay be cLue to

papaln contamLnatlon, or lt nay be an lategral part of the grm

st¡cueture. If the protein uaterlal was f¡apafn th¿t trae eo-preeipttaterl

rrlth the grne, 1t seeüs lfkely tfrret tbe qua,Bttty of, nitrogenoug nåterlal

preetpiteted. .woull. va,ryy rrtthta fatrJy wldte lLnftE fræ one preparatíon

to anotber. Eorever, the altrogen oontent of severa-L guns extractedt

rtth papain frø a-lcshol-treateet barley nas eoßEistently beüween O.ø|fi

ancl O.11$.

Gtm extraetecl frø a].eobol-treatedl barley ¡¡'ith lmpafn'nas

reprecl.pftatedl fn an attenpt to rensve tbe reeidtua.]. nf.trogeuous EaterlaL.

A A.L5% agueous gollutLon of pa¡¡aj.n-gum ¡res neche,nfcally stfr¡îeð untlL

the gun a¡peareel to be eøp1ete1y clLesolve€l. Gr¡¡n, csncentratÍon of

aBeh a eoLutÍon ls egutrvaleat to thet of an exÈraat llguor obta,tnerl, by

Ba¡taj.n extrectÍon of barleyr The gum soJ.utfon $as acicliflecl. wlth

trieblore'cetÍc aelcl ts a flua] acf.dl eonoe¡rtratf.on ú Ø. Ítle golut!.ou

wae f,frterecl., ancl the flltrate addteô to J voltmes of etha,norr Ebe

precipltate Yas reeoverecl, tlr{ecl b¡r solveat exchange a¡il, tben alr-d[r!.ect,

BeeoverT of repreefpltetecl. grn rnas 83$. Ðre orlgfaa.l grm

rËl.fè not cllEso:Lve cøpreteJ.y thue redtuefng ftnÊL 6un ylerè. Nltrogen

eontent of, papaln-q,* 1au aot reclueed by rep:reefpftatfon frø trlchLo¡r-

acetl.c acl.dl golutLon. xhe gr¡n¡ rvas flbroue and. had. a vlsoosfty of

5lß wo ln a o.Ttþ EoLutLsn. [lof.e vlseosity varue !.e stnflar to the

vLscoelty of l+76 cp. ¡rlel-cleel. by a o.Tq eolutlsa of tbe ernde pa¡nin-

gtllllo fhe riLifferenee fn golutfon vlseosf.tles ts probabl¡r clue to the

sHgbt dl'l.fference l¡. gr¡n csneentratfqn. A snå,LL clxaage ln concentratf.oa
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of gu soJ.uttona reer¡lts 1n a narked. cbange Íu vlecosfty. Solution

nlecoeÍty of ¡npaia-gum ls plottecl agalnst eoncentratf.on fa Ffgure J-"

lflre slo¡n oÉ tbe vleeoslt¡r-eoneentratlon culrre 1'ncreases raptdlly rf.tb

fncreasfieg concentretlsn. Both p\ysiea-l anil ebenfaaL properbJ.ee of

reprecipÍtateil gum a;re eeEentl.qlly the eame as thoEe of ertrcl.e papaln-

gum. Unforttmately, there nas not eufflcLent m¿ter:l.al avaLLab].e to

clo øugar an-]yel.B on the reprecipftatedl gnm. Eowever, ae golutLoa

vlscoeltÍes of c¡rrdte and rep:reelpltatecl. papafn-guns are the same,

probably neither Bwer cøposftlon nor græ atructure has ahangeril.

Pt¡rtfleatlon of papraln-grru riticl. not remsre the nLtrogenous

usterfaL" Eence, tbe nltrogenous resllue present in gr¡n f.s probably

not a eontamlnantr but may be parÉ of tbe gun strueture. Ae smÍno

acf.cls r¡ere detectedt ín papafn-gum h¡rel,rolyreate, the aon-carboh¡rctrate

fractÍon of gum ie protefnacêollcro flee proteln materl.al nay be pa,rÊ of

a gum ctegrad.fng enz¡rme eyeten tha,t accqrrFanLes the gum. rf an enzJ¡me

f.e present fn barJ,ey gum, f.t mugt be lnaetfvateð by papaÍnr as soLutÍons

of papata-gn, un] lke ranr grn eoLutfone, are etabre. lhe euggegtLon of

Mere<lf.th et d. (a8) tuat eone of tbe nitrogen f.n barrey gtm fs part

of a protef.n-carbobyclrate cøpJ.ex aLso a¡peare plaueible. A altrogenous

reefdue oî ø.oqo represents about o.W proteLn. rf tbe protein

uaterfaL le unbound, Lt sbouldl be renoved by trlehloraeetf.c acid. Ehe

al'te¡m¿t{ve poseibllLty 1e that the proteln f.s attaehetil. to the carbo-

h¡ndrate nater1al and the protef.n-carboþeLrate 11nka6e is not broken by

PaPefir treatnent. lT¡e proteln_nay be bou¡d. to the carboh¡nilrate naterlal

ln suah a say that 1t acÈs ae a cement to hoL<L s¡nå-l1 ¡nlyeacchardde

fragneuts ùogether es a La,r1ge unit. fhe enz¡me system that etegrades
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crucle barley gUmE nay a].ter tbe ltnkage of the proteln-earbo\yelrate

cæp1ex, eauelng the liberatlon of the sna.ller fragnents constitutlng

the polyeacebarLcle un{t. lbe pol¡rneric ettîucture of barley gr¡m Gay

thug be ctue to pol¡rsaccharlcl.e fragnentg thet are cenentect together by

protein naterlal,.

In general, naterlals of poI¡merlc structure lncrease the

viseooity sf a solvent. Val-uable lnfornatfon concernfng the type of

pol¡mertc moleeules befng studleil can be clerlucecl fræ viscosf.ty cultv€eo

If, wetgbt fntrfaslc vf.scoeity (Ïlr - f¡ ls BJ.ottecL agalnet concentratfon
c

(c), tr'uoee (fa) states that nfor neutrral po\mers, the cl¿ta ILe on a

etraLght l1ne wbicb cifmbe wlth lacreaglng coneentratf.on. For ...
polyelectroJ¡rbee, the ctata gfve a curye r¡hleh cLfmbs very eharpry vtth
dl,ecreaslr,rg coneentratlono. Po1yelectrol¡rtes are htgb mo].ecular weLgbt

eubetances that are sÍmuLtaneously eleetrol¡rbes, tfetght fntrlnsie

vf.scosity 1s plotted agalnet eoncentration ln Ftgure 2 for papaln-

grru obtalneril frcm alcohol-treatedl. barLey. A nlnlmrm occurs in the

curve at abou,t O.O# eoncentratLon. llhe shape of, tåe cu¡rne suggeets

that papaf-n-gum ls a ¡ro1yeJ.eetrol¡rte. Meredl.ltJr et a].o (ag) for¡a¿ tUat

erude barley, na-lt ancl. rrort gtus a¡4rearert ts be polyelectrol¡rües. Tbese

r¡orkere for¡nd tþs m{ntma of Lntrl.aeic vlseoelty-se¡¡o"ntratlon eurres

for thege gumg oceurrecl. at about o.l+S +o a.$ eoneentrat!.on. lhe

r¡{nfmum 1n the curve for papaf.n-gr¡m nay J-ie at a Lqrer conceatratLon

beeauge of tbe purity of papaia-gum. PoLar groups causfng polyelectrolyËe

behavLor fn papain-g¡¡n nåy be attrfbutecl to proteia naterfal, poJ.ar

sugar eLerlvatÍveo, or a eæbLnatl.oa of both.

llo dleternl.ne rrbether the proteolytie enaJme actLoa of papaln

llberatecl more g¡ün fræ groundl bar.Ley than çae obtalnecl by d,lrect rçater
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Ffgure 2.

Cuwe eboriag reLatloa tel¡néea vefgbt Lntrlnsfc
centratiøa f,or pepaLn-gum.
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exÈra,etisn of the grala, a serÍee of e:cbrastfoag sas nade on a-leohoI-

treateel bariley grlet. lbe grlst was fÍrEt exÈra,eteô for t¡ro hours rrtth

I pr*e of, dLetllledt r¡ater et roæ temperature. llhe spent gr"alns were

recovered. by centrf.fugÍ.ng the nash, and. were rashedt t¡rlee rr.Lth rrater.

llhe e¡nnt graias nere tåen extracteril ürlee more t¡nder the saee

concLLtÍoas ÌÉth I ¡u,És of rrater. Gr¡m sas Breclpltateel frø each of

tÀe aqueous errtracte a¡d.l¡aehlngg by 3 vofumee of s,Ieohsl. flee prodlucte

¡rere d,r{.eel by solvent exchange and. air-dk{.eG[. The speat gral.tas we]r€

then re-e¡stracteð før 2 h,oure r'ttå I pa,*s oî L$ pa¡raln solutÍonr llhe

nash was eeatrffugeû aad. trLchloracetlc acfdl addect to the J.f.quor. [Tre

preclpltate ïas removecl by centrJ.fuellg and tåe su¡rcrratant J.fguor

added to 3 voluneg of aLcohsL. A ellgþt precf.pitate was recsve:red, frm
solutlon tha,t wa,s storecl øremtgþt. nlhe preetuet rras dlr¿eê by solvent

exehange a¡il air-cl¡leð.

Vlscosfty d€tetmlnatlons were naåe on eoJ.uttoflrs of grru

fractf.one that were tsoLatedl. by suceesslve extractLon of aleohoL-treatect

barley. TabLe VIII contains data on tJrese fraetlo¡se

TleLclE oi tsolatee obtaiaedl a,füer guccessfve nater e¡stractlon

of, barley are much Lower tha,n ylelð oû the c¡trcle lsolate obtal.neil a,fter

the f,lret sater srbractÍon. The 1ør yielrl. of Lgolate fræ papaln

extraet lfgtror lnd.Lcatee that proteo\Éfc enz¡me aetf.oa rl.oes not f,ree

an appreel-able amount of gun fronn spent grafneo Gtm obtalnerit a,fter

pa¡nla e:ct¡actíoa of epent graÍBs 1ø probably water-soLubLe naterÍal

that r¡ae aot re¡nsyerl by water extractfon. Grm preefpltatecl frø
washJ.ngo of spent grafns a¡od. frm eeeond, anct thtrrd. water exbracts ÌÍere

coe'rse, sey, powflerT products" flretr appearance ancl Lolr solutfon

v!.scosf.ty resemble tbe correspon{llng pro¡nrtles of crude gtæ obtalnecl
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Data oa eun rraef|îï":ffî-|çå,iå.råffi:;*" E¡crra*Íon

ïfe1d.

Viecoeity of
Agueoue
SoLt¡tf.oa

ConcentratLon
of Agueous
SoLtrtf.oa

Isolate fræ Lst lrater e¡çbraet

fsolate frø waehlngs of spent
grains

Isolate frø 2nril. rater ertraet

Ieolate frm Jrc[ Tater e:cüraet

IsoLate frcn L$ pepafn e¡ctract

ft

1.2

o.9

o.lt

o.3

o.1

Qpo

134

L2"2

3.o5

2.L'

1.lr?

%

o.80

o.89

o.38

o.69

<. o"æ
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frsm untreatetl. barley grlst. t&e ffna.L grm obtaf.necl af,ter ¡¡afnfn

extractf.sn of spent grafns algo rrae not vlEcous fn agueous soLutlono

flre fotu fEolates obtafned. a,fter r¡ater extraotlon of treatecl barJ.ey

grtet r¡ere unetable 1n eolutf.æ, r¡hereae the protluct sbtef.nedL by ¡npal.n

e¡cbractfon nee stabLe" ltbus¡ al.thougþ pa¡nfn dloes aot Ínereaee gum

yield, lt ðoee hsve a stabl3.lzlng effeet on an$r water-soluble barley

gnm naterial.

Aa papat-u treatneat of, berley had. proved. usefu1 ln the

pre¡nratlea of e gtable gtu, ad.clf.tfonaL ex¡nrfments on gur preparatfon

by this procedure ¡rene underteken. flre flret guns Brelrarect by papatn

extractLon of aLcoh,ol-treatecl barley had. Iorr nf.trogen eontente and ¡rere

very vfscot¡s Ln Êgueous solutl.on" Eowever, papafn obtafneel fræ varfous

eu¡p1y houges proiluced eonsidera.b].e varlatfons Ín goh¡tlon viecosity

of gun obfa.lnecl frø aLcohol-treatedl. ÞarJ-ey. SeveraL of the enz¡me

preparetlone prod.ucedl. gume that had. cø¡laratlveLy low vlecoelty 1n

soLutfon. ReeuLte of the effect of varlous papafn pre¡nratLonE on gum

vfecosfty a.ne gfven 1n TabLe ff.
Gtms preparecl fn the stu€ly of the effeet of ¡rapafn on gurt

vlseosfty vere extracteit, frm aleohol-treated. barley, aB g[m frø thf.g

barley 1s of most lntereet for future lnvestlgatlon" AJ.I pepafa

pre¡nratfons proôucedL grns tbEt rrere etable fn eolutfoa and. had. a

nitrogea conteat of abotrt O.14. îfre ¡¡apata-gr¡Eg a,11 contalneel. gtueoee,

arabfnose, rry!.ose a¡¡d. elther galactose or a sugar of lor Rf vaL+¡ec

Varfatlon¡ f.n soLutlæ vleeosJ.tfes as shorfü Ín TabLe D( lrd,leate that

g¡rns rrere eubJeeteel to varfoue d,egreee of en4rnattc dlegrad,atlon üurlag

ertraetf.on" Unf,ortuaately, tfme clfcl not atlo¡r lmreet!.gatlon of the

nocle of actfon of ¡npafil on barley gu&6o ltlhe uee of papala obtaù¡ecL

" ì::1..:)t:ì-r"
: a.1 t -a ¿: tt.t.,,a.;"'11
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TABT.E Ð(

Effect of Varfoue Papain preparatf.oas on VJ.saosity

of Gune from Aleohol-EreatecL BarJ.ey

Souree

Viseoslty
Bedluctlon SolutfonVlscosf.ty a,fter Alt hre. Coneentration

C lty gheetcal 
C orporatf.on,

I[ew York fJ.

Clty CbenicqL Corporation,
ISew Tork #2

City Oheuteal Oorporation,
New York #3

Gener^al Blochenfcal e, I¡xc.¡
Chagri.n FaJ.le, ObÍo

Sutrltl onal Biochenleale
C orporatf.on, Cleveland.,
Obfs

GP"

3tú
211
289

'12.r
58.3

1lt8

It8

752
l+h¡

5,+6

%

2.3

3.2

d-
ls

o"T2
o.73
o.70

0.8?
o.75

o.88I.'l

0.82
o.6j
CI.79

2.9
2.O
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frcm Sutrlttona.l Bloehemlca.le Goryoretloa resulted. Ln the preparatton

of a gum tbaÈ r¡as e:rtrenrely viscous fa soLuttonr Íhf'a ¡npatn

Breparatlon wao, therefone¡ used to prepare papal.n-grm for further

etuclfee of, barley gun prqpertleer

ff¡OI,ATES¡ FR6{ NEI'BAT,IZED ACID-ATC€EOL,LIqUON^9

Guns pre¡nreel by etther acfdt treatnent or proteolytfe enzJme

treatnent of barleys and ber.Ley ertrasts rrere preelpltateel. ln an

aalct-al-cohol medlfnm. After barS.ey gum wae remweð frm the acfil-alcobo].

Ilguor, a second fraetLon vae preelpltatedL wben the ll.guor was Eade

alks.lfne slth I N soð:[t¡Ð hyritroxicle' flrlg naterl'al vas reesyerecl by

centrffilgfng, dlrlecL by oolvent exchange rrith alesboL, aeetone anct ether,

andt thea aL¡-elrledto llhea clr¡r, preelpitates recovered. fræ a-11-

neutralfzect acttit-a.lcshoL J.fquore vere ereetn to clark brown porûereo lbe

flnåL coLor of, the neterial elepentlecl on the volume of sod.l.m b¡rctroxlÉLe

addedl 1n exeess of aeutra3.lty. llhen tbe acf.d-aLcohsL l-iguor rrEs mad.e

Juet atkalf.ne to ll.tnt¡s paperr the ctrfeil proiluets vere cream colsred.

Ae tbe fsolateE a,re preeipf.tatect fræ solutlon by neutralÍzatlon

of the lÍgnors, tbe prodl.uate probably contaia hfgb coneeatretLoas sf

sa-lts. Eonever, they were aot purifieil, a,ncl p\ysfeal aarL ehenfcaL

pro¡nrtfes were clete¡ntned. rlfreetly on the errrile preeLpltates. Table X

gpntdtns cl.a,te, on some prqpertlee of the preef.pltates obtalnedl fræ
varf.ous neuüraLf.zerl. aef.el-a].eobo1 l-lquors.

Ïfelels of precÍpftates varf.edl eonsfdterabLy among preparatloas.

VarLatlone fn ylelclle probebly cl.ependl on tbe e¡rtent of salt contarnfnatfon

of the products" In general, the ylelcls of prodLuets obtaiaedl by tannlc

eeLrÈt. preclpitatlon and. exbractlon netbotlE are excepttonal.ly htgbr rhese

:.:;.:: -
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Data on Isolates frø lTeutraLf.zetl Aelc[-Alcoho1 f,lguors

lleLcL
1.{itro-

gen

Vfecosfty
of Aqueoue
Solutlon

Coneentration
of Aqueous
SolutLon

Ran Bar.Ley

TrfchLoracetie Ael.el Precipltatt on MeÈhod.

Eydroehloric AcLcl pruofpflrtfon Methsd.

flannlc Aeicl FreclpltatÍon Metåocl

lrÍehLoraaetLc Acict E¡rtraction Methocl

E¡rclroehlorlc Aeld. E¡rtraction Methocl

Tannlc Acid. E:ctraetlon Methodl

Fa¡ntn Extraetlon Method

ALcobol- Treated Barley

ErlehLoracetic AcJ.ct PreclBltatlon Metbod

EycÞochlorle Aelô heeipltatlon Metbodl.

Tannfe Acfê PreeipftatLon Methsd.

l?"Leh].oraeetic Act cl E¡ctractlon Methoil

Eyclroehlorlc Aeicl E:ctraeüi.on Methocl.

Tannle -A.ctcl Extra,ett on Methorit

Papeln Extractf.on Method.

1.r

1.2

6.L

2.3

2.5

519

L.2

4.5

O.3

0.l+

2.3

2.L

9.L

o.6

o.18

t.76

O.TL

o.L7

o.95

o.L8

o.l+5

o.21

o.50

o.L[

9P.

L.o8

1.16

1.Or

1.ol+

L.l-l+

1.07

1.06

1"O8

r.85

1.14

L.A5

1.06

L.0L

L.25

Q.55

Q.67

o.9I

o.53

o.70

4.79

o"5o

o.55

@.57

9.75

a.6,

O"3l+

o,86

o.3?
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lso1ateE are htghly contmlnated. rl.th sodlum sulfate. A1so, yie1d, of

an feoLate obtalneriL a,fter the preclpftatLon nethod. was appLLeð to

barley fs geaeralJ¡r much loner than the yteld. of, nateriaL obtalned.

after orbæctf.on of bar3.eyo SoLutlon vfgcoEtty of theee proriLuets is
1or cqnrect to tbe vtscosity of barley grn eoLution, and. d.oee not

atrìElear to dlffer amoag pre¡nratl.one. Fretreatmeut of barley rrttb

aLcohòI cloes not af,fect the vf.scoelty of sslutlons of theee precf.pÍtetes.

Àlthougþ apparent ooncentratf.ons of so1utlons of preclpltateg ap!,ear

to be hl€þr they are probably fnereaeedl becanree of sa].t eontaminatl.on

of, tbe proðucte. Nltrogea eontent of the proetuate varles consldlerably,

the htgbest belng coataf.necl 1n leolateg f,rø neutra].fzedl h¡rdroehtr oric

aclil-aleohol ll.guors. fio attempt was na,ðe to f.nvestfgate the fom f.s
wbich tbe nitrogenoue materlal is preeent Ln the precipitateer

In a.dlctttlon to nl.trogeneue ns,terfal. the produets contaf.n strgar

cø¡lonents. Aef.d. h¡nf,rolysls of these uaterfals proitueeel galactoee,

glucoser arabf.noEe a,nd rryJ.oee in aþout eguar proporbf.ons. GalactoEe

wa^s present Ln aIJ. preclpltatee obtaiaecl. a^f,ter neutra.llzs,tLsn of aef.it-

alcohol llguore, whereas thie eugar was detectedl only fn guns prepareGL

by proteolyt!.c enz¡rne treatnent of barrey. Eo¡reverr lD generar, the

swqrs eonteLnedl ln barley gu¡ns aJre üre sane ae those found. ia tbe

preôuets frcm neutra-Lized. aeldt-aLcohol 1i.quors.

l|he Pneclpftates resultlug frm neutraLl.zatf.on of acfet-a1coho1

lf'guors '¡rere igolateet inelttentþ tlr¡rlng lmreetlgetlon of methorle o,f

preparatlon of barJ.ey guns, a,nê the prodlucta rrere not iaveetigated.

furtber. Eonever, the resu1te of more f,atenelve etu{y of these fraEtions

may be helpfrrl 1n ecmplettng the ptcture of, the structure of, barley gum.
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fitR1$m PBOPmTIffi CF BARLEY WI,IS

Gt¡m extractedl fron alcohol-treeteel barley rrith papain

so.Iutfon 1e aLmost cconpleteLy free of non-carbobyclrate na,terlal, and.

is very vLsesue anel stable f.n agueous eolutfon. Thus¡ of the se\reral

barrey gums preparecl, papai.¡-gurn le the most suited to etudlf.ee of

barley gum struetÌ¡re. Althougþ f.nvestigation of etructur€ ie beyonrit

the seo¡re of, tåf.e etuel¡r¡ eeverer other propertf.ee of pa¡nf¿-gtm have

beea clete¡sLnþdlr ard. horJ.eôge of thege na¡r eontrlbr¡te ts the

elucl.clatfsn of the Etnrcture of barley güEsr

Effect of Sod,Lum Eydlroxitte on Barley Gr¡m

So(Lir¡n b¡rctro:rid,e b¿s a,a {ÍEortant use ln carboh¡rclrate

chenistry a,B Ê?r e:ctractlon metlfun. CeÏt-r¡al]. polyeaceharlcle neterl.al,

henleelluloEe for ercanple, le eeparatecL frm eerLr¡lose by vlrÈue of

the lneo1ublltty of tbe latter polyeaecharLcle in alkal 1ae Eolutfonc

BarJ.ey guns ancl bemice1lu1oge a"re ctefluedl. by preece (tlf) fn te:cne of

thef.r eolubfllty 1n so¿tium hy{lroxfde. Barrey guus are so}r¡bLe in
aLkÊll as neLL ae ln water, ¡rhereae heuLeellul.ose 1s eoLuble on-l-y 1a

arkaIl. rt te geaereJ.ly belfeved. that a,u€lf treatnent of theee

polyeaccharicle naterlal.e only êlssolves then, anriL cLoes not a,ffeet

thel,r ehenicaL strtrcture.

Barley gme have ¿ madnum solubf.lf.ty fn water ef aro¡¡nê

O.T%t vhereas they read.lJ.y foræ- 1S solutione fn 1 N sodl.r¡m bÐrclro:rlcte.

Mered[ltJ¡ gE gI" e8) gor¡nd. bar.Ley, Bår.t and. wort gms that had, been

refluxecl. rrttb eLk¿tL were more eolubLe and. more vleeous la water tban

the eonresponðLng erudle gürar flrese ¡rorkere repor.rbedL arso that

aLkell.-treatecL guns eontalnecl no nf.trogea and. vene etable fn eo].utiono
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It has been obserrecl riù¡r{.g tåe stucly of g¡¡ns of rerùucecl nftrogen

conteat that ae nitrogenous materÍal ls remø¡ecl progreøslvely fræ
gwtr, $m solubAlity 1n vater fncreases. Eenee, greater rvater

solubLllty of aLka-l1-treatecl gnns Ea,trr be dlue to ua,xlmtrn removal of

nitrogen frø the gt'rne by aI¡ral1 treatnent. In an¡r case, propertLes

of alka-L1-treaterll gtrms reported. by Meredl.lth g! gg. opened. up a ffeS.dl

for consf.rilera,b].e speeulatLon. fherefore, a preJ.lnlne,ry studt¡r of the

effeet of, aLkcLf on bariley grm fractLons obtalnedl. f,ron a].eohol-

treateê barley vae Endertaken.

Treafuent, less Étragtte than nlka11 el.lgestlon, was appllecL

to sereral gung obtatneô f,rø aleohol-treated, barJ.ey" lfbe ¡nlyaaeeharide

us,tertal çaB uguatly clJ.ssolvedt 1n cold. 1 H soctlun hyctroxlcte to fona

1$ eolutf.ons. Iu e@e tests, hø!ûever, gum eolutl.øn ras heatecl to

boiLlng. Botb hot and. col-cl. 1É solutlone of crr¡de barley grn and. gun

obtalnecl a,fter trlehLsraeetl.c acirll preeipitatLon of agueous extract,

and a coJ.cl 1$ eoLutlon of gtrn preparedl by pa¡nln e:cüraetlon of grlst

rrere prepareð.

the gune nere reaÈ1lry solubte La eodltm byelroxtdl.e sohltLon

at L$ grm coneentratf.on¡ Vlseoetty rltetemtn¿'blone rlere mad,e øn allguote

of the gum solutfone. €irn vÍseoeit¡r va,lues ïere ealeuLaterl relatlve

to the vlscoslty of 1 1{ sodl.um bydro:rtrlle eolutfon. Eeateit ezrrde gru

solutLon had. a viseoeity of 9.8! cp. anè colê gun solution haù a

vlseoefty of 9.32 cp. Ae al} gum ïas illEeolveô, the na¡dr.r¡n vLscoslty

of a 1$ aLkall.ne es.Lutloa of ret gtrn obtafnect frø aleoboil-treatecL

bar.ley le around. lO ep" llhl.s vfeeosity value, honerner, Ls much ].s¡rer

than tlre vlscosÍty of anaqueouE solutLon of the same gm. Agueoue rarr

gun eolutlon bss a vlscoefty of h8.2 e¡r. at o.7# gum eoacentrationo
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Sfntlar resuLts sere obtaÍneð ril¿th a.'lkellae eol,utlong sf gru obtairecl.

a,fter trlchloraeetlc acld ¡rrecipf.tatfon of agueous barley erbraet.

Vfgcseitlee of hot andl cold 1$ soh¡tÍons sf thls guln rrere 9.O3 eI¡. and.

L5.7 cp. res¡nctively. lbese values are agaiu mr¡ch l-otrer than the

egneous solutfon vlecosf.ty of 6l+.I gÞ¡ et O.75fi gw coneentratlon.

[be four ¡Ika"].iae sotruül.sns rere t¡nstable, tåeir vÍeeogitLes belng

d.ecreaEetl f,rsn 10 to Lfi e,fter 24 houre. A stable eolutlon resulted

vhen gun tbat naE obtalaeô by ¡npain extraetLon of pretreatect barley

.lras d.f.ssolvedt. ta EoctÍun bydlro:clele" A cslcl L$ eolutton of thls gre had

a vlseosity of 35.8 q¡. as eompareil to an egueol¡B eslution vf-scosity

of 7rA ep. at A.84 gum eoncentratfon. Thus, guns obtaLuedt frø
al.cohol.-treateil barley furpârt a l-omer vLscoa!.ty to altrallne eolutfon

than to agueons solutÍon, and. tboee gr¡ms that are nnetable 1n agÌ¡eous

solutlon retefn their lnstabll-lty in a.LkaLl.

flre lack ef stabfllty of eolutlons of certala gums aplrcars

to be caused by severa.l fectore¡ Flrstly, gums fræ rarr q,nd, aLcohsl-

treateù barleye uay be degx€d€d. cLurfng exüractton and. Ln agueous

eolution. Tso sr more enq¡me aystens nay be lnvolved.. Tbe stmpleøt

eonclltLon lE th¿t 1n papain-gun obtalnecl frm al-cob.o1-treateil barJ.ey,

as clegrrdatlon of tlels græ f.s preventecl by ertracttsn rrtth papaia.

Elrua, one enz¡/me systen nay be lns,etlvateriL by boÍllag 85fi al:cobiol a,nd,

another by papalnr Papø{n also stabf.lfzes grm fron ra¡¡ barJ.ey, but

as thfs gum procLuces a soLutlon of low vf.scosity, lt nugt Èsve beea

clegraÄetl- to an a¡rpreeiab].e extent elt¡rrng e¡cüractlon. Thl.s partial

èegradatton oay be a coatrlbutlng f,actor to fi¡rtber elegrad.atf.on sf

tbe g¡¡n when La agueous eolutÍon.



-6r-

lbe predLLepoeitlon sf certaf-n barley gums toward!.s tnstablJ-ity

f.n eolntfo¡r 1s furdher em¡ftasfzed. by a3.kall. treafunt of gt&¡s, Ran

gros ths,t 41ç r:nst¿þIe Ín agueo¡¡s EoLr¡tLon are a].eo unetabLe 5 alka]-i

Bolutlonr nbereas stable guns retafn thelr etabllf.ty In aLkaIl. Eor¡-

ever, all guns possegg Lorer vieeoeitiee fn olkall than la vater. It
1s most ¡rnl lþsly that enz¡ruee 'nou].¿l be actlve ln I I{ soêLum þtlro:ci.cüe,

so the fnetabf.ltty of certaln gune muet be rega,rdedl as lnherent. [he

d.ffference ln vlecosl.ty betneen agueous gum solutloag nncl nrkaLfne

grn soJ.utfons fg anotber natter. rt appeare that sod.ù¡n hydroxiôe

muet react v'ttb the gua so â,a to retluce moJ.ecuLar conplexity. fhfs rnay

nelL be accøpLf.sheê by the sclssLon of çeak bonéLe tbe,t holiL poly-

saechartd.e molecuLes together. A further ex¡rerLment d.treeterl towarrÉl.e

elucLd¿tlng thfs poiat was wrclerbeften.

[o Ëleterrl.ne the ef,fect of botllng alkatf on barile¡r gum¡

papain-gum ssbracteê f,rsn atcobol--treated. barLey ¡ras d.feeolvedL ln
bo111ng L S soclfum hyciroxfcle to ytelrl a 1É e¡:n eo]-utfon. fÏ¡e solutLon

wae cooleô ancl a,ËLcLeê to J volurnee of aleohoL. &e butly preeipitate

waB reeovered." llhe procluct fræ the sodlfum ?qydroxlcle-aLcohsl l!.guor

ras tJxen cl.Lsgolvect 1n water and. repreelpitatecl by ateohol. Íbe

preeÍpftate sas cenüdfugedt ar¡ril washeeL wtth aleohol untlL the washlngs

vere neutraL tø Lftnns pspero lÌre final prorluet rae dried. by eolvent

exchange, foll-onecl by alr-dr¡rlng. Gtm reesvery from the seconê

precfpltatlon ruas 8o$. $¡e final proetuet yierded. readliIy a 1$ aqueous

eolutlon thet håd. ¿ vigcssÍty of 3.?O cp. relative to the vlseoslty of

tratero The soLutlsa va6 eonpS.etely stabJ.eo A nftrogen ctete¡mlnatlon

on the f.soLate shg|real that tbe repreel.pitatecl gum contaf neð, a"o6S

nltrogen.
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Papaln-gtm preclpf.tatecl fron bollecl alkaLl solutLon r¡ag LeEe

vlseous Ln aqueous solt¡tf.on than pure papaln-gm ilLgEolvecl Ln eolcl

soclfim hydlrorlête solutl.on. llhe nitrogenouE naterÍaI r¡as aot removecl

eonpl.etely from tåe gun by more clrastf.c alkaI1 treatment; nitrogen

content ¡ras reôueeê only a.o$" fbe resLctual protela of pure barl.ey

gre nay funetlon as a bfnd,{ng agent, holdl,lng sus,Lrer polysaeeharirite

fragnente together aE a unl.to socll.rm hyclroxlêe nay then break thlg

eeüent{?rg protef.a nateriar a,rd. reLeaee the snalLer earboþdlrate

fragneats. Redluctfsn Ln ELze at the grm eonplex nouldL accsunt for t1re

Lsw vlseoslty of alkallne gtm solutfon. Í1re eame cementfr¡g naterlaL

cot¡lcl be present 1a the stber guus, but rror¡Lcl be aesocietecl rrlth
qrfra¡eous proteln na,terla^L"

aLthough tåe reeurtE of arkarl treatment of barrey gums dl.o

not provl.cle e4plielt lnfo¡matløn on the influence of nltrogen o¡¡ g¡¡m

propezAiee, they ouggest stroagly thet a protein-aarbobyctrate corpJ.ex

exlsts ln barley gtm. Addltton¿L tests olr gun eleavage.Ìrere therefore

t¡nderbalceu.

Effect of Crucle Barley Girm Solutione on papain-Grs

A characterf.stf.c property of guns leol-ateel a,fter papa.tn treat-
ment of ranr a¡ad alcohol-treated. barley gld.sÊe fs tbelr stabillty in
agueous eo].utf@. Cruele g¡es a¡ad acf.ct-grms obtainect frø these barleys

hs,ve various cûegrees of fnstabil.lty. Meredll.th et er. (e8),,euggested[

thet f.nstoblllt{ of solutl.ona sf enrcle gum ercbraetecL frø ran barley

nay be tåe result of, enz¡rnetie eLeavage of, tbe polyoaccharldte eøpJ.ex.

fhus, these authors 1ryl1ed. a relatLsn between lnetablLfty ancl al.trogen

eontent of gun. llhe e:ctstence of ench a relatlon fa more enldtent when
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the propertfes of reeently preparecl gum fractions are considered."

Papain-gms obtaLneel frm botl¡ barleys conta;ln arounil. O.1S nltrogen,

çhereag acf.cl-gume and. crurle gtrns have nitrogen conteatg of o.b$ to

3"Ùft. If ite8rad"a.tlon of crrrde grm solutfon LE ctue to enzyoatle actfon

ancl the enz¡rne systen Ls remsvecl or lts a,etlon ts fnhlbltedL by papala

treatnent, then a solutf.oa of cr-adle grn obtaLnedl. fræ eLther untreated

sr aLcohol-treatecl barLey ehonlel d.egraðe e sorutf.on of pa¡nln-grn.

To ðetersine Èhe effeat of a solutf.on of ertille gu¡n oB

stabfLlty of papafn-gm so3.utfon, 1 n1. of a r$ solutlon of cructe gum

obtafned. frm ralr barJ.ey nas nixedt rrtth T ml. of ¡m¡nfn-gun eoLutLon

that bad. a vLgeoetty of 180 e¡r. A citrute soLutlon of papaln-gum nas

uEed, Eo that vfseosity ¡roulcl be Lower enê, eoaeeguentry, the t{ne of

fLow of eolutLon fn the vLseæeter nouLcL be'eøparatively shor.ü, ll1re

tnitfal- vlscoelty of the nixture ras 68.8 ep. fîle large lnftlal
recluctfon 1n vÍecoeity te attrÍbuteél. nainly to illlutton of tbe vLeeoue

sorBtf.on. Eonever, ¡¡apaln-gun nae dlegraderl rapfrËu.y ancl in Jo ¡îine.

golutlon vl.ecoelty r¡as reducedl to )8.8 cp. s!.nilar reeuLte Ìilere

obtal.aedl when a solutlon of ranr gnm e:rtraeteê from s.Lcohol-treatect

barJ-ey r¡ae addledt to papaÍn-gum selutfono rnftiaL vlecoelty of the

aLrrture nae J.llo cp. f'wo hours a^fter rnt,.lngr eorutl,sn viscosf.ty wae

123 cpt gru clegrra,clatlon ¡rae al¡ost cmpilete af,ter Al+ hrs. If inetabtJ.tty

of aruèe gtrm eolutlon fe attributecl to èegra,rilatlve aetlon of a,n enzyme

syetem aeecnpan¡rlng the gun, then thfs enzJ¡rre syeten muet al-eo attaek

papafn-gum"

Although clegra,clatton of barley gtlm sol.utfon by enuy!¡e actlon
aBpears J-lkely, the poselblltty that en¡cle gung are Lnherently unstable

ancl clegrra,cle naturally 1e not exclud.eilo In an atterpt to verffy r¡hÍch
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of the poeslbllltLes Ís true, cøpJ-etely cl,egradect crucle gum sol,ution

¡rae ad€led to a viseoue papatn-gum solutf.on. P';ro Lft so].utfons of crud.e

gum erctraeteet fræ al,eohol-treated. barley nere prepa;redl. by ctleeolvlng

the gn ln hot an¡ll eoLcl water. f\ro ilrops of toluene uere ad,ilecl. to

each eoLutton, and. tbe golutlone Ìrere stored for ? etays at rom

teuperature. l{a¡c1ntm degradatfon of crud.e g¡j[o was attainecl. w1thin

7 claysr anct the solutlsng hadl vfscosl.tles of 1 to p cp. At the

ex.ptratlon of this tfmer I mlo of each of tbe heatedl anrl uriheatecl

soLutlotrs of erudl,e gutr ïas adðed., to trro 5 nl. e.Liguots of papain-grm

soLutfon thåt had a vf.scoslty of 28! cp. The erucle gum eoJ-utfons rere

enz¡rmatieal1y actlve and. were effectlve in dtegra.d.lng papafn-gum solutlon.

ïnftlaL vleeositLes of the mirturee containiag heatedl, crudLe gum

sol-utlon anct unTreatedl. crtrcle gun solution rrere lro cp. and. lol+ cp.

respectÍvely. llhese vl.scosf.ty values were not correcteel for change in
coneeatratLon eausecl by cLilutlon" fbe papalr¡-g¡¡m soLutions vere

clegra.decl consldl.erabJ.y¡ a,fter 24 hrs. the nf:cbure contalnlng beatedl.

crtrdle gum soJ.utlon had a vÍgcosfty of \3.1î ep", whl.Ie thet eontelnlng

unheatedl erude gtm solutf.on had a viscosity of 117.6 e¡r. InftlaL heat-

lng of cnrele gtm solutlon <[oes not a,ffect Lts cLegraelative aetÍoRr

l1rl.s ls not eur¡rrf.sing sf.nce the enz¡rme system that aauses grm

d.egradatlon d.urtng extractlon rras not ecmpLetery inactivatedl. by

ctlgestlon of barley r¡"tth bofLlng alcobol. ae papafn-grm solution Ls

ctegradecL by erucle gun sorutLons whieh have been conpletery serf-

ilegradecl anð have attainect egulllbrlum, the cone]uslon ean be drarra

tbat gun inEùablLfty 1s not an inherent barS.ey gr¡n property, but f.s

caus.ed. by a heat-stable enzJnne eystem.
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Partltlsn chræatograpby was employecl tn an atteupt to cletect

s$ar fragments reeulting fræ clegra,clatlon of papaln-gum. flhe reactlon

ml¡cüure of papain-gum soJ.utlon sncl unheated. crude gum eol.ution was

eva¡rorateel to dlr¡mess by red.ueed. pressure clf.stf.l-LatLon. the reEld.ue

¡ras d,Lesolveel f.n o.2 m],. vater andl an allguot of the go].ution vas

ehrmatographedl. so free sugarÊ or poJ-ysaccharf.de fragnente rere

deteetecl. I¿bk of cletectlon of polysacchar{.ðe rl.egraclatton products nay

be becauee the guantity,of reactÍon proctuctg fo¡medt is beLcffi the

nLnimun anount reguLredl fsr detectlon by chrmatogra¡ùqr.

Begults of these ex¡nrlments support the suggestÍ.on na,cle by

ìlereGtLtb et e.1. (a8) t¡at gr¡n lnetablllty le eaueecl by enz¡rne actlvlty.
stabre papraln-grm soLutlon ie degrad.ed a¡lprecLably by solutlons of

erucle barLey gun ercbra,etecl fræ elthe:r rew barl.ey grfst or aleohol-

treatecl barley grlst. Althougþ no reactf.on proôucts vere dletectecl, Lt

Ls evtalent fræ the redluetlon 1n solut!.on viscoefty that the poly-

saecharåcle naterLal. of prapaÍn-gum fe cLeaved. lnto sna,Ller fra6nents by

søe agent present fn crud.e gum soiluti.ø. Degr"adatlon ls not a result
of f.nherent gum r¡etab1l1ty, but appears rather to be causecl by a

dtegradlative enzylne oystem that ls preclpitatecl. r¡"Ith erurle barLey gum.

Effect of X-Enzyme on Paoain-Gr,m

Recent imrestigatf.on of barley and. nart gume ehowett that
viacostty of agueous eoLutlong o'f, these pol.ysaecharl(le na,terials eor¡].d.

be red.ueect by a csmercf.a-l preparatfon of d-aryLase a,nd. aleo by en

extraet of green nart (2, p. 32). Further studÍes ind.f.cated. tbat a

solution of lnactivated o(-"ryrase was eLso capaÞre of reèu.e{ñg gr¡¡tr

eoLutlon viecoslty. llhts reeult lnd.lcatect that a degradatfve enz¡me

syetem, other than d-amylase, rrag ¡resent fn the cosírnercLal
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prepe'ratLonc lhe carbohyclrese eyeteu ïas subseguently lsolate¿ from

both a bacteria"l souroe and. green ¡!al,t, and. was tentatlvely namecl

X-enzlme (l+).

Bass, Meredlfth anrl anderson (h) used. a mocll.fLecl raw gum

obtainedl frø untreateel barLey as eubstrate for thel.r stucl,fee of
X-enzlmer Mocl.lffecl. gum wae prepareeL by cLlgeetfon of c¡ruèe barl-ey gum

rrrtn $ater. The nodllfiecL proèuct conta!.aea o.7% nltrogen. fbls gun

nas not ent!.rely satisfaeÈor3r for enzJ¡Bre kinetLc etud.iee, as Ít çag

lon ln viscosLty anrL u'retable 1n so.Lutlon¡ Tberefore, kÍnetLc stu€LLes

of x-enz¡rne were elteeontÍauecl. untlL a more satfsfactory gun rras

pre¡raredl.o If the vlecoue anril gtable gum extraeteËl wtth papafn frø
a"leohsl-treateè barJ.ey is ctegradect by the carbohydlrase systen, tJrls

pelyeaceharfdle naterfal wor¡Ld. be setfefactory ae a subst¡ate for
X-enz¡me klnetlc Etud.Íes.

llo deteral¡¡e the effect of X-enz¡me @n papaln-gum, alLquote

of X-enz¡rne goLutLsn prepared. frm Walleretelnt'e 'r c{ -AryLase Speclal

for Analyttcal FurTroees", ar¡dl. buffered at fr 6.j, were adcl,eË¡. to vûscor¡E

gum solutÍongo One nlLlfLlter of X-enzJioe sslutLon r¡aE adclec1 to f nL.

¡lÐpellr-gm solutfon th¿t had. a vfseoelty of, !@ cp. Solutlos vlseosLty

measured. fnnetl,lately af,ter mfrÍng rras 3.83 strr. X_enzyne nust rapl.clS.y

eleave the ¡lolyeaccbarl.cle natenl.al to reEuLt fn sucb a narkec[ deerease

ln vlecoEity, al.though part of the vLecoefty ehange ls dtue to cll.Iutioa

of gtu sorr¡ttron. after J brs. in contact rrtth the ca,:åohyclrese, gn
vfeeoslty r¡as reèueed to J-.J! cp. Ifitbln 2l+ h¡e. a vhlte precf.pltate

selnratecl' fræ tlre mlxture. Snel1er allguots of X-enz¡rme were equa1l¡r

effectlve for gum clegrad.atlon and. resulted 1n negllglb1e d,tlution of
gm solutf.on; 0.0J. aLo x-enzytse eat¡sed. 8fi degaÃa,tlon_ of gtm fn 2 hrso
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llbe eazynatÍc reactLon proceeclecL r¡nt1]. the golut!.on vf.ecsslty was

around.2 cp. Ffgure 3 sbotre the rate of vLscoelty redtuctLon of papafn_

gt]lIl' soLtrtLon caueeê by O.OJ. ¡Llr X-eazy'me. Tt¡e Gu¡1re eqghesizeË the

fnttial raptd. elecrease tn solutlon vLscoefty.

AJ-thougb O;O1 nL. anil 1.O m].. of X-enzFe eausecl eguÍvalent

decreases 1n eoluti.on vLscoslty, tbe guantfty of nsterler that

se¡nreted. frm the t¡ro Eoltrtlons s,fber 2lr hrs. reaatf.ou tLme was not

tbe game. &e precipltate reÊul-ttng frsn the a,êclftLon of Lno ml. of
X-€azïne to pa¡ntn-gUm so};rtl.oa rras sore yolumfnouso The precfpltate

recovereð frm the reaetlon nLxture containedl, glucose, arabinose an¿

ryIose. [he Breeipttated. rna,teriel coukl be either a part ef the enzû/De

materfal or a clegrradatton produet of tbe substrater The Lstter
alte¡lnstfve searntr uore ll.kely, ae a E{milar preclpltate.sag obtaLaed,

frø the reactfor¡ ni:cbure of papafn-gum soLutfon anê crucle gum

solutlon. Papaln-grm ls etegrradecl more elorJ.y by erudte gum so.lutf.one

than by X-etlz]Irer nbese reeults are further evicleace that erucLe barley
guus contaln a grmrd.egfadfng enzJ¡ne system.

Vlscoslt¡r ¡eiltrctlon of gun EoLutlon ladlleatee that the c6,rbo-

4ycl¡aee system cleaves the carbobyúlrate uaterlar lnto süå,lLer poty-

saccbartcle fragnentoo Ehe detectlon and. lclentfffeatlon of these f,rag-

ments wouLrl yleLrl e@e uÊeful evLcl.ence for the problem of barJ-ey guu

Etructtrre. Bherefore, althongþ Baee et aL. (l+) ¿fe not cteteet an¡r free

8r¡gajrs or suger fragnents ln the reactl0n mf:rture of x-enz¡nne anil

nod.lflecl enrd.e barLey gun, lt eeemed worthrvhfLe to chrmatograph the

reaetÍon mfrçture of, X-enzJme ancl. papal¿-gÞrrr
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Figure J.

Cur¡re shorrlng relatfon betrreen apeclflc viecosity anrl tlme for the
reactfon mfxture of X-enzJme anrl, papelj-gl&r

t'

I

E
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One ntlllter of X-enzyne soLutlon was nl.xed. vttb LO nl. of

1$ so1utloE of gum extracted. rith Bapain frø alcohoL-treatedl, barley,

ancl' the reaetfon rras al-Io¡reel to proceeê for 36 hrs. at roæ te,m¡nrature.

ToLuene r¡as adiledl to the reactlon mfxture to preveat baeterial growtb.

A white preclpltate rras renoved. fræ the eorutfon, ancl the rlguor

wae evaporatecl to clr¡mess by recluced. preseure il.lstll1atlon. Tbe

reElckre ¡rae d.lsso1veð fn 0.1 rn1. vater anËl J_J pL. of the Eolution

vere ehrøstographecl for sugars.

ïühen eprayecl rrlth anf].iae ¡ihos¡ihate, three epota vere

vislble on the ehrmatogram. One of the three sugar epots wag et tihe

atartfng lLne on the cbronatograni tåle apot bad the ehaJraeterfstfc

color of a pentose sugaro fre other tno sugar eBots ¡¡ere lower oa tbe

cbronatogran a¡.dl hadl. Rg veluee of O.Ilr end. O.llO. Rg ie the ratio sf
tbe cllstance the r¡¡knstr¡r EugÊr travelE to the ðleta,trce travelledl by

gJ-ucose on the same chronetogran. TLts value i.e used. to replace nt (36),

as caLeulatlon of the latter value reqtrfres measurement of the d.lstalrce

the golvent front travels on the ehrmatogram dturLng ùevelopneat. Esn-

everr to easure eufff.efent resolution of thege polyeaecharld.ee vltb
the eorvent systen etbyJ. acetate/¡¡rrttllne/nater, the chrmatogran

muet be êevelopecl for l+8 hrg.¡ ta vhleb tLne the solvent front rnns

off the fllter papero Both spots of low Rg velue hadL coLors charaeter-

fEtle of hexose sugsrsc 1he eligbt movenent on the cbrmatogram of

these three fra€nents reratlve to glueose lnrtÍcates that they are

dteffntteJ.y of greater cørylexlty than sf.rple sugarg, and are probabry

evea more eouplex than rË1.1- or triEaceharÍêes. No free sugar fragnente

rrere deteetecl' ln ef.ther gum solution or X-enãïme solutioa, therefore,

the ollgoEaceharlcle f,ragnente mrrst be cleavage prorituets frø papai¡-gt&e
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floe aøponents of theee three oligosaeehsrf.ctes ïere

ldleatlfled. by þtlrolysls of, tbe polysacchar{.dle fraetions and. sub-

segueat ehrøatograph¡r of the h¡rôroLyeatee. To obtaln etÉficfent

quantltf.es of tbe olfgosaccharlctes for \ydroþsis¡ a stree,k sf a 
.,ì,eolutl,on of the resl.dlue frø the reactfon nücture vas pilaeecl 3 lnehes '

fræ the encl of e sheet of llhafuan iloo L flLter paper (6 x 2p tncbee).

Ehe etreak $as 5 f.nehes fn Length ancl ïae pracedl one-harf fnch frø 
:

eaeh elde of t'he paperc lfhe chrøatogran sas riteve]-o¡nê for hB breo .,,

rrlth the soLvent syetem etþl acetate/pyrtdl.fne/rrater. The Baper nas :::,,

afr-dlrleril a,fter dlevero¡ment¡ o¡ne iach strips vetre cut fræ each

lengthrJ.se eelge of the chrøatogran anrL sprayeô rrttb anilÍne phosBhateo

lbe sugar spots on the ff.trter-pa¡nr strlpe sere useê ao gufdl.es to
ritetezalne the Locatfon of the sugars on the unsprayect pa,r* of the

chrematogræ. llhe eeetloas eontafaing the oLtgoeeccharicles rrere theB

e¡rt frø the paper. Aa equf.narent sectf.on of, ffLter rraper r¡ag.useð

aE a ceLlnLose blanlro l1re oll.goeaeeharidles were erntecl frm tbe

fflter-paper eectlone ¡rtth tso IO u.1. portl.one of r¡ater. ltbe eotutions

rrere flltered throsgh gl.a.ee çooL and. evaporatedl to (LrTaees by :,,,,, 
_.

red.ucecl Bre8sure dlstlllatfon. lbe resid,ues rler€ then þrlrolyzed ., :::

rltb sulphurLc acid. After aeutnllzatlon a¡ad. reÉLuced. preseure :

dtigtlJ.latlonr the reEldluee fræ hydlrolyefe rrere d.fssolvedt la O.I trI.
water, and' 15 ¡r1. of the golutlone rrere cbrøatographed. llhe chrøato- 

:: .::;,grsns vere developed for Pb hreo 0olor of the swãr spote vas egaln ,,, ,',1:

ðevelo¡rccL rrlth arrrlfne phoephate spta¡r.

BeeuLts of, chræatograpby of the ollgosaeehartde hydíoJ.yeates

ebsw that the three Euggr fragnents conslst of two glucosans and. an

arabo-ryro-glucosan. The base Ltne Bugar spot contalnetl glucoee,
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arabl.noee, 4¡Loee a¡d, a swar that yfelcledl a brom oororeil spot of

Rg O.ã7. Thie epot of 1or Rg valne ïas uafdentiflerit, but nay be.

due to a prodlnct reeulting frø. lncø¡rJ,ete byclroryele of the ol1go-

saecharl.deo ÍÌle poer.tlon of thls spot on the ehrøatogran correspond.s

to the s¡ret of, 1o¡r Bf va.lue tbat rrae fregueatry for¡¡d vhen tbe

bydlroþsate of papaln-gum was ehrmatographeê. ÍTre oüher üwo orlgo-

eaßchå.Hldee ¡rleJ.decl. eøparatlvel.y heavy eoneentratlons of glucoee.

flre byilrolye¿te of the ee1lr¡Loee bla¡¡k cor¡telned. no sugars. Flgure t+

shors a ehrcmatogran bearlr.g tbe tl¡ree olÍgoeaeebarletee atrd. thefr
respectlve hyctrolysis produete.

lbree of the four sugar epota belss A in Figrrre h represent

orlgosaecberfdles¡ the for¡rth andl ].srileEt sugar spot fe a glucoee

reference spoto The hearry-coloredl epots on either slcle sf B and D

represent gJ.ueose, arabl.aoEe ar¡d. :çylose, 1n ileseenålng otr€etr. These

ref,enence Eugars alel the lttentlficatlon of' rurlrnsÛnr Broðucts. The

fal.nt spot a¡rpearÍEg above glueose is a gþost spot that is aggoeiatecl.

rrlth tåle sugar 1n the eoLvent uged. for clevelotrment. Ehe sugars belsw

B, c and. D are the hyrlrolyefs prod.ucte of the orfgoeacchartdes. rbe

Eugers bels¡r B are eontatnerl. fn tbe þdrorysate of the base llne
ol.Lgoeaeeharide, vbfle tbe sugars beLow c ancl D are the reepeetlve

bydrolysls prodlucts of, the Iswer oligoeacehariðes.

llfbe saüê olfgosacaha,nf.èes were obtafneel. by the aation of

X-enzlme on eÍther hlgb. or Lsn nvLecoslty-gfvlng" papet¡1-gtmao EoÌrever,

the chrematogrsn of one reactlon nirrture containecl a pentose-coLorecl

base Llne spot and. three hexose-eoLoreel olf.gesaechnrl.cle spoto. lghe

Rg varuee of the Latter spots were o.@!, a.Lg a^Bd, o.ào. oa Trycl.roþste,

onry two of theee three ror Rg spots ylelded. glucose¡ the thlrrit eBot
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Flgure l+.

Chrøatogran ahowlag the conpoeitlon of ollgoaaecha¡fcles lsolateeL
frø the reaetfon mixture of X-enr¡rue antl pa¡nfægrrmr

A = ollgosa,ceharldlee of Rg 0.O, 0.11+ and. O.]O and. glucoee.
B = h¡rôrolyeie products of oJ.igosaecbarl.de of Rg 0.0r

gl-ueoae, arabl.aoee anel rryJ,oee 1a deseenctfirg otrdler.
C = þelroLysis produete of olfgoeaacharldl,e of Bg O.ll+¡

gJ.neose.
D = hydroLysfs produete of oÌlgoseccbarirte of Rg O.4O:

gLucose.

l$

ffi
qþ
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g€,Ye no 8ugârBr ÍÌrla thfud. spst uay have been producecl by a contaminant

on the paper.

[he clegrad"e,tfve actfsn of X-enz¡me on papaLn-grrn e:rbraetecl

frm alcohor-treated, barrey frees at least three sorubLe oLigo-

saceharfde fractLone frm the gm. Oae of these f,ractlons is a,n arabo-

rylo-glueos&lu Assoclatetl rr.tth thfe coupLex fractfo¡r Le ano+Jrer

saceherfde th¿t nay be galactose. Tlre other trro olfgosaeeh¿rj.de

fractfons are glucoEane. l1re ccn¡rogltioa of the three olf.gooacchar1êee

obtalnect frm. papain-grn ls anq.l sg6r¡E to tbe aæposltion of three

porysaccberlcte fraetlons f.soLatecl by GirJ.es, Mereôi.th and. sntth (L3)

frø, raw gr.m e:rEractecL frm. al-cobol,-treated. barreyo fhese workers

founcl that netbylated rarr gum contalneê three polyeaecharLcte fraetlons

vhf.ch, vhen þdroLyzed., ylelGletl metbyLated. grm¡¡Le sugars. Cm¡lonent (a)

on bydlroJ.yele gave 2, 3, !-trfaetþr arablnoee, p, l-cl,fnethyl rqrlose,

2-nethyl lryloee a,nd etupJ.e :ryIose l¡c the morecu].ar ratfo of r¡j.2¡4¡2

reepeetfvery" cæponent (b) on hydrolysfs gave tetra-, tri- a¡rGl

clt-netþl glucose ln the molecu].ar retio of r¡6sl ree¡netLvely.

cøponent (c) en byclrorysf.s gave zt 3t 6-trrnetuyr glueoser Ae onry

one metJr¡r3.atec!. sugar ïes obtelned. from cø¡lonent (e), tfrfs polyeaecharldte

frastf'on apllears to be etn¡eturally reletecl to ce]-LuLose. GiLLes S d"
obtalnedl an arabo-ryIan fractlon ancl. trro gLr.lcoean fractlons frø rsü
gum extracteel frq alcohol-treatecl barJ.ey. Tllue, both ras grm and

pa¡nin-gun errtraetecl fræ e]-cohol-treateet barley contaÍn three s{rntLar

polysaccbarfcle fractlons.

fhe poLysaccha,rld.e fragnents eontai¡edt in barley gum nay be

cenented, togetåer ln a cøp1ex by protela materfal. X-êDZJtoê apparently

breakE the bontte of, tbe proteÍn-carbob¡rdrate cøpLex enê Lfberates the
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poJ.yaaeeharfile fractfons. I{o protefn fragnents or free aratno a€idrs

were detectedL in the ,reactton nl:ctr¡re of x-enøyne anrt ¡ragala-grn.

tack of ðetectLon of nltrogenoug naterlar by ebrcmatography nay be

due to tbe llberatLon of lneÌ¡f:31r1ent protef.n ¡naterial fræ selseLon

of the eomplexo Proteln nay aot be remsvecl eon¡rretery frm the

ecnp3.er. sæe rreak bond.s of the prote!.n-carbobyctrate cæplex nay be

ileetroyed' by X-enz¡me, whereas strorger boncLe renain r¡naLterecl end,

binct the bulk of the proteLa to ecme carbob¡drate nateriaL.

De$adet'ion sf papafn-gun by x-enz¡rme is r.üd.icateð by the

recLuctf.on ln gte eoLutLon viecoo!.ty a¡d. the ldleatLffcatlon of cleavage

protlucts ln tbe reaetlon mfxture. Ðegra,clatlon Liberates ol.f.gosaceharfdles

fræ the grmo llbeee ollgoeaccharldes ma¡r be bonnd. togetber by proùefn

neteria.L Ln a protein-earbohydrate cø¡rlex. [he preoence of X-enz¡rme

nay dlestroy the rreak.bonels of the gum conpl.ex and. tbue reEult la gnn

clegradatlø.
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Gq[ffiAI" pIsgnssI${

ReeElte of experlnentaL çork shon that papaln extractfon of

alcohor-treateê bar,ley B:ochrcee a non-starch polysaccharldle that

fe very vfgcous ancl stable ln agueous solution. Tlris uaterfal ts
aJ-uoet cæpletery aarboþclrate, but conta,r.ns aþor¡t o.l$ nttrogen.

Pro¡nrties of t'hts gum materiel can be cqrared. to the propertfes

of crude barJ-ey gtm. 5*re Latter gun prod,ucee an unstable aqueoue

soLutLon of lofr vf.scosf.tyo The nitrogen content of crudle g¡n le about

3.Ø. Both papa.tn-gm ancl. cruele barJ-ey gtm contafn a¡rproxfnatery

g{ìîf}ar proporttonE of the F&€ eugargo fl¡erefore, the nLtrogenous

naterLar of crude barley grm refleetE the cLif,ference ln pro¡rertles

betlreen tbe tno products.

Nitrogenous s,ateriaL vas progreselvery removeel frø cruôe

bariley gm by varlous proceðuree, aefrL reagente ancl a"lcoholfc

treatnent of, bariley remo\re søe nitrogen fræ gum, but the produets

are trr¡etable andl. aot very viecoue Ín agueous solutl0n. TIle bulk of
the resLdluaL nitrogen Le removeel by papeln treetnent of barrey. stuer

of the properbl.es of these guns of reÉlucerll nitrogen eontent has

provl.dleel a key to the e].ucfd¿tfsn of the roLe pJ.ayecl. by nitrogen f.n
barley Sürnao

TIle nl'trogeaous naterl.aJ. that 1e remouecl moet easlly fron
cnrile barley gum f.s t¡nbor¡ncl, or extraneous proùe!.n naterlal. fbls
naterial can be dtstlnguleheil by treatuent of bar!.ey anel, barJ.ey

extraats wfth hydrochlorLc aeld. anct trf.cbLoracetic aeld.. Eyclroc¡Lorfc
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acl'dl reüqveg a¡fd-eoluble proteln frø erucle gum, vhlJ.e trÍehloracetlc
acld' removee the regl.dlr¡e of extraneous protein naterlal ae rre11 as

aeld-soluble proteLno Thege two fractlonE were removeð frm cnrde

gm rrlthout af,feating gm structure¡ Eorever, ytelct and. nitrogen
content of gnns recovered. a.fter acfcl. treafuent of bar.Ley and. barrey
e:rüracte vere lover. f|hfs treafuent was not as effectfve ln rectuel.ng

nftrogen content of bar.Ley gun as a.leoholfe ctf.gestÍon of barJ.ey prlor
to'r¡ater erctractf'onr Alcohol cøpIete3.y removes extraneous protefn
uaferia^l frm' erude barley gm. Ìfhen trf.cÏ¡LoracetÍe acf.cl ¡¡ae addecl

to an agueous errtract of areohol-treatedt barrey, only o.JS protefn
naterla,l vag recovered.r Eowever, alcoholÍc treataent of barley not
only renoves extr€'neoue proteLn frø grrm but al,so a,ffeete grm propertieo.

sorutron vr.seosfty of gun vas facreased. greatry ae a ¡resurt
of alcoho.Lic rilfgestton of barrey, 

'rhereas 
gun yleLd ,wae reðuceclr The

cllfferenee fn yJ.eJ-ê between cnrde barley gun antl grm obtaiaedr. frø
aLcohol-treatecl barley aannot be entlrely attrfbutect to removal of,

protein material by al-cohol, but ¡nust be eaueedl by eøe ogrer factor.
Freeee ancl Ashrorth (lr4) suggeeted. that there are trilo fractl.one

of pentosans ln barley. One ¡rentoea,n fractfon fs preeent in a r¡ate:¡-
eoluble state, whereas the seesnð fractl.on le tnltially inEorubLe. Eow-

ever, the Latter pentooans rnay be eonrerbecL lnto water-solubl,e prodncts
by enz¡me aation clur{ng naehfng of barley. rf thie enzynatlc aetl.on
ïele preveateê, then lneolnble ¡rentoea¡r naterf.aL vouLcl not be e:r8ractert
rfith water-eoluble gtm. Mered,Lth (e?) ror¡n¿ that aLcoholie treatment
of, bariley prtor to nashing eonsleterabþ reduces the yleldt o,f gum. Íhe
d[eerease fn gun yfeld eould. be attrfbuteel, to prevention of the enzJnoe

actl'on that I'e reeponslble for the reLease of certalu pentosaü ü¿terfa.l

- ,. -..::... . l.:: ::
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from barley. ïf.eIês of gum preparecl by hyclroehJ.orLc eeltl¡ trf.ehlor-

eeetlc acict a¡d. papain treatnent of rarr ar¡el a.lcohol-treatecl barLey

offer eonfLmatorlr evLclence for tbis ÌrypotJreels.

AJ.eohoLlc elÍgeetLon of barley proðueea guns that are more

viscor¡s fn agueous eo.Lutton than crtrcle barley gmr Freece anel

Ashlrorth (hh) sugeeEtecl that crucle barley gum uay be ctegradecl d.urfng

e¡rbractlon by a eytoelaetf.c enzJme systenr Grm strueture appears to

be pol¡rnerfe and. tbe polysaccharfele moLeeuLes na¡r be enz¡rnatfcally

clea¡retl to yleJ-tl sma].ler fragnenta, thus resultlng Ín l-orer golutlon

vfecosity. DlgestLon of barl-ey rrltb alcohol partlally r¡hibl.ts the

aetion of thie cl.egradatlve enz¡¡!ûe system. Eence, the molecular

cøp1exf.ty of gtrn frm aLeohol-treateel. barl.ey 1s greater ancl. soLutLon

vlseosÍty ls higþer than that of ertrde grm.

Aelè aLso qIEears to lfnft the aetfon of the etegrad,ative

enz¡me systen. Aeldl. extractLon of ralr barLey prod.uces gun that 1s

mone vLscous fn agueous solutlon than cruele gum. T]¡e ad.cl.ltlon of ac1il

to agueous errtracte of rar¡ bar.Ley, hovever, bas no effect on gun

eoLutlon vlseoelty. Thie ree¡¡Lt le obtained. because gx¡ms reeq¡ered.

frq¡ aeÍcl-treatecl agueous exöractc h¿ve been cfegrradedl durlng agueouÐ

exbracttonr æð so adctltLo¡r of acicl cloes not a,ffect a ehange ln
molect¡lar cmple:dty of the gr¡rgc flleee resulte fmply that nashlng

at !Ë 1.0 parbially fnhfbltE the rtegradatlve actLon of the enu¡me

eysten. E:rtre,etion of araohol-treatecl barley ¡rlth acld. d.oes aot

result Ln an lncrease ln solutlon vieeosity of the recqrered gtm. Thus,

an aeLct ¡ñ 1s no lnore eff,Leient than aLeohollc treabnent of barley in
lnhlbitfng the actLon of the gun cLegrading enzyrne system dLurlng

e¡rbraotf.on.
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Extractlon of alcobol-treatecl barley vlth papaln effectfvely

f.nhibfts grm d.egrad¿tLon elurfng extraetlon a¡d. ln agueous gm, eoJ.utf.on.

SoLutlon vleeoeÍty of papaln-gum rÍas inerease€l tenfold. over that of

raï¡ gum obtafnedl frm eJ.eobol-treated. barl-ey" UnJ.lke raw gun soJ-retlons,

solutions of papatn-gme obtaineel frø. elther rær barley or alcohsl-

treatecl barley r¡ere etable. Mereclltb g! g¿" (a8) suggestect tbat

tnstablltty of agueous soLutlons of cnril.e barley guü nay be eauEed.

by cJ-eavage of the gtm poLysacebarlcle naterial by enz¡mee preelpitatect

nith, the gum. ResuLts of papaln treatnent of barLey support thls

vler4nfnt.
-Barley gms that are unetable fn agueous soLutfon a,re un-

etabLe ln alkalfne soLutlon. It 1s moet unLfkely that LnstabfLtty 1n

e1kaL1 is eaueed, by enz¡rne aetlon. Sod.lun hycl,roxicle f.s comaonly ueedl

1n organf.c chenistry to remove nftrogen frø earbohydrate materfaLe¡

antt polysaccharlcleE are general.ly be]-ieved to be unaffeeted by eoitlun

bycLroxfete treatment. Eowever, clegracleel barley guns nay eontain a

varlety of polysaccharLcl.e mslecul-es that can react at varf.oug ratee

rrtth so€lfum \yclroldele. fbe reeu].tant eha,ngee fn the guns resembLe the

pbenøenon of enz¡rmatlc grm clegradatfon"

$ro enz¡me systeos that a,ffeet gm propeztlee nugt be aseleed.

to exlst ln barrey. 0EÊ enz¡rme eystem ðegrades the polyeaccharlcle

naterlaL cturLng errtractf.oa of barleyo lhfs eazyme ls partfally

lnacti-vatecl by bolllng 85$ aleohol. lbe seconcl enz¡me eystem, rrhfch

gurrrives alcohollc treafuent¡ !.s prectpltateil. vitfi the grm. EhiE

erua¡rme calßes gum lnstablJ.lty in aqueous soLutlon, but 1t Ls lnactlvated,

by papafn treatnent of barley.
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tþe mocle of actLon of trm1nln on alcohoL-treated. barley was

not investf.gatecL, but a factor that prevents grm d.egrad.ation appears

to be present 1n some papatn preparations. Several papain pretrnratf-ons

d.icl not prevent gum degrad.ation, ancl. the gum products produeetl solutions

of viecoslty comparabte to viscosity of soLutions of ralr gUm from

aleohol-treated. barley. Different papain preparatf.ons nay have the saroe

proteolytic actLvity, but contaln another system preÉent as a varlable.l

The effects of thls rariabl-e have not been lnvestLgated.. Ttre presence or

abeence of the varlable nay vell- be the ea,use of tbe varlations ín

nolecular compLexlty of palmin-guns obtafnetL from aleohol--treatecL barley.

The variabl-e faetor uay be a substance that ir¡hlblts the actlon of the

d.egraclatÍve enzJme, or ft nay be another enz¡me system that d.estroys the

clegra,cting enz¡rne precipltatetl r¡'ith the eonpJ-ex polysaechariile naterial

of the gUm. The souree a,ncl mod.e of aetlon of thls variable 1n papafn

preparatlons shoulcl. be lnvestfgateô, lf gun extracted from aLcofrol-

treatecL barley r^rlth papaln fs to be etuclletl firrther.

Althougþ aleoholÍc treatment of barl-ey, eomblnedl wtth papafn

extraction of the grlÉt, removes the br¡-lk of nitrogenous material from

c:rrðe barley gum, 6ome nf.trogen 1e stlll- assoeLate¿L with the poly-

saccharicle. Íhis nitrogenous naterlal fs boundl quite flrnúy to the

carboh¡nlrate material. It ts not a protein eonta-mtnant, as it ûas not

removeil by repreeipltatlon of gum from trfchLoracetie aeid. go3.utlon.

The conelusion mtrst, therefore, be clravn that the nitrogenous naterial

ls lnrt of the gm str"ucture.

1 Fersoaa,l cormunicatLon from S. M. ![ann, Nutrltlonal Biochenieals
Corporatlon, Cleve1ar¡d.r Ohl-o.
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E¡e resl.ðua.l nltrogen rese$bLes prorteln naterl.al, aE â¡1

hydroLyoate of the gtm eontalneril snlno aclcls. Merecl,ith É g¿. (28)

suggesterl tbat e@e nLtrogenous natedaL of barley gun nay be part

of a proteia-cerbohydrate eætrü-ex. The reefdual protef.n of papratn-

gun na,y form a cmplex wlth the poLysaceharfcle material of the gum.

f,Ire em¡ú.ex may not be chemleally unftecl, but na¡r be bouncl together by

rreak bonclrs, such as hydrogen bonôs.

lÍbe earbohyttrate us,teri.al of barley g¡m appears to be

cæprÍeecl of severa.l polyeaccharlrte fractl.ons. Íheee fractLons nay be

eementecl togetber by the protef.n uaterla.l to fom the ecmpJ.ex guü. f1re

exbrenely higb ,solutlon yl.ecoslty of gum extraetedl. rrLth gnpaln frø
alcohol-treatedl barley can be e:p].af.neÉ|, by thf.s Tq4rotbeeis. E:ctraetlon

rrttb papaln preveute clestruetton of the weak ltnka€es of tbe protetn-

earbobydrate eemplexr anô thtrs the gtu has a ver¡¡ branehed. etructurer

Aplmrently the boncle blael1ng the proteÍn nsterÍal to tbe

earbobydrate fractlon are susceptlbLe to the actf.on of the enz¡me

systen that causes grm lnstablJ.lty' fndeeel, the cleetruetfon of tbLs

eenentlng naterd.al Le probabþ the lnttial cause of the eleavage of

g¡n tn agueous EoLutlon. Guns obta.{.nec[ fron rew barley heve had. the

protef.n- carboþilrate corplex a!.uoet cø¡ùete J.y tlestroyeril by enz¡rme

actfoa durfng e¡ctraetlon of grm frm barJ-ey. [be eøplex eontainecl f.n

grm obtafnecL frø aleohol-treatecL bartey J.s only partlally ctestroyedL

durfng gum preparatl.on" Eowever, dleetruetf.on of the cøplex f.s

eompleteel Ín agueous solutlon by the clegrad.ative eauyrn syoten con-

talnedl 1n unstable barley gürrsc

X-eazJEe also cl.egrades barley gum' Flaie enz¡me, or enuJime

eyetem, ua¡r not cLeave the aarbohyil.rate na,terl.al clfreetly. It rney
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mere\r clestroy the rreak bond.e ceneatf.ag the proteÍn and carbob¡nclrate

nateriaLs, ar¡al thue cause tbe liberation of gnaller poþsaecharLrle

fragnenteo lhree oJ.lgosaccharlcles we:¡e obtalnect by the act!.on of

X-enz¡rue on pa¡nin-gumo flreEe ¡rere tr¡o glucosaas end. a¡a arabo-ryJ.o-

glucosan. Íheee olLgoeacchartetes are sLnlLar ln eæpoeltlon to

tbree polysaccharldes fgolatect by GlLl,es et aLr (f3) træ gte

exÈractedt frm alcoho.L-treatecl barileyo ll¡e ollgosaßcharLdes, along

rrlth other pglyoaeebariele naterLal, nay be bor¡ncl togetber by a emalL

proportlon o,f proteLn to fo:m a verlr com¡ú-ex grn.

ALEal-1 treetnent of barley gums offerE furtber evldLence for

the preeence of, a proteln-carbeh¡rdtrate conplex. When vÍseous papafn-

gun fs tlfeeorvecl fn sodfum hyd,roxfile, vlseosity of, the sorutlon fe

mucb loner than vlscoeity sf an agueous gum soJ.utioa. Tbe dlecrease

Ín vleeoef.ty of a,lkallne gtm soilutf.on lndlleEtes the gue has a much

sLopler moleeul-ar structure when 1t fe d.fseolved. tra sodium þdtro:dôe.

r1rue¡ arkall treatment muet destroy the bond.e blndl1ng the protein-

earboh¡rclrate cæplex ancl releage tbe srnaller poþeaceharidle fragnents.

Cructe barley gtm contalas a mixture of Brotein materlaLo Tþe

br¡lk of the nitrogenouE naterlal fE exÈraneot¡s protela and. rnerery

contaminatea the gUm. Sme of the proteln n¿teriaL ts enz¡rnetie alrdl

appeers to be more clogely aseoclatecL wLth the gumc r1rls ena¡nee

systen a¡r¡nreatly eêuses grm laetabllity ln agueous solutloûrs. FÍaally,

the reelduaL nltrogenouE naterlal folss e proteln-carbohyclrate cø¡Èex,

ancL fe an f.ntegral. part of bar3.ey gum struetutre. Thus, aLthougb

there are three nltrogenous fractÍone assoeiatecl lritb crud.e barley gum,

onry one of thege fraetlons d.lrectly a,ffecte barley gun prqpertles.
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Str¡d¡r of propertLes of barley grrns of red.ucedl nitrogen
eontent hae proricteril lnfoma,tlon that fnel.Lceteg the role that
nltrogen B]-ays ln barJ.ey gpmeo l(noûeelge of tbe roLe of nltrogen in
barley gûT's rr.11 be of vaLue in eonpLetfng the pleture of barley gun

st¡rrctureo DetermÍnation of the str'cture of barrey gtm f.e neeessa,.Jr

before the reLatr.on bet¡reen bariley, mart aad. wort grms een be

aEcertalnecl.
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(f) Certala pro¡nrtfes of non-starch polyeaechariiles

obtalnetl from bar].ey varierl rtcteJ.y among preparatlons end.

a¡peareê to be reLatecl to nl.trogen content. Eo ¡rron!.d,e

frfornatloa on tbe roLe of nitrogen la barrey gunrs, protela

natertar rrae eystenattcarry removed. frø guns by varlous

extractfon and. precipltatf.oa procedureeo propertles of guus

of rectucecl nitrogen content were studfed..

(Z) Cnrite gm obtalneð by rrater e¡ctractlon of, barley

contalng about 3.oÉ n:.trogen anê prod.uees sn rraet€ùbre agueogs

sorutl.on of løw vlocosity. Extraction of barley with aqueoue

@ u*ntoraeetLc aclil., of !E l.o, renoveE Eore nltrogenoue

naterf.al frm. barley gr¡n tha¡l extraatlon rrtth hyitroebLorfe acÍcl

of the same ¡H. Alcoholle dtfgestlon of barJ.ey $as used.

prevlouery to red.uce nLtrogen coatent of barley gums, but aciel.

treatnent of barley 1s no more efflelent fir removftlg altrogenous

m¿terlar than boLLing eLcoholo Aeid. extraetlon of rarr barley

proðucee guu that ts more vlgeot¡e ia Es1etÍon than crude barley
W*

gum. .ac#¡g[es are not eørpretely stab]-e Ln aqueoug eolutlon.
(3) Papaln e¡rtractLon of aLcohor-treated, barrey proclucee

gm that ts stabLe anê extremely vleeous i.n agueoue eolutlonn

rbfe gun has a pol¡¡merle et¡ructure ancl contalae prlaelpally
glucose, arthorrgb arabfnoge, :qrloee, gatr-aetoee a,nd, about o,J.S

nftrogenoue naterLal are also preoent.
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(l+) Study of gums of red.ucedl. nltrogen cosÈent fndlLcetee

tbat the bqlk sf the nitrogenouE nateriaL contefnedl. fn erudùe

barley gum ls extra¡eous proteln.

(¡) Pre¡raratfsn of gua frcm ran barl-ey and al-aohol-treated,

barLey lnclleateg that gun ls ctegreded, by an eazryue eyetem dlurlng

extractfon. ThLe elrzJr¡ne, rrhlch is partfal.ly Lnactivated by

alcohollc cl.lgestlon of barrey, reelucee guu cmprexfty and

f.ncreaseg gum yfeJ.d..

(6) Ðegradatfon of barley gun fn ag*eoug eolutf.on appears

to be the result of the aetion of an enz¡me oyeten that le
Brecipftatedl rrl.th the polyeaceharidte m¿terlal. fbeatneat of
barley rltb papah renovee the enz¡me syetem ancl produces s, etab]e

gutto

(?) Tbe residuar protein naterial of barrey gtm a¡rpeare to
be ¡nrt of a proteln-earbob¡rdrate cæprex that nay be botrncl by

weak bord,s. The protein rnay bfnel polysaccharide morecuLee

together to fom cmplex gm moleeuLegc flre emprex ap¡rcars to
be reaåfry cleetroyedt by alkalt or enz¡rnatle e,ction.

(8) ssLutlon of gun obte!.aedl. by papaln treatment of barley
f.s degradect by agueoue soLutLone of crt¡ete barley gum ond. gum

e¡sËraetecl frqs alcohol-t¡reEtecl. barLey vl.th nater. fhis ]-en¿s

support ts tbe b¡r¡rotheels of enz¡rnat!.c degrad,atl.on of gun fn
aqueous goLutf.on,

(g) Tlre actfon of ï-enz¡me ou g¡¡n obtaLned. by e:rbractfon sf
al,aohoL-treateel. barley wttb papain yteJ.ds at least three olf.6o-

saceharl.de fractlons a,s gr¡n cLegradatloa produets. Trro of these

polysaccharldle fractLons are glucosane and. tbe third, fs an

arabo-rryIo-glucoeeno
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lfO) Alke1f treat¡aent of barley gun a,Irlreare to decreaee

the eæplextty of g¡¡n strueture, but d.oes not cæp].etely

remo\re nf.trogea frø the gtm. Guss that ¿¡s I'nstable fn

agueous eolutf.on retaln thefr lnetabl1l.ty 1n eakalf.

(ff¡ Neutrallzatfon of aefd-aLcobol J.iquor fron whf.eh gnn

has been renoved, produces e second. gr¡nrL1ke fractÍono fllfs
¡naterial hae J.ow solutfoa v1øcoelty and. coutaine ga3-actose,

glucose, erablaose, xylose and. varyfng amountE of altrogen.

fbLs 1e a further 1nêlcatf.on that the non-stereh polyeaccharfcte

obtafnecL frø barLey ls verr- cøpJ-ex and. uay contafn a proteln-

carbohydrate cæBJ-exe

(La) stu(y of properbles of 'barley g¡¡ms of reeluceel nltrogen

fon of the role ofcontent has provícledl a key to the eluclfat

nftrogen ln tbese neterl¡,]s" fbls 1uf,o¡ua,tlou wlLL be rlseful

for stud,iee of barley grþ etnrcture, horted,ge of wbl.ch fs

neoegsarJr to cletermlne the relatfon betrreen berrey, nart sad

wort gtmec
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