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I. Introduction.* |

Early in 1917, the writer became connected with an investi-
gation into the effect of bleaching upon flour, conducted by the Bleached
Flour Laboratory of the Bureau of Chemistry, of the United States
Department of igriculture; his work being to assist in determining
whether or not flour is injured in quality or strength by the application
to it of the oxides of nitrogen generated in the Alsop process of flour
bleaching, The chemical work and the greater part of the laboratory
baking work were done in the Bleached Flour Laboratory of the Buresu of
Chemistry, under the supervision of Dr. Phelps and Mr, Jacobs of that
. laboratory. Part of the laboratory beking work was done in baking lab-

. oratories in other cities, the milling and commercial baking work was
done in flour mills and commercial bukeries in various localities, and
the investigation into the commercial aspects of the question was mads

. by conferences with 1éading flour men in every important flour-producing
section of the United States; in all-this work the writer reporting

| directly to Dr. Alsberg, the Chief of the Bureau.

There are a few technical expressions, well-understood in the
flour trade, which may require explanation here., <The terms "patenﬁ",
"straight™, "elear", and "low-grade™, are generally recognized among
flour men as indicating certain grédes of flour; but the lines of demar-

cation between them are very indefinite,
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The writer wishes to express his indebtedness to Dr. C. L. Alsberg,
Dr, I, X, Phelps, and Mr. B. R. Jacobs, of the Bureau of Chemistry, for
Valuable directions, suggestions and advice concerning the work reported
bere; and to br, H. C, 11°ell, of George Washington University, for read-
Ng and making suggestions concerning the manuscript.




2.

patent flour is generally considered o be the flour whici is milled &
from the endosperm of the wieat berry, and conbains the smallest nossible
amouants of bran and dirte Older millers g2y that patent should bhe

milled largely or entirely from purified middlings and should comprise
sixty to seventy per cent of the flour content of the wheat, lMany flour
men, however, say that the tern is practically meaningless, and that any

.

flour which contains less than one hundred per cent of the flour content
of the wheat may properly be called a patent. 4 "high patent", ox
"short patent” is 8 flour which containg a relatively low percentage,---
l.0., from fifty to seventy per cent,---of the Tlour content; and ag the
percentage of patent is increased, or, as it ig generally called,
"lengthened", the flour becomes a "long patent", and aporoaches a"gtraight"
"Low-grade" is the poorest and diritiest grade of flour milied., It is
always slight in smount compared with the other grades. "Clear” flour
is the mediun- grade flour; that porvion whieh is left after the patent
and. low-grade have been removed. "Straight" flour is the entire Tlour
content of the wlhieat, with only %he low-grade teken off, 1In a"100 7
straight”, the low-grade ig not separated,

The use of oxides of nitrogen for the treatment of cereals
was probably first proposed by Sydney Pitt, in British Patent 11,097 of
1894, His process consisted in treating cereals "by goseous fumigation
with chlorine, sulphur dioxide, nitrous vapors, and the like" in a
Closed chamber, This process was intended primarily as & general
Sterilization process, and included cereals only incidentally,

The first successful process for the bleaching of ceresl Pro-
ductg by this agent was probably that of Frichot (Brit. Pat, 21,971 of

| 1898); though he aseribed ihe bleaching effect %o ozone, and the patent

Claimg the use of 0zone as a bleaching agent. The "ozone" used in
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Frichot's process was produced by the use of glass tubes containing metal
f£ilings, connected to a high-tension coil, which was in turn connecied %o
g dynemo. It appears from the work of Avery® and also from that of
Ipleurentlo that the active agent in this and other "ozone" processes is
| not ozone, bubt nitrogen peroxide. It was found that all elecirically-
prepared ozone contains nitrogen peroxide; and that when the ozone thus
prepared is cerefully purified, its ability to bleach flour disappears,
The first patents covering the use of this gas as such were
issued to John and Sydney Andrews (Brit, 1661 of 1901; U. S. 693,207,
deted Teb. 11, 1902; and U, S. 698,240, dated Apr. 22, 1902)., This was
the first really important commercial flowr-bleaching process. In it
the oxides of nitrogen are generated by mixing solutions of nitric aeid
and ferrous sulphate; the resnlting gas being mixed with a large propor-
tion of air and brought into intimate contact with the flour in a suit-
able sgitator.
The Alsop process, covered by patents-Brit. 14,006 of 1903;- -
fermen- 252,534 - dated July 17, 1903 and U.- B+ 759,651, dated Hay 1O, 1004
. produces the bleaching agent by means of a flaming arc in a curvent of
a8lr., The older type of machine produced the arc by means of vairs of
electrodes, one stationary and one having a reciprocating motion. In
the later type, & set of rotating electrodes is used as the moving mem-
ber., The strength of the gas is regulated by the density of the current
used, and the bleaching gas is avulied to the flour in an agitetor, as im
the other methods.
The Werner process, covered by pabtents Brit. 23,391 of 1905;
Fr, 359,711, dated Tov. 4,1905; and U.S. 812,777, dated Feb. 13, 1906;
Which generates the oxides of nitrozen by decomposing ammonia in the

Presence of an oxidizing agent, wes invented by K. I, Verner and pul on
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the marke® by the Nordyke and Marmon Company, In this process air is

blown through strong agua ammoniea, then thz 'ough & catalyst sueh as heat—

ed nlétinum sponge or Copper oxide, and the resulitant mixture of sir and
oxides ol nitrogen is led into the flonp agitator.

The Williame process was originated by John M. Wil

7

Cklahom&e In his process, the bleachine agent is formed by the electrol-

1
yeig of a solution of nitric aeid, the resultant gases being mixed with
g currents of air and the flour tresied with the mizture in the same way
as in The olher proceszes. Williams hag taken ount wmeveral patents cov-

ering his process;-- U.5. 769,522, dated Sept. &, 1904; Lrit., 6,676 of

207; U.8. 963,970, dated July 18, 1910; and U. g. 1 y 122,058, dated Mer,
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6, 1915. MNis ap-araius was pul on the market by the |
“ir Company, of Oklahoma,

It was goon recognized Lhat the bleaching agent employed in
these and otlier leus important processes was practically identical and
a great deal of pabtent 11+ igatlon ensved: the 4lsop Process Conpeany,
ovmers ol the Alsop patents, and the Ilour Oxidizing Company Ltd,.,
oviners ol the Andrews patenis, being the principal litigents. The
matter was carried to the righest wurts of Bugland and France; in bLoth
Conntries the Andrevs patents were adjudged valid ard %he Alegop puatents
declared infri ngements; snd o protect their american interests
4lgop Trocess Company purchased bthe dmeriesn rights to the Andrews pat-
g.  In these trialg¥0 it was fully establighed that nitrogen peroxide
is the active principle in all flonr-bleaching processes uging oxides of
Nitro 0gen, however those owides mey he vrepared; therefore &1l £uch pro-
Cesces may he congidered identical so for ss their effect uwnon the flowur
18 concerned.

9

With the purchase of the indrews patents, the Alsop Trocess

an advanbage over all compebitors that prs tically
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gll the flour now tleached in this country by means of nitrogen peroxide
is treated by the Alsop process.

Witrogen weroxide hes been descrilbed too often to warrant any
gxtended Qescription. It is a corrosive, reddish-brown ges, with @
peculliar and highly chersclteristic odor. Its composition ig Iy Ogp;
being N0z at low temperabures and prescures (-120 ¢ and 115 mm ),
171204 ut 150° ¢ under atmospheric pressure, and a mizture of the two at

' ol

tenperatures and pregsures between these limits. Averyd found that i
the mogt efficient known apent in the bleaening of flour, bleaching a
far greeter quantity in proportion to the amount used then any other
bleaching agent. He found thal three cubie centimeters of The gos in
three liters of air effectiively bDleached one kilogram of flour, that th
RS

waximum bleaching effect was secured by the use of forty cubic cenvimeters

of the gas. and that more than this agetnt injured the Llour.

LI, Swmmery of Previous iork,.
great deal of work has been done upon the effect of nitrogen
peroxide upon flour. In order o secure & clear view ol The most iwm-

portant work done, it is convenient to discuss it in several divisions,

Gorvesnonding to the parvicular vhase of the subject unler investigation,

Effect of Nitrogen Peroxide uvon the Coloring Matlier of Flour.

There are three principal sources of the coloring malier of
flour; (1) cre -dirt ard other outside dirt; (2) finely-divided bran,
Snd (3) the coloring matter of the endosperm, or inside portion of the
Wheet herry itself. fThe first two classes, in general, canuot be

Olfectively blesched, but must be removed by more careful cleal ing of the




wheat and by dmvrovements in milling. fThe coloring matter of the endog-
verm is thal which is bleached, This coloring matt ig intimately

counected with the fat of the flour, so that il is elways extrecbed with
%he fat., IT wee at first suppésed thaet this coloring metter was a nit-
rogenoug compound, Avery5 suproged Thetv il wes characherized by an amino

'group because it reacted so readily with nitrous acid, Sny&erag also

1916

o 4 1 L - hn ) W Iy ¢
held thel view. Tad and hie collaborators, Bessettd? sna Btalllngs}d

4

thowever, showed that the 0il from unblescched Tlour contained no nitrogen,

21 who me&de an exhaugtive

|and this view was sustained by lonier-Williams$
study of this coloring malbter and showed 1t to be carrotene, a highly

wsaturated hydroearbon corresnoanding to the Fformula C40H5g. This formula

was later confirmed by other investigaters, whe found that it belongs to
the terpene class of compounds.,

There sre two primcipal theories concerning the effect of

-

mnitrogen peroxide uvon the coloring matter of filour. The Tirst is Lhab
Lo b i )

the process is esgentially an addition of a nitrogen~-vearing groun to the

-

unsaturated molecule; the second is that 1

-

ig an owidation process, in

Which nitrogen neroxide acts merely ag a carvier of oxygen. In favor

s . I : = ‘ - L. 24
01 the first theory are Fleurent,lc, 4very,5.mov1u"—V1l 1aﬁs,“1 Rougset ,~ =

l
.
and Joore and ’-."{:'Llson';"3 In favor of the second thecry are Steensma,51

Wio stefes that the coloring matiter "is obviously oxidized during bleach-

| 1 =) §- . o o 2 ¢ 4
ing", but does not offer any proof of the sbatement, and Suyder,>® who

Teigons from theoretical possibili
i
@1£ﬂﬁ be @ comiuinetion of both nitrebtion and oxidelion.

Fl--_..___

. g o (! 5,
I Snyder=9gta
S8 extracion f

from wnbleached and from hlezched flour. ILa d,16 Basset

[ Witrogen Peroxide upon the Fatb,

I .

es that there ig ne percentible difference in the

cr
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and gstallings Honier-Wiliiams,21l 1oore L Wilzon®®, and Winbon39 a1l

-

| conelude that the fat is morkedly altered when flour is bleached; especi-

a1ly in 1its nitrogen content, iodin nwmber, and saponification value.

ticeptic 4dction uvpon Flour.

F74

Fleurent,lo Laadl6 Halliburtonl® ang Soheringa26 agree that

lpitrogen peroxide when apivlied o flour acts as a vresgervative; and that

i Ij % e} » fl a o ! . "
‘enough of the bleaching agent is retained thr ough the wprocess of baking
]

to discourage the growth of micro-c crganisms upon the bread,

}Bleachlnw and Natural Azing.

i It is a2 matier of cowmon knowledge thet flour improves with

age, for several months after milling. The chemistry of the chonpe ig

unknown, thougli several theories have been rroposed. Most investigators

vhink that the chonge is dve to oxidation; though some ascribe it to

enzymic action, and otuers to the abgorption of nitrous vapors from the

L 9i 29 Diie %Hi c«t N & 3 . e C 50 Pd

air, Snyder~Y holds the last-named view; and 1°¢i11%0snd shutt®Cebowed

that flour exposed to the air would absorb slight amounts of nitrite-re-
F oy =)

8cting material, Laddlbpagsettl” &b

f)
and Ste 111n#°18, Nousge ?4 Saunders
AP = =y e n 1P P P, “) Oy 3 2 . 19
Monier-i/iiiiams®l, Moore and Wilson2?. Thomsond2 Scheringal6 andWintond?
? ) ? (]
found 41g¢ natural agzing was an oxidetion. was not & nitrovs addition, or
& 1 ]
that the effects of bleaching were not et all gimilar to those of netural
Q

8ging,

h2$32§ﬁibility of Bleached Flour, and Animal Experiments.

o, t — . . . W
Snyderzg, Vesener®%, Wesener ana Tellerdd, Willsrd and Utt98,

PR Toclwo0dR3 found t1at bleaching had no appreciable effect upon the
{QFQStibility of flour, Ladle, Ladd and Bassett17, Ledd and Stallingsls
fﬁ’ell, Halliburtonid and Sheperd2? found that bleaching with various

-._:'.,,I’ r a » "
Slntg o nitrogen vweroxide exerted a marked inhibitory effect upon the
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digestion of flour.

Laddl6é extracted unbleached, bleached and overbleached Tlour
with alcohol, finding that the evaporated extract from uni:leached flour
was harmless to rabbits when administered per stomach; but that the
extracts from both bleached flours were Tatal to rabbits, Haléll failed
to corroborate these results, bub found +thet such extracts from blesched
flours were toxic to white mice and rats when administered subcutﬂneously
while'similar extricts from unbleached Tlours were not toxie. Wesener

Teller55, Snyder andi Ha1ne550, Wilnoxzs, and Luffl? a11 found that
alcoholic extracts of bleached flour were not toxie to experimental

animals when administered »er stomach,

Bleached Flour and Health.

Snyﬁerzg, Alwayl and his 'collaborctors Gortnerz and Pinckney5
Rousset24, Haley12 aild. SCheringazG agree that commercially-bleached flour

oannot be regarded as injurious to heslth. Steensma®l concluded that

. the nitrite-reacting material in flour wag not in itself harmful in any

way, but that the bleaching agent might attack the "vitamines" in flour,
and thus lower its quality. On the other hand, Ladd® and nis collab-
orators Bagsettl’ and Stallingsls, Halell, Hammilll4, IToore and Wilson22
Halliburton13, and Tinton39 conclude that the use of bleached Tlour is

Probably injurious to health.

Nitrite Reacting Materisl in Flour and Bread,

Avery4, Ladd and Stallingsls, Alwayl ilway end Gortner?2
al°G11180 end Scheringe 226 Tound that such material is not a normal con-

Btituent or wheat flour, unless it has been exposed to contamination;

| wbile uanerzg found that wnbleached fJourc contain traces of nitrites.,
I

The champions of bleaching maintain that nitrite reacting

haterial is not combined with the floux, but is merelv absorted §in it
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and is driven off by balring, or even by gentle heating, These views are

. IR— Tl 25 .
forcefully presented by Snydere9 and Wesener and Telloer®?, Other inves-~

igators, however, found thet bread baked from bleached flour retained if
tig ’
nitrite-reacting material., ITsdad snd Stallingsl® and Wintond found

that such bread contained Ffrom one-third to one-half of the nitrites

o

originally present in the flour ”“om which the bread was mode.

Effect of Witrogen Ferozide upon Gluten.

7§ Since the work revorted iwn this paper deals largely with the
effect of Tleaching upon the beking quality and upon the commercial
value of flour, previous work upon gluten and commercisl value should be
revorted more Tvlly than “he other phases of the work.

Suyder®? Lolds the opinion that flour is improved by bleaching
Just ag it ig ‘viproved by natural azing, and states that there ie a
slipht tendency towerd improvement of Lhe bread-making quality, and that
there iz no injuricus offecs. Ihis opinion 1s in direet contliet with
his earlier views, ag expressed in Pulletin 85 (pawo 217) of +the
Einnesota ;xrﬂcult rel Dxperiment 3tation, which were

a) That there is no necessity for the use of bleaching
8gents to improve ithe keeping ¢uelity of the flour or 4o white 20 it,

e

<

b) Thet bleaching tends to deetroy the charecterigtic and
) o)

o

Datural color which 3

©w

5 degirable as indicating charecter.

¢) That the gluten is affected by bleaching, =o that 4he
gluten oy bleached flour has legcened powers of emvpansion and absorption,
80d yield loaves of bread which, although whiter in color “han those

Quit=Hey

e from unbleached flour, are smaller in size snd less in weizht.
hutt28 thinks it pogeible that blesching nay result in an
S Plovement of the bread-making quelity of the gluten, due to a higher
|
8bgoq
|

blion of moisture,




Meny investigators heve found that bleaching hasg 1little or
no effect upon the bread-meking cuality of the flours. Avery5 found tha
gnbleached and bleached flowrs produce loaves of nractically the szme
gize, weight, =nd texture. nousset®? concluded Lhat flour is unc shanged
by bleaching except in the ligbtening of the color and the addition of
a minute quantity of nitrite-reacting meterial. Alwayl found that

bleaching does not chénge the absorptive capzcilty nor the exnan

2

ion of
the gluten, and thalt bread made from dbleacher flour doeg not differ from
thet made from unbleached flour in welght, lightness, volume, texture,
odor, or taste. Alway an’ Gorbtner® corroborated these resulls, ag did

Alway and Pinckney3. Tuchwald and FeumennS

reported that bleaching

nakes very little chenge in the chemical properiies of flour, and does
not affect: its baking quality. Saunders®® found that the difference

in strength belween various flours before snd after bleaching is extreme-
ly slight and within Tthe Limite of experimental error, and that there

is no perceptible difference in the flevor of the bread. He stated,
however, that hleached flour does not improve in strength upon aging,

&s does unbleached flour.

Many other investigators have held that bleaching injures

the hread-meking quality of the flour, Sunyder, 2s has been mentioned,

weg formerly of this opinion, Balland® concluded that while the
elasticity of the gluben wes affected very 1ititly by nleaching, gluten
from hleached flour hae & less delicate color than thal from vableached

flour, =nd that the resnliting bresd is less SAVOTryYe Drahm’! Ffound that

o

both the odor and the balking quality of flour are unfavorably affected

‘b the nleaching vrocesg. He also held ithat the color was nobt improved
& L L ’

|1n that the white color of “he blesched product was not &g atiractive
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. does unhleached. Iadd and Basset

11.

as the mutural color of the flour. Ladd and $hallingsl® found that

fiour is injured in its absorptive and expensive vproperties by bleach-

ing, end that bleached flour yields a smaller and poorer loaf than

£ 17 - a7 oy =y
coneluded that bleaching injuri-

ously affects the gluten of flour. Monier-Williems®l found that

| bleaching changes the protein of flour, increasing its water-soluble

fraction -by hydrolyzing the gluten and thus lowering its baking quality.
Le admitted, however, that unless the flour is heavily blesched it pro-
duces loaves of excellent quality ond of normel taste and smell. Moore

and ‘f.’ilsonz‘a

found that bleaching "nitrates" the gluten to a ceriain
extent, thus lowering its quelity. Winton3® found that blesched flour
is markedly lower in bread-maling quality than is unbleached flour; and
that the gluten ig altered 11 physieal character =nd diminished in

quantity by bleeching.

Concealment of Inferiority by Bleaching.

llen in favor of the bleaching process contend that it is im-
possible to conceal inferiority in flour by bleaching it, &s only high-
grade flour is susceeptible to improvement in that way. Opponents of
bleaching hold that various inferiorities may be and are concealed by
the bleaching process; as follows; (a) the inferiority of color of new
flour, (b) the inferiority of dark-colored wheal, such as Durwan wheat,

Wn

e

ch has 2 lower market value, and (e¢) the inferiority of lower=-grade
dlours, g0 that by bleaching a miller is enabled to lengthen his patent
by 2dding certain portions of the clear flour o the watent strezm.

In support of the contention of those in favor of bleaching,

P ¥teurent 10 roporied that low-grade flours are not improved by blsaching,
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|
becsuse the cellulose impurities have z greater affinity for the bleash-
ing gas than the particles of flour have. Alwayl found that bleached
l1ow—grade flours produce loaves of uninviting color. alway and I’inckney5
‘gtated that bleached low-grade flours do not resemble patent floums in
appearanve. Snyd.e):rz9 found that it is impossible for any fraud to be
Ipractised by means of bleaching low-grade flours, as bleaching only in-
tensifies the diflerence in color between the particles of flour and the
| impurities. Wesener and Teller®® contend that "straight and clear flours
|are superior to patent flours from = food and economie standpoint, be-
ceuse they contain more protein and fat. Their commercial inferiority
lies in their darker color, caused by the greater proportion of fragments
of the grain situated near the bran coat, which are richer in natural
golor than the fragmeﬁts from the interior, but are also more nmutritious.
Therefore, in the opiﬁion of the authors, by removing the color,infer-
fority is removed, and not concealed, as some contend" (Chem. Abst. %,
D 226). -

On the other side of the question, Snyder was formerly of the

Opinion that "Bleaching tends to destroy the chiracteristic and natural
B0lor which is desirable as indicating cheraeter", as has been mentioned

(see bage 9). TLaddl® biendea bleached flour made from Durum wheat -- &

@trongly colored variety which sells at a marked discount -- with flour
1iﬁlled from the best white hard wheat, in proportions as high as 304 of
Wthe bleached Durum flour, and the fact that the lower-grade flour had

"8 blended in could not be detected by testing the flour with a sliek.
958015 o6oneluded that bleached flour should always be declared ag such,

8inge bleaching does not change the low-grade flour in any way except by

Ghtenlng its colom. loore and Wilson 2, after a comprehensive study




|"of the whole cuestion, concluded that bleaching made the cheaper grades
of flour appear the same as tYose of higher quelity. The Wisconsin
Food Gommission®t decided that the practise of bleaching flour affords
opportunity for fraud. ilost of the foregoing investigators, all sei-
.entific men, worked on the subject of bleaching the low-grade flour
elone, whereas the problem of most interest to millers is whether or
not the patent may be lengthened by edding to it a vortion of the bet-
Iter streams of clear, by the use of the bleaching process. lfeny men
who use the process assert that they do not lengthen their p=tents;
but the selling arguments of the manufacturers of bleaching machinery
and the statements of many millers who have succes:fully lengthened
their patents by bleaching, leave very little doubt that sueh a prac-
tise is possible. Thus, A. R. Waldron, in a letter to the "Operative
Miller" of January, 1906 (p 28) says in part:-

" "No miller would go to the expense of installing a bleacher

if there was not a good profit promiéed, --- since millers can only

J got the top of the market for their flour, they must increase their

Bercentage of patents. In my own work---previous to installing the

| Pleacher we mede two grades, 70% patent and 304 extra fancy. ifter
inﬂtalling the bleacher we ran 85% and 15%, getting the same price as
lﬂpfore for each grade."

Again, on page 35 of the same journal is found the following:
"Ihe enswer to the question why a miller keeps it dark that
;?lhhs instelled a bleaching outfit in his plant i1s simple enough, for
i?.does not want to give away a good thing as long as he can help it
B wantg 4o reap the advantuges of being able to produce a higher per
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san certaialy compete with
unbleached flour, other conditiong nelng equal”

These two letfers were chosen =%

& freat numbex

ol coumpunications on the eane sehject to the milliine Journals. Lask of

gpace vrevents the guotatiocn of 2Ny more,

fnother fect which 1g emphasized Uy the oppoments of Flour
bleaching is that the millers who use the bleaching process, Shou
mainte _i.ﬂ, ing shat Llouwr is greatl ¥ benefitted Ly bleach ing, do not adver-
tise the fact thet it is blsached; in facth, they. object o labelline
their product "bleached®™, 0On Lhe other hand, many millers who do noet

bleach, caell attention to that feeht in their advertisementse. These

fects tend to show that millersg themselves believe that unble ed
flour is of superior guelity.

I1I. Preliminszry Work.

.A.n Thc 'ﬂ‘“l [EXSHS

For the purpose of & ghort, preliminary investigation
Wharton, a Tood =nd Drvg Inspector of {the Buresu of Chemistry, visited
& mwill in Webraska on Iarch 6,1917, and collected gsamples of blesched
and unbleached flour of various grades; the bleached end urbleschesd
flour of each grade belung identical except that omne portion of the flour
Vag subjected to the regular Alsodn bleaching process as used in the mill,

semnl collected were as follows:-

o)
7o

-

Stredight Plour, Unblewched.
Straight Tlour, Bleached.
Patent Ilour, Unbleached.
‘atent Plour, Bleached.
Clear Flour, Unhleacked,

lear Flour, Bleached,
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These samples were all shipped to the Bureau of Chenmistry,

Washington, D. C., and portions of each of them were Torwarded by the
Bureau o the writer at the Fleischmamm Laboratory in Peeksldlly N. ¥i),

where he was temvororily stationed at that time.

' B, Chemical ‘nalysis.

; Upon chemie.1l mnelysis using the officisl metuhods of the

A. 0. A, C., these flours showe. the following composition:

TABIE I. Chemiecsal inalysis.

; Unb. :Bleached: Uab. :Bleached: Unb. :Bleached
Substence :Straight:Straight: Patent : Patent : Clear : Clear

=~ .
. *

0.458 : 0.,414 : 0.594 : 0,594
0,458 ;: 0,414 : 0.598 : 0.598
0.4568 : 0,400 : -

0.460 : '

Ash, %. : 0.5636 : 0.546
: 0.538 : 0.542

12.46 : 12.94 : 12.91 : 13.07 : 12.87
12.51 : 12,92 : 12.94 : 13.11 : 12.87

$
Moisture, . Sil2, 61
:12.87

.

1 Acidity, 4. : 6.13

-

0.14 s+ 0.10 : 0.10 : D.18 = 0.17

“wa o5 sea B

| 0old Weter Ex- : : : : :

tract, 7. 3 4.46 : 4.44 ; 4,54 : 4.54 : 4.76 : 4.86
Total Witrogen,: 1.52 : 1.46 : 1.38 : 1.40 : 1.60 : 1.57
4 % : 1,628 : 1,52 ': 1l.40 : 1.43 ; ‘1,67 .:; 1.63
Water-Soluble : 0.52 : 0.28 : 0.30 : 0.32 : 0.30 : 0.32
itrogen, #. : 0,32 : 0.29 : 0.32 : 0.34 : 0.32 : 0.31
loohol-Soluble: 0.90 : 0.84 : 0.80 : 0.81 : 0.88 : 0.90
Bitrogen, #. : 0.87 : 0.84 : 0.83 : 0.80 0.88 : lost
[Mitrite-neacting none : 1.92 ¢ moms : 1.41 : nome : 1.00
®itrogen, p p m: none : 1,94 : none : 1.38 : nonse : 0.96

§8s0line To.(ENS) 2.77 : 0.60 : 2,76 : 0.76 : 2.88 : 0.86
do (ERI)NRLET, 1iss 0nbE1 £ emnt ld1 | tnan
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Il AB 1s well knowvm, the determination of ash in flour is one of

| | the most eceurste and relisble indices of quality cnd uniformity we have,
The ash figures given for the unbleached sna bleached patent flours in

} | the above table show such 2 marked diserepancy that greve doubts musgt
be entertained as to the identity of the two samples. They were
collected and reported as identieal exceplt for the bleaching of one
portion, but @ difference of 0.049 4, verified by repeated analyses on
different portions of each sample, is far too great to be cauged by
the Dblegching process, by the ordinary variations naturally occurring
in verj large Samples, or by any possible error in analysis, There
must have been some real difference in the two semples; a difference
which might ox night not affect the baking gualities of the two flourg,
In the cage of the straight flours, unbleached and bleached, there was

found a difference of 0.007 %. This difference, while a little greater

than the limit of experimental errorx (0.005%} observed by the writer,
isireadily accounted for by the natursl variations in large samples,

Previously referved to. The clear grade flour, being much smaller in

{
) 2wount than either the straight or patent grades, was probably more

Juniformly mixed, and o very setisfactory sample was secured,

h. Taking ell variations into consideration, 1t is seon from the

L 8bove table of resultg that bleaching cauges no perceptible change in
The 8nalytical results as shown by the routine methods of flour analysis
ﬁ“Dloyeﬁ in flour testing laboratories. I+ ig onlyrevealed by tests
ﬁﬂecifically applied for its detection. The most widely used test for
Qha detection of bleaching by nitrogen peroxide ig by the use of the

:’1998-Ilosvay reagent, which gzives a pink or red colora ion with
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nitrite-reacting material,

Another method for the detection of flour

f bleaching by any means, is the actuel messurement of the amount of col-

oring maiter dissolved out o the flour by gasoline., This test is re-

iable when the sane Tlovr is meesursed before ana after bleaching. but
1- . D

will mnot show wi+th certainty whether or noi any one flour oFf unknown

pistory has been bleached, unless the degree of bleaching is relatively

; hedVye

Some investigalors have renor

ted that Ilours definitely Ymowm

%0 be unbleached gave nositive tests with Griess-Ilosvay reagent. Our

york hasg shown that flouw ground in & will in which &n Alsbp machine is

Funning, even though the flour does not pase through the bleaching

@agitator, will absorb measurable guantities of nitrogen wveroxide from

ithe =2ir of the mill, "Unbleached" Tlour to be above suspicion, must
’ J8 s

Pe ground in a will in which no bleaching machivery has been in operation

f0r several hours. The resulte given in Tavle I show that our unbleached
T 1

@hples, which were very carefvll. protected against contaminetion in the !

811, were all free from nitrite-reacting material. Wnile this fact does |

W prove that unbleached flours are all free from nitrite, it ig an

Blcation that such may be the cuge. It is to be geen that the straight

OUr was bLleached more heavily than the patent, and the ratent more

BVily than the clear, Many millers state that the lower a srade of

BT is. 4. less © effectively can it be bleached., If this statement
¥Tve, i{ yoylq account for the lighter Lleach of the clear, but no
BShation can be offercd as o why the straight shounld have been

Shed oye heavily than the vatent, unlegs the opponents of flour

BUics are vignt 10 their oontentlom that millers do bleach straights

Sy in order to make them sirulate patents, while sucn deception is
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not ordinaerily practiced in the case of clears, whieh are gold as such,
‘ and only bleached %o imnrove their color and make them aprear of & some-
‘ what better grade {than they really are.
: The "gasoline number" is secured by comparison of a definite
! Basoline extrcoet of the flour, which contains the fat and coloring
matter of the flour, with a 0. 005” solution of potascium chromete &s a
| standard. As the flours lost more then three-fourths of their color by
bleaching, it is plain that the bleaching power of nitrogen peroxide,

even in minute quantities, is enormous.

C. Baking Tests,

|
| Method of Baking.- The method of baking employed in the testing

of these flours was that in use in the Fleischmamn Beking laboratory at

| thet time. Since in this method high, short, narrow baking pans are

] used, and maximum expaension is the main object, the texture of the bread
|

1s never as fine as that of bread baked in the shop. Texture is a very
Ilimportapt factor in this method.however, since small differences in the

expensive power of the glutens are plainly shown, a weak gluten breaking

.
(dovn under the strain of the great expansion.

| "
| The baking method empnloyed is as follows:=

(a) PFormula.

Flour- 400 grems, . b
sugar- 14 g

Salt - 6 "

Yeast- 12 “

Water- To make standard dough,.

(b) Neasurement and Weighing. The water is measured in a

%00 cc graduate, and paured into a 500 oc wide=mouthed bottle. The
Bagt is weighed out as rapidly as possible on = leboratory balancec,

°“ "8d into the water in the bottle, and thoroughly stirred with a bone
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J'spatula. The salt and sugsr are also welghed on the laboratory balance.
. ﬁ (ag none of the welighings recuire sueh accuracy a8 to necessitate the
| U_use of an anelytical balance) mixed together and kegé in small aluminium
“ dishes until used. The flour is weighed on & large eqgual arm balance,
| and placed in scoops until used. Lo save time, the salt and sugar were
| 8lways weighied out the evening before being used. '
(e) Mixing. The nixing is done in Bachmen mixers. The salt
and sugar are poured into the mixing bowl, and the thoroughly stirred J
suspension oi yeast in water is added. The motor is then started aj ]
half speed, and the flour poured in from the scoop. The last drops of )
yeast and water are drained into the bowl, the wmotor advanced to full
speed, and the timer is set to 2 minutes. 4% the expiration of this I
time, the mixing is automatically stopped.
(d) Fermentation Test. The dough is removed from %he mixzer, (

folded twice to form & roush hall, tossed aside on the flowred ton of |
(& -

' the work table, and the mixer started on the second set of doughs, as I

| . 4
J above., Then 34} grams: of each dough are weighed off on a small, equal-

erm balance, dropped into an oiled 100 cc graduate, and gently tamned

| into {he bottom with a seobtion of broom handle., These "tube-%ests" are |
1 kept in the fermentation cabinet with the doughs, at a temperature of 90%—
| 910 p, Readings are taken one hour after beginning nixing, and every !
L 30 minutes thereafter un%il the donghe are panned (2% hrs. from %he bime
| Of mixing),

(e) Fermentation of Dough. The dough, which has had a few |

Winutes of rest on the work table, is Tolde@ four or five times to form . |
|

a football—shaped mass and placed on & greased dough-board, 12" square, V

|

i

ich is then placed in the fermentation cabined at a temperature of

O

P00 _ 970 fo This cebinet contains several flat, shallow pans full of

Mater, ot cabinet temperature. A period of 30 minutes is allowed from




|
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| .
|J the time of beginning the mixing of the first bateh until the fermen-

tatign period is considersd to have begun. (If many batches are nmixed,
| this cannot be done, but when only two batches are mixed, no appreeiable!
| error 1s introduced.) The doughs and tubes should be in the oabinet in |
15 or 16 minutes, the remaining 15 or 14 minutes being allowed to rest
the doughs and %o bring the cabinet to the correst temperature.

. _ The first punch is made at 12 hours after the time of mixing,
The dough is folded four or five times; with a pushing slar between

each fold, The second punch is made at 2 hours, and the third at 21

hours in the same manner. At 2% hours the dough is moulded and panned,
(£) Moulding and Panning, The dough is taeken from the ocabinet |

‘ at 8% hours from the time of beginmming mixing, and 555 grams weighed

off on the large balance. This dough is then flattened on the work

table and folded in three, again flattened and folded in three in the

| opposite direction, end again flattened and moulded into a cylindriocal

mass by folding in three in the direction of the first folding. The
§ dough is then placed in the ran, seam down, and the pan ig placed in |
§ the vroof-box at a temperature of 1000 - 1020 F, where it remains in .

broof for 65 minutes,

(g) Baking. The baeking was done in a large Despatch electric
baking oven. At the expiration of the proving period, the oven should U]
be at a temperature of 5600 F, This figure will vary with each oven,
ﬁepending upon the heat-reteining quality of its insulstion. The heat
18 then turned off and the pans are placed in the oven, the doors being
left open until the temperature falls to 360° F, The doors are then

%loged, and the temperature rises to 4100 - 4200 F, the correct baking
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temperature for that oven. Baking is complete in from 25 to %0 minutes.

(h) Measurement. About 20 minutes afier removal from the oven,|
each loaf is measured around its greatest longitudinal circumference
with a tape measure. Next wmorning, the loaves are cut, and sometimes
the cross sections are nhotographed. Baking quality is judged by the
size and texture of the loaf.

Baldng Results,- Seven test bakes were made upon esch of the

six samples, following the method given above. The measurements of eagh

loaf in inches are given in the following table:-

Table II.
Bhics Moo 1. 1 i 8 3 B g 4 Dy Pl ke :
Umbl, Ste: 28.6: 27.6: 28.4; 27.3. 206.4. 28,5 27.3: 28.0 :
B, St, : 27.1: 26.1; 26.6. 86.5. 26.1% 36.4. 26,01 564 :
Unb;.yat.: 26,61 27.61 28,65 2745, 28.0. 28,1: B7.1: 27.9 :
Bl. Pat. : 27.8: 26.5: 27.1: 26.5. 26.4. 26.55 26.15 Lol |
Unbl. Cl.: 27.8: 26.9: 27.4: 26,0+ 27.01 26.9. 26,0 27.0 g |
Bl, Olear: 27.5: 26.1: 26.9+ 26.0) 26.4. 2606, 26.4. 26.5:5 f

In working these flours it was very apparent that they were !
not nearly as good as the corresponding grades milled from good Hard |
Winter wheat. The absorption was very low, being only about 55%,and |
the doughs all had a peculiarly lifeless feeling., A marked difference
.in the behewior of the doughs made from unbleached and bleached flours
Wa&s apparent. While there was no marked difference in the stiffness

0f the doughs immediately after mixing, those made from blesched flour




ing of 1.6 inches; the

bleached the heaviest,

baked from the clear.

from a dead white to a

bleached flour.

{

B, Chemical Analysis.

I) Procedure,
(a) Formule,

(o) Mixing,

| unbleached flour, so that it was necesscry to run former with one per |
cent less water in order to have them finish with approximately the

| same stiffness as the latter.

loaf volume of the flour: the straight showing a loss caused by bleaeh-

| of 0.5 inches. It is interesting to note that the decrease in volume is

proportional to the severity of bleaching; the straight flour, being

oreamy in the case of that haked from the patent to yellowish in that

“s Leboratory Baking Tesgts.

(b) Measuring and Weighing.

(d) Fermentation Test.

22, |

invariably softened down during fermentetion more than thoge made from ‘

l

|
|

| In regard to the finished loaves of bread, it is apparent from

the column of average figures that in every case, bleaching lowered the |

patent a loss of 1.3 inches, and the clear a 1ossI
|

showed the greatest decresse, while the clesr

flour, bleached the lightest, showed the least decrease,

The color of the bread from the unbleached flours ranged from

|
The color of that from the bleached flours rangec |

grayish white. The texture of the bread from [

bleached flour was practicelly the same as that of the bread from un-

IV. The Investigation, |

In order to give a clear idea of the scope of this work, it |

Will first be presented in outline form, as follows:- I

4. Collection of Sanmples,
(I) Flour from semi-dark hard winter wheat,
(II) TFlour from dark hard winter wheat.
(IIT) Flour from musty wheat.,
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|
|

'

B

| | A

Fermentation of Dough.

Ioulding and Panning.

Ba.king.

Measurement of loaves.

Judging the Bread.

(II)Regults.
(a) Comparison of flour milled from dark hard wheat with ' .

that from semi-dark hard wheat ag to beking quality, etac,

(b) The effect of bleaghing u on beking quality, ete.

e St B S

(e
ff
(5
(i

(1) Baking teste upon old flours.
(2) Baking tests upon new Fflours. »
Baking tests with corn starch as s flour substitute,
The effect of bleaching upon musty flour.
T™e effest of bleaching upon the color of bread
baked therefrom.,
o Commercial Beking Tests,
(I) wMiddle-wesfern bakery.
(II) Southern bakery,
(III) Bastern bakery,
+ The Bffect of Bleaching Upon the Commereial Valus of Flour.

oy o
o1 8% ¢
e e S

« Collection of Samples.

1
i
3 b
|

During the months of September, 1917, August, 1918, and Jamary
919, ir. B. C, Winslow, Food and Drug Inspector of the Bureau of Chem-
stry and the writer collected certain samples of flour for use in the
leached flour investigation,

I. The first sample of semi-dark herd, or "yellow-berry", wheet

wes bought by Ir. Winslow in Nebraska, It graded #2 semi-dark hard
Winter, and was found to contain about 55% of yellowberry, the remain-
der being good, dark wheat, approximating Turkey quality. It was
8hipped to & mill in Kansas, where it was cleaned, scoured, tempered
804 ground under Winslow!s personel supervisions In tempering, the
Oleaned wheat was wet with about 6 % of water, that is, 1 gallon to 2
i'bushels of wheat, and put in the tempering bin at 9:30 4. I on Sept,
10%h, and ground at 3:00 P. 1. Sept. 11lth, a tempering period of 29%
I¥s, The mill was set to yield a 90% straight flour; containing all

*he streams of the mill exceptthe first and fourth break flours, the




. gas from the bleaching machine, This ilour, run through the bleacher

'twice, made u>» the heavily bleached sample. Each of the three sampies

|
first and second tailings flours, ani the "resl flour", which was coms ,‘

posed of the low-grade and the bran and shorts duster flours. The
wheat was allowed to run through the milllfor 30 minutes before samp-
ling was begun., 1In collectin: the sample of unbleached flour, the flour |
stream was shunted around the bleaching agitator, in order to dgvodd any |
possible contamination with bleaching gases (even though the Alsop machine
had not been running that day) and 24 49 1b, bags were collected from |
the packer, Thesa 24 ba:s made up the unbleached sample, Testing at

frequent intervals revealei no trace of nitrite reacting material.

Immeciately after the unbilsached flour had been packed, the Alsop

bleacher ( a 3-point machine operating with a current of 2 amperes) was
started, the flour strean shunted back through the bleaching agitator,
and 48 49 1b. bags of the bhleached flour were collested, each alternate
bag, 24 in all, making up the lightiy bleached sample., The remaining
84 bags were then carried upstairs and the flour again run through the

agitator in the same manner as for the first bleaching, taking all the |

was then taken and separately mixed in a large wooden tank, in order to
Obtain perfeot uniformity of sample, re-bagged,: sealed with twine and

lead seals, and psacked in barrels for shipment by freight to the Bureau ‘
Of Chemistry., Later samples of this ssme grade of flour were ceollected

in the same way by Mr. Winslow and the writer, except that only one

.ﬂe&¢ee of bleaching was used; the flour being so treated as to contain

@bout 2 parts ver million of nitrite-reacting nitrogen.
II, The sample of dark hard winter, or true type Turkey wheat
‘88 also handled by Mr. Winslow throughout. It was bought from the

*®0tral Granaries Co., of Beaver City, Web., It was growm loeelly and
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| | |
I U

k graded #2 dard hard ( approximately Turkey quality), testing 59.25 pounds!
|

| | per bushel, A small amount of smut was found, but not ®nough to injure
| 1ts guality, It was shipped to the same mill as was the foregoing set

I!of semples, where it was treated and ground., In tempering, the cleaned
Pllwheat was wet with about 6% of water, as was the other sample, =nd put |
| into the tempering bin at 6:00 P, M. September 8th, 1918. It was milled '
at 10:30 A. M., September 10th, thus being teumpereda for a veriod of ‘
[ 40% hrs. This length of time was sufficient +o bring out the good |
b | quality of the wheat, although 6 hrs. more time would not bave injured
ite Being much harder that the gemi-dark wheat, it required a much
longer tempering process. The flour was milled and bleached, and the
Bamples colleceted and shiopecd in #xactly the same manner, as ir. the

¢ege of the preceding set, except that 12 49 1b. bags of each flour

sample were taken instead of 24, -
[ |
| In both of these sets of flours, the natural flour, the lightly |
bleached flour, and the heavily bleacned flour were esadh sent to the

Bureau as a separate shipment; and the natural flour was routed different-|

ly than the bleached flour, ir order to avoid eny possibility of nitrite ‘

Sontamination during shipment., As a consequence of the precautions taken,

the natursl flour showed no: trace of nitrite-reacting material upon’ ‘
Brrival ot the Bureau.

III, The musty wheat was bought by Mr. Winslow in Kensas City, |
1;ssouri. This was 2 very good wheat for our test, as it graded Mo. 5

ked, was very musty, contained numerous live weevils, and had arrived

\

* the terminal so hot that it had to be dried and cleaned immediately,
ter drying, it tested 13% moisture. This whoat was ground in the
%~9rimenta1 mill of the Ksnsas State Agricultural College, at Man-

tt&n Kensas, into 907 flour. Two bags of this flour were left un-




. bleached, two bogs were lightly,

A summary of the samples collecte:

and two heavily bleached,

&6,

is given in the following

I | table:-
| Table III.
1
) : : 3 , ¢ Htrite ; Gaso-
! : : s Flour  ; IFitrogen : line
b | Inve £ : Date i Lind of Wheal Used : made i Do Do my : No,
W | 4683 ;Sept 1917 5 Semi-dark harg Winterf 907 Unbl.; Tone ; 1,68
I 484 : » : do 3l Tt B3 10520 110 0uan
B c685 : : do P OH.B1o: .70 : 0.25
4680 j g ; Dark hard Winter ; 90% Unbl.; None ; 1.13 |
4681 ; : do : " I%. Bl: 0.15 . 0.63 |
| 2602 [ . : do . Pl.: 1,00 : 0.25
| 4695 : LN ; Iusty, mixea z 907% Unbl.; : |
B c695 i ; do ¢ " 1.5 : : |
| 2697 = g : do SR, By : f
{ 10126 ; Aug. 1918 ; Semi-dark hard Winter; 904 Unbl.: 0.09 ; |
10127 . " : do £ Bl ! 2,09 : |
Biae ' [ o, 110 do ;' 0,08
11585 . " : do S R T P

—

IlTote:- It will be noted that unbleached flours, 10126 and 11584, both |

8how noticeable guentities of n)trlte-reaeting material, Since the flour|

Wes carefully tested affer milling and found to be frec from nitrites,

the writer was at a logs to explain their bregence until it wag discover-|

80 that an ozone generator is used %o rurify the air in %he cold-gstorage

Toon in which the flour is stored. As is well-known, ozone gererators

1 produce peroxide of nitrogen. The amount Found in the unhlesched

Lo uy ig so small, compared with that in bleached flour, however, that




| it probably has no effect uoon the validity of the results secured,

| B. Chemical Analysis.

| Uvon chemical enalysis, using the officicl methods of the

|
| &¢ O A, O., the Tirst gix samples showed the followirg comvosition:
|| ? . &) -

R7e

| Table IV,

I CHAMICAD ANATYSIS; FLOURS Inv. Mos. 4680 to 4685, Tno.

‘ Semi-Dark Hard (YelLowbelly) Dark Fard (True ;urkey) 1

Substance 2. *468%:: J4682:: 14685 : a6g0 .. $4681 . :  f4682.
ish, ¢ *.0.808; 1 0.508 - 04390 : 0.417 : 0.413 : 0,415 .
£:04390 : 0.388 :: 04391 : 0.410 : 0.419 . 0.415 ;

! : H N 2 5 5 . |
Moisture, 7 12,60 :13,70 : 13.70 . 13.28 : 13.59  ; 13,63 - |
Acidity as e 0el8 20,098 ! gag . 0.11 : 0,106 : 0.11. . |
Lactic, ¢ : 0.10 : 0.095 : 0.10 : 0.11 - 0.11 : 0.11 ;

f0old-Vater Bx- : 4,60 : 4.62 :: 4.55 . 4.g8 : 4.68 i 4.53 .

| tract, : 4446 i 4,81 : 4,57 . 4.p8 4.6l : 4.50

Jiotal Mtrogen %: 1,99 : 1.9 :: 1.94 & 215 | 2.19 : 2,08 :

| 199 1 94 s L9421 %: "2loB o Slog
Klo-Sol. WM.,  : 0,996 : 0,982 : 0.982 ; 1.04 | 1.08 : lost : |
' 20.962 1 1.05 -: 0.982 3 1.07 : 1.05.: 1.05 .
B20-S0l. T, : 0.586 : 0.565 : 0.407 i 0.865 . 0.372 : 0.428 : |

: 04442 : 0,365 : 0.400 ¢ 0.379 : 0.393 : 0.409. - |
Balt-50). W.,% : 0.267 : 0.274 : 0.281 . 0.281 : 0.288 : 0.288 : |
: 0274 & 0,274 2 0,281 - 0.281 : 0.288 : 0,288 :
fiitrite 11, ¢ : : : : : ; -
(iv, of 6) : none : 6,20 : 0.7 : nome : 0.15 : 1.00 : |
B2c01 100 Tumber : 3 R : : : :
&y, o7 g) : 1.68 : 0.67 :: 0485 : 1.13 : 0.63 : 0.25 : |
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- These results sthow thal these csamples were thoroughly mixed be- |
|fore blezching; that the natural, lightly bleached, anda heavily bleached
flours of each set are undoubtedly the same flowr. i study of the figures
for the natural, lightly bleached, and heavily bleached flours of either
set confirms the conclusion eached in the rreliminery work, "that bleach-
“ing causes no perceptible change in ihe analyticel results as shown by f
the routine methods of Tlour analysis employed in flour testing labo::'a.to_:c'--|
|iess It is vest reveazled by tests specifically applied for its detectiony
The figures for n;trite-reacting nitrogen show tiat both these flaars, |
even those supposgedly heavily bleached, were in reality only lightly

bleached; as the heavily bleachead Yellowberry and Turkey flours showed

only 0.70 and 1.00 part rer million, respectively, of nitrite-reacting

nitrogen,

Significant differences between the flour mede from semi-derk

hard wheat and that wade from dark hard wheat are shown by these analyses.
iThe former, being a much weaker wheai gives lower figures for ash content |
‘and nitrogen. Such being the case, one would expect a lower color value;I
but the opposite is true; the gasoline number being nearly 50% greater in |
Ii‘bhe softer flour. This fact seems to bear out the contention of most |
Willers that yellowberry is & deteriorated aznd inferior harad wheat, and |

that 1t vields flour markedly inferior in color to that milled from either

fark hard wheat or real soft wheat,

s Xoboratory Beling Tests.

It was found necessary %o do a great deal of Preliminary work |
o0 4ifrerent methods of balking, in order to find the method best suited i
Yo this problem ana these partieular flours. The Fleischmann method of

“fﬁting, used in the preliminary work, was Tound inadequate, in that the [
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|

long period of proof made the texture very coarse, and also in that floursf
|

I vwere all treatea alike, no sllowance boing made for the ddfferent periods
| : &

of fermentation of different flours, The "sirai-nht bake" system was also

|

!discarded, because most flours
f on
jused in these experiments, do not wroduce good results with/kneading or

”working during fermentation.

» barticularly sueh strong flours as those

|

” (I) Erocedure:- The method finally adopted for use in this work wes
{

|as follows:-

(a) Formula:

Flour 450 grems

Sugar 16 grams

Salt 7 grans

Yeast 13.5 graus _
Water To make standerd dough

(b) Heasuring end weighing. Same as described in the prelimin-
ary work.

() Mixing. Same as described in the preliminary work,

(d) Fermentation test. This test was carried out in much the
j8ame manner as that described in the pfeliminary work except that the
Hough was taken off at the time of panning instead of imnediately after .
Imtxing and enough was taken to represent 100 grams of flour, usually about
170 gramg. The test was made in a gradusted glass jer having a capacity
0% 1000 cc, Readings were taken at the end of two hours in the jar, and
8very 15 minutes thereafter until the dough fell,

(e) Fermentation of Dough. Bame as deseribed in tne preliminarj
work, except that each flour was given its best period of fermentation,
BN veriod was measured from the time of placing the dough in the fer- |
flentation cabinet, and determined for esch flour separately, by a series
:;'experiments and not arrived at by ™ taking the dough when it wasg ripe™

by any other hit-or-miss method. This period of fermentation was
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|| Givided as follows, by the advice of Wilfahrt and ZPachnan of the Fleisgh-

| mann Co., Jacobs of the Bureau of Chemistry, and other authorities., Pron

'setting of dough to first punch, 60% of the total time of fermentation;

Pfrom 1st punch to 2nd punch, 20%; from 2nd punch to 3rd punch, 10%; from

| 3rd punceh to time Qf moulding, 10%. This method was found to give the

best quality of bread.

(£f) iloulding and ranning, .11 the dough remaining after taling

off that for the fermentation test was baked into the loaf, which there-

fore represented 350 grams of flour. The

pans used were ordinary, commer-
cial baking pans,3" x 831" on the bottom, 4" x

9%" on the top and 32" high,

This tyve of pan was adopted because it gives loaves commarsile in every

respect to comnmercial bread, and also because the laboratory was already

equipped with a machine to accurately measure the volumes of loaves of

that size.
The dough was moulded ir the manner previously deseribed. It

wes left in the proof-box until the top of the dough was exactly even

lth the top of the pans. This method,

Tingth of time in proof, was used bee

ingtead of that of an arbitrary

anse it gives esch dough the same

fevelopment., This arbitrary height of proof was adopted as giving loaves

large
3 Very/loa?—volume,and yet of excellent texture.

Shorter proof was
dund to injure the loaf volume,

eand longer proof to injure the texture,

(g) The brking was done in a lar rge Despateh electric beking

OVen , The loaves were baked for from 35 to 40 minutes at & constant

81 erature of 210° ¢,

(h) Measurement. About twenty minutes after removal from the
'En

» 8ach loaf was measured in the measuring machine manufactured by

Induqtrlal Appliance Compeny of Chicago, using rape seed as a £illing
Brlal.




1.

(1) Judging., Lfter measurement, some of the loaves were cut

| and judged for color, texture, odor, and taste.

(II) Results.- The early part of the work weas of such a varied char-
Iacter, being merely trisls of various methods in order o find that best
| suited for this work, that it is not worth while %o go into it in detail,
}The results given here are %hose obtained by the use of the method

i
!
|
i
j
i
!
i
Efinally adopted, as described in the Preceding section. {
I (&) Comyarison of flour milled from derk hard wheat with that
from semi-dsrk hard wheat a2s o beking guality, ete. "any sets of com-
parative bakes were run on these samples, and the best results secured
for each flour are given in the following table:-

Table 7V,

COLIPARATIVE RESULIS.

Unbleached Flours:ILightly: Bl . od

6650 ; : ; Eard : qud ;Hard ;Hard
dbsorption,d : 72 7 : 70 : 70 : 70 i 70
Jough Ferm., ; : : i : S8
Period, min, : 200 200 : 175 : 175 & 120 2175 : 120
Qime in Proof ;’ ; ; ; ; ;
min, & B0 2 50 0 45 : 45 & BO : 45 . 47
Loaf Volume,cc:2575 : 2500 . 2425 ¢ 2400 :2500 : 2475
Time to Maxi- B 1 : : : :
in jar,minz 150 : 165 H 166 : 180 : 150 : 195
Jar Ferm.Vole : : : : s :
€ cc, : 880 : 880 > 900 : 880 : 860 : 920
lne at max, : : 2 : 2 |
Jer, min, : 30 30 : 15 : 15 3. 15 : 30

flour were softer, stickier, slackened down more during fermen-
tation, and did not work as well as those made from dark hard

:=Dough quality: In gerneral, the doughs made from semi-dark, hard ;
| I
flour,
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Appearance of Loaves: 1o Significant difference,

* Color and Texture: 1n general the color and texture of breag made from
gemi-dark hsrd flour were Dboorer thin in the cage 0 bread mads
from the corresponding hard dark flour,

Plavor: 1o significant difference,

These results indicate that flour milleq T£rom semi-dark hara

Hwheat is not as good for breu&making rurposes, as that millea from dark
Uhard wheat, The flour is of poorer color &nd poorer chemical analysis

' |(shown in Table II); the dough is inferior in water retaining and working
kqualities; eénd the bread isg inferior in color, texturé, and loaf-volume,

|‘ (b) The effect of bleaching u on belking guality, ete,

(1) The first worlk upon this nhese of she problem was done by making

8 long series of comparative bakes wson the unbleached end bleached flour

milled from semi-dark hara wheat, The bleached flouwr used wag that pre-
vlously referred to as "Heavily Bleached™, Thig flour, containing only
0,70 PePeme of nitrogen ag nitrite, wag in reality only lightly bleached,

¥he results seoured are given in the following table:
| _
Table VI,
Effect of Bleaching Upon Daking Cuality of Flour,
__TFrom Semi-Dark Theat

Semi-Dark Herd Unbleached Semi-Dark Hard,Bleached
: : Loa { : § i) sy :Time &t
12525 : 8104 - : :120 :2500 :880 | 210 : 15
12850 : 8904 : ; 1120 32400 1910 | 195 : 15
: :2400 : 890 . : ;120 12500 850 . 210 : 45
P 200 12475 . 840 R Y A :2675 :830 . 195 : 75
: 200 2450 .- as0 £ 3265 % e dEa a0 $2400 1860, § 165 : 15
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Table VI, (Continued)
Effect of Bleaching Unon Baking Quality of Flour,

From Semi-Darik; Hara Wheat,

e —————

. Seni-Dayl Zard. Unbleached -Semi-Dark Hard, Ble ached
1918; Term, : Loaf : Term, :Time to: Time atiFerm ; Toof sferm:Time :T1me
Date: Period Vol, : Vol, s 18, : Max, sPer : Vo1, :Vol.:Max. ;lax,

| B/4 ;1 200 ! 2450 | 800 : 180 : 7g B0 2425 : 680:: 225. .40
| /17 : 200 f 2700 f 860 f 165 : 860 : 120 : 2600 : 890: 165? 30
| 3/8 ;200 : : 860 : 225 & 60 120 : 2600 ; 860 195! m
|3/31 180 ! 2625 ! 860 ! 180 ! 15 ! 120 ! 2450 : 830: 165, 60
' 3/13: 180 {2725 © 890 {210 30 § 120, S 0680 ! 900! 195. 45
5/15: 180 : 2725 | 840 P 295 ! 4 ! 120 . 25650 1 a70. 210; 50
P TEE— R L : oo T E Ly i

Notes:—Dcugh quality: The doughs made from bleached
flour were softer, stickier, Slackened down n
more during fermentation, fnd did not work as |
well as those nade from the unbleagched floxr,

Appearance of loaves: 1o Significant differenge.,

Color of Grumb: The erump color of bread baked
from the bleacheq flour was uniformly whiter
than that of bread baked from the unbleached
flour, _

Texture of Crumb: No Significant difference.
Flavor: The flavor of the bread made from un-
bleached flour was uniformly better than that
0T the bread made from bleached flour,

(2) In order to test the claip made by those in favor of bleson-

g, that the process greatly improves the tuality of newly-milleq flour,

"ples Inv, Nos, 10126 and 10127 were milled, No, 10127 being bleached,
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&8s already deseribed. This belief in the improvenent of new flour by

bleaching has been carefully fostered by the bleaching interests, and

the statement has been made so many times that many Tflour men believe it
| implicibly, even though they have done no work on the subject.  Previous
| experience having shown the impossibility of getting newly-milled flour

| from Kaonsas to Washington, D, ¢, in sufficiently fresh condition for this
| test,_the work was done in the baking laboratory of the Kansss State
Agricultural College at Manhattan, Xansas; Dr. L. A, Fitz having kindly
given his vnermission., The exnerimental work was bezun when the flour was
two deys o0ld, and wss completed in four days. The optimum conditions

|of baking were determined for each flour in the manner previously de-
8cribed, by actually determining what conditions produced the bhest re-
gults. The apvaratus used was the regular equipment of the baking lab-
oratory. It differed from that used in the baking laboratory of the

Bureau in that a Koellner nixing maching was used instesd of & Bachman,

end in that pail-shaped baking pans were used instead of regular commer-
cial pans,
Bleached and unbleached flours, each baked under its optimum

Gonditions, produced results as follows:

Table VII,
N Bffect of Bleaching upon Baking Quality of New Flour.
: Unbleached : Bleached
:  Inv., #10126 Inv. #10127
H_ L] o
Absorption used : 667 : 66%
Charactér of dough during working ; Tough and dry : Somewhat sticky
Period of fermentation ; 180 min. H 150 min,
Loaf volume (average) : 1870 cc. ¢+ 1815 ca,
Texture of ocrumb : good ¢ good
Color of crumb ; Creamy white ; Grayish white
lavor of erumb : Tormal : Somewhat sharp
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Formulsa;:-
Flour 350 gm,
Sugar 10
Salt (S gl
Yeast 11 »
Water To make standard dou h

' Weight of dough bsked for eaeh loaf -- 500 gm.,

|

|ing weakens the gluten of the flour, three series of experiments were run

(3) In order to determine in asnother way whether or not bleach-

in whiqh the flours, both unbleached and bleached, were diluted with ten,
| twenty, ana thirty per cent of pure corn starch. - The results of these

ﬁseries are given in the following tgble:
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Table VIII,
Baking Tests, wish Cornstarch.,

$218 _Somi-Dark Hard ymblescned Semi-Dark Hard Bleacheg
ﬁaﬁe;@erm :ToaT :Ferm ™ :M1ime To:Time aﬁ:Ferm:Loaf?Ferm:Time G0:Time at
;Period:Volume:Volume:Mazigum:Max1mum:Fer.:Vol.:Vol.:Maximum:Maximum.

g g ¢ 10% Cowrn STareh laded, — ; ; il
180 :2450. $780 :180 :90 :108 :2400:810 180 45

7160 iears lsso  l1sg g 2108 :25751860 | 168 50

3-4

3-8 165 45
3-11: 160 :2425 .ggp ;196 < 50 1108 12525820 165 60
3-13: 160 2500 1890 :195 . $108 12450, 840 180 30

: . . . el sgeR; e

180 2375 g4 1210 75 1108 12350 1620

5-15: 160 ;2525 1800 :180 ;30 ... .iy10g :2500 1 860
Average  2aps umg :185 ;53 :2435:635 . 173 : 38
} : : 200 Torm Starch dadeg— . .

i ; ; : : 96 22007 840: T0E G - i
: : ; : ! 96 2560, 870: 165 15
: 160 {2550 790 ‘180 B0 ninrh 9a 2225 820: 180 45
: : : ! 96 12500 ] 840; 210 | 15

140 :2400 :850 :1g5 : 30 . og 12350 900; 195 ; g
' ' 50: 830: 195 . 15
79: 850: 1950 . g

bY)
fab]

15
286 i i

96 ::

5 00 ao

9

.
Y
% ¢ or se o

804 Corn Starcy Added, b
2 12100 " :820 : 180 A ¥ 53 : 84 ;2700:860 «10 " 30
1 120 1BinE 1600 1165 P15 84 :2175. 790: 166 ; 15
. 90 2150 1840 165 | 200 1y ieg 12175, 760: 165 : 15
90 12175 780 165 | 45 ;60 12150 Ui Tase & 1 i
{2150  ig10 169 26 .: 2150, 795: 176 g 19

lloteg:w Dough wuality: The doughs made from unbleached floyp
were markedly superior o those msade from bleacheg

flour of the same dilvtion, the latter being softer ang
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stickior, 8lachening down more during Termentation ang
not working so well as did ihe former,

Appemrance of Loaveg: The unbleached flour uniformly yieldead

) | loaves of better sppearance than did +he bleached flour of the
same dilution, Loaves balked Frgn the unbleaghed flour were
better in crugs eolor and uality, and much better in shape,
heving smooth ana even breaks, while those from the bleached
flour hed very Tagped and uneven breaks,

Color of Crumb: The erumb color of the bread baked From
bleached flour was unifornly whiter +than that baked from un-
bleaeched flour of the pame dilution,

Texture of Crumb: In some cages the textures of the two breads
were pructically the same; in others the bread from unbleached
flour was somewhat Superior but in no vase was the texture of

bread from the unbleached flour inferior to that of the bread

made from bleached flour of the Scme’ dilution,

Plavor; In goneral, the flavor of bread balked Fyom the un-
bleached flour was Tound somewhat superior to that of bread
baked from bleached flour of the same diluntion,

(4) The colox Scele of the erumb of the bread made from the first
fsix Samples in Quesiion, and three aunthentic Ssampleg of dafinitely-known
|grades of Mimnesota hard spring flour, ‘was determined by four sets of
-?akinga, énd is as follows: the flour &iving the whitest bread being Mo.1

#0 Ghe list, thet 8iving the derkest bread, No, 6;:-

l. Heavily fleached Dark Hard Winter, and Heavily
Bleached Semi-Dark Hard Winter, each 907,

2 Lightly Bleached Dari Hard Winter, ana
Lightly Bleached Semi-Dark Hard Tinter, each 907,

9« Unbleached Mfinnesote Haxd Spring, 70%.
4s Unbleached HMinnesota Hard Spring, 907,

O+ Unbleached Dark Hard Winter, 904,

6+ Unbleached Semi-Derk Herd Winter, 90%, ana Unbleached
Minnesota Hard Spring, 967,

1iW111 be noted from thig color scale thet bread made from tle unbleached

Nl darik Kansas flour was derker in color then the 909 Ifinnegota flour,
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| and that bread made from the unbleached semi-dark hard Tansas flour was

|
‘ ' about the same color as that made from the 96/ Minnesota flour. A light

'bleaching of the Kunsas flours, however, cnabled them +o broduce bread

| | lighter in color then the 707 Minnesota paetent, This table shows plainly

‘ fthe effeoct of bleaching uron the gouthwestern flours, and explains why
|

| hmany millers desire to bleach Lheir Product,

" (5) Samples of the unbleached and bleached flour from the musty
|

wheat previously described were baked at the same time and under the

optimum conditions for each flour. The bread from both flours was ver
I ' J
|

\rank'in smell, especially while bot; Cthe odor of must being noticeable

| throughout the laboratory. Wo difference in odor could be detected

between the bread made from unbleached and that from bleached flour; they

|were both very bad,

D, Commerciel Baking Tegts,

The foregoing laboratory experiments indicated that bleaching

has an injurious effect upon the cuality of ‘flouwr. Since these experiments

were made upon such a small scale, with relatively large quantities of
Yeast, and with most rigid control of all conditions, it could not be

assumed that the same difference between unbleached and bleached flour

Would appear in the bread balked from the flours under commercial conditions;

; d the beker's oven is the Ffinel test of flowr quality. Therefore it was
decided to conduct experiments upon o cormercial scales, in commereial

keries, under varying, but commercial, conditions.
For this purpose samples Inv. Nos. 11584 and 11585 were collect-
a8 previously described. Five lots of flour were rrepared, each con-

iﬂting‘of five barrels of unbleached and five barrels of bleached flour.,
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One lot wes shivped to each of Tive commercial bakeries, in vorious parts
of the country, The éxperiments in threc of these vakeries,a middle-

western, a fouthern, and s very large eastern bakery-- were under the

direct supervision of the writer. In cach cage ihe regular methods in use

in the bekery were used, no changes being made in the Tformula or method of

e

working the plent; the objeet being to discover what difference, if any,

<«

would be found in +%he comnercial bread produced fomn unbleacked flour in
comparison with that frou the same Tlour after bleaching,

In esch plant, a certain am unt of breliminary work was done,

in order o fsniliarize the head bLeker with the two flours, so that he
oould give each flour the treatment necessary to secure the best results.
Cnly the final results are given i» this report.

(I) Middle-Western Bakery. This bekery was selected as being a
typical meiiwn-gized plant in a city of moderate size, The vrocess of
manufacture is not characterized by rigid scientific control, but the
owner has made his product well-known throughout his seotion becaise of
& high stendard of Tlavor and genersal quality. The Tfollowing %able shows

the work done ang the results secured:-
£}
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Table IX.

|
—
wormula of Sponges

Inhlesaohed Rlasched.

Flour 196 1bs. 196 1bs.

w-wrnJ— - _:1-. .
WELes 16% Gal. 163 gels.

Yeast 3 1bs, % 1bs.

bemperature of Svonge 800 T

809 p

._ me in SIJOI}SG 5 111"8.40 1‘:1111. 5 ‘“rs.zo rﬂ-in.

flaed to Sponge for Dough

Ilour 126 1b sl 196 1bs.
Water 12 gal. 12 g=l.
sSugar 8 1bs. 8 1bs.
Salt 9 1bs. & . higt
rat 6 1lbs. 6 1lbs.

iperature of Dough 300 T

e i Dough 2 hrs. 1l hr. 50 min,

6 i~ Proof 1 hr.20 min, 1 hr. 25 min.

Porsture of Prood Box 8§20-850 p

820-850 F

Pace measurement of 10
Wes (2 cirvcunierencesg)

$P b2 @ 4 s BO Ac Bc B B8 0L 46 B € 8% Be 5 ob ek BE BE B WE B% B S A0 &Y B4 BT BE oAb mE s8bk A M ms

41.54 inches 40,12 inches

Bt of loaves 245 to 24 oz. 247 to 24% oz,

Cuality

L.oai Volume
¢rust Color

Very good
Very good

Good
Trifie dark; duvll

P 8% ss B0 B B2 B8 .

Crumb Colox Creamy White,grayish cast
Texture . Very good Good.,
Flavor Hormal Trifle sharv,acid.

PO 89 B3 N BE 2e v e v B0 TReieiinis sisl e inia w0 anins kne B0 ‘ne o lies B3 85 9% B¢ EF G2 es BP B B AL Bk D 6o BE 6 4D 35 a6 A% as 83 ew e s

ne B B




from unbleached flour was sunerior

that the former was tougher,

It

ing duelity than was ihe latter,

-

one,except that it ig locat

ing observations were made:-
.

Table

Throughout the experiments, it w

Fah e

(II) Southern Bakery., This bakery isg

Springier, more elastie

conparable

el in a gouthern city. In thisg

as observed thatb

] R,

4]1.
the dough made

flour, in

» and of better work-

¥0 “he vnrevions

balery, the follow- |

|

V/ork Done in southern Bakery.

Batch Tumber 5 4 : 3 : 5 : 6 : 7 : 8
| Sample (Inv,)Number : 11584 : 11585 : 10126 : 10127 ; 11584 :118g85
|E.Bleaohed or Unbleached: inpi, : Bl. : Unbl, : B1, : Unbl, :P1,
Ifethod of Doughing :oponge g Sponge :Straight:Straight:Struightzstraight
' % ¢ :Dough :Dough sUough :Lough
Formula of sponge or : : : 1 g
 straight doughs g : : 3 g ;
Flour :187 1bs. 2147 1bs.:171 1bs. 3171 1vs, ipas 1bs. ;242 1bs o
Tater 2 11 gale: 11 gal.: 14 gal.: 14 gal.:18% gale:18% gal,
Yeast : 2% 1bs.: 2% Ibs.: 3 1bs.: 3 Ibs.: 3 Ibs.. 5 lbs,
Salt : 3 3¢ S Mug. GeW. . & v i T
Suger : : P2 " sgk ool o4 : 4
Malt e 3 b 8 B ¢ 8 Misal ow . 2% 1
0i1 : . s 12/3 w1 2/3n ;2% : 3
Temp. of snonge : 83 F : 80 p . ; 3 :
Time in sponge E nrs. & : ¢ : 5
ormula sdded to i 15 min.: 4 hre. s : g :
Sponge : g : : 5 : 3 .
: FMlour :150 lbs.:150 1bs,: 23 H i
Jater 128 gal.; 12 gal.s : : $ .
Sugar : 6 lbs.: 6 Ibs.: - : :
Salt 34k M g gl w7 : : :
Ialt ¢ 1l gt. ;1 gt, : ; : : 5
Remp, of dough : 849 F ; 3830p ., gao Fo:84%p ; goo P s 8lo mo:
Time in dough : & brs. : 1% brs.: 4% Ly, : 4 s : dmbponin: Qi Bemin
Time iy proof : 50 min.: 50 min.: 1 bhr. 3 20 min.: 50 mine: 1 hr,
about 90° p ) : : : : : i
Av. weasurement of 186.,08"  : 35,91" . 3g.won 2 56.44" 5 B5,36" 136,13
€n loavesg - : : 3 : :
Comparigson of pairs : : : : :
O batehes: : : 24 - : 3
Color of erumb iGetler 3 : Better ‘ : Better ¥
Texture sbetter 5 ietter thetter
Geiieral ippearance iBetter : sBetter 3 . sbetter
Plavor ibetlter : Better : ! Belter
Volume :Better : Better : : :Better
Grain : : Better ; ibetter :Better
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Theue results show that the flavor of bread made from unbleached
1lour by either the sponge method or the straight dough method, ig
guperior to that of bread made from bleached flour.

The newer flours (Invi Numbers 11584 and 11585) were haked by
Loth methods., It was observed that when the sponge metlod was emploved

atly superior in queality to that from

g the bleuchea flour. When: the stroight doush method was used, however, the

ﬁifferences between the bleached and unbleached bread were comparatively

The older flours (Inv. Numbers 10126 ana 10127) were baked by
| the straight dough method only, TIn this case, the bread from the un-
bleached flowr was Superior in volume, as well as in flavor, and but very
8lightly inferior in texture and genersl cppearance, so that upon the
whole, the unbleached flour vwas suverior in baking tnality.

(III) Rastern Bakery. The plent in which the work was done

is a very large bakery, in a large eastern city. his work was done by

automatic machinery almost exclusively; the pans travelling through the
Proof-box on shelves, and the tread being bsked in s travelling oven.

2

In this bakery, observations were made as follows:-



Table XI.

Work Done in Rastern Bakery.

Formula of Sponge : Unbleached : Bleached
Flour : 193 1bs. : 193 1bs.
Tater 2 1. 2 1.8 2
Yeast : 43 ® . 43
Temp. of Spoénge : 82 O F : 8lo F
. TPime in Sponge . 4 hrs. 3 4 hrs.
Formula added to Sponge: : . '
Mlour 2 199 1bs. E 199 1bs.
Teter : 105 #2081
| Sugar e g € & 6 V¥
rtalt ] 4 " 2 4 "
' Snortening : g u . g
ip Condensed milk 2 2. " : 16, "
| Salt : 6 0 6 "
Yeast : B o
 Temperature of Dough : 820 800 p

Time in Dough
Time in Proof
S Tenp. of Proof(saturated humidity)

Iumber of loaves

Average volume (of ten loaves)
Average weight v i »
Specific gravity of bread
General apuearance of loaf

Color of orust

Color of crumb
/
Texture of crumb

Flavor of crumb

® 8% 05 &% S0 &b 40 00 60 00 P 4 00 as o e

1 hr & 25 min.
| 54 min,
1159 F
. 380
3035 oo
675.6 gm.
0.2223
Very Good
Very Good
Creany
Very Good

Wormal

1 hr. and 30 min,

53 min.
1160 o
379
039 cc
673.4 gn,
0.2216
Very Good

Very Good

: White, grayish

Very Cood

Normal

cast
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There wag very little difference in tle working quel ity of the
two dounghs, throughout the process of doughing end baking. The bread
baked from esch flour wag of excellent quality, and the two breads vere
80 eimilar that no significont difference could he detected, exgcept in
Point of color; that from bleached flour being somewhat the lighter in
color, having & grayish ingtead of g Creamy tint,

B. Eleaching and Gommerceisl Value.,

The commercial value of anv given flour camnot be determined
3

| by any analytical method, as there are too many variable factors to permit

0L scientific éccuracy. In the course of this investigetion and ellied
Il |

|
!hwork, however, the writer had occasion %o interview several hundred men

ﬁinteraste in flour. ‘mong them were managers of mills, operating millers,

ﬂflour salesmen, flour brokers, flour buyers, ana bekerg; and the general
”trenﬁ of opinion in eaeh one of these classes of men is of great interest
in enswering the question of whether oy not blesching does increase the
arperent commereial grade of flour. of Course, there are numerous
individusl excepiioneg in esach claspg,but the ézreement of opinions among
sach group is remarkeble,

In genersal, managers -of mille are in favor of the procesgs; or
&ve been forced Lo install bleaching machinery b competition. Many

11le.8t111 hold out ggainet bvleecking, bul {len are oerly @ small minoritwy

3 411G Adideyy X [BEERL SV

he majority state that people prefer white flour, and they muat sell
hite flonr. Heny menagers stoted that "the other mill" increased their
#ercentage of natent by bleaching, and thus geined a great commercial
dvantape,

Operating millers are sherply divided into two elasses, The
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older millers, men who learned the trade before bleaching was introduced,
are very generally against the wrocess. They say that blewaching does mno
good except to lighten the color; that it is & fravd in that patents
have been s¢ lengthened by bleaching that the term is now meaningless
whereas a »natent flour was originally, snd should be, a flour made
exclusively from purified middlings; and that bleaching is a '“poor

5 miller's erutch,” in that it enables an unskillful or lagy niller to
produce a light-colored and uniform color by the mere regulation of the
strength of the bleach applied, instead of by the exertion of good
crafismenship. On the other hand, younger millers, men who have learned
the traude since the general introduciion of the bleaching process, are
in favor of it, 1losv of them have been told so often that bleaching
improves flour fhat they believe it; although very few of them have

done any work to prove the point; and nearly all agree that bleaching
enzbles the miller to »ut out a lighter-colored and more uniform product,.
They do not admit that bleaching will permit of lengthening the patent.

Flour salesmen are in favor of bleaching, scying that the
whiter Tlour is the ecasier i% sells.

Flour brokers are infavor of the brocess. They say that natents
have undoubtedly been lengthened by bleaching; but that they know enough
about flour so that no mill ezn sell them'a bleached struipht for a patent
and that bleached flour sells casier thun unbleached.

Flour buyers are against the process, because they are
accustomed to judging flour largely by color, and they apree that while
& bleached clear grade or long straight flour cannot be sold as a

. batent to an expert buyer, it is possible o lengthen patents ten ox
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£ifteen per cent by bleaching, without making the difference noticesble
even %o an expert, by means of the tests ordinarily applied by buyers.

Bakers are also against the proeess, because bleaching deceives
them as to the grade and quality of flour they are buyings They agree
%hat patents have been lengthened by bleaching: and that most of them
bre deceived by a bleached straight sold as a petent. They say that
this deception is so widespread that the term "patent" ig practically
meanlnglesg, so that most of them have been compelled to buy by brand
instead of by grade, depending only upon the performance of the floar in
the $he shop to reveal 1ts true quality,

From a comparison of the group-opinions outlined ebove, with
‘the business-interests of each group, the conclusion seems unavoidable
that bleaching lends itself to commerq;al deception, by raising the

‘sommercial grade and value of any given flour.

V. Conclusions.

From the foregoing work, the-author has concluded:-

l. That the routine chemiecal analysis of any given flour is of
1ittle or no use in determining the effect of bleaching, It is of great
Bee, however, in determining whether or not a lower grade of flour has
been substituted in whole, or in part, for a higher grade, by means of
the bleaching process.

2+ That nitrite-reacting materisl is not a normal constituent of
flour, and that its determination is of great vajue in proving bleaching
by nitrogen peroxide.

3+ That the gasoline number shows definitely the amount of coloxr
Tenoved by any bleaching process, when samples of the same flour, bleached

81d unbleached are available, It is also useful in that it provides an

P85y and rapid method of stating numerically the intensity of color of
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ﬁany given flour: It does not prove bleaching in the case of an unknown
flour, unless the flour has been comparatively heavily treated,
I 4. That flour milled from yellowberry or semi-dark hard wheat,
iis inferior to that frow true Turkey or dark hard wheat in color, strength
' and general baking qudlity.
5. That bleached flour is inferior in guslity and strength to
the same flour in its natural condition in the following respectg:-
| (2) In that dough mede from it 1ig softer, stickier, slackens
LI- -~ down more during fermentation, does not show as much life,
and does not work ag well.

(b) In that dough made from it has & much shorter period of
fermentation.

(c¢) In that it aprarently does not mature and improve with age
as does unbleached flour. lMore work must be done upon this
point,however, before definite conclusions can be drawn.

(d) In that bread made from it is inferior in loaf-volume, the
decrease in loaf-volume being roughly proportional to the
degree of bleaching,

(e) In thet bread made from it is, in general, inferior in
flavor, :

(f) In that it is unable to carry a diluent, such as corn starch
or other flowr substitute, with as good results,

6+ That bread made from bleached flour is markedly whiter than

[ =

that made from unbleached flour,

7. That the bleaching of musty flour does not improve the appear-
ance of the flavor of bread msade therefrom,

8. That bleaching has no improving effect whatever upon even
freshly-milled flour, except a ‘ightening of the color. On the other hand
1t definitely injures its quality and strength,

9. That commercial baking does not reveal s8light diflerences in
the auality of flour as plainly as does laboratory baking. In commereisl

Work, the Sponge method of doughing reveals these differences morse plain-



48,

ly than does the straight dough method, Comercial baking tests show
that the quality ana strength of flour are injured, or af leagt, are in
1o way improved, by bleaching,

10, That in commection with thege results, the group-ovinions

of various classes of flour-men indicate that bleaching ig a deception

and lends itgelf to fraud;

(a) In that bleaching makes it pogsible to lengthen the patent
grede 6f Tlour by the addition to 1t of a portion of the celear, or"extra
faney, grade;

(b) In that it ig possible to bleach a patent flour milled from

& darker, commercially infarior wheat and add 1t 4o & ratent flour milled

from a superior wheat,

(c) In that sueh fravdulent rractices cammot bhe detected exdept

Iby a2 flour expert or a person skilled in the chemical testing of flour,

!':
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