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IMRODUCTIOH

The chemical and physical changes which take place

when bleached or chemically treated flours are placed In

storage have not been clearly determined. Tt Is generally

known that flour which has boen stored for any length of

time may show a decided change in both chemical and

physical properties, tome investigators have suggested

that the coloring matter present in a flour la a nitrogen-

ous compound containing an amino radical. Others believe

it is a non-nitrogenous body akin to xanthophyll and

carotin (C40K56) the natural yellow pigments of plants.

The coloring matter has certain of the characteristics of

carotin such as decolorieatlon by heat, light, and chemical

reagents.

Color is a variable property in flour, and we may

consider it as being permanent only after a change secured

by the aging and maturing process which results from

bleuching. The color of unbleached flour is generally

taken as one index of quality, as it Indicates the variety

of wheat from which the flour was produced, and the extent

to which the aging and naturing process has been carried.

hi 1 e in a general way, the changes in color which take

place when flour is aged may be described, it is not
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possible to measure them with the same degree of accuracy

as is used in the determination of other characteristics.

Heasons for Flour Bleaching

'.";• may more fully appreciate the rapid advance which

bleaching has made In the milling industry, and its uni-

versal acceptance as essential, if we remember that bleached

flour Is a comparatively new article of food which at the

present time Is receiving considerable attention.

The firet commercial reason for the bleaching of flour

was the decided advantage which the northwestern mills had

in producing a whiter flour from the hard northern wheats

than the southwestern mills could produce from the hard

winter wheats. The aouthwostern mills found that by bleach-

ing their flour, that it cow.ianded as high a price as the

flour produoed by the northern mills. This led to a rivalry

between the mills of these two sections which finally in-

duced government intervention and led to the seizure and

confiscation of flour shipments

.

The early conceptions of the significance of flour

bleaching varied considerably from our present views. Mill

superintendents and millers did not agree on the benefits

that bleaching would have for the industry. The artificial

bleaching process was called into question undor the pure



food laws under the contention that it added a poisonous,

antiseptic ingredient, injured quality and made the flour

to appear of better ;-rade. The statement "i'here can be

no honest milling as long as we have bleaching" was mad*

by the leading mill superintendents of the country fifteen

to twenty years ago. ...inee color is an important factor

in Judging the quality of a particular food, there ara

very few products in which an attempt is not nude to

Indies ta falsely by meana of mo
i ifled color son* genuine

quality much desired by consumers.

This controversy over the bleaching of f1 ur waa

finally taken in charge by the Federal jooard of rood and

Drug Inspection, and the Secretary of Agriculture who

stated that bleaching should ba held as an adulteration

prohibited under the Federal Food and larug Act. Many milla

approved the stand takan by the federal government on the

bleaching of flour, and many disapproved the action of

the government contending that it had -laterlally lessened

the possibility of opening new trade channels, and caused

a curtailment of mill operations. Flour ahipnente were

Inspected by government officials, with orders to confiscate

any flour whlc showed evidence of having been artificially

bleached. The question of the bleaching of flour waa

forcibly brought before the industry by the selaure of a



car of flour milled by the Lexington r'lll and ^levator

Company of Lexington, Nebraska, consigned to 1*0* Terry, at

Castle, ullivan County, issouri. 'ihe seizure of this ear

of flour had been previously arranged by the federal author-

ities with the Lexington Kill and Klevator Company in order

to test the validity of flour bleaching, and the govern-

ment's stand on future problem of this nature.

It was charged that the flour In question was treated

by a process for bleaching flour known as the Alsop process,

and that nitrites or nitrite reacting materials had been

added which Injuriously affected Its quality and strength.

It was further charged that the freshness or age of the flour

was concealed by the treatment of the flour with the Alsop

process, and that this procesa had concealed the Inferiority

by giving it the appearance of a better grade of flour than

it really was.

It was further charged that the flour was made from

wheat inferior to that generally used for this grade of

flour which was usually made from first quality hard wheat,

end that therefore it was misbranded, due to the fact that

it was milled in part from irrigated wheat grown in the

immediate vicinity of Lexington. This wheat had the

characteristics known us yellos. berry, and constituted from

ten to t. enty-five per cent of the total wheat used in

making the flour. The yellow berry wheat was considered
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by millers as loss desirable and of less value commercialIt.

The fact that the Patent Offloe at '.ashing ;on had

issued a patent for the lsop process did not in any way

arrant the adulteration of the flour, was forcibly brought

out by the proaeeutlon in their attempt to show that not

only was the flour which was seized, mlsbranded, but that it

was likewise adulterated. The triul which lasted for sev-

eral weeks was finally brought to a close v,hon the jury

returned two verdicts, stating that the flour was adulterat-

ed, and that it was also ais branded.

This case was finally referred to tho Circuit Court of

Appeals who held that the testimony was insufficient to show

that the flour was bleached primarily to conceal its infer-

iority, unci that there was no substantial proof to war-rent

t e conviction of the defendant. Late;- the? government issued

a permit allowing bleached flour to go into interstate

trade on condition that the containers were labeled:

"bleached" or "artificially *tured."

I'rlncipal Chemical bleaches

ltro{-,en eroxide . The four chemical substances or the

reagents whieh are employed for the bleaching of flour at

the present time are: nitrogen peroxide, chlorine, itrogen

richloride and benzoyl peroxide. Kitrogen peroxide is the

oldest ol these flour bleaching reagents. In combination

..ith carotin
| , it forms a colorless compound of un-



known composition.

The production of nitrogen peroxide for flour bleach-

ing purposes is generally accomplished by the aid of a

continuous electric arc, over which a current of air is

passed in excessive volume. Under these conditions a small

quantity of nitric oxide (:;o) is formed from the nitrogen

and oxygen of the air. This colorless gas rapidly oxidizes

and becomes nitrogen peroxide, which Is a reddish brown

gas which is given the e:::piricul formula IbsW but which in

reality is merely a mixture of Wt% and t!Og. The current

of air with Its content of nitrogen peroxide is conducted

i.-.to an agitator holding the flour which is being thoroughly

stirred causing the flour to be bleached. This is the ao

called Alsop process. Flour that has been treated with

nitrogen peroxide in this way is often described as having

been electrically treated, although the flour itself has

not been subjected to any such Influence,

..hen nitrogen peroxide is applied to the flour It acts

not only upon the carotin, but reacts also with the water

which is present in the flour. Tills reaction with the

water takes place according to the equation:

2 NL %" * -
J

',l

ltroua
acid

"3
ltrlc

acid
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benzoyl i eroxlde or ovadelox-L . ^.enzoyl poroxlde is

a white crystalline produet and has been used under the

trade name of "lucidol" Tor nany years in bleaching fatty

oils. It is sorcev.hat explosive, and for this reason is

properly blended with carrying agents and ground to a

powder for flour bleaching purposes.

Hovadelox, which has been used extensively in recent

years, is said to contain 25 per cent benzoyl peroxide and

75 per cent acid calcium phosphate. The action of Hovadelox

is due to the fact that benzoyl peroxide easily releases

its owygen thereby changing into benzoic acid, while the

oxygen reacts with the carotin on the flour. The property

that makes benzoyl peroxide preferable to others as a

bleaching reagent for flour is evidently its solubility in

fats. Carotin is likewise soluble in fats, and is probably

present in the wheat combined »lth the fats. It is then

evident that a bleaching reagent which is soluble in the

fatty constituents of the flour must be core active than

one that ia not.

The reaction of benzoyl peroxide le:

o (CoHsao)

20-* 2 C6.H5C00: + |
o (c: hcco) Benzoic Acid
Benzoyl peroxide
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Benzoic acid. Is a harmless germicide, and It does not

affect the chemical composition of the flour in any nanner.

Any traces of benzoic acid are expelled during baking.

Chlorine . Chlorine for flour bleaching purposes is

handled comaerelally In a liquid state. mixture of chlor-

ine with a little nltrosyl chloride is very frequently used

as a flour bleaching reagent, "itrosyl chloride (nOk) is at

ordinary temperatures and pressure a yellow gas, which ray

be easily condensed &o <*. reddish yellow liquid. Itrosyl

ch oride Is a very effective bleacilng agent, but is ot

employed alone in practice as it is not suitable for trans-

porting in steel containers.

Kitrosyl chloride with a very large admixture of chlor-

ine may however be kept in steel drums and such a nlxture la

considered to be aoro efficient us a bleaching agent than

pure chlorine. The German product "Golo" Is a mixture of

99 per eent chlorine with 1 per cent nltrosyl chloride,

while the American bleaching agent "beta-chlora" is said

to contain 99.5 per cent chlorine and .5 por cent nltrosyl

chloride.

.'.hen chlorine Is applied to flour It not only unites

with the carotin but also with other constituents, and In

particular the fat present in the flour. The fat in a

chlorine bleached flour will thus contain a larger propor-

tion of the chlorine present than that of a corresponding
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kind of flour which has not been bleached with chlorine.

This will be treated later more thoroughly as It is of

Importance In the analytical detection of the bleaching of

flour with chlorine. The maturing of flour with chlorine

bleach Is used extensively, in that it assures optimum

results in a very limited tliae. The gluten of the flour la

so modified that flours properly bleached, will produce

maximum baking characteristics shortly after bleaching.

t;ltrot;o:. -v ''.c .loride or r.gene. Hitroger trichloride

Is the active substance employed in the .gene flour bleach-

ing process. It is generated by combining chlorine dissolv-

ed in water with a solution of ammonium chloride. The two

substances react to form nitrogen trichloride wJiic)] is re-

moved from the water by a current of air. This is done by

passing t solution downward through a tower filled with

r.*rbles, and blowing a current of air upwards thus completely

removing the compound from solution. Tills air contains

nitrogen trichloride gas and is used to the amount of one

to five gratis, of nitrogen trichloride par barrel, depending

upon the type of flour and the ejnount of bleaching desired.

The air carrying1 the nitrogen trichloride gas is highly

saturated with moisture, and reaches the flour with nearly

one hundred per cent humidity.

The gas, whleh is thoroughly agitated with the flour

in the presence of moist air, reacts with the flour so that
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PURP03E OF THE PRESEHT IHVKSTIG/.TIOTl

Tit* purpose of tM.8 investigation Is to determine what

effect different rates of treatment with the conrson oonaier-

eial chemical bleaching reagents will have on stored flour.

Flour* that have been bleached and plaeed In storage

undergo both chemical and physical changes. With this

thought In mind, we planned to study the changes ?.-Mch take

place in MM 3tored flours s.fter t^ey have been bleached

»ith varying amounts of chemical roogentB, an<i the effect

which these bleaching reagents have upon the baking charac-

teristics.

IflUIRMMM
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both in planning the experiment and Judging results.

Acknowledgment Is also given to the Milling Industry

department for the generous uae of all equipment in the
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chasing of ample wheat, as well aa milling and bleaching the

flour for this experiment.



14

The conditioning of the wheat and the Billing vac done

on the 60 barrel experimental mill of the Milling Industry

department of the Kansas Etete College of Agriculture and

Applied Sciences. The flour was bleached at varying rates

by the uee of the three different bleaching equlpaants of

the Milling Industry de;;artr.;ent. It was stored in a flour

storage room which had been properly fumigated to kill any

insect infestation,

baking teste were oonduoted in the research labor-

atory using the hlg.< speed mechanical mixer (Swanson and

. orklng, 1925), also the cylincrical baking pans (; vanson,

Mllard and Pitt, 1915). A standard proofing eabinet

equipped with a humidifier, electric oven, volume tester and

cooling rack were Included In the baking equipment.

ydrogec-ioc, viscosity, ash, protein and aoisture tests

were made by using the equipment of the research laboratory.

Photographs of the finished baked products were taken

by the Illustrations department, Kansas State College of

Agriculture and Applied Sciences.
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METHOD OF PROCKWJKE

Realising that a comparative study of flours raade from

wheat of the 1929 cro-., and -heat of the 1930 crop would be

.ore valuable, It was decided that sufficient wheat should

be purchased frors each crop to bs used In the experiment.

Sufficient wheat to oake approxlnately fourteen forty-eight

pound sacks of flour was needed from m-. . The flour

was not bleached at the time of milling, but later, within

24 hours, by using the carefully controlled agitators. The

following well known commercial bleaches were used: nitrogen

trichloride, Tiovadelox-i:, and c'-ilprine. The flour was a 95

per cent standard patent, which would correspond to the

greater bulk of flours being sold by mills to commercial

bakeries. The flours were bleached at the following rates:

1/3 bleach, 2/3 bleach, 3/3 bleach(full), and 6/3 bleach

(double). The exact amount of bleach added in each case

was aa follows:

Sovadelox

Using one pound of Novadelox -

to forty barrels of flour.

1/3 Bleach 3.0 gin. per barrel.
2/3 " 7.6 " "

3/3 11.3 " "

6/3 " 2'J.6 "
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ltrogen Trichloride

Usin^ 4.4 gm. of nitrogen trichloride
gas per barrel of flour as standard
bleach.

l/3 l-leoch 1.47 g.11. per arrel
2/3 " M
3/E " 4.40

"

6/3
"

3. SO " •

Chlorine

Using lij- ounces of chlorine gas to
toe barrel of flour as a standard bleach.

l/S Bleach i oc. per barrel.
2/3 " 1

B "

3/3 " li • "

6/3 " 3 " " "

The rekar test was used immediately after the flours

were bleached to determine the relative accuracy of the

bleaching. 'This showed a range from a decided yellowish

tint to the usual white flour color, The ash, protein, and

moisture were determined on samples of the 1929 and 1930

flours, and special attention had been given to tho selec-

tion of the wheat so both lots of the flour would have

nearly the same chemical analysis. I further analysis

consisting of hydrogen- ion, and viscosity determinations

were made of the flours fror.i time to ti-ne to ascertain if

any changes were taking place such as could be •.,ecsured by

these tests.
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Pour method* were used In asking the baking testa:

the sponge-dough; the two hour short fermentation straight

dough; mechanical modification; and the potassium broaate

differential bakln^ test. All Mm loaves were baiced in

duplicate except when tira potassium bro ;ate differ .: tlal

test was used.

The amounts of Ingredients used and the details of the

different baking methods were as follows:

The Sponge-dough.

ponge Dough

300 gm. flour ... 200 gm
6 " Yeast ... 4 •

Salt . . . 9 "

Mp> . . . , 15 "

rtening . 5 n

titer ... i 5

: Correct absorption determined on the flour.

Sponge fermentation 4 hours at 26° C.
nge-dough fermentation 45 inlnutes at 26°C.

Proofing tenperature 2C°
Oven temperature 25< .

Dough scaled at 418
'fixing ti.s of sponge

;

with dough lj minutes.

In this method the slack sponge which was mixed by hand

contained 60 per cent of the total flour used. The fermen-

tation of the sponge was for a period of 4 hours at 26° C.

The remaining flour and yeast together with the sugar, salt

and shortening was then added. These Ingredients together

with the sponge were then mixed for 1$ minutes on tho
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Cnnson (1928) mixer. The lxed dough was then taken

from the mixer and placed In a jar, and permitted to rise

for 45 minutes during which time It was given two punches.

The dough was scaled to 418 gm. to insure equal atrtounts of

dough for every baked loaf.

The proofing was done at the same temperature as the

fermentation, using the Swai son, illarfi and Pltz (1915)

cylindrical aluminum baking pans to eliminate as much as

possible the error of moulding and over-proofing. The

loaves *ere baked for 40 minutes at 230° 0., and the volu

taken after cooling. The following day the loaves were

scored with the assistance of someone in the department,

and photographs taken of such loaves as seemed advisable.

The Two Hour Short Fermentation Straight Dough

I lour 500 gm.
Yeast 15
alt 9
Sugar 20
Shortening 6.5"

**ater

« Correct absorption determined.

Fermentation afcid proofing tersperuture 32° C*
Ove.i temperature 23G°G.
Doughs scaled at 418 gnu
"Ixlng time or dough 2 minutes.



In this method all the flour was iaixed with the other

ingredients at the start on the Gwanaon (1928) oixer for a

period of 2 minutes. Two punches were given during fee

fermentation process. These doughs were likewise sealed at

413 gm., and all loaves were baked in duplicate. The proof-

ing and the rest of the process was the same as for the

s.onge-dough method.

The Potassium Broraate Differential Baking Test.

Flour 250 gm.
£>*lt ....... 4.5 gm.
Sugar 11.5 "

Shortening .... 4.5
Yeast 7.5 "

Water as determined by
absorption.

Fermentation tl^e 3 hours divided us follows:

1st. uunch 1 hr. 30 minutes.
2nd. " " 45
3rd. " ......" 30
4th " " 15

Fermentation and proofing temperature at 32°C.
Doughs scaled at 413 gm.
Oven temperature 230° .

r.ixing time of dough 2 minutes.

In this ..et od the ingredients were mixed in the

way as in the preceding method. During fermentation the

dough was given 4 punches, and the total fermentation time

was 3 hours at 32° C, and the proofing temperature was also

32°C. The potassium bromate solution was made so that 1 cc.

of the solution was equivalent to 2.5 mg. of potassium



bromate, ana 2 cc. to 5 Bg. of potsssiiaa brorxto. The

potcsaluw bromate solution was added directly when the dough

was mixed and in the following amounts: To the first loaf,

no broraate. The second loaf, 1 oc. anci to the third loaf

2 cc. of broraate was added.

Mechanical "odlfieation . ethod

Flour ...
Salt . . .

iugar . . .

Yeast ...
rtenlng

Lactic acid

250 gm.
4.5 gm.
11.5 "

7.5 "

4.5 "

iftter p.s determined by absorption.

Uix doughs 5 minutes at high speed.
I cale at 410 gm.
roofing temperaturs 52° 0.
Pan loaves directly from sixer without fermentation of
dough.

In this :aethod all the ingredients were mixed at one

tliue for a period of 5 minutes at high speed on the

Swanson (1928) mlx-sr. The dough was placed in the cylind-

rical baking pan dlraetly from the mixer without any prev-

ious fermentation of the dough. The proofing temperature

was 32°C.

The volumes were taken by a seed displacement volume

tester, and all volumes reported in cubic centimeters as

an average of duplicate baked loaves.

I. loaf baked from standard unbleached flour for both

Kanred and olackhull was used for comparison in scoring the

loaves.
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KXPERB'KJJTfil. DATA A3D RBSULTS

The wheats need for this experiment were of the hard

red winter varieties, Kanred and Elackhull. The Kanred

wheat of the crop year 1929 bad been stored in the bins of

the villing Industry department prior to its silllint. 'Ale

Kanred and Ulackhull wheats for 1930 were purchased just

at the beginning of harvest and the Kanred was a combine

har-zested wheat. Only enough Slackhull wheat was purchased

to make approximately 4-43 pound sacks of flour, and this

was bleached only with nitrogen trichloride.

fcnalyeis of 1929 Kanred Flour

Ash 422 per cent.
Protein 11.20 " "

Moisture 13.00 " "

Analysis of 1930 Kanred Flour

'^eh 432 per cent.
Protein 10.65 * n

olsture 12.93 " "

Analysis of 1930 blackhull Hour

"h .425 par cent.
teln 10.48 " "

:olsture 12.28 " "



In * study of th-3 data obtained on the various floure,

it was found that a difference of less than two points in

the score of crumb color and texture, and a difference in

volume of 30 ce. was not significant, reference to a

discussion of the data obtained will be :*de by table

number and plate number.

ovadel bleached, Sponge Dough, Kanred 1029.
Table I, Plate X.

The results obtained in the baking from June 20 to

August 13 show a fairly uniform increase in loaf volume, and

a corresponding improvement in crumb color and texture.

These improved materially with further aging of the flour

as is shown by comparison with the results on the unbleached

flour which was used as a standard. The slight decrease in

volume of the loaves baked on December 2 is probably due to

an error In measuring absorption rather then to an aging

effect.

The data shows that the quality of the flour was not

impaired in any way even with an excess of 'iovadel bleach.

A gradual improvement in crumb color and texture was

noted in the unbleached flour.
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Agene Bleached, Sponge Dough, rLanred, 1929,
Table II, ?Ute II.

The results In the baitings from June 22 to Deceraber 5

show a gradual improvement In crumb color. The volume of

the loaves did not Improve with the subsequent additional

aging in storage of the bleached flour as shown by the

data obtained. Ho Improvement was noted in volume, crumb

color or texture of the unbleached flour after July 26.

The slight decrease In volume of the loaves baked on

December 5 is probably due to an error in measuring absorp-

tion rather than to an aging effect.

The qu lity of the flour did not seen to be impaired

in any way by high rates of Agene bleach as shown by

the baking results.
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Chlorine Bleaohed, Sponge Dough, Kanred, 19S9,
Table HI, rlate III

The results as shown by Table III represent only the

full and double chlorine bleached flour M compared with

the unbleached standard.

A decided decrease in loaf volume was rioted with the

high rates of chlorine bleach, while the crumb eolor and

texture seemed to remain fairly constant. The baking re-

sults of the unbleached flour showed a corresponding im-

provement in crumb eolor and texture, but the loaf volume

remained practically unchanged.

The further aging of the flour due to storage did not

improve the baking characteristics of the bleached flour,

but showed that high rates of chlorine bleach may seriously

Impair the baking qualities of the flour.
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ovadal Bleached, Sponge Dough, :\anred, 1930,
Table IV, late IV.

the results obtained In baking fro:u August 16, 1930,

to January 22, 1931, show a fairly constant loaf volume,

with a slight Improvement of crumb color and texture of

the loaves.

The full and double Novadel bleached flour showed an

Improvement In crumb color, as compared with the unbleached

standard. Later this difference was not so apparent due to

a further aging and change in the color of the unbleached

flour. The data shows that the qu Ilty of the flour was not

Impaired In any way even with an excess rate of iiovadel

bleach.

The score of the crumb color would Indicate that

apparently a yellowish cast was still noticeable In the

baked loaves.
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Agene Bleaehed, Sponge- Dough, iianred, 10SO,
Table V, Plate V.

The baiting results of the 1930 Kanred flour whieh was

bleached with Agene and baked by the Sponge-Dough iethod

8ho«« a fairly consistent loaf volume, crumb color and

texture of the loaves throughout the entire period of the

investigation.

From the data obtained, it is apparent that the

maturing effect of the Agene bleach made it possible to ob-

tain optimum results at the very beginning of the experiment.

The beneficial maturing effect is noted by cornering the

data obtained on the unbleached flour with that of the full

and double bleached flour.

The crumb color and texture of the bleached flours did

not improve materially with the aging of the flour, and at

no time did an excess of the Agene bleach seem to impair

the baking characteristics of the flour.



•
Q
to
c&H ^^T^-w
H
(Mw <

-P

< ^k
•d ^^k
<D

a!

m
^^<A

8 Vo>
H
*d 1

£

9
w
•

3
^^^^

o «
rH

V
•
.C
O
01

• 1H
m ^^
CO

a

1
«H
O

^ i

o
•£
43

s

ft
p
°
« ^^^r
1 ^^r
<D ^Hr

7°
5.

f
'

m
W L *,
fe*

<i
»J ?
CM

31

•
M QOlOOlO

OCNI to tO tO
to to to m to
i-IHHHH

E- C* d O OO O) o> o> o>
COCO CO coco
Oi o> o> o> o>

o
CO

•

O
o

1490 1505 1530 1545 1520
tQ > CO O0>a a o> o> oi

fc- co co co cp
0> U> Oi C> C>

e
o
A
a

h oooob)
• 0> 03 HOI tOp ^ tji m m m
P< HHHHH

to tD C0 00 CO
0> 0> 01 Ol 0)

tDt>i>C0C0
Oi 0> 0> 0) 0>

".1

to

•
•P
g)0
a
o

oH OlOC-OO
• rIOtMll)

-p to to m m m
P. HHHHH
<D
CO

lO CO C> O O
Cft Oi Oi 0) C7>

I> C-CO D-CO
<~*> Oi a & a

CM tO tOE- lOt-HH CO tO CO
• to in tn m m m to co co co

CD O O) O G>
toe- CO® COa c> u> en o>

,0 <M

<DOOOOk<DoOOOMC0OOOO
^totuaicflo^ojcilcacu ,<cj fl «S a! at

O 1) CO CO CO OC0C0C0C0^OtDC0(DC0
cSHHHH'iH cj HHH H O (HHHHH
(D cq m pq cq o <D m CQCQCQ coco.cqpQ.nj

,a to to to to & ,n to to to to fci ,a tO to tO to

PHCUtOCDHPHOltOcO-P P HOI to CO
o Xo

« hoj to * tn

Q

i oj to •» to h cm to •* io



Chlorine Bleached, Sponge -Dough, Xanred, 1930,
Table VI, Plate VI.

Referring to Table VI of the chlorine bleached Kanred

flour for 1930, a rather definite decrease in loaf volume

caa noted In the double bleached flour fron the very be-

ginning of the investigation.

The crumb color and texture of the loaves did not

decrease proportionally with the decrease In loaf volume.

The maturing and bleaching effect of the chlorine bleach

made It possible to obtain maximum color of tho crumb at

the beginning, and only a slightly inferior texture was

noticeable in the double bleached flour as indicated by

the score.

The data obtained on January 26, 1931, compared very

favorably ..1th that of tho other tests, which showed t iat

no further development of better or Inferior characterist-

ics could be noted due to a longer period of storage.

Only in the double bleached flour was any harmful

effect noted, and that was primarily a decrease of loaf

volume.
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Table I. Sxperlmental Data for Aoaonlua A—tatce •awonla
Mixtures at 20°C.

Density Cap. .lad^u-j surfaoe
ttola/liter of Height

MulCorr .

)

Of tension
salt solution Cap .em. dynes ©in.

O.OOOO* .0105a USB*
1.670 .6867 1.9551 .03458 22.98
1.9374 .6991 2.0640 .0335

£

23.36
2.6980 •7889 1.9789 .03533 83.72
3.488 .7688 1*9037 .03477 24.64
4.1788 .7980 1.9683 .03335 25.49
4.1960 •7898 1.9886 .03477 25.28
4.4B70 ..3021 2.0133 .03325 26.12
8.3300 .8430 1.9604 .03477 L.-7.97

5.8940 •toft 2.0662 .03328 28.64
6.0910 .86888 2.0104 . "=77 29.37

Pare Acetic Acid

Observe i 1.0497 27,70

• Determined by King. Hall and ware

op to .8628. The surface tension-concentration diagram

(Flg.l) shows a downward divergence from a straight line.

The density concentration diagram (Fig.2) shows very little

divergence front a straight line.

In the ammonium butyrata swrionls mixtures. Table II,

the surface tension increased up to 29.75 dynes en. The

surface tension-concentration diagram (Fig.3) also gives a

[•Iced downward divergence from a straight line. The density
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Bleaehed, Straight Dough, Kanred, 1029,
Table VIII, Plato VIII.

Bo Increase In loef volume, or Improvement of crumb

color and texture of the loaves Is noted In the Agene bleach-

ed flour after June 25, 193C, at which time the optimum

baking results were obtained by the straight dough method

of the 1929 Kam-ed flour.

11m slight decrease in volume of the loaves baked on

December 14 is probably due to an error in measuring ab-

sorption rather than to an aging effect.

I further aging of the flour due to storage did not

improve the baking characteristics of the flour, nor did

high rates of Agene bleach seem to impair the baking quali-
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Chlorine Ble. tralght Dough, Kawed, 1029,
Table IX, Plata IX.

The results shown by Table IX represent only the full

and double chlorine bleaehsd flour, as compared with the

unbleached standard.

A rather definite decrease In loaf volume was noted

with the high rates of chlorine bleach, and a oorrespondin:

decrease in crumb color and texture of the loaves is

noticeable in the bleaehsd flour when a comparison is made

with the unbleached standard.

A further aging in storage is responsible for a def-

inite decrease In loaf texture of the double bleached flour,

while apparently the loaf volume and crumb color was not

changed.

The data shows that high rates of chlorine bleach rsmy

seriously inipair the baking results of the flour.
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Bleached, Straight i.ough, Kanrod, 103c
Table X, i'Ut« X.

The reaulte obtained la taking frota August 20, 1930

to January 27, 1931 ahows a substantial lmprovaoent In

color and texture of the loaves, while the loaf volume did

not lr.ereaee greatly.

A gradual improve nt of the unbleached atandard In

loaf voluae, erurab color Ml texture vaa noted, but this

Increase did not aeem to continue : fter Tanuary 27, 1931*

The loaf volume of the full and double bleached flour

Increased slightly with the high rutea of ovadelox- .
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t«a«>.t ut.&i, sowed, 1*80,
Table XX, tUts XX.

The b*:ing NMltt of the IMO Eewod flour which

vu bleached with h&am aod MM by th»

method show • fairly eonolatant leaf wolwae,

aad toatw of th» loovea threachout the entire lnwotlee-

tlon.

Tb*t optima results www attained ebortly after bl

lag, la iffinet by referring to *he date obtained la

A further eflng •* the flew do* to etorace did not

materially laproee the basins eheructorlatica of tho flow,

nor did tho eneeaolve rutee of gene bleach

tho baidng quality of tho flow.
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Chlorine Bleach, Straight Dough, Kanred, 1930,
Table XII, Plate XII.

Table XII shows a rather definite decrease in loaf

volume when a oompariaon is made with the unbleached flour.

The volume of the loaves did not seem to decrease

materially, but a noticeable i; feriority in the texture of

the loaves could be noted, which accounts for the lower

score

.

The bakirg results obtained showed similar character-

istics to the other chlorine bleached flours, and clearly

tended to prove that excessive rates of chlorine will Impair

the ba.':ing quality of the flour.
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ovadel 31eachad t :
;otaialvu Broiaate : ethod, Canred, 1929-30,
Table XIII, t'late XIII.

The results obtained in the baking of the Novadel

bleached Kanred flour3 of 1929 and 1930 by the potassium

bromate differential baking test shows very little variation

in loaf volume, crumb color or texture of the loaves due to

the addition of the broraate.

This would further prove that Novadel as a bleaching

reagent does not seen to be a strong oxidizing agent, and

excess rates of iiovadel did not prove harmful to the flour.
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.gene Bleached, Potassium Erotnate >thod, Kanred, 1929-50.
Table XIV, Plata XIV.

The Agene bleached Karjr ,-d flours of 1929 and 1930

baked by the potassium bromate differential baking teat

clearly showed that the baking quality of the flour nay be

impaired when bromate la added to the full and double

bleached flour.

Bot only is there a pronounced decrease in loaf

volume, but a decrease in texture of the loaves and crumb

color.
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nbleached and Chlorine Bleached, Potassium Brouate ethod,
Kanred, Table XV, Plate XV.

t-.ha 1

The chlorine bleached Kanred flour of 1930 baked by

the potassium bromate differential baking test shoos a de-

cided decrease in loaf voluise, and texture of the loaves.

The crumb color does not seen to decrease proportionally aitfa

the loaf volume, as indicated by the score.

The fact that chlorine is such an active bleaching re-

agent accounts for the low volume of the loaves due to

oxidation.

The unbleached Kanred flour of 1929 and 1950 by the

sane baking method shows a distinct improvement In loaf

volume, color of crumb and texture of the loaves by succes-

sive additions of one or two cubic centimeters of the

bromate solution.
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Agene Bleach, fotassi.ua Broraate :ethod, Kanred
and Blackhull, Table XVI, Plate XVI.

A decided decrease In loaf volume was noted In the

double bleached blackhull flour as compared with the double

bleached Kanred flour of 1930, In the comparative baking

test of February 13, 1931, by the potassium bromate differ-

ential baking test.

The texture of the loaves of the Blackhull flour was

poorer than that of the Kanred while only the crumb color

of the double bleached blackhull was decidedly lowor.

From the baking data obtained, it was apparent that the

Blackhull flour did not withstand the high rates of Agene

bleach as well as the Kanred flour.
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Agene Bleach, Sponge Cough, Karred and iilaekhull,
Table XVII, late XVII.

The comparative baking results of Kanred and Blackhull

flour by the sponge-dough method show no significant differ-

ences In loaf volume, crumb color or texture of the loaves.

The loaf volumes of the unbleached Kanred seemed

slightly larger than that of the unbleached Blackball flour.
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Agane Bleach, straight Dough, Kanred and i3laekhull,
Table XVIII, late XVIII.

The results obtained by the straight dough baking

method were nearly identical with those of the sponge-dough

method.

So differences could be noted in loaf volume, except

in the unbleached samples. The score of the texture of the

loaves and crumb color showed that no appreciable differ-

ence existed between the two flours.
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Bleach, Mechanical Modifieation, Kanred and
Blackhull, Table XIX, Plate XIX.

The results obtained In the baking of the Kanred and

the Blackhull flour by the mechanical modification baking

test, shows a decided smaller loaf volume, lower number

for crumb color, and texture of the Blackhull flour. This

difference may be due partially to wheat variety, rather

than to bleaching, as it seems that Blackhull flour will

not ithstand the severe mechanical mixing to which it was

subjected.
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Viscosity, Kanred, 1929, Bleached Flour, Table XX.

The viscosity readings In degrees ( <ac .'lchael ) show

a fairly uniform and consistent average. Ko appreciable

differences can be noted except In the high rates of

chlorine bleach, which seems to give a lover reading.

lio definite correlation exists between the viscosity

readings end the loaf volume, although a lower reading of

the full and double bleach chlorine flours compares favor-

ably with a lower loaf volume of these bleaches. The

viscosity reading of the unbleached standard seemed to

increase slightly with the age of the flour.
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Viscosity, Kanred, 1950, Lleached ilour, table XXI.

The viscosity readings show similar results to those

of the 1929 bleached flours. Only the double bleached

chlorine flour seemed to give a slightly lower reading which

\iOuld indicate that the gluten has been altered, and which

is shown bj a lower loaf volume in the baking test. Lower

viscosity readings due to the high rates of chlorine bleach

seem to Indicate that the flour has been inpaired in its

baking quality.
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Hydrogan-ion, Kanred, 1929, Bleached Flour, Table XXII.

The acidity of the flour did not show any appreciable

difference with the Kovadel and Agane Match. I slight

Increase In hydrogen-ion concentration, howevar, is noted

in the chlorine bleached flours. The hydrogan-ion deter-

mination of April 15, 1931 shows a slight increase in

acidity of all the bleached flours due to storage.
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rogen-ion, Kanred, 1930, Eleached Flour, Table XXIII.

The acidity of the 1950 Kanred bleached flour showed

similar results to that of 1929. The hydrogon-lon con-

centration was the most marked in the chlorine bleached

flour showing a slight Increase la acidity. The acidity

Of the flour of 1930 nade on April 15, 1931, compares quite

favorably with the reading made the same date on the 1929

flour.
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The volume, texture end crumb color of the IMS bleach-

ed Kanrod flour seemed to be slightly better than any of

the bleached Xanred samples of the 1930 crop.

Bo variation fron the degree of bleaching could be

noticed In the flours after nine months, as was so apparent

at the beginning of the baking tests of the flour.

There seemed to be no difference la the viscosity of

the different bleached flours, with the exception of the

full and double chlorine bleached flours which showed

slightly lower results.

The hydrogen-ion determinations of the bleached flours

showed the chlorine to be slightly higher.

Be significant differences could be noted between

Kanred and Blaclchull flours except by means of the mechan-

ical modification baking method, which difference is

attributed to variety rather than to bleaching.

Bo detrimental effect on gluten quality was noticeable

with any of the bleaches, with the exception of chlorine,

and the differences in baking were noted only when high

rates of the bleach was used.
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