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A STUDY OF THHE »ROPENTIES OF ¥HELT . TaR3H WITH
REFERBHCE TO THW BAKIKG QUALITIES
OF FPLUUR,
INTTODUSTION .

Previous sttempte to establish s vocrcible reletionship bo=
tween the conetituents of wheat flour and flour strength have
met with l1ittle success., In the sttempt to establish this ree
lationship, a review of the work given in the litorsture on
flours snd a short review on starches will be given., ¥Yollow-
ing this review there will be presented the dats resnlting from
the experiments which have been mude in the attempt to carry
forward the work of previous investigators in thie field.

In the literature of thie subject the following investi-
gatore have resched the concluslons indicated below,

Olson 74,1n his Wheat and Flour investigations, brings the
research up to the year 1917. He points out the following
facte:s

I. The quaiity of = flour and the volumue of a losf have
no relation to the nitrogen content.

II, The quality of a flour and the volume of a loaf have
no relation to the alcohol coluble nitrogen.

I11. There is no definite relation bstween the voiume of
loaf aﬁd the total ash.

IV. There ie no definite relation between total amount
of giuten and the volume produoing capacity.

V. The wator soluble solids do not show any relation to

B T ———
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the volume producing capaclty.

VI. It is impoesible from the detsa to obtain or estsbe
lish o relation between acidity and the volume of the losaf.

YII. The nitrogen~free andi zsh~free extract do not cshow
the reistion to the volume of the loaf that wouid ue expected.

7III. Wood's ratio of =oluble seh to the toisl nitrogen
determination oonteins irregulurities.

IX¢ There is no relstion beﬁyeen the gluten and iis
weter-containing property.

Xo The removal of the alcohol extracis impaire the baking
quslity and makes it imposeible to obtein satisfactory fermene-
tation.

XI. Dialysis removes the goluble salts snd gives uncatise
factory fermentetion.

Jago 5% ghows that a gtrong flour must have a suificiency
of sugar for fermentation. He also stutes that excescive mois-
ture contont, above thirtoen per cent, has a2 tendency te induce
fermentation changes in flour.

Chapman 23 shows thet the immercion refractometer has no
value in the determinstion of the seh content of flour. The
ash gontent of a flour cennot be predicted from the refractoe
meter reading.

Jago 5% Ststes that the ash helns to establish the commer-
gisl grade of a flour, PFotents seldom contain more than one

helf of one per cent of ash, Straights rarely run over 0,55 per
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ecent ashe Clears will average from 0.8 to 1.75 per sent ach,

Jago 54 yelieves the most satisfactory content of nitroe
gen in flour to be from 1.8 to Z.1 per cent. The presence of
a high rercentage or & low percentage of nitrogen ir net de-
cirable.

Upsecn 97 states that the precence of salte and reids in
flour affects the quality of the gluten.

Hawks 50 finds that the presence of ammonium nitrste to
the extent of 0.1 to 0.2 per cent by weight is advantageous in
the meking of bread. The addition to dough batches of amuonium
persulphate in guantities of les: than 0.019 per cent by weight
during the latter cstages of fermentation and baking, producesg e
detrimental effect.

Jego 54 ghows that color in flour indicutes the quality of
the flour.

cortner 4% and his coworkers have developed the action of
vaerioug resgonte upon glutene They conciude thet a {lour which
owes its inferior strength to the quality of its gluten is weak
bezauce of the foct that its gluten possosces merkedly inferior
colloidal properties and is not as perfect a colloidal gel ss is

the gluten of a strong flour.

Buchanan and liaudsain 20 develop the influence which the

size of the starch grauins hes uson the loafe The influerce 68
of temperature upon the stersh is aleso glven,

collatz 27 dealse in hie papor with the effects of diastatic
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fermente uvon the strenzth of wheat flours. ile concluldes thet
the etrong flours showv = higher sugnr content and sreater
diastatioc activity then do the weaker flours.

rumney 8% determined the effacts of dlastntle enzymes of
the whenat flour in panary fermentntion, with resnect to soncene
tration, time, temporsture; acidity, and diasststic vower. e
concludes that the flour showing the greatest diacstatic nower
ghould ghow the greatest strergtih anld vonsgequontly the greztest
baking value, nrovided the relative qusliity and gquantity of the
gluten are the same.

¥ith the preceding facts es a backpround, the etudy of the
éffect 0of the size, resgents, and tempersture on the starch

grains ir flour can be understoods Little work has beer done in

this field. lany have uneld the oninion that starch 1lg without any

merked effect in flour. Armstrong 3 reports thet the cize of the
graing of starch affects the rate of rugsr formetlon in thet the
lerger graine are converted Into sugnr esrlier than the smaller
grains. ‘Thymper statec that the large grenules =re atiacked be-
fore the smeller gonnules in producing sugnr. Jago 26 cxsmined
the reletion of size of starch grains to cize of loaf by nixing
Pircet, the large grenules of potato etzroh, snd then the smaller
granutles of malize sturch with wheet flour. He found that the
malze starsh gave the larger loaf ond the potato starch the

gsmalior.
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The following is a stztement of come of the nmore deimiled
chemical and vnhysical nrorerties of whent stnrche

I. The empirisal formula 91 of =tareh is n(Cg Hyip Oglge Om

sgount of such a formula, there may be large numbers of ilsgomers

79, denending voon the depositlion, temperature, sunlight, re-
egents present.'etc.

II. Starch is non~volatile and gonerslly smorphous.

ITI, It is insoluble ir alcohol,

IV, It is for the most part insoluble in cold water, but
soluble in hot wnter. The solution in which water and etarch
are combined causes a mparked rotation on polarised light.

Ve In Woodmen's 103

ovinion starch is neutrsl in resotion
and forms few known definite compounds; its chemical affinities
sre small and therefore it is difficult to obtain in a pure state.

Vi. lione of the members reduce Fehling's Solution.

VII. Sterch, treanted by scid, undergoes hydrolyeis, yielding
sugears, 1f the procees ies carried to gsomnletion, otherwise dexe
trines.

VIII, Sterch I is insoluble in Schweitzer's solution, a2nd
is precipiteated Dy tannin =2nd ammoniseal lendeacctate.

IX. Starch ie very hygroscopic, and ceontains much wator oven
when dried in s vaouum.

X. There has been much disagreement ooncerhing the temper=

- sture at which gelaetinization takee place.
The gelatinization temperature of wheat starch is given by
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Parou, Elbrodt, end Newmann at 80°C, Francic and Smith %0
state that thig tempernture for whsaat starch is 66°C. They
found that the point at which gelatinization tnkes nlace de-
pends on the rate of henting. They assumd that the gelatiniza-
tion tsmperature was rssashed at the point wherse optical sotive
ity dieappesred. Greenlsh 45 placee the gelatinization tempore
ature of wheat atsrch st 6590, Dyman 7% affirms thet it is
599C, Dox and Roark 20 state thet different varieties of the
seme kind of egtsrch requiré different gelastinization tempera=-
turesg,

iI. Soluvle siarch is produced by boiling st:vch with
water; the solution thue obitnined can be alurified by tho addi-
tion of a 1little caustic alkall, Soluble starsh is the first pro-
duot of the ection of dilute zcids or foerments on sisrch; it is
a very perfeot solloid possessing s high viscosity. Solubls
starch nay be prepnred by various other methodevg-

XII, Permbeah 92 ,states thet the =igroscope providae the
beet instrument for the detection of starch especially when the
mioroscope is aided by an iodine solution,

XITII., Thne guantlity of starch ig estimated by hydrolysis
to glucose and it is then determined in the usuel manner.

XIV. Semeo 83 gtutes that the moleculer walght of naturnal
starch is one hundred thousand.

X¥. The structure of the =starch grains can be seen by the

use of the microscope. The polints whieh should be sought for in
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the mioroscopic observation of stnrches sre the following:
the shape snd size of the granmnles, the charecter =2nd rosition

of the hilum, their concentric markings, snd their spresrance

under polarized light.l00

X7I., Xramer 98 states thet etorch granules noBSASE & CONe
sentrically stratifled etructure, These stratifications have
saunsed several theoriesg to be ndvsnced, First, they were thot
to be granulose and amylo-cellulose, and to be different chome
ioal compounds. ZILator, the ides hss been accepted that the
striations are due to different dencities in the starch, aond
that the exterior and interior of the starch grain d4iffer in
thelr water of hydration.

XVII, The young graineg of sterch are spherical; the older
ones are ovoid or polygonal. Winton 100 pyvther stotes that
wheat stareh granuleg are, for the most nart, round; the hilum
is in the center and has very failnt coneentrie rings. The
whest granules ere in two sizes, the large onss from 12 to 50
miorons in diameter end the emaller ones from 3 to 9 microng.

Investigntion has revealed the following conclusions re=-
garding the relation of etrreh to bread:

Temperature increases the size of starch granules when

placed in water solution. An 1ncrease in tempersture also in-

creecnes the viccosity of the solution. There frotors affect the

colloidal vroperties of the solutiont. The colloidsl properties,

ey e Lo ey
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the vicscoeity, ond the ewelling of the stareh grainsg have a
lsrge influence on the brking quelity of the flour and on the
size of the reculting loaf.

A poscible relationship 20 petween the sturch of whent
flour and flour strength has been sugzested by verious investi-
gatorse Armstrong 5 indisetes a variation in size of the starch
graing of wheat flour. DBaking teets indicate a slight sdven-
tage in flavor of the stsrches having the smalier strreh grains,
Hardy makes thie ctatement: "The power of dough %0 retain its
ghape may be due,in some casesg, primarily to the nature and
number of starch grains." Snyder 8% peilieves stsrch to be with-
out effeat in influencing the bsking strengthe The more regent
work of Rumsey 82 shows the vziue of disstatio enzymes in flour.
Collatz 27 in his study of the effect of sddition of diastatic
enzymes, concludes that the stnroh of strong flour is more
eaglly hydrolyzed than that of weslk flour.

It ig evident that that the litersture of the subjeet does
not give a very definite idea of the imrortsnce of starch with
regard to strength of flour.

Upson and Cealvin 97, Gortner und Doherty 42, and Sharp and
Gortner 43. have shown the necesvity for a considerstion of the
colloidael properties of gluten., It was with the idez of deter=-
mining whet the colloidnl properties of gturch might indicate

with respeot to flour thet this ressareh problem wes undertaken,

e T P e T gy 2 g2 o




«Om
EXPERIMELTAL,
With the literature cumnacized sbove as & hackground,
the vnresent investigations have heen undertaken. They cover,
as indiceted in the bsginning of thie peper, & microscopie,
viccosity and en imbibitionel study of the effesct of hest snd
various reagente on wheat starch and flour. The mierosgsopnic
data showe the effect of tempersture on the cize and gelstini-
zation of the starch groinss. The slzes given sre the averege
resulting from one to two hundred measurements. The measure-
ments were mode wnder the high power of the mleroscope and the
scale wss calibrated to read in microns. The mensurencnts were
ezsily, rapidly snd sacurately taken and the experimental error
will not be greater than one micron,
The first tazble 68 ghowe the effect of time and tempera-
ture upon the swelling end zelatinizetion of starch. OUne half
of & gram of wheat starch to one hundred cubio centimeters of

dietilled water was uveed in ench of the runs.

S T
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Table I,
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The table indicatec that with the increase in tempera-
ture there is 8 relsted inoresve in the size of the starch
grains, It glvee the percentage 0f the sturch gelatinizstion
which occeurs at various lengths of time and verilous tempara-
tures. At 9Q°S the sterch pranules were gelatinlized entirely
out of shape snrd very little matorisl was visible.

The effect which was nroduced by the water free from 002
upon the starch grains is shown in the table lsbelled, "Starch
greins heated with CO, free Hzo." The table shows that the
presence of 002 does not materially affect the size of the sterch
grains.

The effeat of heat on the starch grein in the loaf wes
determined 88, 1t is apparent that the gelatinization in the Jloaf
at beking tempersture infiuenses the size of the lcaf,

The size of the starch grains and the gelatinization of starch
in the beked loef were examined. Samples were taiien et the sure
face of the loaf, directly under the orust, one-hnlf an ineh withe

in the loaf and from the middle of the loef,

Table 1I,

Sample Location~-Starch grain size--Sf&rch grain Gelatinized.

Surfance Orust 26.6 microns 40%
Right under crust 2845 " ' 405h
In one-half inch 26,7 " 353

Starch in center 23,4 “ 305




The temperature of & baking loaf wae determined. The

tempersture of the oven varied from 1959C at the beginning, to

2059C at the end.

The thermometers were ineulated in glass

tubes, with corke ut ihe ends of the glacs tubes to hold the

thermometers,

immedistely under the crust on one gide of the loaf,

Three thernometers were used.

One wag placed

wes placed in the dough one inoh from the end of the loef,.

third was enclosed in the center of the loef,

The following dnts 68 were obtained:

Another

The

Table III,
Side find Center
Min, in oven Thermometer Thermometer Thermometer.

3 68 28 28
10 95 36 34
16 98 46 46
17 98 54 53
20 103 66 67
25 104 78 78
30 110 94 92
36 111 26 95
40 116 98 o7
43 - 118 99 98
48 121 99.6 98.5
50 120 99.5 98.5
b4 120 99.5 28.8
56 119 98.5 98.8
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Bread is ordinarily in the oven from thirty to forty
minutes. This means the starch in the lcaf is not suhjected
to e temperature above 950C. Considering the inhibitory ac-
tion of other cubstances on the rt:rch pelatinization and the
low percentage of water, the resulting forty per ceunt of gei-
atinization of the starch which ooourred ieg reanonsable. The
higher tempersture which vnrevaile at the surfsce of the loaf
chenges the starch to dextrin.

The gelatinization temperature of whest starch resulting
from exnerimentation was found to be 68°C. The indentstion or
break in the starch wall vae teken as the point st which the

gelatinizetion beginge to tanke place, and the temperature st

-this point is considered to be the gelatinizetion temperature.

There would be lees swelling and gelstinization within
the loaf than would result in free starch in lerge amounts of
water., There was, however, throughout the loaf, & marked ine
orease in the size of the starch gralms, snd a large percentage
of the graine were gelatinized., There was more swelling of the
grains under the ceruet than in it, This fast 1s accounted for
by the low percentage of water within the orust,

The ratio of large starch grains to small starch gralns
ghould have an influence on the starch colloidel properties,
It was fournd that the luarge starsh grains started to gelatinize
before the smmll grains. At higher t{emperatures, there were

traces of the large sterch grains left whlle the smaller starch
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greins hed disappeared earlier,

Table 17 68 reprovente this. The retio of large starch
grains to small starch graine is ueed., The time required in
minutes to accomplish the changes and the temperaturo omnloyed,
are glven. |

Table IV.
Temperatures

300 350 40° 45° 50° 559 60° 65° 70° 80°

50-148 17-H2 30-84 20~62 25-83 17~57 11-37 15-48B 16-44 19-23
20-64 1548 -~~~ 6-18 28-100
16-54 11«38  --- 8«24 8-26

The gelatinization of the large and smell starch graines in
beking is influenced by various reegents. 4 ctudy of this in-
fluenae wes mede outside of the loaf by mesns of serarate re-
agents. The offects of the reeagents on the whent stzreh are
given in Tables IV to XII. The measurements were mude with the

microscope as previously described.

The concentretion %1 of the reagents unsed wae ae follows:
Ey HPO4 0100 grams in 100gc.
BH, ol .88 " v om
Ca oly s100 " v @
Ca 005 + 040 " " "
Sugar 10,000 " T "

The numbers represent the grams of the constituent per 100cc.




This 1s the concentration of the selt in which 2 protein is
the lenst swollen.

The strength of I or N acid and =21kall was used bhecause

50 100

it gave the maximum viscoeity effect. Gluten has ite greatest
imbibltion of water in I solutions av given by Sherp and Gort-
ner 43 in their Physicofghemical Studies of Strong and viesk
Plours,

In the following tebles, different solutions were unsed with
wheat storsh st e tempersture of 409, 60°, end 80%C. The tem=-
perature of 100°C is not giveon for the resson thet the vinrch
greins hed gelatinized beyond the point where measurement was
possible.

In the tablee "large" stands for the lmrge starch grains,
Tamall™ for the small starch grains. The figures esre in microns.
The gelatinization is given in per cent.s The doegree of gelatin-
ization 1s messured by the mieroscope. As soon as the tempera-
turee given were reached, the csolutions were cooled to room tem~
peratures The temperatures given sre by the centrigrade scale.

Table 7, developes the depressing effect of the selts upon
the swelling ¢f the starsh gralne from that whkich occurs in
wntaf-

Tabie VI, ghows the inhibitory soetion of sults in the
proeencae of an acid.

Table VII, develops the inhibitory effect of vorious calis

a8 contrasted with the mscelernting effect of an alkell,
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Table VIIT, shows the inhibitory metion of wvarisus cone
centrations of Ce Clz unon wheat gtrrch.

Tsble IX, develops the inhibitory sction unon whent
starch of 2 nonelecirolyte.

Table X, shows the different amounts of swelling of wheat
gtsirch by verious ncides under the eame conditions, The gelatine
ization is also represented.

Table XI, dsvelops the swelling and geletinization of whesat
ctarch under the influence of different alkalies, The alkelies
are metels with increasing valences,

Table XI1I, represents the swelling and gelatinization of
starch separeted from whent flour. Various reagents were used
at 7090, In each suse they were heated for 15 minutes. The
inhibitory scticn of the =alt uron scid and slkali is apperent,

Tablegs V to XII show the inhibltory action of salts upon
whezt etarch in scid and alksline solutions, It develops that
the degree of acldity, nresence of 2alts, ets., have their ine
fluence upon the stesrche Vheat flour contsins & lairge percente
age of starches Influences that affect the starch must, there-
fore, be sonslidered in bread making. The degree of solidity,
enlts precent, and the tempernture used in mnking the losf,
leave thelr influence upon the starch, This influence can now
be the better understood.

The above conclusions as to the inhibltory influences of
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caltgs on wheat sturch under the veorying conditione, sgree

with those of Chick and Mertin 2% in their study of hest co=
agulation of proteins.,
Tables V to XIT follow:
Table VY,
) ADTIDI OF “ALTS IH HEO Ok THATAYT TA73H,

40° Temperature
Starch Teagents
Grains
iverage @ : : : : : :

N in :Ca 013:03 C0z:K, HPOy: RHy ol: Sugar : All : Hp0
migrong @ : : : : : :
Large & 20,0 : 22,2 : 21,5 : 21.2 : 18.2 : 21.0: 21.1
Small i 5eB : Bed : 4.6 : 4.8 : 5.0 : 5.l: 5.2
Gelatin-; lone ; ———- ; ——— ; —-—— —-——— 3 -~-; ———
ization : : : : H : :

60° Temperature : : : : : :
Large : 24.4 : 22,0 ¢ 2542 : 2344 : 261 : 24.3: 26.8
Small i 6e2 : BeB : 5.9 i BeB : 6.1 i 6.1: 6.3
Gelatine-: B56% : 25% : 305 : 264 : B0k : 20% : 40%
ization : H : : : :

809 Temperature : : : : : :
Large 1 34.1i: 31,6 : 32,7 : 27.7 : 34.8 : 34,0: 34.4
Small ¢ 8.4 : 8.1 : 8.2 : Bed : 8.4 : 7.9: 8.5
Gelatine: 99% : 904 : 96% : 90% : 95% : 90% : 99%
1zation : : : : : : :

100° Tempersture

Gelatinized beyond messurement.
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Table VI,
ACTION OF ¥ Hel and B Hel and SALPS O WHYMAT STALRCH.
B0 50

40° Tempsrature

3tareh : = Regzents
Groing @ HpO ¢ Hel 3 Hely : Hel + 3 Hol + :
: : :0acl, : HHy ol: Sugser :
Large : 2le1: 20.9: 20.8 : 2l.8 . 20,9 :
Smell ¢ Be2! BuB:i 4.9 i 4.5+ 5.2 :
Golatine=: Homs: —e=-i === § === i wes :
ization : : : : :
60° Temperature : : : : :
Large 1 26.8: 33.1: 30.0 : 27,9 : 22 :
SMALL ¢ 6eB: TeB: TJ7 i 6.9 : 6.5 :
Golotine: 40% : 40% : 30% : 254 : 204 :
ization : : : : : :
80°% Temperature : : : : :
Large ¢ 34.4: 41,2; 33.6 1 30.3 @ 27.5b :
Small : B45: 9,7: 8.6 : 8.5 : 9.8 :
Gelatin~: 9974 : 99% : 98% : 905 95:% :
ization : H : : : :
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Table VII.

ACTIOk OP_H_Na OH and N _HNe OH+ SALTS ON WHEAT

50 50
STARCH,

40°% Temperature

: Resgents

Starch : HaOH +; HaOH +: Ha OH +
Graine : Hy0 :NaOH :Caclp : FHgel : Sugsr
Torge  : 21el: 24.0% 24,0 : 21,0 : 22.4
Small  : Be2: Bel: 6.l : 6.0 i 6.0
Gelatinvg None; - o ; - ; Y ; ~-——
ization : s : : :

60° Temperature : : : :
Large : 25.8: 29.9: 2906 : 29.7 H 22.0
Smell ¢ 6eBt Be2: 8.3 i Bel i 649
Gelatine: 40% : 26% : 404 : 40% :
ization : : : H :

8o° Tenmperature : : : :
ILarge : 34.4: 41.4: 40,1 : 34,7 : 40.8
Small ¢ B8e5: 11e6: 11.2 : 9.8 i 11.3
Selatin-: 99% : 99% : 99% : 99% :  90F
ization : : : : :
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Table VIII,
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THEAT .
40° Temperaturs
Starch H Tengonts
Grains : HoO ¢ ol pgme 3 1 gm. ¢ 10 gmo
Large : 21.15 20,0 : 19,2 : 20.8
Small P 5u2i 5.5 ¢ BB i 5.9
Gelatinization : Honei - ; ——— : ~——-
60% Temperature : : : :
Large : 26.8: 24.4 : 24,2 : 21.0
Small ; 6.5§ 642 ; 644 : 6.0
Gelztinization i 40% i B5% § 255 : 10
80° Temperature : : :
Large : 34.43 34,1 : 3le6 : 33.6
Small { Bu5:  Bud : 8.2 ¢ 0.4
Gelatinization 99/ 1  99% 80 60%
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8tarch : Neagents
Grains : 1,0 ¢ lgne @ 10 gm.
Large 21,1 20.4 18.2
Small : Buz i 5.5 540
Gelstinization : Nome : ==em -
60° Temperature : : :
Large : 2648 : 25.6 : 26.1
Small P63 ez 6.1
Colatinization : 40% 20% 30%
80° Temperature : : :
Large i 3444 1 335 34.8
Small : 8.5 ; 8.4 8.4
Gelatinizstion 99% 95% 95%

-t
/
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Table X.
AUTIOH OF DIFFRREHT N ACIDS AT 60° ON
50
WHRAT STARCH.
Starch Zeagoenis
grains 1 Ho0 : Hol :HpS04:HzP 'o';:' CH,COOH :CO0H 1GOOI
Large i 26,8 33.1: B5.4: 37.1: 80.6 :  30.1
Small  : 6e3: TuB: Tel: 9.3: 8.0 7.4
Gelatine: 40% : 4074 : 50% : 60% : 40 % :  40%
zation : : : : : :
Table XI.
EFFECT OF DIFFRERTHT B ATEALIZS AT 60° oOn
50
WHEAT STLROH.
Starch : Reagents
Grains : sz : Na OH Ca(OH)g ¢ Tpi
Large : 26,8 : 29,9 i 24,0 ¢ Velent
Small : 6.3 : 8.2 ; Heb ; fione
gelatinization: 40% : 40% . 10% : Soluble
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HICROSCOPIC &TUDY OF STARCH FROM FLOUR

Plowr 112

709C for 15 HIHUTES.

-2 B

Tzble XII.

IEATED TO

Zeagents

HeOH
HaOH +Cacly
Hel
Hel + Cacly
Ca012
Hp0

Flowr 113
Ral0H
NsOH +Cao 12
Hel
Hel + Caolp
Cacly

Hp0

4 o3 ov *0 98 lon

*8 ¥s @0 RO B& g O

0 6% o9 08 09 4% S0 SP P G2 Ge 6 OV S

Large Graing:Small Sraing:Geletinization

40.7
3546
39.1
36,7
32.6
34.2

4l.4
3545
40,1
38.2
3346
35¢4

-

A8 02 00 A9 25 B8 PS ¢ 60 ae S0 ¢

88 60 62 s B8 43 WY S5 ae

8.9
8.3
Ba4d
8.2
7.1
7.8

8.7
8.4
8.6
8.1
7.3
8.0

ae B2 ve ws S8 45 04 P2 SC av me 8 29 oW Fe

B8 an 88 06 04 65 Se s aa W3

99,5
98%
99%
98%
9075
95%

995}
98%
99%
98%
90%
95%
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Clogely related to ewelling of the strrch and gelatinizae
tion, and derendent uron them, is viscosity. The viescosity of
the steroh would certsinly afiect the viscosity of the gluten
and the vissogity of the doughes In the first of the following
axperiments on the viccosity of wheat ctarch, six grams of
gtarch were added to 150c.e. Hg0, thus forming a four per cont
storsh solution. The time of the teste wag telen with & etop
wantoh marked to tenths of - gecond. An averagoe of five to
eight rune was tnken. 3By this method it wues nosclble to check
the time of ench run to a f£ifth of a second, The exneriments
were made at the constent temperature as oiteds In thics study,
the effect ol acide and alkall upon sturch was determined,

The alkall producees colloidel swellirg 0f starch grains greater

than tazt which acids rroduce ag the table following demonstrates.

In 2all the sxneriments on vigcoelty, a Scotts Viscosineter was
uscds All of the results on viecosity rerresent an aversge of
gix to ten runs.
STUDY OF YISOOSITY OF WHEAT STARCH,.
Viscocity 88 of water at room temrernture of 20°C wns 10.6

seconds. A four vner cent soliuvtion of whest starch wss used.
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Table XIII,
THE VISCOZITY OF A FOUR PER JERT STARCK SOLLGTIHN I WATHER.

Time 507 60° 700 803
10 seconds 10.6 10.6 11.8 12,4
20 " 10.6 107 12,2 12.6
30 " 10.65 10.7 12.4 12.9
40 " 10.7 10.8 12.6 13.0
50 " 10.76 10,8 12.8 13.1
60 " 10.8 11.0 12,8 13,1

Table XIV ©8 gives the viscosity of starch when
treasted with Hol. A four per cent starch sclution was
uced as in the above experiment. The starch soluticns
were heeted and then cooled to 25% before the viscosity
wag measured.

Teble XIV,
THE VISCOSI®Y OF A FOUR TBR CENT SPANCH SOTUTION IN AZID,

Hol Strength 60v I 8009
b 11 11.b 11.2
¥/10 11 11.8 12.1
1/100 11.8 12,7 13.2
/500 115 12,1 12,3

§/1000 12.6 12.1 12,6
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In the determination of visuosityGQf the four per cent
starch solutions with NaOH, the following data were obtained.
Teble XV.

THE VIGOOSITY OF A FOUR »HR OBHT 8TARCH SoTURIoR IL NaOH,

Strength Kald 607 70° 809
5/10 1643 16,9 13,3
K/50 12.5 13,1 1340
H/100 11.7 13.1 13.4

/500 11.9 12.6 13.0

Demoussy 6 gtates that flour generally acts in an soidie
fashion. This acidity affsots the gelatinization of the starch,
whigh in turn effects the g¢olloidal chemistry around whioh
bread making is bullt. The tables show that the viscosity with
acid incresses as the acld decrenses to the atrength of one=
hundredth of its normel acidity. The last table shows that an
elkall decreases the visoosity of a starch solution. However,
it becomes evident thaet o larger enount of alkall inceresces the
viscosity. Thie seems to confirm the conclusion obisined by
MeoNider 10, fThe tables show thet meids end nikail have sn ace
tion upon eitarch and they ehow the effest which msy be looked
for in bread makinges In the bresd, the solutions with fermeon-
tation are not neutral; generally they are =0id, and thig has en

affeat upon the viscosity, or the oolloidal properties of the




.1
mixturee.

It would be expected that the swelling of the sitsrch
grains or the inorease in cize and theo accompenying gelatine
ization of the starch would incrense the viscopity, The
tableg show that this doss teke plaoe. e nlgo would exypeoot
that mixturea not neutral would affeot the rate or amount of
gelatinizetion and viscosity. The tables supnort this con-
sluslon,

The vigoosity of the whent sterch wag itanken with various
reagents in order that the change In the ctarch of 2 baking
loaf might be the better understood. The offest of different
salte, acids, and alkslies wus studieds The temperature in-
fluence wes considered. The oconcentration of the reagents was
the ceme as thot used in Tables V-XI1, The time to fill s
50c.c. container from 100c. ¢« in the visvosimeter was taken,.
In the detsrminations the wvigcogity wus measured after the
solutions were cooled to 20%C. The reasdings ere given in
secondec. Four per cent wheat starch solutions were used.

Table XVI gives the viscosity 07 wheot starch in weter and
in verious salt solutions,

Table XVII develops the viscosity of whent sterch in hy-
drochlorio acld, water and verious salis in the ssme strength
of seid. The temperntures of 40°, 60°, 80° and 100°C are used.

The inhibltory zcotion of eanlts is showm in the viscosity
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neasurements,

Table XTIII shows the inhibitory action of salts unon
wheat stsrch in a2lkaline solutions.

Tabls XIX develops the influence of diffcrent consentrae
tions of cmlcium chlorlide upon whezat siarch.

Table XX showe the offect of nonelecstrolyte, supgor, unon
the viscoeity of wheat starcche At the higher teuperantures and
nigher conoentrations of the sugwr, & higher visgosity is
given. This is duwe to the syrup which suger formz under these
gonditions,

Table XXI gilves the relative infiuence of verious woide
upon the viscosity of wheut sterch. 7The temperature of 509C
weg used.e The sirength of the acide was fiftieth normsl.

Table XXII develons the effect of wvarioux nlkslies upon
the viscosity of wheat starch. The tsmperature of 609C ana
strength fiftieth normngl alkell were used.

Table XXIII glves: the influence of various rengents at
different temperstures upon the wviscocity of starch separated
from whest floures The wheat flour in Tsble XXIIT woe nunber
1i2.

Table XXIV givee the snme results as Table XIIT uron
starch frdm wheat flour number 113. Plowr 113 1s g wesker
flour than 112, The sterch graing in a weak flour esre lnrger
than in a strong. The lerger eterch grsins breek down first

end & slightly highor viscosity chounld develops. The table
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Tablee XVI to XXIV develop the inhibitory effect of

selts in the presonce of wnter, reid ~nd elkall,

op the effect of verious sseids snd nlkalies,

They devel=-

They show also

that viscosgity of whent starch increaces with swelling and

gelatinization.

The viscoeity is gmiven in soeconds.

Table XVI,

VISOOSITY OF FHEAT 89ARCH IL WAT=3 JITH VARIVUS SALTS,
Temneratnrei Cacl :‘53605:Kg§§%2?n§2§§: Sugar : A1l : Hx0
Time in seoonds. 5 3 3 5 f

400G i 1446° 1447 : 1405 114.5 1 1443 115.5 : 1446
60° i 15.4§ 15.5 § 1543 215.4 : 15.7 §15.9 § 15.5
g0° : 15.9§ 1640 : 15.9 §15.o : 17.0 216.9 i 161
1000 16.7; 1649 ; 16.4 ;16.5 ; 17.3 §17.5 ; 1649

Table XVII,

VISCOSITY OF WHEAT S89ANCH IR H Hoel end N Hel + VARI-

e——

50" 50
OUS SALTS.
: Reagents
Tenperature: Hp0 : Hol :Hol+ Caclg:Hol+ lillgcliHol+ Suger
40° t 14,6 : 25,1 ¢ 16,0 ¢ 14.8  :  14.6
60° i 1545 : 15eB :  14e2 i 1443 1442
B0° i 16l : 16¢3 : 155 :  16.7 i 1B.3
1000 i 1649 : 17.0 : 1646 :  15.8 i 1640
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‘eble XVIII,

HaOl and §  HaOH+& SATAS OB WKAT ST/20H,

B0 B0
Tomperature: Rengentsg
tHpO :NiaCH:NeOl + Cacly tHaOl + Hifyol i KaOH + Sugar
40°¢ .14 6 14,0. 13.7 : 1440 : 14.1
60° .15 5 15. 3. 14.5 1407 i 14.4
80° :15 1 17. 1. 16.0 ; 16,2 i 17.5
1000 11649:17.4: 16,0 i  16.3_ i _ 17.6

CONCENTRATI

Teble XIX.
Oi EFFECT OF 08012 OIf PHA VISCOSITY OF
WHEAT STARCH.

:Chegk : :
Temperature: iUs0 «l gm. : 1 gm. : 10 gm.
400 ; 14,6 : 14.6 P 14.5 : 14.3
60° ; 15.5 § 15,4 : 16.0 : 14.4
go° ; 16.1 : 15.9 ; 15.5 ; 16.0
100° i 16,9+ 16.7 i 18.7 i 17.0
Table XX.
CONCENTRATION F¥FRGT OF KORELECTROLYTE SUGAR UPON THR

VISCOSITY OF WHEAT STARCH,.

Temperature: Check g0 : 1L gme ¢ 10 gm,
400 s 14e6 :  14.6  : 14.3
60° s 16.5 1 15.3 i 157
809 i 16l i 16.0  : 17.0

100° : 1649 i 16.7 17,5
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Tcbhblo XAT.

EFFECT OF DIFRERENT ACIDS UPOR THE VISCOSITY OF

WHEAT STARC

AT 60° STRENGTH K .

0
HpO ¢+ Hol "t "HpSO, : Hge0, 1+ CHzC00H:COOX 1COCH -
1665 § 1546 : 15.7 : 15,7 i 15.5 :  15.4
Table XXIIX,.

EFFECT OF DIFFIRERT ALXALIES UPON THE VISCOSITY OF

WHEAT STARCH AT 60% STRELGTH H .

0
Hao : 1all s Ga(OH)z ¢+ Tri  Hon
: : © Tol. Sol.
16.56 . 15,3 : 14,5 :
Table XXIII,
VISCOSINY OF WHRAY STATCYE FROM PLOUR 112 WITH
VARIOUES BEAGHLTS.
112 _ .
209¢ 407 609 700 80° 1007
Hy0 14,7 14.8 16,3 16,7 16,0 18,0
HaOH 14,6 14.8 15,56 18,0 19,0
Hel 14,5 14.7 14,8 16,2 18.0
HaOB +
Gacla - 14.5 14.6 14,7 17.6 18.0
Hel + 14.4 14,7 14.8 16,0 17.0
Gaclz
‘38312 14,6 14.5 1502 1507 16.8




B2
Table XXIV,
YISCOSITY OF WHEAT STARCH FrQll PLOUR 113.

113

20Y 409 607 709 80Y 1009
Hy0 14,7 14.8 15,8 16,0 17.0 19.0
HaOH 15,2 15.3 16.4 19,0 20.0
Hel 14.6 14,7 14.9 16,3 19.0
HaOH+Call, 14,5 14.9 156 18.0 19,0
Hel +CaCl, 14.4 1448 1645 17.0 17.8
CaCl 14.6  15.2 15,8 17.0

2

The inhlbition of the salts upon the whent starch oc-
curs both in the swelling of the grains and in the vige
cosity. The swelling, gelatinization, and viscosity agreee
ing glvee us more information of what ie happening to the
starchs The changes in the beking loaf can then be the bet-
ter understood. The mioroscoplc study of swelling end geola~
tinization end the study of viscosity lesd naturally to con-
sideration of the change in volume during those proceeces.
The messurement of imbibition gives thie chenge in volume of
the system. It is deeirable to know the nature of the swelle
ings Therefore, the imbibition of the starch was measured by
the 1ncréase or deoresse in weight of a2 pycnometer. The
starch was subjected to various reangents and temperstures.

The pyonometer had vsrious gusntities of flour or sterch

introduced and weighed. The bottle was filled with the re-
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agent and weigheds It was then heated to different tem=
peratures and cooled to 2093, filled to the merk, and
welghed. The amount of increase or decresce wns caloulated
on a ore gram basise. The welght changes which ocourred from
20° to 409C, from 40° to 60°, ete., ore given. At the end
of ench table & summary of that table is given of the total
change in weight that oceours from 20° to 80%C. Tempersture
gbove 8093 was not enployed becuuce of the great decomposi-
tion of the stsrch into the soluble form,

Table XXV considors the imbibition of wheat flour entire
in water. Seventeen flours were used.

Table XXVI gives the imbibition of starch separated from
wheat flour. This astargh waus purified with mlcohol and ether.
The shrinkage is given on 2 gram basis of flour.

Table XXVII develope the shrinkage of the systeﬁ of
wheat starch and wster. The starch was separated from the
flour as in Table XXVI but not purified with alcohol and
ether. Preactiocally the same reecults were obtained.

Table XXVIII is given to represent the accuracy of the
imbibition messurements. PFlour lumber 109 was used. Threae
different runs were made. They check within the limits of
experimehtal arror.

Table XXIX showe the imbibition of wheat starch with

various reagents., The resulte ghow the inhibition effeczt of
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salts upon scid and alkslies. They agree with the rcsults
obtainaed from the mioroscope and from Viscosity meamsurenenis.
The strength of the zoid snd alkali is fiftieth normsal.

Table XXX gives the imbibition of different sterches.
3tarches with different sizes of grain were selected. The
sterch grains of potatoes were the largest, of wheat the
next, of maize atill sm@ller, end of rice the smallest, In
previoug date,the smaller granules of sterch proved to be
the more resisfant. Thie property is shown %o hold here.

Tables XXX and XX¥XXII develop the imbibition of wheat
flour entire. Flours used were llo. 112 and Ho. 113. A
hesting period of fifteen minutes wne used. The inhibvitory
action of salts in vrecence of aside and alkalies upon the
starch is sgain noticed.

Tables X3XIIT and XXXIV give the effect of imvibition
of various resagents upon starch separsted from wheat flour,.
The inhibitory action of selts ie again shown, Starch from
flour 112 being smalier imbibes less water., This again
shows the greater resistance of the smaller grains.

Table XXXV gives the imbibition of different flours
&ith variocue reegents. Table XXXVI gives the imbibition of
starch from these flours, In tables XXXV and XXXVI, & con=
stant temperature wazs used. The totel Imbibition up to

one hour ie given in each ouse, 4 DeKotinsky equal tempere=-
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ture bath was used. A temperature control to a tenth of a
degree was possible. The temperature of 309C wans uscd.

Table XXXVII gives the rate of imbibition of wrter by
flours Ho, 112 and Ho. 113. The date will give a ourve
very similer to san adsorption surve. Thene are typleal of
the inoreese in welight per gram of flour for thls series.
The rate of hydrolysis may be an inmortent fector in the ex~
planation of the action in the different tables on
imbibition,
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Table XXV.

IIMBIBITION OF WHEAT FLOUR BETIRZE IM HoQ Pl GRAL

Flour ~Témparatures -—

1o, 200~ 409C_ 400 - 600 600 = 80°  80° = 100°
108 «0140 «0070 .0033 - 0150
103 0050 .0122 <0054 ~ +0200
112 0228 0220 - 40050 - .0100
104 J0171 0048 +0043 - +0052
105 0126 0005 0058 - +0020
106 0176 0076 .0022 - .0054
107 0280 +0064 - 40168 0110
116 .0240 0086 - .0083 - .0022
115 .0222 «0044 .0022 - +0150
100 0122 <0144 - 40068 - 0026
111 L0267 +0177 - +0114 - +0165
109 ' .0206 0103 - 0119 - . 0058

101 .0121 .0148 - 0094 - 20031
110 0195 0110 - «0040 - .0080
113 .0120 0090 - .0030 ~ 40050
108 .0118 0058 - 40010 - + 0058
114 <0145 20100 = 20007 - ¢0110

THE IMBIBITION SUMMARY FROM 209-809C FROM PRECEDING DATA

Plour No. 113
Suamary .0180

107 108 106 102 116 115 100
0176 .0166 O189 ,0243 .0242 ,0186 ,0168
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SUMIARY OF TABLE XXV (Continued).

Flour No. 103 104 112 106 111 109 101 110
Sumsary .0226 .0262 .0398 .0274 ,0330 .0185 0175 .0266

Table XXVI,
I{BIBITIOR PER GRAM OF STARCH SEPARATED FuOM PLOUR WITH
HpO0 AED PURIFIED 'WITH ALCOHOL ALD ETHER.

Flour = Temperaturss -

lNo, 200 - 409 40°-60° 60° - 80°  80° - 100°
102 ,0030~ «0060 | «00866 - 0090
105 «0060 »0090 - +0030 - ,0064
112 +0060 «0035 - 20066 - o0075
104 +0050 .0032 «0011 - 40048
105 | «003b . +0082 0078 - +0013
106 «0025 +0026 «0050 - 40062
107 «0030 .0020 »0092 - 40028
108 «0040 «004b «0050 - o0030
116 «0018 +0036 | « 0062 - «0091

THE IMBIBITION SU‘ARY FROU 20°-80° FROU PRICEDING DATA

ﬁwlour No. 102 106 107 116 103 112 104 106 108
Summary .0136 .0135 .0142 00116 00120 00020 ¢0093 cOlOO 00155
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Table XXVII.
IMBIBITIOH PER GRAM OF STARCH SERARATSD FROY PLOUR

WITH HpO.
Flour -~ Tenperatures w=
No. 209-40° 40°-600 60°-80°  809-100°
105 .0056 .0069 .0006 - 0060
{E 106 0026 «0004 . 0060 - .0029
i% 107 0050 0020 0060 - 0045
- 108 .0081 .0018 .0049 - 0044
112 .0136 .0015 - 40112 ~ +0050
L 103 .0086 .0078 - .0038 - 0049
- 108 <0150 .0015 - 40068 ~ 0043
| 116 .0120 .0010 - 0020 - »0080
b 102 . 0050 .0020 .0048 - .0060
bom .0120 ,0022 = .0100 - .0020
109 0137 .0020 - 0020 - 0060
% 100 .0107 .0044 - .0018 - .0100
% 113 .0109 0029 .0005 - 0030
15 .0110 .0020 - 20049 - 0050
j 110 .0120 .0022 - 0035 - 40040
? 114 .0100 . 0030 - 0020 - 0035
100 Loood .0045 .0005 = 40060

THE IMBIBITION SUMMARY FROM 20°-80° FROM THE PRECEDING DATA

' Plour No. 105 107 116 102 109 100

 Summery  ,0131 L0130 _ ,0110 _ .0118  ,O1B7 0133
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SUMIARY OF TABIE XXVII (Continued).

Flour No. 113 106 112 103 104 108 111
Summary  .0145 .0089 .,0039 .0126 .0097 .0148 .0044

Table XXVIII

INBIBITION OF WHEAT FPLOUR 109 I WATER,
Checks per gm.

—500=400  A0P=60° _§0U=807 §0°=100°
First Run
«0180 +0121 - +0127 0042
=0198 <0129 - 0124 « 0049
« 0200 0111 - +0111 » 0033
«0254 0075 - 0121 «0020
Second Run
«0168 « 0090 - +0104 «0041
.0184 «0068 - ,0084 .0122
0241 . 0088 - 0118 «0100
«0200 «0138 - 0168 «0062
Third Run
+0161 «0140 -~ 40092 .0068
« 0140 +0080 - +0062 »0022
«0119" 0070 - 40026 « 0074
«0167 «0158 - 40117 «0090
Last with 100c.c. Absorption bottles. .
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IMBIBITION SULAAARY FROM 20° - 80°,

Firet Run

Segond Run

Third Run

«0196
«0176
+ 0184

3 1.0556
«0185 Pinal Average

Table XXIX.

WHEAT STARCH DMBIBITIOL IH TERIUS 1 GRAM

roagenta - ~60 609=-80 8GY<1009
0 «0053 .0112 L0083 = L0078
Hel .0100 <0520 20060  ~ ,0022
Hol+ 0aClp .0020 .0125 »0000 « .0250
HaOH +0233 0121 . ,0098 . ,0041
1ie0H +0acly +0080 0050 «0090 . L0105
Jaclp 0010 0196 L0003 . ,0238
Table XXX,
IMBIBITION OF DIFFERZNT STARCHZS IN HpO

200<400 409~G0° ___ 600-800 __809-100°
Potato «0369 +0060 - «0087 « .0038
Yheat .0053 +0112 .0053  « ,0078
Heize .0031 .0105 0050 » ,0198
Rice ,0011 .0124 0117  + 0110

On boiling
- 40220
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; Table XXXI.

! IMBIBITION OF WilZAT FLUUR BNPIRE SALPLE 112,

3 Plour 112,

g Reagents - Temperatures = Summary

§ 209-40° 409-60° 60°%-800 60% 100°  209-80

i LnOH 0200  ,0230 =.0030 -~.,0120 «0400

. Hel 0100  .0180 .0085 =.0030 . 0345

| Cacl, 0080  ,0075 L0035  ~.0040 .0190

| NeOH+ .0100  ,0075  .00BO  ~=.0260 .0225

' Cacly .

© Hel+ .0100 0130  .0060 =.0080 .0290

j Cael,

: Table XXXII,

: IMBIBITION OF WIEAT FPLOUR ENTIRE SAMPLE 113,

§ Plour 113.

: Reagents e LOMPOTLTUI'CH e Sumnar

: 20°-40° 400-60° 5092-80°% 80%-100° 209-80

. EnoE .0100  ,0210 =-,0030 =.0100  .0280

. Hol .0120  ,0260 =~.0106 =.0180  .0275

. HeOH + .0100 0205 =.0090 ~.0110  .0215

; Oacla

I ool + .0080  .0185 -.0046 =.0120  .9220
Cﬂclz

& Ca012 .0080 «0065 0030 =-.0040 «0175
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Table XXXIIIX.
DiBIBITION OF STARCH PROM WHSAT FILOUR,.

Flour 1i2 —
Aengents - Temperutures - Swmmer
209-40°%¢ 409-80°% 50°-80°C 80°-100° 20980
¥a0H <0075 «0120 -, 0030 -.0130 «0165
Jnel, « 0040 +0070 -,0020 -4 0090 «0090
Hel «0080 «01156 -,0090 ~-,0110 .0106
Lald + +«0070 +0100 -,0010 -.0110 » 0160
Cacl
2
Hel + «0060 .0110 -.0060 -,0080 +0110
Saslg
Table XIX1V,.

IDMBIBITICK OF STARCH FROM WHEAT FLOUR.

Plour 113

Reagents o -~ Temperatures - Swiamar
209.40° 409-50° 609-809 80°-100° 20°9-80

NaOH « 0100 «0160 0040 «,0110 « 0300

Hol «00956 «0136 0030 ~,0125 02860

3&1012 00045 00075 00055 - 40080 . 0155

NaOH + « D080 «0163 - ,0020 -,0160 « 0213

Caglyg

Hel +

Casly «0090 .0120 0039 -,01156 « 0240
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IMBIBITIONS OF DIFFERENT FPLOUAS WITH FARIOUS HEAGHEETS
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Table XXXV,

AT 500(3 for 1 Hr.

Heugents -~ Flours —
112 111 109 113
H,0 .0084 0090 40108 .0110
Hel .0104 .0112 «0114 »0121
dol + .0090 . .0092 .0092 .0110
0&312
HaOH »0102 .0108 Q100 0122
aOH + «0096 « 0102 .0096 «0113
‘3&012
Table XXX7I.
IMBIRITION OF STARCH FRCY DIFFEREUT FLOURE WITH VARIOUS

NEAGHHTS AT 30°C for 1 Hr.
Raggents ~ [Flour Starches ——

112 111 109 113
Hy0 «0066 «0116 .0102 » 0150
Hel .0098 «0100 +0110 «0134
Hol +
Cacly »0086 « 0090 +0100 «0120
NaOH »0082 « 0092 0084 .0128
HaOH +
Cacl, «0052 0080 «0092 «0124
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Table XXXVII,
RATE OF IMBIBITION OF WATEK FOR FLOURS
NOB, 112 and 113,

Fiour 112 Flour 113
Time Increments  Increase per gram Incresse per gram
in Hinutes of flour of filour
10 «0044 grans » 0060
10 «0014 »0010
£0 <0008 »0016
20 « 0006 «0008
20 «0001 » 0008
20 «0004 .0002

The date on imbiditlion show the same general inhibition
when salts are added to acid or alkall solutions., With a
play of tewmperature the lubibition of a good flour 1s larger
than that of a poor flour. The solloldsl conditions are
better. In case of starch from flour as the temperature
inoreases, the poor flour having the largest starch graing
inbibes the most water. The large starch grains are less
resisgtant than the small starch graing. At constant temper-
ature, the poorer the flour, the greater the shrinkage becouse
the large sturoch grains being less reslstant imbibe more

water.
Experimental data also supporting this last statenmont
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are given in Tabﬁe XXXVIiI. The results here tabulated,
were obitained from experiments in which three different
starches wers subjected 4o the temperatures of 70° and
809¢, Four gram ssmples in 100c.c. water were used. The
insoluble starch was filtered from the soluble starch. The
ingsoluble starch was mnde up t0 100 co after each filtering.
The soluble gbarch wns then dried and weighed.

Table XAXVIII.

SOLURBLE STARCH FORMED BY HEAT alD 0PLAINED BY
FILTERING.

—— SLAYrcnes US6d ~e—

Temperature Potato Rigce theat
709C «5020 gram «0320 gram L0360 gram
80°%¢ Too thlck »0680 « 1580

to filter
Sigze of the
Starches €0 - T0 5 -8 £0 - 30
in Hierons

The data show that rice starch gralina are smallest and
most resistant; those of the potato the largest and least
registant. The whemt sterch falls in between the rice and
potato starche

Further research in this laboratory on imbibition of
gluten as well as on starch, is contemplated for the year

1923-24.
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To correlate the microscopic data, and the dats rela-
tive to wviscosliy and inmbidbitlon with balking tests, the
experiments recorded in Tables XXXIX and XLI werc conducted:

The first baking tests were patterned after Bailey's®
experiment. The ingredients used for the first series of
baking, were:

Yoast 5.5 grams
Salt  6.75 n
Sugar 11l.286 °®
Flour 450 "

The amount of water was determined by rurmming on ab-
sorptlon test on each of the flours, The dough was worked
together by an elegtriec mixer., Rach loaf was in this
machine three minutes. The dough was then placed in
earthen jars and pub Into a fermentation cabinet st 350,

This cabinet was iept saturated with water vapor. The dough
was allowed to rise about two hours and then lnooked downe.
After another rising periocd of one hour, the dough was placed
into baking panse Filve hundred and fifty grams of dough were
used for each pan. The dough in the pans was allowed to atand
for two hours until it reached s certain height. It wss then
baked for thirty minutes in an electhiric oven. The tempera-
turs of the oven at starting, was 1909C, and at finisning,
2000C, The oven was saturated with water wvapor in order

that a heavy crust might not form on the bread. After bal-
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ing, the bvread wuas cooled over night. The volume, welght
and texture of the loaf was thon determined. The volume
of each louf was then measured by thoe disrloscement method
of hemp sesd.

In order tc minimize errors, which are very hord to
avold in work of this character, one loaf of ench batdh
was prepared as & control and iv contained the same in-
gredients in each experiment. The experiments were ro-
peated two or three times and en average of the results was
taken.

sixteen different flour S8 gomples werc used. In the
table followlng, each figure of slze repreaenting the starch
grainsg lg an average of a hundred or nore microscopic measure-

nentsa.
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Table XXXIX,.

COMPARIBOL OF LOAF VOLUME TO SIZE OF SYARCH GNAINS, ABEONPTION,
ato,.

Starch graln eizes in miocrons,

e of dt. of No. Lerge  Small Ratio Small

f in 0«0e: loaf : of Plour: Grains: Grains:to Large Grains: Absorption

1240 482  Tour 20.7 5.2 4-1 50.2
265 496 Eleven 22,6 5.1 3.5-1 54,4
.éoo 471 Right 20,3 4,8 5wl 50.0
1310 481 WO 21.2 4.6 361 54,0
360 489 Kine 22,6 4.9 Bel 54,0
390 484  Seven 19.6 4.5 4-1 5446
400 483 Fourteen 21,0 bed 3eb=1 56,2
400 487  PFlve 19,0 4.9 4wl 56.2
415 490 Six 18.4 4.4 4.6=1 58,0
500 473  Ten 20.9 4.9 3.5-1 E4.5
00 483  Thres 17.6 4.1 5-1 54.2
540 491  One 19.4 4.6 4.8~1 57.2
65 517 Twelve 19.2 4.4 5=1 b6.2
00 487 Sixteen 18.3 4.6 b=1 54,6
40 485 Thirteen 18.4 4,9 6e3=1 55.6

10 492 Fifteen 18,8 4.4 Hed=1 b4

On exsnmining the above data, several reletions are dige




«49-

covered. Gonerally, the loaf of the larger volume recults
from the better or stronger flour, Ostwald 76 gtates that
in the stronger flour the colloidal conditions must be bet-
tor. Small particles favor better collioidal conditions.
That is, the rstio of small particles to the number of lasrge
particles and the size of the particles would certsinly af-
feat colloidsel conditions. The smaller the size of the large
particles and the laorger the ratio of small particles to
large ones, the larger would become the loaf. The table
develops in general that the samples of flour producing the
larger volume loaf have smaller size of staroh greins. The
larger becomes the ratio of small graine to large onaes, the
larger the volume of the loaf. 4n average small size of the
starch graine would indicate a strong flour.

It was noticed that the flour 98 varied ss to number
of the different sizees of the starch grasins. This is shown
in the following teble:

Table XL.

Dismeter of starch grzins The flour number.

Six PFive Four ZXight

30 mierons or above 9 8 7 "]
2b " - 29 9 8 11 9
20 " - 24 20 23 27 28
16 " - 19 28 24 22 24
12 " - 156 16 13 18 18

8 " - 11 10 9 15 13
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It is shown thet the distridbution of the large starch

grains follows fairly well the regular distribution curve
so often found in nature.

| The second serlies of bsking tosts was conducted s
year after that of Table ZXXIX on other flours ©8. The
beking wes csonducted by the exrerimental baker 51, 7The di-
reotions were praotically the same as those followed & yesr

2 exporiment,

previous. They were patternad after Bailey's
The ingredients for the seoond series of flours were:

Flour 800 grems

Sugar 32 i

Salt 12 "

Yeast 20 "

Two lozves of bread were made from this amount, each
loaf using 500 grems of dough. The dough was worked together
by hand for seven minutes. The fermentation cabinet tempera-
ture of 30°C was used. A control wes used. The other direc-
tions are the seme as before.

The results coincide and the same relations hold as

pointed out in the preceding work. Table ALI follows:
Table XLI.

iLoaf : Dough :Absorpsiiois~: Ash :Nitroe Stareh : % :fiour : Staro
181z Maximum : tion :ture : Dry : gen : Greins :Iarge :Imbi~ ;Imbibi-
! :8welling:Wigter : :Baeig: Dry :Large:Small:Grains:biticn: tion

: : H : : Basis. : : &t in

: R : : : I : :Pycnonmeteor:
iStand=: 920 : 6bj% :B8.7% : 442 .10.4 :18.6 : 4.6 :14,1 :.0398 : .0039
'srd : : : : : : H : :

» =70 860 : 6b $9.1% : o654 111l :18.8 : 4.4 :14.9 :,0330 : 0044
1 =100 : 830 : 61 :8.8% : +63 :11,5 :21.1 : 5.7 :16.8 :.0185 : ,0137
: =300 660 : 56 :8,6% : .78 :111.2 :21e4 : 5.9 :17.3 :.0180 : .01l43
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Table XLI shows that ss the starch graeins inoreace
in size the loaf decreases. The wheat giving the lsrger
loaf hags & lerger imbibition. The estarch from the ssame
wheat flour shows 2 lower imbibition. The better flour
starch grains are on the averago emaller. The smeller
starsh graine sre more resictent.s Thus e better colloldsl
condition is obteined in the better grades of flour.

Poor flour often comes from soft wheat. Soft wheat
is generally raised in countries where moisture is plenti-
ful. ‘Large emounts of molsture tend to increace tho size
of the starch greines. So in the poor flour the starch
grains are larger and there are fow emall starch greins., On
the othor hend, & dry olimate generally produces a harder
whest. The grains of starch do not have sutficient moisture
to prow to lurge sizes. There sre, in such cases, a large
number of small grsins of starch. Substsnoes that are finely
divided produce better ooclloidnl conditions. Bresd msking is
dependent entirely uron colloidsal rhenomenon. The better the
golloidsl conditions, the bhetter and larger ic the elze of the
loa?®,

The preceding data developed the amount of swelling, gel=-
atinization, viscogity, and imbibition of starsch greins in re-
lation to temperature, time, and various reagents.

The seme effect was developed upon flour ard correlated

to the ection upon wheat starch alone. The viscosity of the
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starch and flour solutions wae ctudied and the oeffeat of
acide, alkelies, ond srlte was discovered, The imbibi~
tion of flour anrd storch wac etudied under the infiuence
of aeids, aliailes, and snlts. These resulit:z explain the
reactions that oosur in the losf. The viscosity, s¥elling,
golatinizstion, abrorntion, and adsorption or imbibition
of the whent starch meterially affect the size of the lomf.
The duking tests were mmde to apply the knowledge of these
6olloidal properties, to the finished loaf. These colloi-
dal properties oan be used in determining the quality 6f a
flour. |
SUMMARY AED CONOLUSION.

l. The originel work upon wahish this paper is baged,
covers a geries of three main exverimoents.

2. A microsoopic study of wheat starch and whent
flour was made determining the effect of mcids, basec
and salts under varying conditions of temnersture snd
time.

be A wvisoosity study of wheet starch and wheat
flour was msde with the eame reagents and uwnder the
seme oconditione ee the microscopioc study.

| 8« The effeot of the seme reagents and oondi-
tions upon the imbibition of wheat starch and wheat

flour was also studied.
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2. I% is conoluded there is a relationcshin betweon

the sbove golloidsl vroperties end the buking size of the
loaf for tho following rsasons:

a. The size and number of the starch grains
would affeat the golloidsl properties and theredby
the size of the losf,

b Small starch pgrains tend to indicate & strong
floure.

¢s The viseosity of the starch grainc and flour
dough would affeot the size of the losf. The re-
agente that infiuense this viecoeity would thereby
affect the size of the loaf.

d. The imbibition that the sterch underpgoes, ine
fluenceg the amount of water necescary to nmix the
dough o2nd the moisture condition of the loaf. The
reagents that influence the imbibition of the eterch,
thereforae, directly affeot the loaf,

e. Therefore there is a relationship between
the adbove colloldel prorerties and the volume of the

loaf,
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