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A problem which confront* the baUer who uses dry milk

solids is tho offoct of nixing speeds on th« baking quality

of dougha. According to Kr. Rood KoCann1 , tho personnel of

tho bakery sorvico department of tho American any Itilk

Institute have noticed instances of laaa satisfactory re-

aulta from dougha minted at high a^aoda which woro corrected

by longer mixing at raduoad apeodo.

A brief study of the problem by Kyor«sc indicated that

a poorer loaf of bread resulted froa deoreaelng t)i» speed

of mixing aonamlly used In the experimental laboratory.

It, thus, appeared posalblo that what had been termed a high

speed in the experimental laboratory had been, from the

standpoint of net effect, a comparatively slow speed* The

findings of Myers, coupled with tho unsatisfactory commercial

results froa high speed mixers, as stated above, suggested

tho desirability of trying optimum mixing speeds.

Preliminary trials in the present study on the effect of

mixing speed on bread containing dry milk solids indicated

that optimum speeds could be found for tho various oaouuts of

dry milk solids present. frolimlnary atudleo also indicated

that, for loaf volume, there wae an optimum dry milk solids

content for broad.

Tho term "dry milk solids" has been used throughout this

>riiil •aasaunioatl -.;m, director of the
^Aaerloa.- atltute; !'ay, lfttl.
^Unpublished data froa research problem regarding mixing speeds.
Department of Killing Industry, Kansas state College) 1X1.
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1 to .-aoan dried eMa tttlk solids with a fat content not

oxceeding 1,5 percent and a aajcisasa water content of

percent.

The object or this investigation was to dotoraine the

optism alxlac speeds for various dry silk solids contents

and to determine the optlwua dry silk hc.
| tent at

bread.

TtSVtES OF

3ohn and Bailey (12SS) tavat to at axeossive ' it a

dough beyond optisam dtovolojwao:it >X inferior bread, aad

that high apeed sslxers develc jta wore e,uiokly than low

speed sixers* Staaberg and 3ailey (1033) found optiaua ais-

IM for each apood of rotation of the nixing blades.

They alao noted that the inclusion of six percent dry wilk

aolida In broad dough Increased the mixing tiaw and increased

tha tolerance to variation in nixing spead. the optiasw

speed of aixing for the Eobart-KeDuffeo silxer was found, by

then, to be between 60 and 80 revolutions per talnute.

Laraour and HaoLeod {1929} studied the effect of pc-

teaaiusa orowato on wheat flour*. They found that a brctwte

la gave a better measure of baking value than the basic

forawlu. Oedaes and iaraour {1253} studied saae as poets of the

broaete baking test and found that the broaate forsaule gave

better laoaaureijente of the relative flour strength than tLo

basic foraula. They also noted that tranwae response was sons*

what dependent upon the protein aontont. This would indicate

the praaar.ee of optiaura brou&to .req\iireisentc for flours.
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Gfalt ami Laraour UMO) a| .>» buffering* affect of

dry ailJe solids toward broaata nod found that the addition of

dry uilk »olido created a toleranoo to potaeniuea bromte which

toads to prevent damage to loaf volasw and to grain and tex-

ture when larje doaagos of tala reagent arc uaed. According

to ofelt and iJtrnour, dry allk aolida, together with appropri-

ato aaounta of potaeslua braaate, product ir.eraaaes In loaf

voluaoa and lcwroveoanta in texture beyond that which could ba

obtaiaad with brosiete alone.

Baraare, ?iaaey, and KeClujssage (1941, 1H2) reported

the effect of potaaalua broraate on broad Sougha. They dawon-

atrated Mm praaane* of an opti.. ...te raqulraaent for

Omm various variation. According to thoa, the

ana brosaate ra^uireraant varied with floura froa different

varieties.

During «h* planning and execution of thia atudy, epeolal

attention waa paid to tb« procedure* uaad to obtain the data

and to the aathoaatleal technique* naadad to properly evaluate

such data. Tha propriety of taking thaao precaution..

Illustrated by tha following citation*.

?eareor.
, in writing of tha phanoaanon of veria-

tior, ae depleted by tha ooraal curve, Quoted Francis Saltan,

an early statistician, thuaj

now of scarcely anything ao apt to laspaaa
tha lssagination ac the wonderful forsi of oo*s2e
order eapreesed by the law of *r . t would

boon personified by tha 3raeka and deified,
thay had known o: : . :t reigna with severity

-ioto aelf-c. the wildcat



confusion, tho buger the aou tad the greater tho
anarchy tho »ro perfect Is its av&y. Let a large
sasplo of ohaotic oleiasnte bo : aorshalled
la order cf their aagnitudas and thon, however

y appear, an unexpected an£
Most beautiful for clarity proves to !*avo
been present all along.

rearsor. also discussed tho theory of correlation as

tho result of the limitations of ti.o theory of caua*'.

which was uao : oxtensively by scientists of tho past.

In correlation it is recognised that result A nay well bo

caused by more than on* factor, whereas MM causation theory

did not, 'rise correlation coefficient is the square root of

tho fractional part of A caused by the factor being consid-

ered. Rush like the asan, tho correlation coefficient in-

creases in reliability as the nuober of observations

oroase.

In 1S32 Gouldwn wrote:

In cereal oheaistry experlsaenta , the analysis of
variance asanas to be particularly applicable, as
there Is a definite experimental variability *!.'

cannot be overseas by methods now in use; oni the
so; this variability and allocating it to
differont ao.a>ocs is often the aoet serious;
with which the cereal cheoaist has to deal In |
sraHsing froa bis results.

In accordance with these views arrangausnts were node

for obtaining adequate data with a adnlauu of routine effort.

MMXU4 MB OBDU

Str«c flours and tbros »ij;ir^* aachlnas. were usod. The

flours were obtained froa Svuuorc, Md Chiefkan wi.o&ta and a

oossesrclaliy blended wheat aix froa a Kansas flour sill.



?he three BllXl data used ware the IMrld -wanaon-

.': wt-toDaffaw* The mixing action of the

marking aixer was produced S>y A two-ar-a planetary nixing head

sad three stationary arua. This aixer woo a newly designed

aodel anil, while uaalslo far lte s;-- .rpose, was not

suitable for the range of conditions Ispoaed upon St by this

Investigation. The Swanao»»worJclr«e mixta* had a four-arts

planetary mixing head arid two stationary eras. Tha 21obart-

MODuffee moblne «a« equipped with a fcwo-arca planatary nixing

heed and one stationary ana.

:-.lng speeds of BO. 75, 100, 185, U9, 175, and 200

revolutions par minute were uaoi on the Becking end iwsnaon-

Worklng siixers, while 40, 70, 100, aa ISO revolutions par

' uta wore used on the BJbass 'MuPuffaw alxar. The Mixing

effects of the 40 to UM Nap «*° t"1* Eebart-KaDuffee

aixar approximately equaled tha aixlng effacta of the 50 to

200 KM ranee on the other mixers*

A eoaaerclel-typo foraala with tha following oanstlt-

uents imp loaf of bread wa» used: WO g flow, 6 g sugar, 1.

salt, S | atwrtenin,';, S3 § yeast, 0,23 g nalt eyr-up (120°

Bar) | variable aaouata of potassiua broaate, and water aa

needed. To this fowtula was added dry ssllk solids la saounta

of zero, two, six, 12, and SO pore inJ .. rhis type of foraula

slmalatea those of aowaareial bakeries and also tends to re-

duce the wayteHaM In grain and texture; thus, the loaf

volume variations Ntas aore algnlfleant, This was desir-

able because loaf volume was tl» only ehar&ateristle which

eould be measured neohanica



Table 1 clvea the average obeolcal analyses of U»» flour

a

and <Sry sailk solids uee out the atudy»

2n order to obtain stailar hand:.' >ortios, the &b-

aorption was increased with increased enounta of dp? ail*

solids, the isost suitable increases in absorption were curvi-

linearly related to the increases in dry allk solids; 1. e.,

leas water per percent dry allk solio.a was added at the II

percent dry stilk aolida level than at tho six percent level,

ate. The dry aillt solids used is thie study had a lower

water absorbing ability than was nonaal*

Twenty percent dry wUM aolida was added to only one

flour. This was discontinued and ignored in the mtheimtioal

wor& beoauao it was found to be boyon-i the practical

of dry nilh aolida content for bread* Sread produced with

tho addition of 20 percent dry allk eolide had a ohweaa-llia

flavor, very fine grain, and a heavy rubbery tenure

.

loaf volune of broad containing SO percent dry siilfc solids was

considerably less than for six car 12 percent dry sillt solids

eontent. whereas, the loaf voluaea of both tbe six and 12

peroent dry nllk aolida bread were usually greater than the

bread without dry sallk solids.

Seven flour-aixer srmi$& of data were obtai . ose

groups, their oeas loaf vol-joea, and their aean variances are

Elver, in Table 2*

Tiithin each of these seven groups the date were arranged

line to combinations of r»lxin£ speeds and dry ailU aolida

content. In each croup there were four levels of dr.



?ftble 1» Cbaaloal analyse e of the tutorials uaasl
(data civen as racelve. .

Baterial
(paro-

Lata***
(porsent) {peroc.

ary mill, aolide .00 3.50 iMO

Tanaarx; flour at*l 11,50 .i35

Ohiafkan flour 12.3C 11. .130

C«sa«rcial w'..oat

aix flour
12.03 11. 0.4M

•>7h« above raculta era averages of aaveral aataplee firowii

rantlaily at various tl:a*a during tb» lnvaBtigatlon.



SftbX* 2. Mftan loaf volwaaa and a»«x> varl&ncos of tho flour-
aiaer groups.

"lour-ailxar group

*••»*•<; flour, irklac otJser

"
, MnMMMHNWMUlg aizor

Chitften flo'i?, r.wn*oa-YopklnG

Cowttrslal blond flour, Swknson-Eoriclng bImt

OoMwrolttl Ul«n4 floor, Bebsrt-BO taffM '

Mb io«fi Jiattii

Mi : v-fcrianeo
(co)

794 265.5

fM MM
70S .

MB 24,3

607 19.7

800 13fl.i

727 15.6

MM*Mi [Wl)i



aolida coraUnt. Sown different apoad* of tho iforklijjr and

^W6n«oa-T.'orkinc sjixara ware atudied as were four speeds of tl*

a*wt-Xoauffaa alMF* Thua, there war* 26 eoafclnatioas of

epeeda and dry bIIJc eolld* within four of the flour-falser

«ro«pa and 16 ooafolnatloca within three of the flour-atxer

croupe - a total of lflO eoauinationa of aixar, flour, spaed,

antJ I solids.

Twelve replication* war* baked of each of th* ISO oossbi.*-

Won* atudl*d« fhl* we* dona to obtain Mra reliable data and

.opa eloaely oonflr* the varlatioita of th* phenomena. Jhua,

1320 loan* of broad **re uaad aa experimental data, fi

., about 1500 loavea ware batted to determine tfca optiawa

tine* to . i brouat* ra^uiraaenta Md to taat th*

yaaat u**d for each bake. After th* optlaw nixlne Urn and

opttauu bromt* raqutrojaaat for **oh eoMblaatlon lad b**n d*-

taraiaad, tl;«y war* bald oenatant for their particular ooafcina-

tian throughout the tH .. . , R» olisdaatlon of theea factore

as variables reduced the eaount of work Involved about 80

percent.

The following procedure waa uaad to dateraine the optima*

tata* thws for each oaablmtlor.. A dour,;. **«. tho mm*

as actually uaad for th* thesis data was alaaa to th* eatlisated

optlama dough development. Tho «atta*at* was m&e by observing

th* dough while being aix*d. rough which la not dovalopc

short and appears Jagged. Dough which la overdeveloped becomes
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•bin? and sticky. At opUswa dwwalopaent the dough la Smooth,

has a valval? feel eni lo not atioky. Accordingly, ***en the

doueh appeared developed, the stUinc tlssa was noted. the dough

waa then reaoved frost tho sixer and handled us usual In the

fomentation aad proofing oahlneta and In the oven.

Jjaaodlotely following the ftrat estimate, two othvr dougha

of exactly the aaaw foroula and dry allk aollda content ware

mixed approxlaataly three-fourth* and five-fourths of the ee-

tlaated alxlng tlaa and alao handled like an ordinary dough*

The loaf volume of each loaf of bread waa taken Issaedl-

ctely after baking an>l the grain and texture war* note;! the

following day. Ho aearlng of the gral.-i and texture waa done

It-. Wila otudy. The Internal chares tarIstloa were aeroi;-

•panted to neke aure that all viata were obtained frou loevee

with erulR and texture at least equal to the standard* of

aaanatrolal bakeries. If the Internal obaraotorietlae of any

loaf were unsatisfactory the particular dough coablnatlon that

loaf represented waa rebaked. The opticus alxlng time was

selected by attaeurestent of the loaf volumes. If the eotiaeted

optlaua olslag tiae waa not found to be correct, the particular

dough AOBhlnfttion waa reteeted according to the Indications

of the first teet. Approximately one-third of the teets were

repeated. All loaves were baked In duplloete during each

teat. In the sane aenaer, the optlaua bronete requireassnt for

each flour and each dry uilk solids content was determined.

flaw absorption was determined by saeans of the Klxograph

(3wanaon«*wxln£ oou£h-reoordlne El«*r) and the handling
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proportlaii of tba doughs, Tha flc-ur »«» first olxad to taat

tor handllnc propartias. it ma than alx*<i In tha lilxograph

and tha halght MM a!taps of tha alxograa aotoi. 7fa» absorp-

tion of tha aili:-contalnin£ flour-dou^ha wsc lner«ns«d mail

thay wars tiso aane height a» tha no-silIk doughs* Ths shape

of the »ixo#ra»a ofe*ne» »ith the addition of -dry nils aoli<':. .

On the b»»l« of the above sraoodura*, it ma asauond that

an optlotuB loaf of breed ems pro-Juoa*.'. in MM) | ration*

lo»-fora, oaaueroiel-ebapeu pen* wn used tiirooghout the

InveaUgation. VHMnWttM tauperetura end feMMMf w»ro

sKlatained at 30° centigrade tad 75-80 pereent respsetively.

MMasntatlaa, punching, proofing, and taJKUtC wore *.osordiu£ to

the official .... aistboda. toef volwaaa *or« taken

iiWOdletoly after Mktag and ereirs and textura noted tba follow-

ing day.

lit-loaf ..aa uaed on tba Seanaoa-VforSsins and the

aofoart-UoDuffea alxsre* seeeuae of Halted oapaelty, aingla-

loaf nixing «aa used on tba working raiser. All doughs *aro

ooala^ to 172 grane iaaaadiately aftar being ai»d. ibis waa

dona to overcome tha affacta of increased dough walght due to

the addition of dry utile aoi:. ,

.

She MbdOf tlaa for aaoh ooaMneUon la given in ?eblea 3

to 9 and tha obaorvefl aear. loaf vol»sa far oaoh. oaabinction

in Tables 10 to 10. Tba 1020 loaf volussee «ra givoa in, Tables

50 to 65 (appendix).
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Trior to aubjooT lata to an aaalyais of variance,

tha MWll af the group a»an loaf volumes end thalr re-

•pa«tiv3 aaen variancea were toteralned* (Table 8)* It wee

found that the ©roup aeans and their verlanoos were slgnlf1-

sorttly correlated* The (tan-elation between the oodbinatlin

seen loaf valuaea, within e&oh group, and their variances was

':, to all ««vw« croupe, to bo definitely nonsignificant.

Teble 17 elves the correlation eoefflalents together with the

least significant correlation coefficient*.

Tables 18, 19, and £0 give the result© of the variance

analysis aeoc tha flour-sixer rroupe. Table 16 elves

the results of the data obtained with the T«r»erc, flour. Table

^oa the result* of the data fxo« tho Chlefkan flour, and

' -os MM reaulta of the data frott the ;los»eroial

. Km aoan ecuewea were tastes** for significance by

several stat 1st leal criteria.

Inasauoh aa the capacity of the forking saixer prevented

•efi » sj lit-loaf technique In ulxiog the touch. It was

practical to ohtnla the data In suoh a auuxner aa to he

to ostl. »ote the within day variation of iup»

'« group* af '.e effoot of Mixing speed varls-

tiena wast shown to he f»s 'leant, with the ex-

emption of the Chiefkan croup*. Tha apeed variations on

CSxlefkar, flow we*"« alsnifleant, but not nearly to the extent

they were on the other flours, flea influence of dry siilk

solid* wae very highly significant wit!: all the flours; how*

aver, as the graphs and equation* will shov, the effeat of dry



Table 3.
(In wtmrtwij

for T«aaar<; flour* alx«r croup

MR
3Sfc»

:

"100" " iv ITS

4.0 5.1 2.5 1.5 1.2

2 4,0 2.5 S.O 1.5 1.2

I 4.8 3.2 1.3

12 4.G ..

%oua»

HMi :. l&xiiMZ ttaw far T»naar<j flour«Si»«u,. .lag
olxcr group (la mlTint— i*

t

-

175 200

4.2 3.4 1.5 1.2

1 4.8 3.0 2.4 1.0 1.2

3 4.3 3.5 s.a a.i 1.4

3.G 4.2 3.2 2.4 1*9 1*4

T«lfln ft. for TMEBMUTQ fl -, .^„' ;.___ * -
,

_";V |

•

; eroont OUOzk epooti (WWl
: *: \0C 13'.

. . .

2 . 5.5 2.3 1*0

8 8.0 3.3 1.2

12 UM 4.7 *

M&Uta
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Tftbls C, ;&Oi% tfcaee roar Cfalftftnr. fIcw3*«a»on Kerklsg
uOxar crou? (1» air.utc. .

r«re*nt .qg »>»•&

|A • 150 MS

1.2 1.0 . ... • 0.1 0.2

2 . 1.1 . '-; . . O.S 0,4 .

e S.O l*X> 1.1 0.9 0.6 M .

12 2.0 2.0 1.5 • 0.3 . 0.4

•arr ?'--- fcHite

"£M»1« 7. lil>
-

: - .
:- /... : uffM

M .'..

«;:'*>«:-

40 70 ICO ISO

c

s

18

. 1.5 1.0 0.0

3.1 . 1.1 o.s

4.8 2.5 ... 0.3

. . l.S .

*ary JUlk solid*
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Tablet 8» k: .aa for CwBOTCial >'ix flour-Owneoa
rklag mlxmr j-roup (In alnutaa).

! :.-.:..- 6;>30d
7" ""•*" "'

:-ore«nt
75 us 150 175 800

3*4 . . . . . .

a 4.1 . . . 8.S . l.«

c . 4*5 . . . 8.0 1.6

8.0 .. -. 3.6

Tnlilc » ta ft* UMilll) r.is flour-Kobart
jjrr«» sixer group (t: ; -i3«

.
...

wmmmm
i

Ml UN «« -
"•";

130

. .

•

» •

I 6,8 3.8 C.S 1.4

6 - . • -

18 17,0 3.5

:
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?&bl« 10. OflBjfrlaatior. aaan loaf Tolxwa of Taiiaarq flour-
ing *U»r croup (ciftls oaati;j«toi'a

]

,

?es-o»nt jm—

—

••

fg' Tfl^Hnar—£KJ~

770 77C 737 826 MM SIC 741

S 790 300 ess HI 037 778

6 700 aoa oaa 022 818 761

12 MM 770 773 710
oTLdo

?*Ul« 11, liMitlori man loaf voIvlks* of Tanuarc flour-
2«anaoti WMOag s*lx*r group (ouolo oor.tlaotors )

.

raroont •

:^*j n ' S |VI " ioo

744 743 707 MM 71C

a IM 742 77S 786 771 788

6 7CC 773 311 808 730 712

ta 730 731 M8 747

8*u£

TaUa 13. Combination aaaa loaf voluaa« of Tanmrq flour-
r:ol>art Hc3uffaa slxar croup (cubic e*ntl.iotars).

Ml Klxlnc apaad
4d '

' W 100 130

781 788 MM
2 704 790 781 7SO

S 779 798 708

12 773 773 791

*



Tftblo IS* Saablnatl or. m*n lo»f voluf.Kts of 01.larioti flour-
cant l»wt*ra ) *

17

!

:30 76 100 ;::.. LI 171

706

8 M
6 HI

12 no

708 696 699

667 MV 693

601 678 606

046 643 666

695

H
670

667

696 690

691 004

677 er?

660 688

•ST7 Bilk Solids

:.3*tl«s nt«it loaf voluoea of Cr.iefkan Hour-
*Juff*« i3i»»P ©rou- (466441 c«r.tis»t*r«).

( . ;

.
• 60 70 100 ISC

s

6

18

696 701 711

698 700 <:,:,

688 696 890

698 8S2 07,:

700

Hi

Ml

Hi
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TB.T3U 15. Coe^lmtton a«aa loaf volants of Coaaereicl Eix
-

s ~arkln£ alsar group (cubic caatl-

"a?
_ *^iilng »?*e<3 (f:

i S5 75 i: .. i» 15 J 17S 800

753 --;. HI Ml 703 779 76S

3 77_ Ml ;... Mi ?:- 701

« r; 823 834 Ml HI Ml

H v. bis Mi 735 Ml MI Ml
:t; • Qh BBS

rail* 16. "oaMrs»tl»n an loaf voIumm of Ooasaaroial Klx
flc-or-Soaart HeDuTr«* alssr group {cuMc canti-
hMh)«

^rcc;.t . Klxlar «-aai (r:?C)

40 7c loo isc

-;:. 685 710 708

S 704 721 708

6 741 763 755 783

704 770 786
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TaSla 17. Th* corrslatton of t\» <Uta u»«as with tla»ir
varlnr.con .

'"" ~r* '"

'

' "
'

'

'""'
'''

'

'" ''''
''.'.'^••I'aifctlrja: iJoa'^r*

'

Sourco of aooiid and varianooa taoafflo i csrralatiori

Group aaaona Mi variances .... -....:. .54

Cossblnatioa oaana and varlanoaat

Tanaarq flour-
fiorJclDc; alxar group ....
Swaaaoa forking sulxar cro'JP
Eobart KoOuffao •

CJilafkar. flour-
3«enaon worfclne mlxar group .

Bobart scnuffas "

Coaaeralal Kix flour-
iiranaon Korklag alxar group .

Robert ?,'c:)uff»a " "

XI

BO

0.374
0.574

-0.442
0.374

* . no .
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Table 13. ;;aeulto of the variance aiiolyeaa on Tewaero, flour.

source of
variation

: or :;';•.,' Mixer i »IIUI» Wtfclll sHoUert-! life*

in can
square i

MB
square

Ulxiae *pe«d
jry KiXk Solids

-to-ilay
M-thia-da?

Interactional
afcSi.ipeed

a

atsiDar-to-ia;- is
Sp**cV».:r-to-vS*j«0

Snaooountoi for
«M

sa,s n*
I

i

7a,S43*#* 5
wo

10 fi,314»* 10

7,024«»» ID
8,354** SO

5C7 M

57,539**«
1G,443»»*

MlM

•»

S
N

is
is

(I

,

lOCna
59,488««*

l,215na

1,441

- . reoa of freedom
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Table 19. rwaulta of the vwicnoa analyaea or. Chlefbais flour.

Soared of variation
B .. :. -
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i'.lxlaf a^eed
silk eoltde

c,7 error
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CftaaoaunteS error
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00
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tOlne
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-.iej-reea ..

na -nons:
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•« -hZghly a:

-vary hlphiy el
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ailk eollda on CMefkaa floor **» 0*8**1*** >itt the other

flours, dry atlU solids bod o wry definite, beneficial effect.

Ths day-to-day variation wo* very definitely & faator

that bad to bo taSsran lato aoeount, on we* shew* In tha variance

analysis. U factor included tho offsets of various un-

controllable elements oiaong which were yeast vnr is: :..-;. fron

shipment to slilpaont and operator varithillty. HMN« othor

ainor oleoonts included In tbo day-to-day variation were tho

fluctuation* of teapereturo and lata 1
, .-story,

tho foxwontation end proofiaf: eshinets, end In tbo ovenj al-

though thoae elesaonts were controlled as rigidly as woe ^ooal-

blo with alr-condltlonlng, tboroootatio, and huaidistatio

apparatus*

She wlthin-dey variation was anotbor faotor whleh had no

sotual bearlac on the investigation but M4 to bo tsicea into

account to preeent a uore reliable steW of tho phenomena

studied. / variation was found to b* definitely not*-

alsalfloant la all oaaoa except tho first group studied. ?he

testa on the wlthln-day variation of the flrat group baroly

showed olcntfioanco; thus, in wiew of the aansigalficanee of

oil tho olfcer groups, it was asauaed that no raal offoot aas

prooent la the first M . o within-day variation laolud-

ed all of the eloaeate that were Included in KM day-to-day

variation, but thoso vt aaaaursd woro those occurring

on a single day* The day-to-day M
ohanges fro* one day to tho noxt.
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The dry alXk aolids-aUlng speed Interaction was high-

ly significant In all groups but two. These two war* the

Tanaarc. flout—irobar'. . :« coaasrolal Kix-

Swenson working groups*

Tha dry allk eolids«B»lxinf. iptta interaction ahowad that

the preeonoe of dry at Ik solids asrkedly altered the »r;

of nijtiac apeed on twos,.:, this pherscttenon will be further

described when the equation* we disous**d« ftu fact that

there was no significant effect of the interaction of dry

31 lit solids and alxlng s^aod In two of the group* VMM swraly

indicate tho possibility that If a flour vara nixed In the

correct ty;>« of nlsar ths effect of aixljae speed would not aa

altered by the dry mOM solid* content. Sowrer, alxiajr a

flour in sueh a wiser would not, necessarily, produce the hast

iwead* This point will be discussed later*

The other InteractIons were of no Interest other than to

renova their affect fraa the portion of the data thet ware to

ho studied. It was reeo£nis»d aa quite possible that an

interaction between either, or both, dry silk solids and at -

apead with yeast alfiht ba significant, however, auoh a

study would have had no bearing on thio investigation and was

dlsroearded.

Table 21 list* the standard error* for aach of the flaur-

alxer croupe of data* 2to* staan loaf voluoaa of th« flour-

alitar croup* (Tabl* 2) haw been rer-aatsd Cradle 81). SI was

found that the standard errors were wary highly aorrelsted
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with the s»an loaf volumes; i.e., the standard errors In-

creased with increases in the mean loaf volumes.

It was noted that the loaf volume variations due to char-

acteristics inherent in the flour-mixer interaction were high-

ly significant, whereas the loaf voluae variations due to the

characteristics imparted in the bread because of mixing spaed

or dry milk solids were not even remotely correlated. It thus

appeared that a definite type of mixer should be used with a

particular flour (as alluded to previously). The particular

mixer may be one that does not give a negative regression of

dry milk solids with mixing speed; or (if the optimum of the

regression produces better bread) one that does produce a

negative relationship. It did seem more likely, however, that

the amount of dry milk solids that could best be utilized de-

pended somewhat on the mixing speed. To illustrate, it

appeared that Tenmarq flour should be mixed with a mixing action

similar to that of the Working mixer (Table 2), but the

merclal wheat-blend flour should be mixed with a mixing ac-

tion similar to that of the Swanson-Working mixer. However,

the optlr.um dry milk solids content for either of these flours

seemed to be dependent upon the mixing speed.

This hypothesis was further borne out by the mathematical

determination of the optimum dry milk solids contents at the

various speeds of mixing employed in this investigation. The

mathematical determination will be discussed later.



Sathamtle&l equations daaerlfcinr: the lsttuaoee of

% speed and drj- .ll&x scatent on hraad eera deval-

opsd. It v&a fott*l that the relationship of aixiae speed to

opticus Mixing tine *»a exponential. This relationship re-

qulrei the general eqnatl.sa: t » EC , where 7 » alxlnf tine

in ainutes, Z and X * constants, ana I « revolutions per

adnata. The tranaferaed aquation hecaaet T^og S » r.x 3X,

where 7 * nixing tiaa In ainutoc, * constants, and

rev:' ttiona par aiisute. This t7"« of equation m
for 98 percent of the variations la nixing tiaee. Tnble 22

present* the specific oquetio&a for each of the 2§ floss—

.3 relationship between optima sstxlnc tiae and dry

'.; solids content was linear end repaired the foUowinp,

general sqaetior. • St, chora r * alxing tine la aln-

utes, £ sad 3 * constat;ta, I * percentage dry silt solids.

This linear rel aecoantad for 99 percent of tbs varie-

tiona In alxing tines. Table 23 present* the specific aqua-

tion* for each of the 40 flour-alxer-apasi subgroup*.

As attempt erne aede to develop a nultipie-regreaeion

•quatior. by *MCi. the Mixing tine could he estisata;: vith

simultaneous rogard I Axing speed and dry allfc aollda

content. Tha equations that could OS obtained, with the avail-

able data, accounted for only 68 percent of the variation in

nixing tinea, as it was found that an estimated aixlac tia*



four ainsUs sight *»11 hav* •» error of half * alaute,

it «»* decided to dispaaa* with the *xut equation*. Th*

general equation aaa a* follows: be* T " * 1) •

where T » sUxlng tiss» la minute*, A an-2 I constant*,

Tereeatage dry aiJJt solid*, en£ I revolutions per

taisata.

The loaf volusea relationship* to t>oti; alxlnf tlae and iry

silk solids eoctant wera found to ba quadra- .,

X* ;. * * CX2, whera T» loaf volun* la ©abio e*atla*»t*ra,

, , HMtwsta, I * revolution* par sinuta cr dry

ail* aoUda percent, aith this ty-e of aquatics, ialadcg *P*«*

accounted for store than 9T pereeat of the variation fa loaf

toy ijilk solids accounted for hop* than S>5 percent

of tea variation in loaf voluua. Tacils* 24 and 45 prasoat

tea specific equations for th* loaf volua* relationship*.

^.^mj.)! em the apeolfla equations accounted for 32 par-

eent of the variations in sizing tiaea and 95 percent of the

variations la loaf volsaa, the graphs of th* various relation-

ships war* drawn aoeordlsc to th* calculated data.

Tea standard errors of estimate for bote the aixlag tla*-

Km and tue atxing tlue-dry silk solid* relationships were

calculate I to be .130 aad .125 atnates reapectively. The

standard errors of eatiaat* for the loaf v»lni—"HWI ana the

loaf voluae-dry aUk solids relationships were calculate

he 9.00 and 13.26 oo, respectively.

The first derivative of •*?" i loaf voluaas aquatlcae

we* taxaa. The derivative of each of the loaf voluae equations
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was than tested for s aaxlsaaa or sinluaai (there could be only

on* MuOsma or slnloaat lneaaach as tha actuation was of the

second degree}. All but four equation fray both tha E?2 end

tha dry sallk aollda reletlusahlpe had a wavluaw poir.t; I.e.

an optlauo nlxirc apac-.' and as optt&a-j dry silk aollda content.

Pros tha deteralnation of ojtlouia slxing speeds at ver-

leva dry silk aolida levels, It was noted that In four or tha

groups tha o-thaua speed decreased aa tho dry satlk aollda eon-

tant Increased. However, th» dirferencee In optima* nixing

sped at tha four dry »11V aollda levels ware Insufficient to

obtain significant regreeeion and to alloc reliable Mathemat-

ical expreaslon baoauaa of tha variation within aaoh laval.

Segatlve correlation between percentege dry allk aollda and

optlaua nixing speed approached alsnlfleanco when all tha

available data were conaiderad. Portion* of tha data (T«aarq-

lorklne group, ate.) vara vary definitely correlated, but tha

ovarall picture was awrrad by the abaoraal oharaeterlatloa of

•flan flour. Ts.lt ease obeervatlon of negative dry allk

solida-aixln? apead ra^resalou waa not quite ao obvious froa

tha determination of the options dry sallk solids content at

various speeds, although the trend was discernible.

Tha derive tlvas of tho loaf voluaa-dry wllk solids equa-

tions definitely ahoaad that both Tenaarq flour and the Oamr

aerelal Biz flour prcduoed superior bread with the addition

of dry allk aollda, whereas Chlefkan produced progressively

poorer loaves with Increaaea In dry allk aollde sontu .
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Tables 26 and 27 yrasont the first derivatives «ad the

optiau. speeds and dry ailk solids contents whieh ware dls-

cuassd a'oo^e,

?!» second derivatives of the loaf volsss»-dry ailfc solids

aquations vara taken. A eorrslstlon tatwaan tba second de-

rivatives and thalr respective dry silk solids content was

a»de. An overall, koks Ignificon* oorrsl&tion of *«G07? was

obtained, with 26 degrees of freadca. 3orrelationa were siso

Made between portions or tfr» second derivatives; tcay vara

between csro and two parsoot dry ailk solids, aero and six

pereant dry silk solids, and ears and IS persant dry ailk

soil 0a. these correlations did not orTrooofc si£Uifleanos,

either. Tharsfor*, there seesss to at as laproveaent Ik the

aixlac spaed tolerance when dry ailk solids has beer. ,

as aeaeurad by loaf volnao. This doss not agree with tba

riadlacs of staaberg and 3eilay (1038).

Saltipla-regressioa aquations of loaf voltes* against

Mixing speed and dry silk solids content wars developed*

However, the inclusion of both airing spaed and dry ailk

solids content into a simultaneous consideration of their

effaet oa loaf voluae aooo-oated fear only 65 percent of the

variation. Therefore, the praetiool value of this type of

aquation for estimation of loaf voluaaa was no oat tar than

th» auitiplc-regresaion equation for aixiag tlae. Eowever,

enough sf the variation was reaoved to show that the rela-

tionship was liinlllaear and had the following general
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2**1* 20. rirat derivative and o-tlaue S;*;: of loaf volsaae-
alxlng apeod ralatlana
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Table 27. Pir»t dwlvatlTOB «ad ajjttsua dry aitlSs •olt'is

loaf voiBSW-drj solids r«l»ticn*fc.I?« i

tTOWt l#l#ti#i : ; -t:..^..

JOour-a&iXer group : ( > ?»
,
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;• -i .
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: .

175 T» = -i.i- - :...M :• = . i

.
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equation: Y»i*SX
:
«

, share T. a leaf

voluae, Xx
- percent dry ailk ooliAs, Xg s revolutions per

iiinuto, and A, t, Ot , S.-.-J X - c j-staiits.

soeaad obvious that dirfaror.t alxora would possess

rant optima alxine speeds asui different flours possess

different o->tli»ua dr7 ailk solids contents, MM th-elr

various characteristics. In fettU , j»wr, the partial

first derivative of the above equations also Indicated alfr*r-

enoea In opfclsna csisiae speed for different floora on the seae

lilxo- and different optlsKt-. sir? all* solids contents for

different adxera using the sea* flours. Table £3 gives the

partial first derivatives of each of the above aenUoned

equation* with respect to &tj alifc solid* and stixlng spaods,

together with the optlaoa dry all;, solids content and opttaasa

airing speed for eaoh flour-olxor

Tablet SO atf S3 j;lve the calculated slsiog tlaa for the

various combinations employed duriae the course of this Inves-

tigation, ?l«Us I and II present the graphs of the caleulr

atxlng tirasa. T.ji calculated data vers obtained 07 uaiag the

equations of Table* 22 and 23, respectively. Tables SI and

' ve the calculated loaf Talmas as obtained by the equa-

tions of Tables 34 anO 2S, respectively. ?lates HI and IT

present the graphs of the calculate i loaf volumes.

Graphical analyais of the logarlthsic fora of the expon-

ential relations N versus stixing a?*9& Indi-

cated that ths equation* cor.verge on each other as th* fixing

speed Increases. This led to the assumption that there was
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:rt •-1.1360 - 0.31MX .

10

Socrawciel S&lx- for - .

.2107-0.
. .

117

-

X
.
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3tt»l» £3. C&lsuiatoi ulxlag fcl«*« Cms r«g»Mioc •qu*ttoa»
of alx' f. .S-.IPS r»lation*fcip» (in alnutw).

. f

Flour-s&xor group i

srcaat 1 i^L*_ apat-2

: SO ; 75 :125 :150 j 173 '

In >-r-- r UNI C
3.3

3.1 2.e
5.1 2.*

2.1 1.3 l.S

e Sftw . .1 i.7 1.4
. . 3.1 2.4

MMVt-fMgfia . 3.4 £.3 . .

nrklag a . . . . .

c 5.7 • . .

12 7.S 8.6 4.3 £.4

ttentmnj-Eobttrt . 1.1 0.6 .

rr*» 8 . 4.9 2.4 . 0.6 . .

6 . 7.1 3.2 . .

IS 4.3 0.7 . •

- nans-3wu3«on 1.3 1.0 0.6 0.3 . .

. . . . .

6 . 1.1 . . .

12 . 1.4 . . 0.4

.; fiwa-no5>»rt . . .. .

—Ptff— E 2.S 1.7 1.1 0*4 . .

e . 2.2 1.3 0.5 . .

12 . 3.1 1.6 .

Ooaa»rol«l 3*4 • . 1.6
:»»c«oa vorklag; 8 4.4 3.5 . 1.0 1.6

6 6.6 4.6 2.S . 1.6
12 7.6 6.0 4.7 3.3 2.S 1.6

COMTOUl 4.0 . 1.4 0.9 .

Kabwrt Jicruffoo s £.6 3.S 2.2 1.5 . .

8 3.4 . 1.6 1.0 . .

- 12.3 6.7 . . •



xxrusasxos jp :•-.<?:% i

.elsulata.: aOxfaqg ti»»a fros tS» wgWMMioc of fixing tia* *»r-
:xing «p*«d.

Pig. 1» Swaswrq flour; V-or&Inc »lx«r

Pig. 8. IWSMurq tlour; iw-aoa-sorklnE r-.tser

Jig. S. TaatArq flour; setoert-rcDuffae slsor

Pig. 4. Ghi»flararie*rj Swu*»o»-*or*iae «ia»r

Ftf . . leffeKs flowrj 8ofc«rf;-Kc:x*rr»* «t»r

Fig. «. C«st»»r*i*l *1« flour j Sw«tt»<»-*arfcing aixmr

Pig. 7. C«w»r«i*l Six flourJ EOb*rt-Xo:itttt*» *lx»r
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Tafclo 30. C*leal*t«4 isixinj
: U ;2- fiw» »»ere»siar. •ttmt IMM

of aixing tlaa-tstt ral&tioj,. (In aiotites}.

2ant IBB
r-^stMr group : apoadj : 1 : 6 : 1Z

SHI .-:r ,- .:\.*-:y. Si . M 7.1

100 £•4 . % .V
l^C • • 1 — »

-

-.- •
i r-

• • .

. . .

w . -> 1.5 1.4 l.C

... 7.5
75 • . :.:. .

100 . .

2.4 2.7
. 2.5

i.g 1.5 1.7 .

£00 . 1.5 1.3

?MXMY<|"»$iOtKfcr& 40 .:• . 29.8 .

aeanlTM 4.3 . . .

. . 3.4 4.7

. . 1.6

- mason . 1.5 . .

75 . .

. . 1.1 .

us . . .

. . . .

175 0.4 0.4 . .

MO . 0.3 •

OMSaaMHUfeM* 40 . . .

- *

• 0.6 •

CoaeMreial £lx- 50 3.4 4.1 .. .

. ia;-.ao:; :. Jrlcirv; . . . .

100 .- 3.7 .

2.4 2.6 . .

2.5 •

:. 1.3 . 2.1
Ofl X.v 1.6 1.5

Coaesarolel Ki*- 40 . 8.7 . .

nob«rt KsDafro* . . . .

. . . w.i*
150 1.5 . 1.5 •



sxnuuaias op <

^ie^St
*?i?
m

f?,'
tM8* *Ma *** »£™wl** «f aixlae tla.

*aa <Sry aiik aoliOa east*. .

Pig. 1» Te.T.jarq f; ;Jj.

Pig. 2. TSMaarq riosr; ."*aii*en-Sor!tinF slur
Pig. 3. ftwaawj fiowj Betart-£oS«fr«« aixsr

Pig. 4. ChleftaR flour{ 3*»a*co-'warfciac. alxor

Pl«« 5. ChlAfkar, flour; :rub»rt-"c >.iff»o »lx*r

Pl£. 6. Coaaarelaa El* flour j Sworte-Sorklng alx«r

ng. 7. CoswroUl ma floarj nob»rt-fiooufft« »lx«r
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3*U* 31. Calculi is r«sr«»*lon •^tatisas
of lo*T VulU3««H whips (In eu
e*&tl£Mfc*»}*

: P*rc»nt ! ;__*._>

ltOi 175.-rioar-alxw group : 75 UN i
S0J

"raaoarfj-'-'-aricing 756 700 817 7SS
'

738 330 835
6 531 Ml 7-

is 7C7 yM 757

MHCflMMM 765 719m 772 764 VMJ
G 774 305

772 764

NMH - a 764 770 765 676 609 493
7SS 715

6 •02 736 MS MM 499
12 771 754 714 659 MM

"blefk .son 705 700 :.-; 695 693 MM
2 cM mm MM 694 Mi c::5 632
i Ml mm 1 :

7

Ma 077 07.
12 •:: MM 847 650 651 MM

;V.I«fkaa-£o<«rt 0i3 704 706 Ml MS MM
Bc3ttffw I HN MM CZC Wt m 00:3

6 MM oai 0J£ MM vro 646
12 C51 na 670 €77 0*2 MM 635

GootssroJ I 752 774 787 HM 77 75

MMMMB 1 vm 794 739 BOO 7C-7 790
1 616 MM 831 MM MM &11

12 I

M

MM MM C0<5 MM UJ

rt«—tnitiT ru- 604 Ml 692 604 M

1

^?uff«» 2 700 717 716 SC;C 656
C 751 763 755 730 CDC
12 77-3 MM 772 757 MM MM E3~



-asmios or ::

3*leulat»ii loaf voluaoa froa the re£r«aalo;i or loaf voIubmm auSai •§ i '

.

Tig* 1. Tecuazij flour; vorkinc alxsr

. . Tenaarq flour; Swraac. - sixer

«e» 3. Ttaaarc. floarj iisfeart-rc .*iffo* di«.-

Fi£. 4. ShiBf&aa flour; swftaaa-i-apklne aixsr

Fig. 5. Shioffcan flour; »»!> MwOtfUw uixar

Jig. 6. CoHa»roi*l Six flour; 3»*K»oa-5orklng alx*r

M«* 7. SomireUl K1* flcwj Eoowt-Kcrsaff** «U:«r
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TfcijJ* 52. Sftle-olatsi loaf volustea fs regr*»sion ti'rtllw
of loaf voIoaw-DSS rsl&ttaashlps Eta saMe
t»atlastsrs .

sre*nt a»
jup £ s 1 : 9 ; 1£

tWw*r§-£orfci«g MB.
7S 319 013 BM

S17 S4S 067
IM Ml
MM MX 034 811 77.
BM Ml BOB 776

7S4

$w»*rq-3w»n*on . 7£i 737
n 745 773
£X 798
125

776
nt 733 761
too 710 710 711

MMMtt-BttaM *c MB ?':. 794
ff*c 7Q ret : a 777

ISO 707 741

50 Ml §91 077 Ml 649
artilH 735 702 coc 677 m ita

Ml 07^ MX 941
a»7 M4 £03 670 BM

CSC ::: 1 eei 044
Ml MB co; BM

Ml 677 663 639

%&*ftMa~ Obfcrt s?: 694 677 Mt!
HWfM 70 700 707 705 050 BM

100 701 MB c;:;u Ml 672
Mi Ml 876 673 673

MHltfl] '•--- so BJM : BMMm 7S Ml 059 n Ml
sis Ml

Mi BBS BU
150 70S 807 BM BM BM
175 7 I 814 BBS BMAA Ml 837 632 BM

Soariorcial 006 716 789 778 763
IMmtB &osuffaa 70 689 798 c*c

100 717 733 760 774 Ml
7-K 713 72£ 730



,-asatioh or put.

•Jaloulatod loaf Tolusasa frora th« regression of loaf volus» ver-
.11*. soiiua contf

. Tenaart; flour:

Pig. 8. Tanaarq fl^ur; Swanac* .- aw

?lg, 3. Taruaarq flour; BofeHrt-VBtaffM

Pip. . lerkfta flour; tmtmm

Pig. 5. Chlefkaft flour; tob*rt-2cDuffo« alxsr

. . CosjaarclaJL Six flour; f.Tanaojv-Eorteiag alxar

. . ,
'» alxar
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EX?La

jtration* of the distribution of oJ»o «d ittc.

the eurvas ware ctJtsin* a^iatlftal dov»lojMW«t of
tbe ob*crv».' <2at».
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PLATE V

90 TS 125 150 ITS 800

R. P. M.
100 183 iso ITS tOO

R.P.M.



paint beyor time* was no appreciable ehanf.c

In optiawa saixl&e tlae regardless of tha aixinf; epaed or dry

^11!; aolid* content. If there were aush a coajon point, the

slope of MM ourve would decrease (baocsje leas negative) with

an increase In tr.a vtiie of the Y-intercept of the carve.

The ?-intercept was a function of the dry jellk solids contact

and increased with increased asounta of Sry at Ik solids.

vae four.i that the correlation was -»S5i {.47a woula have

been highly significant). This degree of aorreiction aeeo

ed for about 78 percent of the total variation hetwe-sn alope

and intercept, tola, correlation tuml7ale fcaa'issa;! a universal

season point end did not alio* for the possibility thai there

Mty veil have bees ft distinct easBaosi palMt for eacb ficur-

alxer group. The correlation coefficients for aach flour-

->r groa-p ware iatamlnea. They are listed la Table 53.

Tae correlation between alo; a an;'. Intercept within eacb

flour-ssd*er groip was perfect in aevaral eaaea ftnd highly

significant in all cesas. It «aa tkua indicated that the

milium i point la characteristic of the flour-ad acer group. By

awar.s of the calculus , it wae possible to develop equations

that »oul.: detersdr^ the coaeacn point in general, or for each

r-ialxer . Tr.4 equations wares i s Sxy/iy2 and

= -H, where A » ainiasaa seising speed,

3 ataxlast* M *, . = I - intercept, T • elope,

x s deviations of T - Intercept, y • deviations of alope.

Graphical analyela, also, of the aixlag; tlae-dry ail*

solids content relationships Indicated that the rate of ehu



Ta!>l« 33. Int«rc«pt-»lop« oorralatl.n coefficient* within
flour-«Ix«r grov

.. . ..— •. .• .i;

IntersepC-a-
correlation :

coefflelact

Dagr*M
of

-1.000 I

-1.000 &

- . t: 2

- .774 2

-0.991 2

. 8

- . . .,: 8

-... N

Teuwirg start:

Tetsaarq-Sweneon car'.'

ftMaerq-Kobtrt so Duff•«

CM*fkBa-s««owm sorfclnc

;hl«r<au*-Robert S.c>affoa

GoeneraU I - iuuob torkl^e

3otJB»roJ*l Xlx-Hobwrt m**tm
3otws«r. .croup correlation



of a! .» deoreaaad elth incraaaad sizing »pMd re-

gardless of the dry ailk solid* content. Therefore, ahan the

tpMd of nixing baaoma swffleiaatly Men the Wits of change

of adxlcg tins eho-ald approach sero for any dry ailk soli&e

contest. lfca atni-wa atxlag epeaJ at which thar-s would be no

epjsreciabla ebang* in nlxii,g tiae atWaM be the mm aa I

* eoessor. ?olr.t six'.ng apaed of the above diaouaeioni and

the eomor. poitt alxiic tlaa should be tba *mm as that of

ag tlsae whan the rat* of change of slxlae «*• *•-

coaea zsro.

aquationa, therefore, were developed MMb mU esilaat

the adjOse ap«ed at ahicb tba rate of change of aislng tit*

approached c»ro. The asixlnc apeede thus obtained wars the

s«ae aa tb« ooawoa point spaede, within experimental

error, «« ware the eetiaated alxing tlaae at these points.

Tha sixlnr ti^ea »ere eatinetad by ualng tba aquations given

In ffcble ££• Tha equation* aeed to obtain tha alxinr, arced

at «*ro slope ere given In labia 34.

Tb* correlation between tba two ;«sthod» of —wftl

tba sO-xlng a?ae4 beyond which there wo-uli ba no taeaaorable

changa in nlxiBg tiae was fcwad to bo highly ei^r.Iflcsr.t, as

saa tha carrolatioe between the two aetaoda of estimating t&»

alaiae tisse appropriate to tba f fflWfl speed, fh* oorreiatl aa

©©efficient* were .313 end *.0S3, respectively, with five

degrees of freedom for each.

the values of these slxlre apeeda and airing tinea, aa

found by both the coaaor, point and the sere slope techniques,

are given in Table 5s.



T*bl» 34. n«sra»aloK oc,s»tlons of alo?9-F.?3? r«lation»M?«

:..3
;-rj;-' :..

'

-

S slope of 3CC~.tlsJ.ng ttae
i raciproccl or <aixln£ »p«*d

twsaw^-norkirsg T a .003663 * .

TW3a»r<5-i»»r.»on KOrkir^g T s .003640 .05562

yniMwrq-Kobfc.- £0M T » ,003744 .0066X

C3ai»fl«B-3w*n*«s forking T « .0OS703 * .lassar.

CM«fkan~Bob*xt KoOdffoe •0OD0121* .03691

COB«j»rcUl l!*z- :wisor.

CoaMrelal Elx-Ho?»rt
KeDufr»a

X » .004374

Y S .0076308* JX

•The »Ioc« ef tb» B>"
-

taking *&• first d»rlT-tl»«
Taolo 23.

tla* curvas a: a obtained b?
o' ths equations prc»*r.t;
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Tail* 35. S1n!,atra nlxlag »W*4* *»- auciauts alxlng tlflM
as 4«tarala»C by taaon point *nd ssro slop*

"
'

; .r-iv-ji .•..

.!«<* 1 if
'

.: tin? tl«W
Flow-slxar §» '. 1 1

.

: MhM
I point

: or.
•lap*

OOKSO:

1-Sj-Warilr^ 111 . .70

e son £37 2S3 . .

w
•^BflMfc** 1^ 178 184 .47 .41

flMtflt CCi Mi .38

_"*•«
128 .

SflMMMm
d»l B» •01 C^i 1.21 1.53

SatBmro.ua £U-
liowart i:c-;-arr««

an 1S1 .87 1.43

3orrol»tlon btt*MS
tho t»o tachslqas*

.autsdfj .B83U



Tha atthssatle* «aploys.- . :r-rot ths Cats wars the

teohiilnues of et&tistiea, snalytios.1 c&ceotry, and the calcu-

lus. ?ba taoiaIrtu»a of ;' ss used vara the variance

analysis, correlation analysis, and the eojapitfttlon of

standard errors, analytical geuastry was usad to develop the

aquations ssroaented ir. the thesis* Th« calculus vax ea-

ployed to datavstlae the optlsui.i alxir.£ speeds and opticus

dry alik aollda contents.

altho.:£h ths primary object of this st'Jdy was to afrsorva

the offact of shear©* la nixing er-ea^s and changes iu dry

alii: solids content on bread, a vary important aaooTidarj? ob-

ject va* the dov*lop»eat of aatbaaatical tool* to evaluate

the changes bro^hl abe. I various aixlr*.- epeods end

dry ailfc solids contents. In the pureuit of scientific

truths, it does not aaeat sufficient to aarely r.oto eartain

phaaosaens. It la alao neeaeeary to tha uadsrataadlac of the

tffMHiminina thai th* effect produced be aeaeured, not rarely

observed. Tba foundations of phyaiea and ebaslatry are

rooted in t:.e dsvelojsaest of aatbaaatleal tools. Tha found*-

tlon of cereal abealatry should b© root*', in tha ansa plaea.

Tha various aletaanta necessary for tha quantitative

aaaaoraaant of tha affeeta of nixing speed and dry allk

aolida vera available, sat they had to ha organised into

applloabla tools before sue!: aaeasuraaanta aonld be taken.

aaaeabllng of tha various and naeaaaary a*nsuration elenente

into aanageebla and useful tools occupied tha aajar portion



of the thought In this study. Case the tools wara designed,

tha results were stated is e few psrs^rtpl;*

.

flic correlation analyses of the wtna and their variances

showed that each group of cooblxiatioris had- to be enalyse

.

dlvt<fe*ally. If the original data, were to be «m4> In order

to analyse all the data la one variance analysis the original

data would have bad to have been trsa»for,aed la such a

that the correlation tetvMB group swans and their variances

was conaignifleant, as s*», fortunately, the saae with tha

cctsbirjitian aaans so! variances within « group.

The aoeeorreletion of lata satmnjt with their respective

variances la a prere<j,.i*lto to the proper uaa of tha v»r-

lanoe analysis technique. Variance analysis la based on tha

easuaptlon that tha data, being analysed are normally distrib-

uted about tholr true asans. a significant correlation be-

tween data aeans and their variances Indicates a folseor.

noraal) distribution.

The sixinr speed-dry silk solids relationship waa

Isjgarithaieelly traaaforaed Into a linear function suah that

the logeritbad.3 base was equal to 1C. perhaps sooe other

lo£arithsic base weald have been aare exact, but Inaeaaah aa

the ooaison logarithms use 10 aa their base it wee decidedly

sore convenient anil sufficiently accurate for the proper

interpretation of the result .

the first derivative indicates the presenee and loca-

tion of a -assUmae or alnlaua. The second derivative reflects

the Shape of the atanm repreaentlne e function* Xft '.



3U

study it tmis-xr»d tbo rat* of change of lotf voluae due to

changes In dry siii soXida content. *?f tan were an in-

crease In the nixisy- »p«9d toXcrane*, the rat* of ehenga

(second derivative) of UN loaf roluaea woaXd daereeae a*

tb* dry alii: »ollda content l;:creasad and a significant

negative correlation shouXd hava baas outai.-iai. rhis sea

not a •aaauro of the lnaraaae In feraentatlon toXaraso* £<ja

to dry alXU eoll<*.s, but of th* sizing speed teXeranee.

3UKKARY

5be object of this study asa to dataraisa the o

nixing e?eads for various dry aiXk soXld* contents H
datarsin* tha optinaa 677 alXfe aoXlds oontent for bread.

rhrao flour* and tiira* sislcg aashiuea ssera uaad. Tha

flours vara froa Tansare. and Clitafkan wheats and a eoasaer-

clel abeat blend* lb* sixlng aseblna* vmro th* aaaXy de-

signed Borklng, tba Saaaaaa-SorkiBg, and tb* Bobert-

N8afte*«

TwoIvb realisations of each eossblaatlon vara sad* in

order to aora aXoaaXy eonflne tb* variation* of tb*

studied.

¥h* optiasca atring speed, of four flour—.iixar croups,

decreased sllgbtXy as the dry nllk solids content Increased.



7t» offost of »lxin.:
- •?*»<! on lomf Tolas* *a» w*ry 1 1

-.irittuit, m ww tho iBTlaoaca of dr. f**

iBt«r*atloss I - «ad aixta.r if«J *»• highly »l£-

Blfleant.

alxloc «p«e& to optlaui. -!«•

sot • wherwM tfco roll ISM

mm*M to lyttaM »«M linoar. Tba Xo»: toIuu*

r*X*tloa*&i? to both atlxint t?Md muS. dry all* «U4i aontont

was qu»<!r»t'

sizing «p«A<5 tol«r*ne8

.ip««d« *»r« foaas for <ilffer- M •
th* mm ii»r Mri atfforont or-ti.au.-; dry sllfe eoii.!* eoatoats

for ilfr«p«tit »lx#ra a»' *•

*. *»4 trss feu&a for •nvj alx*r Mym
-«r*ei*«l* elsMica la outlaid lam, ror-

iasa of .

AeknovlodraNit i* »*4e . . . , "»Jor

atruotox, for U» effort* in £tr«ctlR£ this «tv r.

. . /floltl, ho*a of tho do;*rtsaBt, far Ul« ooEOtruetiw

olaat of the e*r,u»or i?t j «l ...
iMnt of rethoaatlca , for Ms T«lu»il« »«-«ist*aoa with tho sath-

•a»ticcl troatsont of the >2*t* involved la the lnmatlgetlf. .
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OS? 4(7 atlk solids (in oafclc corlti™ i

•Air
: *<:l~lng apeM
• 1 75 100 h ne m ,...,

iat. to ta 330 £540
..:- .

n no an : V'-v
w SK SCO SS5 an an

.
« M 360 »-»:" n

Stti.
** SOS S4S

'-"

• 825 ,.-,.. an
7th. »

-r.- C4 an V
*

/

.

"7
_, 1

10 »

. i IK . MO 7..

Mtfc, m m 700

~ftSl« i57. 1 ioar :: BM Ufa •. '-;-. group at
»li&* (to cubic car.tl jetar-:

;

•

Sfcj : gixi

i H 7S l:.. 176

Iat. day 360 MS m 320
---•

Ma » Ofl JN 33- »30 060 SOS
5r£. a an an Mfi 055 886
.t:.. bsq M 1 Mfl 326 890 745

,

V
S«S 3*6 878 720

. 060 SS2 aco
TUu M - Btt «M M G50 940

. 80S 77. 610 310 736

.

•9 v:„ c<.v n -

.

K m an 645 740
.

» an 685 755 740 760 m
•-

. -



T*tsl« S3. JSvTV" !.'. ioa f volua»s of Ms - srJclue ? *t

lift solid* (Ir. e»atlE5»t«>rs /.

a; : 1 :

W :srie 90 75 100 180 176

1st. &B.J MJ
BIO m

3r^. 9 .-:;. MS BM
4th. m Ml 225 BM

« MM BM MM BM
» MO H - MO 870 Ml S30
9 C2C 0M BM 345 GSC BM £5£

705 MB MS 302 76G 735
9th. * C-5i ISO MB 75~ 7

» CM 600 055 : .

* 715 BCQ 775
« 730 740

Tablfi . . BjmtvM la*f voleaM of TwssKWS-SNsrkiae erowp at
solids (In cubic e«atla»t*re /

.

BMttAfl ™
"7T 100 155 TIB ITS

—

1st. <Ja7 BM BM BM 036 MB
I 81* BM BM aso 755
* BM BM BM BM no 760
* 7SE fH MSB 760

738 775 TOG MB 005
300 ©55 xs €75

* 305 BM aoo TM
9 700 310 t - eeo Ml

855 TOO
.-- -. 850

* 675
« 770 700 735 705



T»bX« 40. a&»«r**d loaf yoIhsm of Teasaa^-3S«n«B TSOi-klBE

group a'., C0 dr; '-.- «uMe owstia*-
t«rs).

ar
;—

—

... n soo m iVa EUv

let. day Mfl 745
,-, ,. ._

710
750 725

Sad, 755 715 735
740 755

.
725

750 V ;

4t&. " 770 V . 775
750 .'. wC

5tfc. 770 715
7&0 !'- - 715

Cth. * 090 7SO i . 710m 745 '• -

1W>1» 41. 0&»«rv«d lo*r vol\ta»» of T»uasP|*
greu? *t 2;5 dry 311k (in cufcic o«ntl»e~

Shw) .

'\ :-. I Ir'v--'
I

.

'y' ' w 1O0
' ' XWK 1

in

lit, &B7 i".( 'j 775 \ 755
V -j no 740

ft, " ;
v 750

755
. SfiG

745
4tfc. " 800 V J

700 710
.

K 750 760 7-
.

,'.:..

7X5 780 vv:. 750
-:.. fM

745



.

7*M« 42. Owrw8 loof YOlUMU of T . wrtrti
group at 8,4 dry alii «©lli» {is euble o*ntl-
aitem]

or

j»«*d

: £0 75 icS ..:.. 175 80C

1st, 6*7 MB 818
725

•# 745 891 300

3rd. * 880 M
raa 330 ISO aas

4th. 745 aoa 775 ais
,,,'- < H 710

«
-

-^ w — 7*5 •gn 738 700
745 710

775 740

Table -ii. 3b»rwJ lo*f
group «t 12* <

wluao* of twawq-S 8artcfaM
try allfe oolt<l» (in e«*ls ewttl-

awtors} •

Bit
M 1

ISO" 17$ —*-
!

5C 75' 163

1st. <ta- 775
775 880 788 750 813

2a4. n 800 815 770
725 DC 788 760^ " Cl^v

5r£« * vx 7C5 BHu
720 888 77C :.,..:

4th. • 788 SOS 82- 745 no CC~
: 808 88 •

Sth. « 890 775
878 780 788 888

« 725 775 770 8 -0

725 775 77« 780 645



?»$>!« 44. 3b»»rw$ Xottt fttiwra Btfbtrt Kcraiffto
£FOWp Bt bry wllk aoiids (la eubio ««nti-
asters }

.

i

. . •';•
"""i3c"

1st. day MP IM 745
810 Ml

ma, •
T70 TM 730 730
770 776 735

3rd. • 325 775 785
755 77;

4th. " 750 715
745

5th. • 723 MO
72S 7X5 875

m*» 71SM 745 705

'>b»*r*ed lo»f T«
S£ dry

TfiWi'U nuftitr'. .. :<53

f-roup »t silk Svllia ( i subls s*
a»t*r* }

•

: . • . .

IE 70 lO'J
» .» -.

lat. day no 000
MS

2nd. " Ml
1,*- ..- 775 -

3rd. " ttfl . j

.

030 m BOO
4th. • 735 ^5C

735 Ml
. • 773 ess

77

I

7CC 1

M

6tfc. sec Ml
Ml 705 MO



i»l* 43. vSase. luaas of : | iM-eatert
silk solid* (in MBtl"

•

"C : Lxia
: IS 1 w TTflf

!'

1st. iay 875 ~--Z->

1

7

Ml
2nd. " no 70S

5rd. "

4tfa. "
7 - ^

5th. • MO
i Bl m

6th. 755 NO
C>3v

?aele 47. cbMi'Mfi ioar *olraaoe of TMB*wqrEoo*rt
rroup at 1 silk solids tin miMc ear.ti-

.

•:':

ord»r : 40 to 100 ^•W^

1st. 4»7 Ml

2n£. ' 755
755 nc

3rd. * 770 760 MO MO
TOO 740 :.j ^ -

•its-.. " 775 740 MO
7eo 755 750

5th. 750 775 670
745 755

Sth. " 755
740 745 IM



TW»1» 40. ObMrvvd loaf voliusoa of mb Berklag

p«w at 0/ dr;

MftlM : .....
Kiiijsr

75
.. ....

i75 " .-:..
*

l*t. dR7 no 725 713H v..

and.
710

on
OM

. » no 630
OM MO

4th« " .T- | MO 620 eos C75
..,, - Ml cno MO

. " on
Ml

MS
655

600
675

.

',' 7 . 750 700
,'-,-: w 710 MO

Tfckls 43. . ObMT Iwii of Cfcl«flc •on larklne
.-.-,- zoliOa [is. oubls MBti-
:iiii si.

. 1 1

1

ori«r
: T .

'-
.

^s MW
, .
jjg USE

1st. 4*7 1 735
036 720 OM MO

2a4. * no 700 090 i

MO TOO MB MO
3rd. " 67r. MO 630 COO 675 OM

670 Ml 700 OM MO Ml
4th. 60S Oft 635 no m

COi C • 9 535 695 675
6th. * MO Ms M - 665 MO MO

670 MO MO S7i 660
6th. " 710 695 8 ~j~ 7^5

70S 715 705 m SJJ



70

7*fe2« 80. OtHntd io
*" •**•' •on \.wr'

|NM
..stc;-

M 1

1

Mil MM

:
Slslsa 0^3»d

: M 75 100 W -- 175

1st. -lay MP 63C 695 700 Ml Mfl
700 705 MB Ml MB

Sad. " C^C m 575 ov :. BM BM MO
BM 33;. euo -•'. 670 BM 705

5rd. " IN MB BM M 9
• IB BM Ml

bm m OfQ BM BfO MB
itt;. " 7J~ IT! BM BM BM '7. MB

•n ;•/; C5c; BM BM BM BM
5tfc. MO MO BW BM MO 650 666

BM MS BM BM Ml 660 BM
6th, " 700 « IK BM BM BM MB

IM HI BBS 7X BM 630 Ml

r*ble 51. , atoamrraC lo«X vo!*eb«s of OhMfk »; . *kU|
BMM at 12$ My solid* (in cubic ce

attars }

.

ordor

. i : . im
: H ' 75 Sue un t!H HO

1st. day CCO 660 MB CZi, 700 665 BM
MD H a Ml BM BM 675 BM

. 635 Ml cir. esc BM MB BM
180 MO BM BM BM 640 Ml

3rd. * 650 MB Clb BM no MM CiX

BM MB BM BM BM BM BM
4th. * MO BM BM Ml MB coc- BMm BM 615 BM JCi BM So J

. " Ml BM MB 670 BTC BM ce.

645 635 BM BM BM 670 BM
Oth, 650 BM BM •M MO BM OB

646 656 BM BM cc± 650 MO



71

Ifcbl* 68. Stmrni Xtmt roluaea or ChUttsan-Eobext
:~r»a group at Ojf dry allfc eolide (in

ewtblc oentlaeters).

order :

im Slxiss apeed

ZZM 7C 100 130

let. d»7 iaa 705 700
7X5 •80 7„,

Slid. • ng 630
870 e^o 715 070

3rd. • 70C 715
fOB 730

4th. too
•88 TOO

5th. 889 715 71C
MO •8Q 881

6th. 730 * |B
715 788

ttftbl* 33. OSMwrwd loaf MfMMi of Chiafltan-Sobart
-•a croup

hMi MNtial
!r7 .Mlli acllda <

sr«}.

Mkta i

order :

H m8
"1S3

"
40 10S

1st. day 710
too 705 880 •88

£nd. 710 700 885m 735 888
3rd. " TOO &45

830 •TO
4th. " •88 MV

G35 880 HI 670
5th. " sou 700 •80 880

•88 •m 880
6th. 700 C30 715

700



2»bl« &4» oba«rv»£ loaf »ol\ues of »HMfe*rt

"

.ff<*« group .

cubic •*ctlaat»r«'>.

3b'
'

jHtor 4fl 1 iio

1st. day HI m sao
57 r. voo MO

2nd. " M8 605 830 &Cw
etc SCO MO

1Mb " 7;^ 700 700
MQ 520 67t

4th. " Ml 705 MO
;? o s^; 690 Ml

5th. m 705 C05
TOO 600 MO MO

eth. no MM TOO 7fl

TOO m MO

Tkhle 55. 0bMrv*4 loaf volra»» of Chi#n»tt-Kob*rt
af&M group r.t IT.. <&•;• « oUcI* !b

c-jhio e*ntl5*»t*r» ) •

B i B I B i 130

1st. day 0 S70
^^i £; S70 370

. ~.i.L MS MO
MS MS Ml

5rd. SB MO 535
700 MO CSC Gi;0

4th. * 355 m a 660
D4I* MC 670 675

. " no MO 675 895
640 655 635

eth. " MO 705
650 5:;o 70$ 690



Tabl* 56. jaor-. mm .; woesawetfcl
0£ dry -silk eo Ilia

(Is Oub'. '«)»

lag *p«i
| 50 I 150

l«t. day 776 750 705 755 750
725 730 735 770 770

2nd. " 785 Ml 8X0 750 735 735
770 770 re

SpA. res 775 750 720
ra res

4tfc. 760 ~/Zl

MO C^i SBC 77C M reo
Otfc. " 740 aoo Ml 1

H

MG . 11 SKo
75J 775 MO MB SSO

«fa. 1 u - 300 785
045 MO G40 776

TaJ>l« 57. qmmi MM •*
MMM MM •* - . SOliu*
(lis oniric M t*rs )

•

l*t. day

gff

765
7^*. 770 755 75 £

2nd. 735 C^o
73S SCO 7GS 7-iJ 755 7.G

3r<i. " 775 725 7*0 725
MO Ml 755 715 740

4th. MO <m 820 Ml
770 775 rea eu MS

8-tb* » rao no . 10 MO Ml
res eio S50 340 365

eth * us M MC MO are Ml
770 MB m MO Ml M6



n&l* 56. Cbsarvtd loaf volip«* of Coamrlsal M*>
Smssob Scorkist; eroup at 6.5 Sr;? j&llk aolida
(in cubic 5«:,t'.. etc

.

75 175 Civ

1st. day 755
760

.
• /:

as: MO a«
. Mb co^

mo 765
MO Ml

Mfl :^- MO 053 S45 Mfl
Mfl B70 ;;so 8M

V Ml Mfl MO ^73 Ml 375
Oth. 540 MO MS MB 7i MOm Mi Ml 330 Ml

Tsbli 50. Obaar*»<! loaf voluaea of Coaeaarelal Six-
.oaaocsr: ;.- alii sollic

Mfela car.tiaatara).

i-

_

i h II

1st. day 7S5 mm

. B40 7S0 775
Mfl 775

.
V Ml

Mfl 775 740 750
m Ml MB MO Ml

is MO 1 M SCO MO Mfl
5th. m 7C5 705 Ml S35 900 Ml

v m 7M 355 Ml Ml Mfl MS
.

m 775 7S5 Mt 920 Ml
KM C>00



75

T*bl« 60. ObMXT*d loaf volusaaor Cotmroltl Klx-Bobtrt
CT— group at 0£ dry silk «olid* (la

e«Ms e*ntia»t«r*}.

order
. i'I*:_, ttmA
: 40 73 'UB

"

l«t. day :-:;. MO 755 72,/

•3 Si 0M 725 705
Sad. " 675 630 71-

•M ex 720 715
. " Mi >3~5 705

CW 665 Ml 715
4th. MO 835

Mi MO 630 MO
. " MO S7S C^'C Mo

mi Me 075
Sti.. Ml MO no

CGO 630

?»t>l« SI. baarwi lo»- vo1u:jss of Ooaaerc lai II » MMrl
:"f«o croup ett ST» dry -silk solid* ( la
j o«x!tka«t«r«).

ord»r

. :--.:.. »p««d
: \, 70 Loo " u

;

l*t . day 630 716 1 1

1

Ml 725 705
2Bd. 70S 695

7£5 755 MB
3rd. * 710 M

7." Ml
4tts. " 715 705

705 Ml 715
5th. " 700 IM

700 710
<±th. ' 725 705

7:5



76

T*bl« 62. OfeM tlusoa of COtH
> at 6£ dry allk aollda

(in oentlii*tors ,

.

3»Vlng
ordsr

•
'

s l 1 1 1

: 46 70 155 15o

l8t. day 746 770 765 710
no 700 775

tai • 750 750 755
736 705 760 755

3rd. " 766 735 710
745 770 745 750

4th. " 755 740 760
746 75b

. TOO 750
rot 760

6th. " 770 750 725
760 765 745 725

Table 63. os>»«rvei loaf Yoluaaa of coaaarelal
group *t 135 tT7 milk aollda

(la : ear.tlaatera).

ordor
: I o.? :

: 46 70 100 10-

1st. day 770 730 775
760 75u 710

2nd. 765
MS 786 765

3rd. 770 780 730
755 TOO 715

4th. " 775 780
730 795 725

5th. " 775 776 750
765 765 740

6th. * 71 775
775 770 726


