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TtaMT* has te«B doobt is tlw alnda ef iBUl«r« «• to Jaow mU iwU« 1b

thi iterttir ratovtm of t^ie wjaMt Jcms*! Ws>k to flour nllllag. l>»«vion«

ftaAUi b«vtt not r«nov«i that doubt bMau«* tl»y hav« not bam dtfloitlv*.

Tfa* problma 1« • ptmofkiml mm, hevcvar. It !• ••pMlally te at tUt tlat,

vhan iQ)eoi«l owtbcd* cf griwUaf wmI ptsrtieU sIm elassiriotttion ar* btlB«

«Mi t» ivodttM floor fruotlc»a of low and high iKrotaln ocnt«Qt, ra^paatlvaly,

far apaalal nm»» What heppaaa to oell walla in atlllttg la than dlraotl/

raletad to whara ilia wile appatr in elaaalflad fraetiocai thia, in tun,

affaata tha yrayartiea of tho fraaticna. Tha parpeaa of tba fraaaat atud/

HM U datendna how oall wOla ara 1»ak«B is Billing.

Tha FV'lnolpla ol>iaet of flocor cdlling la to raMVa tha atarohy aadoi^afm

frcn tha gar» and tean lajrara af tha whaat barr/, end aabat^pantl^ to raduaa

tha aodaapara to flour. Tha groaa aaatoir of tha featura uhaat karnal aad

tha atmotiara off ita tBcjcv parta haira bean daaoribad in datail Igr WfeHmff,

OttU and MaaNaatara (7) and Bradbury, MaaMftatara asd (Ml (8, 9, 10). Tha

vcrk af Bradkov/ a«d h«r eo-workara alarlfiad anajr poiata m atruotura af

tha whoftt karnal f«r Rillara and oaraal «h«iiata| hevarer, it waa aaaantlall/

llaitad to tha atnietura of tha unc^oond grain. Fran tha pbotcaioragraphc

Md tha diawiaaiac in that work, it is obviooa that tha atarohr nflPiipiia

of whaat haa a oallular aferttetto'a* sa doaa »o»t of tha raat of tha karnal.

Tha oallular atruatura aC ftlanta ia haalo te all aliantaij hatoBty.

4 ^niSaal dlamaMdcB la that io tha taatt ly Trenaaev, SaEspcec and Tiffany

(37). Hovavar, a sera datsUad diaavaaian oan ba found In tha taxt by

tiM <12). Tha aaln Idaaa te ba ebtainad frm tha diaauaaian hy Eaau aad



etfatr botflBists av* tJMi feUowinf i tht o«eUat of •aoh Mil Ig •entelMtf

1«r • Mil wUf tht mU walls of ftdjeevnt oalla ar* aaaafitod to aeeh othar

lir an intaraallttlar mibtl^a»mi tba Intaraallular snbalaBat la awtmiaa ahlafl/

or paetlo eaaipoQBda, vheraaa tba oall valla are aca^atad of aalluloaa, baai^

aalluloaa aod peotia aubataaaaaf and «te Intareallular anbctaMa^ vhiah 1«

pwaasi aa a thija layar, la aallad tba *miMl» laaiaUa", Thla la net a nav

a««Qapt, hat ena that haa bawa aatabllalwd asd pvaaantad tc bctany atvdnta

far ymura. Is addition, tha atlddXa UaaUa la ae atrc«g that ahasiaal aa*»

atatias i* taqulrad t© hj^^lfm it, A Mtafvl atwdy cf tba wsrlt bjr Bradtmr/,

NaiMaatara aod Cull (9) ahowa that tba abeta la an adaquata daaorlptios of

tba oall atruotura of vbaat atarabr wid^iitm. Sisoa floar «lllli»g ulttaattly

Mmnta to radtMUen «f tba atavabjr andtipara, aall waUa mat be brdian*

If tba oall eoetasta in tha aterobjr asdoapam %f t aMwad frca a

traaaaeticai of tba vbaat karaal, tha natwork of aall valla i^ah vaattiag

baa tba appaavaM* 9t a taaajrecaib (24) • to tba nakad •y, and at lev aagai.

flMticfi (7SX) vlth tha eieroaoopa, oaob vaU bag tha anpaaranoa of a alsglg

rUaMttti bamvar, froa tha briaf diaottaaicv abova, it Ig aftparaat that aaob

vail ig raalljr tba wlla of tve adjaoent ealla vlth tha aaMntle^ alddlg

laMlla batvaaa th«i. It ig tbaaa valla that anat ba teokM in tba ikillii^

prooaaa* Thara ara tvo peaaibla vajra for tha valla to braakt a tvaagrwrgg

braak saroaa tba valla vitb tba Middla laaalla batvaan thm, w along tba

iddla laMlla batvaan the oall valla. If both peaaibllltiag ooottr ag

aolnalitiaa during lOlllBg, poagiblr mm typa of btaakagg goold ba

if thla ghould prova tc ba daalrabla, Thla nigbt ba aoooKpliahad ly propar

MtAipt of Kllliaf Bttohinarjr or by eontrol of tba t|pg of pratraatMnt aC

tba vbaat bafnra it ig growd* Smh a ebaagg is proaaaalag eotad mow% to



MVingg or to a4d«(l oost to tbo aiU, «itb«r •• power roquliTMcat, now oqitl^

a«Bt to ecndltlon the whoet, at aoro t«p«naiv« ccndlticclng Mthoda* 4dim»»

«•!•• s«i»t< Might, hnvovor, offtot anf addlUoool •j^mm. Thoro oloo If

tbo poMiblllt/ that tfaa Ivoaking of tha walla oooura in only om mjp iBd«-

paiJwt «r vhaat verUXjr or olaaa» aiXUac proMdura, or pratraatMSt of

ilMMt bafora •lUlng.

Thara hava baan pravicoa atudUa of tiw fitnMtura of floor fMrtlelaa»

but vlth tha axaaptioa iT a vary fav» thay hava baan acmoamad mainly with

nm gltftii Md protain of tha fXov. fte lataraat In pretals and ataraii

arlaaa frcs tha ability of tha aillar to pMpara aaay flowa by floo frlad-

i»t aad olaaalTying a parant flour. For aaeaapla, tha flour fre« a whaat

ifhiah ia Mt aultsbla for altbar braad or aaka paroduaUon ose ba alaaaiflai

lote tvo flo«ff« ona axoallant for ItMd pMdMUoa* tha othar far aako

proaueUon. suoh a aoporattcw of om floor loto aavaral fraatloaa ob a

larga aoolo haa boas poaalbla eely dnoa tha iTiTiliipaiiil «f • mv idUim

Ftroeaaa, daaoribad by SMaa (36), and tha rafinonant of fl»a grlsdiag aiUa

«< or olaaalflara (25). Tha appllooticu of fiaa grinding atx! olaaalfleetioa

ia daiMfidaRt oe tha phycloal eharaatariatioa of flour partlolaa. Thara would

•Iwya ba tha poaalfallity of oooraa thnt vbaat of oca typt aiifat ^ev a dif«

forant typa of braakaga of oall wolla during allUng to for* floor partlolaa

tbaft would oaorur in a whaet of anothar typa* Savan elaaaaa of i^aot ara

•rwnnly lcMin« ftily hard, aoft and dirw olaaaaa ara aoMoely «illad«

Tha oUnwa of whactt hard rad aprisg whaat, (aabar) dtoriai wiiaat, har4

rad wlntar wheat, and aoft rad winter whaet whloh era diaouaaad 1» thla

popor ara daaorlbad end daflnad in tha Unltad Stataa BopartMot cf Agrleultura

piKUeaUoB "Offiolal grala atattdarda of tha Quitad iitataa* (1). GamUaally,



AwoB «l»at Ib dlff«t«Bi free tha «%i»t tlsM vlw«%« liated, is thst It h«a

as •krcMMMt Md tte ofUwr* li»v« 42 otsrcMtcMa 0)» A wh«at balonct U
a VMTiatjr by harltug* at it m^y bt • mv vsriaty » a raaoli of teaedlac.

laah varlaiy haa baaa aaalfMd to oaa of iha elaasaa* baaad oe ehareoterla-

tiea of tha gralBf vfaleh »ra tba rasulta af tba ganatia faotora involvad*

VteB tba taraa "aoft whaat* a»d •hard vbaat* arm xiaad In tba following dl»»

ouasion, tba tarma rafar vaapaetively to aaft rad wiutar vbMit and bard rad

vintax' vbaat*

Early la tbia aaatfurjr* Biffan (6) a«HBaiitad on tba dlffaranaaa is typat

of partiolaa oHelead b/ oruabisg soft whattta end herd whaeta batvaao tvo

Iron plataa* Ba daaarlbad tba pertielaa frcM aaft ^^laata aa *a fIsa aaft

pawtar* aad theaa froR tba bard vbaata aa *a gritt/ yaaiar*. Hia obaar-

tatlana daaoariba tba obvlaua diffarancaa batwaas tba floor i^ediiMd ttm

aoft and herd iHiaa%a« vhiob avan tba novioa oan detaot by rvbblog a tUa

layw of aceh flour batvaan bla tbntb and flngara* Tha flour frm a bard

nlMat la aharaatariatioclly aara gv«mlar than that froa a acdTt ^laat*

Tbiora era axaaiitlcaiB to thia aietasiant whioh are diaouaaad is tba aaatiant

Baonlta MBd Piaouaalon.

Barltner and Fiiietar (5) Invaatl^etad thaaa mm j^mmmmm* aa did

Qraar and Mston (IB). Qraer and Binton found that vhan a dry traaaaaUan

of vbaat m§ attbijaatad to a ortiahlng praaeure batvaan two glaaa plataa*

tba anMilag flaaaraa in tba hard vbaat ganarally follovad tba andoaiMra omlX

walla and granular partlelaa aStmfmd lika tha andeapam calla vara prodvoad*

IlMavar, vhmt tba aaM traataaat vaa applied to tha aoft vhs£t, tha flaavraa

faUewad isdlaarlalnata patbo and ?srodi»aad MaUar partlalaa. Tba photo-

graflHi aoaoHpanylBg tha taxt of thair work ara aufflalaat to m&awisimm a



VltfhMr and ShtUmborgcr (40) pelntad out th«t herd r«d priitg vhMt

Hour im ««• gruralar thM burd r«d wUiWr wh«at fleur, both b«Sag ««i»

siAwabl/ »«• fframlav ibM tc^t r«d vlninr vhcct flour*

Boll (4) wmmmMi thai §ot% vibmt floors ooBtcia nmf tr— otoroh

gmnttlttf end th£t tho flour portlolta are Irrogtder in ol»po» %fhUo in

ocetraatf Iwrd liwet flow baa few i^ae ataroh grartitloa asd tho fletir par-

tlolea are {viaaaiio In term, Ho furthar ateiod that knowD Blxturas of

hard aad aeft vhoct flour oae bo uood to oatlmito tlio oai^MratlTo poroo»»

iagoa of th« tvo typoa iri «b wrinem alxtwe of tho aaaio flows. Tbo

•atlaato is batod en tho apparoot nonbars of fre« ataroh frasulot aad m
ttto proawMo or aba«Boo of prlatMitloElly ^pod flour pertloloa*

8«»datodt oDd Sobroodor (33) Havo roportod tbo oaao diffaroBOoa ia

tho rodaood op4sa|>atm of hard and aoft viwete thst ethor roaoerohar* havo

Groer, jX il« (^^) ^ <^ eoRtlnuation of th«lr provinaa work, jproaontod

data daROBftratlag a fact thet Klll«a>a Inure known for foarat tho grains

laritjr of a bard idioat flour eau bo dooroaoo4l hf Xtuai—aiag tho solaturo

•ostoBt of tho vhe^t boinfi alllod* Thox alao Indioctod thet mtij^himm

blue jo-oferectlolly atalnod the o»doqp«ni ooU vsUa a da*p Uwi oo thad

ihojr oould bo aoon aa tho anrfeoo of flcur portioloa*

IB a roviov tirtlolo, Foerotor (U) Itstod, with dreviDgOt tho pooalblo

typoa of flour pcrtlolos vhleh ooa arieo from the vhoat OBtoopora. Thooo

arof vodge |>reteln» wull etaroh praimloa* largo ateroh grt^nulooy {mrtleloo

of endoi^om ooll wall* portioleo ecRpeood of protein end eteroh, brekoii

oolla partially eovorod by ooll wall, end two «r aere oBdeopora



mlU «hloh \mf adisMttt la tte vhMt k«rB«l, with tlMlr ««bMr«n« mU walls

tetwMB tbM sad with Bor« er !••• wavapan e«ll wall oovaring tha parlphary

«f tha partiala. Ha santiaia a larga ateroh i^raznaa ocnpoaad of aeuill aturdb

gramOaa. Ccaipoalta atarah graimlaa 4a not eoany In whaat but do eaanv

la oat aad rlaa atarah, aa raportad In a ahaptar on aaraal atarobaa hy

MaaNaateva aad Valff (26) • Tha aenapeaita grairala that Foaratar raportad aa;

bava baas eontaaiaaUaB bgr rlaa or aata* but ^obabljr «aa a aavaralj (iManfl

laffa atarah fvaaola.

Xant aad Jocaa (23) had la^llalMd llluatretieaa aif alailar floor par-

ilalaa aarllar thaa Foaratar. Ravarar, Kant aad Jcaaa wara wa*a Intaraatad

In the oallular atruat«ra of flaw aad tha orlgia of tba flour partlala froi

tlM vliaat karaal. 1 paiat of algnlflaanaa la that thay aaad flour alUai

twm MwitteU wbaat, a hard rad aprlag wbaat* It la tha olaaa ^ whast that

la of iBportanoa at thla polat, alnoa It haa baas pravloasl^ Icdlaatad that

floor froB hard rad aprlag whast la aora graaolar thao flour flroa hard rad

wlatar whast and a<tft rad wlntar wheat. Thaaa authors raportad that tha

prlaastlaelly ahapad flour partlolaa aaaa fraa tlM baak af tha karaal (l«a.,

tha doraal alda ^ tha karaal, dlraatl^ (^poalta tha eraaaa). K«it aad Jooaa

alao feaad that tha Buatoar of prlaaatla partlolaa la tha flanr laaraaaad with

laaraeaing aolature wntaot of tha whaet a«at to tha alU, aafar tba aolatata

•oataat raafa of 12.3 pareant to 16.9 paroant.

Hanoa, there la little (pastlee about flour* ta dlfferlag graaularltlaa

being pradnaad fraii whaata of dlffereat aUm» Eiran <varlatal dlffareeaaa

aay remit In dlfferanaaa of graanlarlty of flour froa the whaata of a

alagla 9X09; Tha allllaf paoaea^ too, oan oauaa dlfferaaaaa la graaalarl^

hawavar, tha aaoncadaa of tha Induatry tanda to raaalt la aalforalty. Finally,

tha aolature aontent of tha wheat galag to tha alll haa an effect on tha floor



granulerltjr. Tha rastilt la th«t flmv «««iUy hat p«y%l«l«s rcaslafi in tia*

fr«i OM or two nieroRB in all tixr— diaMmtione to p«rtlol«8 hniriiig diawnaleet

ti gTMt ••60^X120^X300^ (19)« It i§ not too «»•••arable to •tt«ai0

to aoparata • QonwntleiMlljr millod floor » vlth a rengo tt pArtiolo •!•••

•• tlMt doaeribod above, isto fraetioea of different elaea. £a oioBtioned

previously, s eake end a bread flour ea» b« Md« froB • a«dle«ro flair. Thl«

!• trhat foresent ela»alfloatlon proo«a»ea •••aaqplirt.

Vlohaer end Sbellenboreer (II) atudled Tsricua Rothoda for dotoralBlag

flour p«rtiel« •!•• dlatributleo. A fev of the uethoda, aioroaoopio analysis

for aMawplay obvlctx^ly aould aet ba naod to •eparato a flour into aavaral

fraetiona eoMMroially, but others like aievlng end elr elutrlatioa ootCLd

bo ao Qo^d, Wiohsor, tbollonborfar ana ftooa «a«t be eradltod tag tha

•|«rity of the oarly vork vhioh •wttially resultod is •«» of the mtrrant

•MMrolal flour olaaalfloetlci) xethoda* Their work definitely Indlofited

the poaalbilitiaai far they eoseludad their publieation vitb thia atataaaBti

«Air aaperatioii on aliailBate the atarehy, low protalu, high aidt aaterial

vhieh tooda to lower the bakiag ^oelity of a flour •« (42) •

Vlsbaar and Shellenbarfor (U) pointed out the draiH>aflka of uainf

•i«viB( taahsiqxM, Balnly that the teohaique proved aoat uaeful vhen only

ABO aieve rether thao a gtaok of aievea \u» uaad at a tine, ilthough tha

•herpneaa of the aapavatioa vaa beet vlth cam aieve, the prooeaa vaa tiao

•onaMBiBg and, ea aould be expeeted, rather lov is aapaaity.

Tba air alutrieticB iMthod la baaad on the termiael velcoity of a

falliflf pavtiala. Tba forsule for the aalaulatlcn of the terainal voloaity

•ontaina a tern for the denalty of the partiolea belsg ratriad. Is theory,

thia vould ba a f«o4 t««hii<|na to eeploy ie aaparatiiif a flour into amrmfl



f?«eUoB«, slfiM BftUrlal* connoMd ehiafly of fnroUin ud thoM

•hiafly of oorbolgnftrato weald not b» oxpeotcd to hovt t)« mm dontity. tf

mooosslvaly tntbjaoting th« ooorto fyaotlct) of • flour to • ntr^Ms of air

uith mbnq—

i

tly InerooMd volooit/, ViohiNV n^ Shollwlwgtg (U) Mp^
»it«tf MtMieht gviido hard rod aprliig lAMt floor into aiz fraotlc«a« Hm

Mparatloi) of a flour iato aovaral fraeticoa by an air elaasiflar la iMtti

«B partiela dmaity and otboar prloelploai bat tha a^paratioB la battay tbaa

by alafvliig ataaa tba fraotlona thaoratloally eowar a aaall «»aolfie xwag;

Uka lS-36^, retbar thaa 0»5i ja for a alovo (42) •

b aaothar atttdj, Vlehaar, SboUanbargaf and Ponoa (42) aaparatad a

gteaifht grada bard rad vintar wbaat flour Into alght fraeticoa by uaiag

aiavaa. A vary lotaraatlng raault ma that tha fra«tii» vlth tha anallaat

yartlela aiaa ra»e«f Ckje jx, waa lovaat la protaln oontMt, avac lowar than

tba paraRt flovor. Thla la aaally aaqaeiBad, ^oea aoat of tha fraa ataroh

would ba Iceludad lo thia fraatioa, tharaby dllutinc tha j^otain. Bowavar

in freotlcna of flcur obtalBad by the uaa of air «laaaifi«ra» tha wallaat

partiela aiaa frBetion ia tha rlohaat in protain (15, 16, 17, 31, 34* J5)«

Vt^ttar and Shallaabargwr (41) alae uaad a aadiamtatice proaadura

%• atudy flour partiolaa. Tha apparetua raqulra4 a liquid Mdina of •

dafinita apaoifia gravity* Sinoa vhaat flour fe»a a dough «han aiaad witli

water, a aco-^qtiaotta Mdlua W9 uaad. Viahaar and SlMlIanbarfav vaad •

mixtura cf aarbeo tatraahlorida and captia to aejE^reta a atraight gyaia

hard rad aprlng iriiaet flour into eight fraetioaa* Heaa (20) uaad Blxturea

af chlorofor»« ether and ohlorofona-bMiaol to obtain a protein freotiee «8d

a atarah fraetice froa a par«ot flour. Heaa did not daeeribe tha type ef

idtaat flour uaad, bat ainae ha worked is Uaat Gerwany, it uaa probably •



•oft vtaiat fleur. Tl» parMtiosl tpfaitfatim of wvf&tmMtm of • flour late

fraetlcnt 1» • liquid Mdiua Iws •svcrsl dimdniiitagftM th* flour fr««tlai

wwt b* r««6T«r«d frai tht liquid aadiiM, ooata for th» Mdiw and its

x«e«v«ry for roua* aro iotrodiiewl into inroatMiaf» aed Mf% I^Kartazii, at

laaat h«ra ia tha Unitad SUtaa* Pood and Drug AdMinlatreUoe ragulatioaa

do not pandt tcado raalduaa in foodcttffa daatioad for bOMHi «o»im^««

tad* raaiduaa eould ba mpaotad fros tho uaa of aolutioea uhleh aaBtaia

oarbon tatraahlorida or ahlorofcm. Claaaifioaticn of a flour by a alav-

l«ff MtlMd, cr l^ a attliei vhiob mglUn •» ni* atraaa, aliainatva %bl«

Tba aoMaroial appUaatioe of air olaaaifioatica to floor baa attainad

graat i^Mrt«Ma within tba paat dfada. In ffcnaralt a ooBvaBticBall/

iUad parant flour ia anbtjaatad to air olaaaifiostion after fioa ffrinding.

Air olaaaifieation ia not tba only aathod uaad to fraotieoata a flour*

U»m iM •mfunf owa tba Dataat rigbta «a tba Mthod daaoribad by Smob (36),

it ia talikaljr that it will ba uaad bjr tha antira induatr/ for a mabar of

yvara* Tba raault chT elaaaifioaticn yroMduraa, in thaory, ia a *{«ctai»»

riob* fraaticn and a "prctcis-poor" fraetlcti. In aotual firaatioa, a aoriaa

of fraeUcna of varyiag ae^^««itio»a ia obtaiaad» fradiag tfm "|irotain-j>e«r"

to •paotain-riab*. Tbaaa ara raaaahlMd* 99 daairad, to jiald two, tbraa,

m mof flaora*

•nincar (29) and Auar (2), both a^ployaaa of MiaCt raportad on tba

S«Mffal diatributicn of flnaljr ground flocar partialaa aftar air alaaalfi*

oaticnt tha 0-18 ^ ttavticn aentolnad aMll aUreh granulaa, vadga jirotaia,

aad aodoapara oall ualla} tha lB-49 ^ fraoUcn acstalMd larga atarah gra»>

«laa> and partialaa of siaLlar aisa whiab vara luaqja of protaia and atarobf



to

thft fxaoUcsB oontairlne p«rU«I«« l«rf«r i» ditm»%&t thw A5 f ima tb»

wiwrtJmtd mtrntputm. It !• oal^r felx to point out that tbli «• the doaorlp-

tloo of ac idool ituaticn, fear rig. 9 in Koiuiingor** papor oloerly ineludof

• Mix mil partielo with %h» partlelot that aro la tho 24^59 ji tA— raagt*

Thia alio anphaaisaa tho faet tbat th« lapMratiaB tliat ia obtcieod ia net

parfaot, and ptt/MHy nam tttmt will b«.

Iiltiwmh fwmmh haa baan dooa vith h«r« wteat floara, tha aaiB

industrial applioatiee af fina grinding and air olaaeifieatico haa boan to

oft vhaat flova* It la «iiataMrjr to finaljr grind tha parast flotar b«f«•

tht alaaaifieatio) atapa if optiaan raanlta ara daairad» howavar fina griado

ing ia not naoaaaary to obtain flour f^aetiona* It ia «Mh aaaiar to dia>

rupt aoft vhaat fl««r nitli laaa danga ta tba atarah than it ia to aiailarljr

treat • hard tiliaat flaw* Thara in nora to ba gainad by olaaaifying aaft

irtiaat floura than hard trtiaet flour a 8is«a aCft vbaet flour a ara g«araUjr

lovar in protain aontant, thna thair ralatlva Retain ocattant «aa bt

•iaoraaaad* to lavale aultabla for baraad pvoduatien*

eraana (16) haa air alaaaifiad a oonvaoticnally aillad aoft nhaat

flour into pirataio-riah and prat^j^peav fraotlma without aa iBtarvaaiiy

fina grinding of tha flour. In e latar atudy, ha (17} air olaaaUiad •

hard rod «riaf vteat flow without fina grinding it. Ba eonoludaa that

•aft wha«t flour wa Mra raaponaiva to air elaaaifioetice, and that tha

Ion {MTotain fraetica waa noat auitobla for eaka produatica. Tha low

parotein fraotioe of tha spring wheat floor waa baat guitad for paatrjr pro*

duetion and tha high protain fraotioo for braad. It ia pcaaible that tha

olaaaifiar that Craasa uaad vaa tha mam typo aa that daawlbad by loMcaa

and L]4ckan (25) » iMeh awtaina a polTariaw*



u

lAMt flMV t« riM gvladlAc baiora air olaaslTiestlco. Tht f»a%» <
tbtM vorkara, ic ptiiaoipU, waa tlia a«w aa that of pravioua )icrk«ra>

i*a., th« flna flour fraatice wt mmh Mgbar is protein eoetaat than tha

parant flour aa4 tha ooaraa fr«otlci) vsa rlahar iia ataroh, Uiua lowar is

pr«tala*

Ffalfar and Otlttin (31) aad Stvingfallow, Ffalfar asd cnfflo (34)

h«v« atudiad an lapraaaiva arrajr af tlmua alllad fr«« diffarant olaaaaa

tf iriliaatf and tha f!raoticna obtnlnad tttm tha paraut flcora hf fica grlod-

lag and than air olaaaif^g. Thajr* Uka athar vorkaraf hava alwajra ob»

teiaad a pratalo-rieh frsoticn, cf aaall partiala aiM» a»d a ataroh fraa-

tiun, wboaa pMrtielaa vtra aueb larger. Th«jr taport tlwt a ataxah fyaotian

with 3 parcact or laaa prctaiu eoDtect oas ha scat afialljr cbtelnad froM a

aoft vhaet floor. Thaty add that thia ataroh fractica 9m» ba uaad iadtt^

trially ac a aoacroa of ataroh.

Mtara raeaatly, Cabrig (IS) baa reportad tha high pointa of a oocfareBoa

on flaa grinding and air elaaaifioaUr« of irtuiat flours. Om of tha •«•»

faraaa, &• B. Flratt, of Pillabory Co., atatad that tha iapegrtant rola oC

air elaaaifiaatidii la to ranwa a fraetion froB a oonviatloBalljr wAHmA

flour, a fraotlcn vhiafa doaa not ecntributa to tha final uaa f«r vhieh tha

vhola flour la intandad. Thia Mana that two saw flcura oen ba mt4» trm

ana. Pratt terwid air olaaalficfrUd}, ic addlticn, a raaaftrch tool.

BriUsh if«r]cara« Joaaa, Fraaar and Moras (22), bara aaqpUiaad that

fina grindiaf af a hard i^iaat flatir diarupta parUclac of aoutallvi (a

part of tha wtiaat g«r>) and alawraM lajrer (tha ctttarao«l la^wr «f aodo*

Mlla)* v^oh ara jafmmt in tha perast flour, i^.tc oaall parUelaa
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viitoh AppMr la tlM tdgh froiaia ftMUon of th« fraoUoMUd flenr, SIbm

tlw MtttollvB wd alacDroa* lajrar aattteia ralaUvaljr high MMUBta of tha

1 i<f>1 a> vitaalna* thia la aaid to axplain tha lataraua of nlaalB «i«

UiMlaa aflBtant in tha fina fraetico obtaiead txm a hard vha«t flour.

A alaUer inoraaaa la Blaola la fowsd 1b tha flna fraetioB flf a aoft whaat

near whlah haa baaa floal/ graiaid aad air olaaalflad. {tlboflavla aaataat

la tlia flaa fraatlooa of aeft and hard vhaat flour a la alao aahaooad by

flaa grlndiaf and air alaaalflaatloa, whlla tha pyrldoxlna aod pantothanla

aald aaataata ara aahiaaad la tha flaa fraatlce of only tha hard ahaat

fleor.

Tha raaalta of tha workmra eltad ebova Indlasta that th«ra er* advan-

lafM to ba galaad b/ flaa grladlag aad air alaaalfloatlca of flow la acM

oaaaaf howavar» tha whaat «BdOQ>ani auat firat ba aubdlTldad la aoaa way

%• gala tha graataat banafIta. VIth tha raduatlt^ of tha whaat aadoapanit

aall walla mat ba brokaa fvca tha aell acotanta. la ragard to tha elaa-

alfloaticB of a flour, only NMalagar (29) WBd Auar (2)» urn {aravloualy

aaeUcaad, hava ahowa tha praaaaoa of aall wall partlolaa la tha float

fraotlcna. yhataalaragr^pka publlahad by Qraaaa (16, 17) aad Strlagfallow,

ffalfar aad Qrlffla (X) do aot ahow tha praaaaaa of aall well aatarlal

la aay ef tha air olaaalflad fraatleaai thla la aoiMwhat aarprlalii« wkm

iwpirad with tha raaulta jwaaantad by Siarnilagar (29) aad Auar (2) but

ay ba tha raault of aalaatina of flalda to ba photog:raphad, Althaagli

last aad Joaaa (23) wara atadylag only a oonTwatlraally alUad flour, thay

yraaantad »m» irary good lllaatretlcaa and pliotoalarographa of call wall

pwrtlelaa*

Tha dlaouaaloa paaaaatad ty Xaai aad Joaaa (23) aoatalaad twa
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iMgg«ftiooa tttt %im br««kdom of Um gUnhy •ndomwni to fom fXennr parti*

•l«i« At • r«ault 8f •itlMX't « c«ll mil asy ba part of a flcur p«rtlela»

or aa/ Itaalf conatltuta o flour partiala. Briaflx atatad» tha brask »a7

ka batMaaii tha oall vaU aad ita aontanta, l,a«> tha aall wU Mi«t firat

ba bridtae tr«8aTaraaly» aO/m thara aay ba a braak dcwi tha aiddla laaalla

batMtaa tba aall walla of adjaaast aalla. Thia lattar peaaiblllty aaaM

i^pttMAa iB vlaw of tha <llffiavlty of obtalaiag mA m httk la Mgl

plant natarlsl} hoiiavar, it haa baan aBpfMrtad by aona voarkara i>t taefanlMl

•OBfaraaeaa* Vhltt^ and Sandatadt bava atreofflr auggaatad tfala peaaibilitjr

In diaouaslooa fellovlng praaanteUona ef papara ((39) and {32), raapaativaly}*

b«t tbay bava not nubliahad tbalr a«tfgastloB8*

Thia unanatfarad «q|uaatlo«) aa to wbara tb» btaak oaeora lad to tba

praaant atadjr* Tha praaant problas v»a to dataridaa if tha naaoaaary braak-

lag «f vbaat andocpara aall walla during ailli&g la traaavaraa or along tba

wAMU iMtUa* tba apptaadi waa to axhauativaly aauaiBa flour aaaplaa to

dateralna tha typa of braokaga of eall wiUa* Flour wa aaoadnad fraa

dlffarant alll atraout fron vhaat of diffariag gaegrai^iia origin and alaaat

aad frca whaat aoadltlcnad Id diffarant waya*

itiTTiwif tn

Staina

Colloidal BolfMaBMi blua ('lti>;^»^fi) $ whiah haa aawaaral ayaeayaa,

ineluding blua aolybdaoua oxlda and aolloidal aolybdaam Ultoetoocida (27»

as), but la uaually rafarrad to aa aolybdanoa blua, waa praparad in tba



teMrlUd by M«llor (28). Two gtaam ft im1|M«rw tricxid« w«r« tOd^i to

iv•nt^.fiv• sllUUters of disUll«d WBt«jr in a drtppt^ W«U« tilth a

bulb {>lii«tt« (•jntdr^pw) for • «loaiir». Ob« grm of MtalUa Bolyb4«B«

iMt •Uti to th« a^tWM aoapmaloB of «olib<Mnn triaddo. Tbt bottl*

«»• loft uDdlaturbod «t tbo provslllng vow toaporotwo, «pproxl»«toly

25^* to ollew Vbo roaotloa to oeoor •• Id tho foUouiog oqaatlcat

Mo 2 HcOj (^ 020 ^ lio|0||«l^.

fhm roootioB inroooodo alowly, but its oeourri^oo oos bo dotootod

Iqr tbo fearmtlai «r tbo dark bloo ooaplox vhieh la ooUflildol aelybdmim

bloo. Aftor tvo wookt, tho solution In tho bottlo woo olaoot oil bluo,

hoiiavor tho vory doop bluo oollddol oolutlc* veo net ontlroly uolfona lo

•olor intonoity until al»ost alx wooka oftor tho roaotasts voro plaeod to

tho bottlo. Tho voootlc« la a alow obo, tut tho atale la worth tho l«g

wait. Tho ooUoidal BolybdoBuo bluo aolutlon waa uaod to atolo tba ooU

wall partloloo wlthocit ftnrthor dllutl«e*

In propareUca of o pH t phoaphato buffor (21), 0.66 gvoaa of potaaalw

ttblirfion orth<|>lw^M»to (W^j^W^) waa dlaaelvod In fifty «lllllltora of

dlaUllod WBt«r« Forty vllllUtora of a oolutleD of aodlw hydycnlte

daOB}, whloh eoBtalnad 0.20 graaa aodlwi hydroxldo la 50 alUllltora of

dlaUllad wator, waa addod to tho pho^Jhato aoluUoa. ttlth tho aid ef a

ionfeaun pB aotor, tho r^aphato aolutlea Mac bramht to pR 8 by adding

aodlua hydroxldo aolutlc» dropwlao with oentlBuoua atlrrlag*

A 0.025 porooat aolutlon of Coogo rod la pB t ptoaphato boffor waa

paaparod by oddlag O.W graaa of Coago rod to 400 allllUtora «tf phoaphato

taffor, tho proporatloa of whloh la daaorlbad abovo.
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Ht«ro0M|4« KflVBts

NUnroseopio ecwts of fletor ptrtielotf were fttcptrtd tyr tdtfiiic «• muA

fXcur «• vottld ailHr* to a/l* of ths es^ of « dlsM«tlr;« cMdl* tc • drop

cf Btein vbleh had b««B |>lji«a4 w • eluda 4tty Klcreaoople alid*. Ccxt m«

Wkm to sTOid c«ttr.ct of tho stfrln vith tho d!mM«tia£ a«»dl»« The acoiit

vfas oonploted liT coveriog the floor |»Brtlelee ena etcin vith • eleen dr/

glase eover elip, Foreepe were eeseaicfMlly ueed to eorefvlly pl«ee the

eoverelip cs the eteln acid flovr pertleXee tc help deoreeee the eKourt of

•ir ectreppoa betveeo the coverslip and the elide. The Kooct vae then

obaorved miorooooplctllr. All cell »11 pertlelec vhleh could he fowi

iB a sount vere aerutioiaed. Sepeediee od the vuKher of partlelee precest

ie a aocnt, trxm 3 to 60 accata vere prepared frcs eaoh flour acaple. At

2«e>t 50 flew pertleles ctmp9mi of or eontalelsf eell %»11 vera selected

is thla r&Bdc* faahicc free eeeh aanple asd exoKlBed*

Fhotogxaphie EqxdpBant

The (ypitloal tTg%m of a Beuaeh * lonb aeriea K «odel HCL W retK^rch

idereeeq^ vlth eoBoeuUr body aerved as the lane for the tve eaBeraa need

io thla atvdy. A» Exakta Mdel VZ IZa aiegle leoa reflex 35 m eaMTa ves

need for the eelor j^tetcetlerograptay. k Bavaeh & Lexb acdel L phctoedero-

grephie oaMra tdth ita aeeeeawiee wae ««ed fnr the hlaek aod vhite photo-

lerorrap^. An AnerieeB Optlaal Model 3$0 sleroeeepe loap wa ueed ae a

lifhft Miree for all phetegtepfcle vork. XedaehroM profeeaieMl fils Type 4

«»d Type r were need In the 35 «b eeMra, aan»ly deteriloed vhleh flla v«a
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«M»d. For ihl« •tudjr, «ht rcgttltt elitaliMd frflM tta* Wo tjrp*« of fUa mn

HMd. Katek ruMtcale-X shMt fila, • •low s{»ed, fiito groin fllii> mi

Ufod i» tb» bloek ond vhlto mmto. Flla oxpcouro woo dotormlnod bjr trial

mA orror. A o<—tiilol firs preaotood tho oolor filB« whllo tho bloek

ond whito fila wo dovolopod in Xh* laboratory with Kodak Miorodol-X

dovoloiMr to obtain wxinn fino groin dorol^orant. Tbo Univorait/ Ill«a»

trotioea Dapartaant pr^parad all blaak and vblta phetafrapkia printa.

rianr Swplaa

taiplaa of flow wkiah had baM alllad for othor raaoeroh atudioa wara

obtainad for mlaroaa^^o axaalaation. Tablaa 1*5 oentain awaariaa of tha

flanra atudiad and tha allliac pveooaa involvad. Tha «aat datalla par-

tainlBg to oU of tho flour a af not known, in partieolar* tha nrtatiaa ft

floaa of tho whoat, baaavaa tha whaat aosia firoai a aeaaMMreial acwaa ultmf tha

varlotal Idontity waa loot, tlm silllBg jvoaaaa la known for tha Aajoritjr

of tha flour a, Ixit aa will ba aoan in tha diaeuaaion of tho obaorvatlona*

a acBftlata daaaription of a flour* a paat aaa alMNit ba piooad tcgathar froi

aluatflu partloloa of tho floor undar tha adoroaoc^*

nm faaaa whaat flanr daaignatad in Tabla 1 vaa oaad far %1m aajority

of tha beala atitdlaa in thia invastlfatiee. It nd tte H&m nbaat w«ra

slllad aa foUowa* with tha Pmaa aaapia uaad hara aa the axoMpla. Flour

waa aillad in tha laboratory freai a aaaqpla of Xo« 1 Paoaa variatjr hard rad

ttintar %fhaat grewB at StiUwatar, flklahcia in 19^. Tha grain Ma dry

alaaiiad in a Oartar doduga taat«r and a Foratar dry aecurar and waa thn

eeld oondltlonod. Snffieiant watar waa aMad» aa tha grain waa twablad in
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• 4r«i» i« fim thi lioixtwr* ««it«E>t to IS pcretoat* Mmi «11 «it«r iMd

teeD tak«n v^ by the vhMt, it «•• •Xleved to r««t for 24 hour* !« elotti

«UB* Th* grtis vat th«i «ill«d. ft fUv of few te«tkt md flv« rttfttetleoa

m tXiU Uberatery rellw niU* csd • plaiM tlfUr vlib aa UU flew oleth

«•• vund. Plour of 7^i pareaat «i3ctrtttil«} mt obtalcod. Th* tarn *eold«

•enditlonlng aaena that tha aclatura MntaBt of tlM wlMat vat adjustad ultl>>

avt auppljrlBf iMat frcn aa axtwraal aamraa* Iba tara "atraight gradt* aMM

•11 of tha flo«ff produead frtn tha whaat. Tha Uaea nbaat ma groMa at

liya* Xaaaaa* la I960.

Tabla 1* Straight grada flour axparlawBtally aiUad from oold
awidfttraad hard rad viittar whaat*

t t Qrap I

I Variaty » Imu t Cacgraphla Orlgla

% fmm 1960 Stlllvatar, OOaheaM
t BlaoB 19€0 Baya» Keaaaa

Tha flavra llatad la Tabla 2 vara nlllad by laataoa, aad ara acKplataly

daanribad la hia thaaia (13) ae Billing floor fraa tihaat whiah vaa eondiUaaai

la dUfataet waya. eriafly, tba aiUlae larooaaa far thaaa aaajilaa vaa dif-

faraot frot that of tha aaaplaa la Tabla 1 by tba folloidagt a eoaraar floor

aloth {mSL) uaa uaadj Reaa labaratcvy raUar ailla watra uaad for fiva baraakt

aa« algM radaatlCBai tha tetal greia ooBdlticalag Una vaa azaotly tvalva

hMVa bafeora tha lAaat wa BtiUadi aad a KLag laboratory ecodlUoear vaa

uaad to haat tha graia whrn tha aoadtttoniag praaaaa inolodad a baat traat-

aaat* UMa tha Mlag aoeditloaar vaa uaad, tialng bagaa ^tmm tba graia atteiaad

tha daairad ta^paratava. 4t tha aad ef tha haatiag pariod, tha vhaat vaa
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twJbd» rflMV«d fr«a th* ooodltluMur and %»• pl«o«d is detad oaa f« tte

rtMladar of tv«lv« hour* whan sppliMUa. Th« whMt we not a aroaa of

tha two vsrlatiaa Uatad^ but tha «rap barvaatad froa as lataBiienal plant*

ilV af a salxtura of tfaa twa idhaat verlatiaa sixed in a<!nal aawniBta bafova

ylanting*

Tabla 2. Stvalght grada floor axpariaaetallr alUad txm Eav mti
Oltaw (Itl) varlatlaa bard rad viatar ¥baat graMi a%
Manhattan, Kanaaat in 1959.

t

t Canditicwing Mathad

Cold
1/2 hour at 4fi^C

I hoar at 40^
t lM«raa%4P^
It hoavaatlO^
1/2 hour at $0^C
1 kwf at SO^'C

t kMora at SO^C

U 12 hmira at ^O^C

It 1/1 tew at 60®C

II 1 how at 40^U 2 howa at 60*C

U 12 hcura at 60^
III 1/4 bow at 70^0

39 V2 bow at 70^
at 2/12 haw at 90^0

H Vhaat 1—artad In vatar for 1 bow, «xoaaa vatw dralaad off,

and nhaat driad with $0<'C air fw 3 howa.
tl Uhaat imtmui in vatw fw 1/12 haw« mcttu vatw drainad

off, and whwt driadl vlth 50^0 air fw 1 hew.

new ttm dlffavaai tdll atraaaa, Uatad in Tabla 3» vaa obtcinad vhila

tha Kanaaa Stata Usivwcity pilot flow Mill ma in ^pwaticn en Fabruar/ 23,

19lt« Mill nix A, a aijctwa of bard rad vlntw vhaat froai t aaaHwraial MKiraa»

vaa baiag grawd an tbia data* Tha idHat vaa dry elaanad, waabad and aold
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MBiltiMMd tvo d«ys lMXer» it «• «lll«d. A anpU of flour ma obtained

froa osoh flmsr ttroeK in th« sdll.

TibHo 9* Plow Bdllod froi —U ooeditlened 1961 «v«p iwra rod victor
vlMot (Mill Six A) OB tba Kaca»a Stato VatmAty pUot
flour mill.

BmmUm—-~ ^ -mOMMV
1

t MiU StraaB RaoraaaBtad

ax ai
a F^»-brMk
ai Pirat broak
14 AMoadkroak
If Third broak
u Fourth braak
m nnk \mmk
m PiBo aiainga top
a» Flea aiainga bottaa
3» OOBtaa aiainga top

91 9matMi aiaisga botta»

H Pirat laiddliBga top

39 >irat BlidliBga bettca
% i^oooai aidanBga top

» 8a««Ml aiddUaga bottca
36 n&H a«4dliBga
J? fawth a4ddlia«a
3i Fifth aiddliaga
If Sixth atddliaga
40 Saaaad aoaUty
41 Pirat taillnga
4t ]p».J braak raduat
43 •wl&oa
44 ma aai ^Marta duatw

StHploo Of • soft rod vintov vhoot flcur oai tho frocUois ditdUiod

tfm it by air oloacifiootiaB w»o gappliad by DC4 Food ^joduotrioo. Tbo

MpilM «t« oBiaoratedl is lobXa 4. SvpU 06*^1 wo a atraight grtdo

•art lAoat flevr froa vidch tbo othar ca^Ooa vara obtaiaad Igr aakiiNf botob

Foaaoa m a Miag-lialtfaar laboratory olaaaifiar, Tba ouaUra 30, 25« ota«.
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r«r«r to tb* Mtiiag ef th* tiy flow vftliw on \h§ ol«Mlfl«r. TIm otutm

ftraeticn tiaa r«mvid la aMh pat* and tb« raaidual aatarial b««uM th«

fMd aatarial for tha mm4ti^ paaa. tba flaw test wa aoUMtad

Mparataly.

TaUla A* Flour fraetleoa air olaaalflad froi a nwiralally nlllad
•eft Mtwat flour ualng a Miac-Walthar labcratcry
elasaiflar.

Sa»pla I

laabar t i>»«ipla Idactity a»d Hiag Sattlng

DCA-1 ParoDt straight grada Mft vbaat flour
fiQ4-t First psss CD Kla«, 30 ooarso
66Af3 MsGMI psss m Mlag» 25 oesras
Wif^ Thlid psss en Msf « 20 eoarsa
SOa^ Fcturth pass m ltlsg» 15 oosvss
Be*-« Fifth pssa an Msg, 10 sssvst
&CA-7 Sixth psss m Nlsff, 5 Msrso
fiOl^t Ssvwth psss on Kiag, 3 oosras
W*-9 Rssidus froB ssTsnth pssa en Mlag, 3 finss
OCA^IO nmt dust froK flrat pass cb Mlsg
DCA-U Flour dust frcsi sooflMi sMd tklrd paaaaa on Kiag
fia»12 Flew dust froa fowth sad fifth psssss m Mlsg
B6ik*13 Flour dust froa sixth sad savsnth paaass m Mag

ffha saaplss llstsd 1b Tslds 5 vsrs dli«rss In saturs sad fsegrapfals

crigla. Thsjr i#sra ehtainsd fraa ths Plllsbury Milllnf Co« Ths tsras

»pataet", "1st els«r* sad^ted tlssr* ratfsr to ths asmisr In uhlsh ths

total flour itfoduead during allllBg Is suhdlvldsd icto thrsa flours by

sslsoUog tha flour prsdassd tro^ osrtelD alll atrsoaa aad eaaUaiif thsas

atraaas. A psisnt flour ssntaliis ths flour aUlsd froa ths pHas aiddUi^Sf

sad asr hs froa 70 psroart to 76 parosnt of tbs flour jaroduood froa ths

vhaat, Tha 1st slser flour veold bs ths Bsxt 15 to 20 parosot, and ths

aad slsar ths bslsass of ths flour predussd. Ths total adds to 100 psrs«Dt«
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er tU of ttw flour pfoduciad. CImt flouzs ar« not eoBilder«d to b« th»

b««t flevr for tootd produotion.

IQUjOIM AlO fnnmni'

IiMcneltt«lv* NottMtt

Flast ooll walls ar* «aqpl«x ttruoturta* Tha/ oontaln mIsIj aallvloaa

with acM) hMdoallttlOM Md aajba acna paotio matarlel» dapacdixig vspack thalf

oviglB (32). Meraan (30) a»d Eaau (12) hava rapavtad that tha iKLddla laMlla

ia ahlalljr paatia natertal. Baaad « tba quaatlcfiabla aaiii|iUt« that tha

UdXa loMlla aeotalna paatia aatarlalt tha follmring apfivaaalMa vara

atta^ptad but jrialdad liidtaU amraasa* A paatiaaaa ansyaia digaatlca of

flenv 9«rtlelaa yialdai aaiqplata aelutlon, »a did a ohaadaal dlgaatlon vitli

Jaffray*a fluid (10 paraaot aqntaena ateoaia aaid and 10 pw-eaDt aqvaava

Bltrla aeid aolutlcaa Itl) (U). Attaaspta tc uaa laKI and %80^ (11) to

tain eall walla vava «n»eaaaaful» although tbla la tb» a«»Ta8ticnal stalB

far aalluloaa. Bjr thla mthcd, uolf » t| §1. OS) ««ta«tad aalluloaaf acsa-

tiaaa only a traaa, Ic tba aall valla of Fadfio Horthwaat vhaat.

Whan flour partielaa aro Bcuntad in ifet«r aad irlawad mlaroaoopiaalljr*

tt» aall valla ara aattraialy difflault to dlstlngulab, airw tgr an axparlanoad

Bdaroaaopiat, baaauaa thay ara rmty traeiftarant* tfoljtdi— WMm provttd to

ba UMful ocly is dataotlag tha inraaacaa af aall vail matarial* flmnr pav-

tialaa aaotlcnad ulth a niarotosa* by Kmm» of tha fraaslng taahniqua» vara

laaa uaaful tct tha atudy than tha orlgiDal flour partiolaa. Attasqi>ta t«

dlaaaat flour partlalaa with glaaa aaadlaa fwovad to ba ho|)alaaa*
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riwla(pr»phs of flour psrtiol** iriil«h v«r« oltUiMd tgr vfiag • HUacUk

UhK iMMra war* of llmittd v«lut vIrm «ritieel sharp foertttlng «• sot

9«m1U«« Vhm hlMk mA tthtt« phH—tf«gy»|>h« w«r« priqMTCi Iqr u«lag th*

fairtr 0(Mitr«fi Atmwm Qrtho ftls ftWIttui toe sMh •cnttcit uhn it wi»

iMi IjB tte ihMt fUa Ua«k abcI Mbit«

(30) h«« r«{)«rt«d that rutlMnivi y«d i» 411iit« — niila»

Mitfctylin* hlvm, ami th« aafyaain at&lat %dLll atels paotia aatarlalf bowavwr

ha aavtiaM that thaaa ataiaa ara act naaaaaarlly apaeifia* Wmtk ti ^ht

abova atttina waa triad. If tbay atals paatia Mit«rial.» and If tha aiddla

liMlU c^ Mm» itMat aadoapartt ecattaina paatia awtarial ava qpMstlooa that

ara atill paadli^* HoMavtf* in all aaaaa vhae tha «b«va atelna V9^9 vtmA$

tlM m$MX9 laaalli waa elaarljr viaihla in a aall wall p(Mrtiola viawad is

arasa aaeticn. But tha ataisa ytntnmi mly a aaall iu—

t

cf acotraat*

MMB tha stein naad naa Ccefo rad* tha yaaaltiaff acvtraid Wlwaaa tha

iriUMla iMialla esd tha 99II waUa tiaa anffiaiant to ahow alaerly ie ]rfiotc»

eoBgo rad aialM Juat abeot araiyMiiag in a flour aaapla (flga. 1 aai

2), in aootraat to iiftlfliiaBiw Uaa iihiah ataina enljr dwagart atarah gramalaa

aatf tall ualla (Fig. 3)* Aa pravic^aaiy awBtiosari* Ml|Mamai hlua atalM

tha mU milB ae tfark (Tifa« 3 and id) that ita ttaa ia Uadtad to data«tti«

tha ivaaaaaa of aall walla in a flour aiMglti

Call walla wara found in flour aithar aa fTaa partiolaa* lika thaaa ia
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Plft, 1» 4b and 44v oar attaclwd to • sliap tt pr«t«iB and ataroh, Uka tbOM

is Plga* 2» 3* 4«> 4«* tod 5« Ssaatlata th« mtlra ««11 oontanta hai drcppad

out diaring adilisg and tha nail raaanblad a eyllRdar, Ilka tha pertielaa la

figa. 4b, 4«» 44 Mi $• 4U had a atddla UmlU batvaas tha aaU waUa ef

tva aadoapant a«lla whloh vara adjeoant is th» tdMat kanial.

All of tha parttelaa that ara hawi ia Piga* 1 thro«gb 9 vara fcuod la

tralght gvada flaora* Tba flour aillad fvoa tha Poaaa aad Mac* irtMMta

•aatalBad aiallar tjrpaa of eall vail partlalas aa thoaa ahow Ic Flga* l-S*

laaarar , axtMialva aaarahing vaa raqttirad tc find a aell vsll partlola whloh

had Xoat Ita aall oMtaata during alllliig. Sicca thaaa two vbeata had baaa

aald aaaditleaad bafora thay \ff aillad, it vaa thought that othar ailliai

pratraataaata sight affaot tha aatura of tha eall vail partialaa*

Vbaa aaab af tha flour aaaplaa 31atad In Tabla 2 vaa cbaarrad aiero-

aaaidaalljr, it vaa fouad that tha aall vail partiolaa wks* alvajra aaapaaad

of a aiddla laaalla batvaaa two aall valla* Hevavar, n iataraating pdlat

vaa that tha apparaat aiaa af tha aall vail partielaat vhlah vara produaad

dariag ailliag, datnraaaad aa tha tisa of haatiag inoraaaad. Tha diffar«MM

vaa aaat aetiaaabla vhm tha haatiag tlaa vaa 12 houra iaataad of 2 hour a*

Alaa* aa tha haatiag taaqpare>tur« vaa inoraaaad free 40*0 «|i«ard to 90®C tha

aall vail partlola alaa da«rai>aad* Evaa aftar aonditieaiag at 90*^C, tha

eall vail partiolaa aoQtainad a aiddla lowUa batvaaa tvo aall valla* Tba

aoat IstareBtlng aanplaa though vara tha two that vara aoakad ia vatar and

than driad bafmra ailllag (laa* 19 aad 20, Tabla 2)* Thara vaa a vary graat

artar of oall vail partiolaa vhlah yt»9 totally fraa af i^otaie aad atav^

ia Vliaaa two floura* Fyoa tba appaaraaaa of tha eall vail partialaa and tha

aaajr pviiaatie ahapad flaar partialaa, vhi^ laakad a oall vail ecvariag.



fti«tt U fUm psrtieU* «r Em and Ottmn vIimI flour (aa^U «.
f«U« 2) lUiMd with GcMigo tH» Tte «nr«w pelatt to • _
llfco ooll ijai flout pmtUtOB. ftyoiuro %te wi 3/23 W«ob«
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fUflf t* flma pttrtUla of lav «i>d Ottawi vbett fXeiar (Mopl* wamh»t >,
Uhi» 2) fUlaid with Coago ir«d tc ilicv tht BlJdl* UwUi bttMMa
t«o mU wlla (ttrrsif}. Soto th» fll«MnWiMi mIom of %bi «1I
wall paroJ«etiBg to the ti^,!^, m& that tht nlMIi Iwwlie i«
Ti«ibl« eolx la Um% perUoa aT tba oaU mil aldah la aaaa la
eroas atotiea* laptauia tlaa uaa 1/2 a»a«a4 «i tjrpa A KadaehraM*
1335X.



rigw* 3* PsriflMU* theptd fUmt ygrtlol* Billed turn Biaoi lAftH (iiiili
awter 2» TtUt 1) gftalatd vith soljrbdtina U»t» Tte cnrov
poiata to tfa» mU wU that If btiag pMlad wmf tttm %ht$ mlX
imitmtfli, vhlaih •xid*lBs hov th* ••11 MntffBti load port dT its
mH wU ««v«riag (Jnvt abtiv* Hm onrow) • Tho oxpeaoro tlai

fl
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Figure A. Diverse types of cell wall particles found in Ponca wheat (sanple
n«Bber 1, Table 1), The particles in a, b, and c were stained with
Congo red, while the particle in d was stained with molybdenum blue.
The arrow in a points to a flap of cell wall that is attached to
the conteuta of an endosperm cell. The particles in b, c, and d
have lost their contents during millingj they are referred to as
compound cell well particles in the text. The arrows in b, c, and
d point to sttanps that remain as a result of the breakage in milling.
The magnification (at the negative) is not sufficient to show the
middle lamella between two cell walls. The exposure time was 8
seconds on Panatomic-X film. 215Z.
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^:^>j jd.

Figure 5* Cell wall flour particle milled from Ponca wheat (sample number 1,
Table 1) stained with Congo red. The arrow points to the middle
lamella between two cell walls which are viewed in cross section.
The exposure time was 16 seconds on Panatomic-Z film. 760X.



«lMi impfUm ma thai Urn ««11 mUi had bMn •pMUd" away from Mm oall

a«Dt«B%B dterlaf BillSag*

fa thla point, all flour • vhieb had baas ifwIiaJ Bl«roaocplaalljr ti«ra

•tealcH grada flour*. Tha Individual Kill atraaa fXonrat liatad ia Tabla 3,

paralttad a aloaar inapaatioo of tha poaaibla aourea of aartalr typaa et

aall wall partiolaa. Floura fron tha hraak ajrataat v«ra tiMdra«tcriaad kgr

•teat-Ilka partialaa of aall valla, etharviaa rathar ocauliatlnativa ia

>|iyaarawaa» <Tha braak floura alao oentalnad a ecngldcrabla aaoiait of teas

yartielaa aai baarda; nalttaar typa la aeoaidarad aa a •Uvm* flew partiola

alBoa naithar e<naa fvoa tha atarahy mAmt^mm vhiah ia tka wmac* of •tnia*

floor partiolaa.) Tha aall nail partlolaa in tha braak floura vara alvart

tiyaaid of a alddla 1a«al1a batwam two oall valla*

Tha aisiaga floura vara vary granular and oontaiaad two particular

tjrpaa of aall vail partiolaat oall vail attaohad to an andoapam aall. Ilka

that i» rig, 4a, asd partiolaa eonaiating of oall valla of two or Mr«

adjaaant aadaapan oalla whiah had loat thair oontMta during •lUlag, lika

tha partiola in Pig. 4d. Tha lattar typa nay ba •ammimMf rafarrad ta

•• • mmfitmaA aall vail partiola. Tha floor fr«a tha firat, aaoond, third

and fourth alMUBga »ill atraoaa alao oentalnad ti^mmA oall vail partl»

alaa, juat aa did tha flour frcs tha I-3-3 hraak radoat aiftar. Tha fvaaanaa

if iMWiwiil oall veil partiolaa in tha l-:&»3 braak raduat flour ia not aur-

prlaing, ainaa tha ataak gaiag to thia aiftor ia avantaally aaparatad into

fla* far tha fina aiaiaga, ooaraa aisiaga, lot aiddliaga and and alddlii^g

rolla, vhara nora ooBpooDd aall vail partiolaa ara produaad. But, tha ai»>

WmmA aall vail partiolaa in tha 1-2.3 tewdt radoat flour vera foraad in

tha braak ayatan of tho Bill, not tha radueUen nyatw, for tha floor i«
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"pot Id tlM M<dt« ttt »ocn •• It !• Mtdki. Tb« «MV«Md mU will fNirtioIsty

|«iit •• all €f tte ettar «•!! wall ptfti«l«ii d»«unr«d» v«r« ooepoMd of •

•14dl« ImmXI* bftivMB ttfo oall imlla. TiMgr tr* |wrti«iil«rljr dlffievlt to

|ilWi||gH|A St high •fiDlfleatiat, btasue* th« d«pth c^ fl«ld st 3Stt Md

feigter MgatfiMtioBs It mitnmlf alwllw (2 er 3 ^)t and th« adga «r tlw

partial* tasda to *go ewvt tba aioimtalB aad dflwm inte tha vallay** Thla

affaat aan l« wuwn in Tig, 5 very aecLly* Only a fMall portloc of th*

idUMla laMilla vhleh uea ph«t«grapted etxtH ta liraagkl loto sharp foona at

aM tisa.

Tte flaar from tba fifth aiddlinga* aixth Middll»ga» aaecnd quality

884 flrft teiUnga »111 atraana eeittainad abaat^liko eall wall partl«laa«

Thasa aall wall partialaa wt« lika all «f thoaa pvatioualy diaeoaaad, io

tlMit thay iMra eM^oaad of a alddla laaalla batwaan tvo aall valla* Wmntng,

theaa floura iiare oot traMBdeaaly intareitlng baaauaa tgr tha ti»a the flainr

had tteaa famed frm tha atcok east to thair raapaatiw r^la» it vaa M
inlvarlaad tlMt it looked sore lika a aaft vh4Mt floitr than mf ftan a kaiNI

lAaat* Thla la typiaal of the t«il-aiid floura on a hard vhaat siUi thay are

laaa graaalar than thoaa floura free the heed cf the aiU*

Tha Ivan ttn6 ahorte duatar flour ia another tailnnd floor » but it la

an iBt««aatiiig flowr areo thcogh it ia atro^ly aoBtaainated by tares partis

alaa* It aoBtaiea a large «Kc«»t of aadaapawi aall vail partialaa vhiak

vara fenMrf by tha vigorcna traetaeet, probably tha aeat aavare grindiag

atap ia any aill, applied to the bras aatf ahatte by their reapeetive duatera*

If vheet vere a pig» bran aad aborts d«atara aotdd be aallad %)m aaahlaaa

vhiah rewBva the ^aquaal"* Tba endosperm aall vail partialaa in thia flour

v«re lika all of the ethers provicualy daeeribad» i.a«» a idddla leaalla



purtielss rare prsswit in ibis floor. UB«teBiMll/« tlM» al«(ran« ocU lay«v

is • part of %h» —<—pwa (9)t tet du« to Its high ath uid — gl«»«i iMNN

tita MBt«Dte» and laek ef •taroh gr«BulM» thia v*!! l«/»r la ecnaidairad %•

b« part af tlia taren. Whan a aaa^la of thla flour vaa abMdoally MMNuratad

with Jtffvay*! flnid Mid iha preoaaa vaa vlawai aloroaac^aalljr, slow •elution

eoeurrad* T)» atsrah mi pvotaii] dlaaolvad first and aef aarroaadiBg «v

•tUahad eall wall aetarlal ma laft ae that portielaa ciKllar to thoaa in

Figa* ih» i«, id aad 9 raMlnad* Vlth men Hm, partlolaa of tha atarafeQr

andoaparw aall wall diaaolrad aisd only portlolaa of tha alauroM call lajrar

iraa«l»ad« Finally tha olddla laaalla batvean tha alaurma oalla diaaolTad

Mi tin alawraBa oalla vara a^paratad tnm mm lathar hi' applying gantlt

paraaaora to tha glaaa eovoralip* Slvnltaeaeualyt parloarp partlolaa whlah

wara pvaaant wara alae MMMnratad*

AMitlon flour la ohtoisad hy aifting tha ata«dt eellaetad fr«B tha

main tie llfta and tha purlfiar duat eollaetora. Tha porlfiwa ara tha

ahivlcua aearaa af any ef tha aall wall partlolaa fa«a»d in tha aaaticn floor

whiah la alao a tall-and straaw. In a hoakat alavctor floor will, tha

•natlew flavor would genarally ac«a fr«» tha dviat aollaatad frow tha purlflarai

rolla* end alarvter lag oaotloa ayataa. Many of tha eall wall partlolaa la

tha auction flow wara ahaat-llka| thaaa partialaa prehahly oaa« txom tha

purlflara. Uka all of tha othar Mil wall parUolaa* thaaa wara m^mmA

af alddla lawalla batwaan two eall walla. Slnea eall wall parUolaa ware

fMMd In all «111 atraaa flottrs* It waa raaacnahla to aaaiaw that aiallar

parUalaa night eeew In any or all fraetloae of an air elaaalflad flew*

te air elaaalflad floor waa intnaatlgated to oonflra thla.
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Ito ymst watt vhMt flcvr and Iti Ar»o«icnt er« listed is T«bl« 4«

th* parrat flour had tha ipfaiirspoa of any aoft whaat fleur, Vm flour

tlolac war* Tar/ Irragnlar »» to otttllsa «itf wan/ fraa atareh grasulaa vara

praaant* Tha adgaa of tfaa Mil wall partlalaa wara raggad, tet aaah partlala

atill waa aoajteaad 9i a alddla laMlla batvaao two eall walla. SmfUm B0ih2

was atnllar In appaarenea to 0CA<»1> t!» paraot flour. It, too» etmtainad

mU wall partlalaa aoqmaad of tha alddla Isawlls batwaaa Wo aall walla*

l3ut tha flurpvlalac c^aarvatlen about tCtf2 wb the vary anall ««««% «f

diagtd larga atareh grawilaa li> tha flour* Siallarly, CCA»3 ooetalsad pra*

dMKlBaatXy larga WMlaaagad alayeh grwulaa with vary faw partlolas of protala

Md atareh In oca alni9. But tha fanlllar eall wall partlelaa with the

Iddle lienw betwem two eell walla ware praaant. Larga atareh grainilet

wnre predcwlneBt In t)C**4 and ^S* with aone tiny atareh grMMilaa and eell

m31 pattlelea Ilka thoae |»ravloaaly daaorlbed. There were were of the tiny

atareh i^amtlea In 004-6 than In any <^ tha pvevloua eaaplea in thla aarlaa*

Tha eell wall partlelea In I^A-6 were gimerally free ef edlwrlBg protein mi

•tareh, end alwaya ocnalatad ef a aiddle laMlla between two oell walla*

It waa hoped that c«e of the fraetlcea would have a partleulerly hl|^

•—•iBtrettca et eell wall partleleai OOAp-? proved to be the anqpla In thla

MTlea whieh hed a partlcnlarly large quantity ef eell wall pertlolasf whoae

•Iwracter waa like that ef aU the other call wslla aaen In thla atvdy, a

iddle laa»lle between two eell walla*

iMiaaa OCAf-8 through *13 were very fine, elaeat like face pcwder ty

feel» and te the naked eya they had a dirty appaarMM* Tiny atareh gramOea

•a* weige protein ware aeat prcadneat In fiCA^, with aoaa eell wall partlelaa

•Ml Mlaly tiny atareh grsnulee. The pret«ln and atareh eeeaed to be iveeaat

In aljROat aqwal aMOBia la DC&-9, but eall wall aaiarlal was praaant too*
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flM Vftmw 9t Mil wll Mt«rl«l in I?CA-10 thrcogh CCA»X3 mt only

•MsalcMlt 1» f«et it v»i B^MaMVjr io nm molyXamm Um to identify

«b«olttt«ly %h» mU imU p«rti«l«a, for th«r mm iMiiwIly M mmXl tta«%

ttey v«r« difficult to tetMt aad to digtiagvish ftm mdf* pvet«i» with

6Mf« nd. £t«o though eo»8id«r»bl« ••firtfOiig «•• M<!ttir«d to find mU

mU pMTtlalct in thto* last fcur trnqpltt vhioh v«ro clBOst sntiraljr vadg*

futtiii aad tisy stsMfa gnnoltst m11 wtll p»vtiol«s vwr* pnamt in all

Mi %ht p«vU«l«« •Imys ocnsiatad of a viddla laaialla botwaon two eall

«BUa. miabttrjr Baavo (aa^plt mnfear 53» Tabla 5) la a acMwolal produat

whoaa aieroaeopia appaeranoa vaa alailar to that of aasplaa £)C*->9 thr«mli

86&-13* Tha Pillabory Baavo vat fe«Bd to ha a glnilar aixtura af Mall

«l«Mll pwmlaa, vadga protaia mi mU wall ntarial* Tha oall mU vf»

tialaa vara juat aa diffiavlt to find in tha Pillsharjr Baavo aa in aaiploa

I)CA»XO through DCi*13» Tha oall wall partielaa In tha PHlabory Baava

alwaya rapraamtid a i4dla l«»lla hatuaan two mU m11«.

Ul of tha atudiaa cf tha provioualjr diacuaaad aaai^a indiae^tad that

Mil wall partialaa ara fconwid during tha BllliBg ptomm cf aoft rad vinUr

whaat aad haH tad vintar vhaat. Spring vhect floor aad Mbar aunm flour*

lAiifei ara ligtad in Tabla 5, vara obaarvad to obtain Infonutioe oe atiU

ether elaaMa of vhaat. Tha aaaplaa of flalkirk variatjr hard rad apriag

t^iaet flour M^f axtranaly gramaar* Thar oontaiaad M array cf m11 wall

fartiolaai iriMat->lika, acaipomd* aad etta^Md to a partiola of flcmr* Tha

apring vhaat floor ftM Snaata wa ooiaplataly diffarant« I%a aiMaaoapia

i9fMra»M wea mvrm Ilka thet of a aoft vhaat flour rathar than that of a

fUm fftM hut tfoAag vhaat or av«n of a hard vintar vhaat flour* It ia

dlffiault to know if thia Ruaaian aprirg whMt flour ia typlMl or atypiMl
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«f tbt fleur aillvd trm wptlng vhaatt gtt^m In Kutaic. It btt btm rM<iiilM<

ftr • l«m tlM that MVirvBMBt ««b change tha ehBTaaterlatioa of tha fleyr

Ulatf froi a vlMat. If a t/pieal hard wbaat ia growo in a aoft vhaat araat

Idw hard utmm% vill avaatually aaqtOra aoft vhaat aharaeiarictiaa. Tha fleer

\M.§lh ia alllad froa a vhaat grown Id a aaw murixctmmt aould ba axtraaMljr

dLffieult to aXaaaify aaeerdiag to Ita tnia vhaat alaaa uadar thaaa airaiaa*

•taaaaa* Tha 8«Uirk and Ruaalaa aprisg vhaat floiura acetalnad o«U vail

parUolaa* aa^poaad of a adddU laaalla batvaaa tvo eall valla*

Tha PoBoa vhaat flour vaa uaad aarly in thla atud/ to dotanalM if

•«B«r«lal UXing alao produaad tha aaaa tjrpa c^ oall vail partlalaa •§

doaa lahoMtory adlllliv. Tha anavar vaat jnaa*

Tha nonr f»on tha aabar duns viMat vaa partiaolarljr grsaular. Mont

of tha oall vail partlolaa M^f attaahad to Midoapara partlalaa Ilka tha mm

i» Pi«. 4a« Thaaa aoll vail partlalaa vara alvaya acaapoaad of a aiddla

)—alia batvaao tvo oall valla*

Xt waa found that an abaoluta ra<^i1rawaiit for dftaarring tha nlddla laaalla

VM that tha oall vail partlala auat ba ylavad in aroaa aaotion ov tha aidilo

I imIT b vill net ba Tlalhla at any «agBlfla«tica« In Fig. 5 thla ia vary

olaar, for tha nlddla laaalla ia not vlaibla in tha pertioB af tha oall vail

partlala that ia not eriantad for aroaa aoiiticaal flawing, k aall vail paiw

tiala ean ba aorraotly orimtad la a BtierMO^a aotat by applying praaanra

to tha aovar alip» thua aauaing tha counting mdlua to mm; and aJamltanatmaly

tiMIt^ tha partioloa in tha nount* Tha aaalFiilaUca mat ba dona vith

oautlcs, or the antira Moont mtiy ba daatroyad.

Wm ahaat-lika oall vail pavUalaa and ooayaand aall vail parUelaa af«

famad during Milling, ainoo thaaa oall vail parUelaa do not hava protain or



•ItTCli aAlwring U %hm, thsr* Mr* flcwr perUeUa foriMd whleh ecBtclB littU

or BO o*U mil mUHA* Tigvrm 3 •cntelBe • pertlolo t^ this typs, Km%

nd Joma (23) also tkHmmA petMoUt of this t]rp«« Tho arrow In Pig* 3

yalBts to tho mU wU Mtoriol •• it i* telng pMl«« aw/ ftoi tlM mU eciw

twio* ttailar flcur p»rtlcl«a vore obaonrod vhon Congo rod wao uaod m» tht

•toil). Tho Cnngo red atolnod tho olddlo loMlla in tho ooU mil of thooo

forUoloo, too. It m» qvlto oloor tbot the ntiSdlo UmUo oad tho t«o ooU

Willi that It waa batwean wore being pooled away ea a unit froo the oell eoo»

tanta* If Kent end Jccee hai vtmA Gcogo iwl iaatoad of aaliMiBi blooy |w»»

hapa tlMgr would hav* iMide thm aeato obeermitina, i% «ay rate, Congo red ataiai

the flour partialaa ao that wliat hea hajppanaj during ailli^ ean bo oaalljr

obaerrod*

um GoiiCLu&ioni

All oadeapera ooll wnll portiolo* vhiali were found in oaoh of tho flow

M|»loo obaenrod in thia atudy, when ecnreotl/ oariented, were ooaupoood af •

aiddle loMlle botwoan two ooll walla. Coll woU yartieloa were fovod is

wbest flour rogerdleaa oi the geogrephie origin of the wheat, the whaet olaaa,

the willing proooduro uaod, tho adll atteao froo whieb the flow woo «Moiaod»

or the gnbiafiiot lobttiploioo of the flow into aaveral fraotiena. Ewory aell

wall partiole waa alwe/a a aiddle laMolla betvoao two oell wallo*

It ia oonoludod that ooll walla are bvokm trangvoreol/ dnriflf fflMm

00 that oaoh parUale of oell wall ia alwara ocnpoood of a aiddlo laaallo

between two indi^duel ooll wella*

Bnrhapa id»a olaaaifiaatieo a«thoda tiT9 further rofinod, fraotieao of



flMor aajr b» olvtolrMd vhloh do not oontfln pwrtlolt* c<f mU wUt*

w—ificiMi rot ruTOS uqh

flM inriMiry purpcM ef thig |j)V««tlg«UoD wi to angMr th« bado

tlOMtioD •cBwiriilag t)» teMkag* ef tte iXJotfuni mU Millg* Th« r««altf

dbtsin«d hav* ffOfggftad pMi^bl* arM0 far futtxr* laTaatlfaiicat vilkh ragtiA

%• tl« pv»«tl«iX anpUtatlQii ef tha kaouladga to air elaaalfloaticn.

Tha dataralDatioB ef %h» daoaity ef «idoapani «all valla Might laad to

fuTthar rafinaMMta in flour olaaaifioetieB apparattta and ttea an inproirad

taelani^pia alclit ba obtalnad*

A dctanalMitioB ef tha puremtaffa* by aetual eottatli^, of eall vail

partlelaa lo elaaatflad floor fraeticaa weuld halp to daflna tha aaeurfigy

ef alaaalfleaticii*

Tbi offaat ef aoeking asd drying vliaat bafora KiUiaf «lftat ba iBvaatl-

gated to datandna if a aothed eeold ba davalopad for praparatlco ef flour

twm ef aall «all««



At wrltwr kippU/ MMpts th* opportimltjr to cxprets hl« •lDo«y«

gr»U(Tid« te tat, Maj«l M, MtiMMlart* ujor in«tnietor» for h«r lnt«BM

lBt«r««t, linraluabl* aid* tdilMf eocstruetiv* oritieiM mti eontlnual

•MMHPafMMBt throagbcixt the ooutm of th* inv»«tlgatlaQ «ad ttat pmiiaraHai

«f th« M«ira««rlpt« and to Dr. ioim A* 8hall«)baTgtr» Ea«d» Dtpartsent of

fltmr and Faad Milling fiiAutriaa> for providing raaaaroh fa«llitiM«

8lR«ara thanka art aortaadad to Dr. Chaatar U. Ofalt, Flrinolpal Raaaar^

S«lai>tiat, CCA Fead Induatriaa* and to tha Pillab»ry MLlling Co. for flotv

Appraalatlrsi ia alao «rpraaaad te tha othar MMibara «f tha Dapartaaat

9i Flaar md Paad Killiaf Imdaatriaa for thair aid Md aaoBaal ao fraaljr

giiraB«
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MUlMf lMY« ttwd aaahlMfl for M«r«a of jrMVt %e rtdue* th» tWrtly

•f t)M vbMt teratl to flour without knowing hov th» br«ak«f« cf

•ndofpuw mU wU« oe<3iUT«d. Pr«vic«« varkwd Imf UmmamA ttat o«eiaw

ftM» tf mU ¥»U ptrtlelM, aai gmgicttd )uw ttwj my b» foncd, VOs

•iMdtjr «• UBdtttckM to ••t«bU«h doflnlUly how th« wdctfmrm otU ««U«

•M hvckw iB ailUBg. with tlw ad^wat of ueUn nilllBf MthoAs, kaowlodgo

of porUolo fonutloQ wmf \m uMd to tdvovtago in tho adlUBg prooosa or la

tha daalcB of now aaafalawy*

i% Uaot 90 flour parUelaa ooatelalag «r oo^toood cf uriMpars ooU

wallf for oaah oat^ao atiadlod, waro vlawad aderosooploell/ to datanalno ban

tha aall mOIo waro \atckm daring alllliig* Tha floora itudlad Inoludad

•MpUe owrantiooalljr alUad fros aoft rod wlntar, hard rad wlntar, haf<

rad wfKiag, aad durun whaata, and tha air olaaalflad fraotlcna of a acit

rod wlBtor wfaaat. 4 aoluUeo of pB 8 phoaphato buffar oaturatod with Gaogo

Md via «Md to ataln tha flour partlelaa in sleroaoople Mwta ao that tha

alddla laaoUa 1b tha ooll waU of • flour parUolo oeuld bo obaorvod,

IWljphdaBUM hlua waa uaad to dotoot tha inpooanoo cf ooll wall aatorlal In acMO

flf tho flour aaiaploa.

Coll wall parUalaa vara found In tha flour sdllad frev hard rod wlstor

whoet, aoft tod wlstar whaatf hard rod aprlng whaat» wd aahor durvn wkoot*

GoU wall partlolaa wara found In tho flour of all alU itroaMo nlllod frea

o hard rad wlntar i^ioat» and In all fraeUona of an air olaaalflad aoft tod

wlntor whoat flour*

Bvory ooll wall partlolo that wao aortttlnlaod nlorooooploalljr ««•

•oVOMi of a Middla l«aalla batwoon tvo eall walla» ao oonld bo do»onotratod

tagr ptopn atainlof•



noi %h» mukimnt mgnltt obtsintdt it «tt •on«li»d«d thtt mU wall

putiol«« •»# fORMd 1» tmXf «M i»jr tarlBg adlllBgi the t>f»«k !• tren*-

iMfM aoreM tte mU wll tad bctwM tt» Mil ooDtest* snd tb» e«ll wtll,

o thtt • mU wU particle aliicjrt is •ovsMd of • aiidla 1«mU« tetMM

two 0*11 wall**


