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FLOUR BLEACHING. 

HARRY SNYDER. 

Bleaching a _Natural Process. It is well known arnong­
millers and bakers that flours when stored undergo changes 
resulting in slight bleaching and improvement in bread 
making value. In a former bulletin of this station (N" o. 
85) the results of experiments are given showing the in­
fluence on bread making value of storage. It was found 
that: "A slight bleaching had resulted from storage. The 
freshly milled samples ·were not as light in color as the 
stored samples." There was also an improvement in bread 
making value. "The flours that had been stored four and 
eight months respectively produced a somewhat larger 
loaf than the freshly milled samples." There was no 
appreciable difference in composition between the freshly 
milled and the stored samples other than in moisture con­
tent. In the case of the spring \\·heat fl.our the loss from 
drying was equiYalent to about t\\"o pounds per hundrecl­
\\·eight of fl.our. In conclusion it 1\"as stated: "In these 
tests a slight improyement resulted from storage of the 
sound flours." The irnprO\·ement is ascribed to the action 
of enzymes which are kn0\1·n to be present in wheat. In 
order to secure the full ach-antage resulting from the curing 
of flour by storage, the flour must be well milled, the 
wheat thoroughly cleaned and all debris particles of a fer­
mentable nature remO\·ed, otherwise flour when stored be­
comes unsound through fermentation changes. 

In the literature on flour and bread making there are 
frequent references to the bleaching of flour by natural 
agencies as light and air and the changes incident to stor­
age. Jago states that bleaching takes place in the absence 
of light. Avery reports that the yellow coloring matter of 
fl.our dissolved with the oil is bleached by exposure to 
lig·ht and that when flour is placed in a thin layer between 
plates of glass and exposed to both direct and reflected 
sunlight, bleaching results. 
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The bleaching of flour then is a natural pr0<;ess ancl is 
associated with aging and curing. It would not be possible 
to secure the benefits of aging and curing without bleach­
ing also taking place. Many flours clo not possess their 
maximum bread making value until after the aging and 
curing process. \Vhy there should be a difference in bread 
making value of cured m·er freshly milled flour has never 
been determined. Similar facts have been obsen·ed in 
connection with flour made from new and old wheats. the 
old and cured wheat yields a flour of hig·hcr bread making 
value than the new. 

Tlzc Coloring 1lfatcrial of Flour. The chemical changes 
which take place when flours are cured by storag·e in a 
warehouse have not been determined. One of the changes 
is in color. The composition of the coloring matter of 
wheat has never been determined because it can not be 
separated in a pure state irom the fat and gluten \vith 
which it is mechanically associated. It is soluhle in ether 
and in flour analyses it forms one of the well kno\\"11 im­
purities of the "ether extract" or "crude fat." \\'hen the 
gluten is obtained mechanically, by \\·ashing· the dough. 
it is tinged yellow with the natural coloring matter of the 
fl OU r. 

A very has suggested that the coloring matter oi Hour 
is a nitrogenous compound containing an amino radical. 
In bulletin N'o. 85 of this station it was suggested that the 
coloring matter was a nitrogenous compound. Other in­
vestigators belie1·e it is a non-nitrogenous body akin to 
xanthophyll and carotin, the natural yellow pigments of 
plants. It has certain characteristics of carotin as capa­
bility of being clecolorized by heat, light ancl chemical re­
agents. YVhatever the composition of the coloring matter 
of \vheat may prm·e to be, it is not a stable compound. 
In dealing with flour, color is a variable property and it 
can be considered a permanent characteristic only after 
the coloring matter has undergone a permanent change 
as secured by the aging and curing process re~nlting in 
bleaching, and when the flour has reached its maximum lireacl­
making value. In all intermediate stag·es, color is variable. 
The color of flonrs is generally taken as an index of quality 



as it indicates the character of the \Yheat from which the 
flour was produced and the extent to which the aging and 
curing process h:is been carried. The color is not a char­
acteristic which is capable oi being determined as accur­
ately as could be desired. Color tests are not generally re­
garded b) chemists as among the most accurate tests for 
determining the char~tcter of materials. In discussing the 
color of compounds from a chemical point of yiew, Mulliken 
in "Iclentification of Pure Organic Compounds" says (page 
230): 

"Careful analys•s have al\\"ays Ycry properly refused to attach the 
same importance to verbal descriptions of subj ccti,·c color phenoml'na 
as a means for specific characterization, that they willingly grant to the 
recorded values of mcltii1g-points, boiling-points, specific gravities, and 
other physical constants \\"hose determination requires the use of c• •Ill· 
paratively slo\\" and elaborate methods of measurement. 

"The chief causes for the disrepute into \\·hich color tests ha,·e falkn 
arc: the customary failure, except in spectroscopic \\"Ork, to refer col11r;; 
to any well-defined standard; the loose u,;c made of the terms constituting 
the popular nomenclature of color: the imperfect dcn:lopment of the c• ,1, 1r 
memory; and, finally, the frequent omission of minor but essential ex· 
pcrimrntal details from the directions giHn for the performance of c1 ilur 
reactions."' 

\\'hile in a general ,,·ay the changes in color which 
take place \Yhen flour is cured may he clescribecl, it is nut 
possible to measure them \Yith the same clegree of accurac:· 
as in the determination oi other characteristics. :\fter 
flour has undergone natural bleaching yarious tints and 
shades of color are clcYelopecl, particularly of grey and 
light yellmY. These various slncles ancl tints may sen"e a,; 
an index of breacl making value. but it is not possible from 
the color alone of either freshlv milled or cured flour to deter­
mine bread-making value. Flot;rs that are pure \vhite, or tinged 
slightly yellow have the highest bread-making yalue. ,.\ 
dark grey or slaty color i~ usually an index of poor bre:id 
making qualities. Flours of poor color \vhen milled. oftL'l1 
develop e\·en more undesirable tints by storage. If the 
flours are not well milled the brany particles become di:;­
co!orecl through oxidation of the cellulose ancl the flour,;; 
then show black specks. Hence it is that only well milled 
flours from sound wheat are capahle of being· improncl Ji:· 
storage. 

Blcaclzi11g Reagents. Since flour is bleached and other­
wise imprm·ed in its bread-making value by storage, varin11:; 
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attempts have been made by the use of bleaching reagents 
to imitate and hasten the process so as to dispense with 
storage. The use of chlorine gas was one of the first re­
agents proposed for the purpose and a patent was issued 
in Great Britain about thirty years ago. Later the use 
of sulphur and ozone were proposed. Pure oxygen except 
in its active state, as when liberated from chemical com­
bination, has been found to have no appreciable bleaching 
action, but when it contains minute traces of chlorine and 
other elements, bleaching readily takes place. 1\ one of the 
earlier methods for bleaching were commercially success­
ful because they injured the bread-making ,-;tlue of the 
ft our . 

.:\s an illustration of the action of such bleaching re­
agents, experiments made at this station and reported in 
hulletin No. 85 are cited. In these experiments oxygen gas 
made from heating potassium chlorate \Yas used as the 
bleaching reagent. The bleaching was undoubtedly clue 
to the traces of chlorine or oxides of chlorine which the 
gas contained and not to the oxygen. \Vith this bleaching 
reagent, a slight loss in bread-making ,-alue re,o;ulted. As 
reported the loaves produced from the bleached flour "al­
though whiter in color were smaller in size. and less in 
weight." The gluten appeared to ha,·e been slig·htly oxi­
dized and possessed less power of expansion a 11d a bsorp­
tion. These bleaching experiments ,,·ere made and re­
ported prior to the clisco,·ery and introduction of the 
present electrical methods of bleaching- no\\· g·enerally 
practiced in the manufacture of flour in this country. It 
was noted that "in the bleached flours, dust particles and 
debris are more readily discernable as they blacken by 
oxidation instead of ble:iching." indicating that the bleach­
ing of low grade and poorly milled flours was not prac­
ticable, as bleaching only tenclecl to make the impurities 
more prominent. The bleaching with chlorine was carried 
to the extent of destroying the natural color of the flour 
and resulted in a color \\·hich would not kt ,.e lie en produced 
had the flours been allowed to underg·o the process of aging· 
and curing hy storage. The object of all of the earlier 
methods of fl.om- bleaching· \\'as apparently tn ,,·hiten the 
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flour without securing any of the other beneficial effects 
incident to aging and curing. 

~Iodern flour bleaching is of comparati,·ely recent 
origin. The ex'tensive use of nitrog·en peroxide as a bleach­
in~?: reae-ent dates mainly from 190+ when air containincr 

.__, .__, "' ' Ci 

traces of nitrogen peroxide gas produced by a flaming di::;-
charge of electricity \\as found to effectually bleach flour. 
For a fe\\' years prior to this nitrogen peroxide generated 
by chemical action ha cl he en use cl to some extent. in Europ­
ean countries. Of the ,·arious methods proposed for the 
bleaching oi flour practically the only one that has suni,·cd 
the experimental stage is the nitrogen peroxide process 
in \Yhich the bleaching reagent is produced directly from 
the union oi the nitrogen and oxygen oi the air by elec­
trical action. 

Electrical J!ct/zod of Flour B!caclzi11R. \\.hen a current 
of electricity is passed through air, chemical combination 
takes place bet\\'een a part of the nitrogen and oxygen 
which are the main constituents of the air. This fact has 
long been kno\\'n. and it is now being utilized to some ex­
tent for securing combined nitrogen as a fertilizer for crops 
as ,,·heat ancl other cereals incapable of making use of the 
free nitrogen of the air. The acti,-e material \\·hich causes 
bleaching of the flour is nitrogen peroxide. formed either 
directly by the union of the nitrogen and oxygen or as a sec­
ondary product resulting from the action of air upon nitric 
oxide. The amount of nitrogen peroxide gas required for fl•mr 
bleaching is exceedingly small. _\l\yay reports that 5 c. c. 
and less of the gas mixed ,,·ith three liters of air ,,·ill 
effectually bleach a kiiograrn of flour. On a percentag·c 
basis this \\"Otilcl make the bleaching· mixture consist oi 
oycr 99.9 per cent air. Nitrogen peroxide gas forms \\'ith 
\Yater both nitrous and nitric acid. Theoretically two parh 
of the gas unite \\·ith one of \Yater to iorm one part each 
of nitrous and nitric acids. _\nal~·sis oi the air from ~tn 

electrical machine as it is cleliHring gas for bleaching pur­
poses sho\\·s the presence of both nitric and nitrous acid 
products as nitrates and nitrites. 

In order to stncly the composition of the bleaching· 
gas and its effects upon flour. a small electrical flour bleach-
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mg machine was rented and operated in connection \vith 
the experimental flour mill of the .:\linnesota Experiment 
Station. An analysis of the gas as delivered for flour 
bleaching purposes \vas made. An illustration of this de­
vice used for the electrical bleaching of flour is given in 
Fig. No. 1. A current of electrictiy is passed throug·h 
the air in cylinder J\. 'fhe current is alternatelv broken 
so as to make a flaming discharge. This is accom1;lishec\ hy 
means of the copper rods 1 ancl 2, operatecl by a suitable 
mechanical device. As result of the Haming discharge of 
electricity, which is practically a miniature flash of light­
ning. a chemic:-il compination of a small portion of the 
nitrogen anc! oxygen of the ai.r takes place. The trace oi 
peroxide of n i tro!?:en form eel is i 111 meclia tel y force cl out () f 
the cylinder through outlet D. and a fresh quantity of air 
is drawn into the cylinder. The air which has been ekc­
trically acted upon and as a result contains a minute 
amount of nitrogen peroxide, i;; then forced into the cylin­
der C where it is broug·lit in contact \vith the flour which is 
being agitated the \vhile. Bleaching is immediately 
effected, the flour and air containing· the bleaching reagent 
being left in contact from JO to 30 seconds. The air ancl 
gas as delivered through C have a slig-ht odor similar to 
that perceptible around electrical machines used in class 
room experiments in physics and a temperature of --1-8~ to 
so~ c. 

Attempts were made to determine from the total 
niti·ite and nitrate reacting substances the amount of nitro­
gen peroxide formed. The nitrites were determined \vith 
a high degree of accuracy by the Greiss-Ilsovy method, by 
means of which may be detected one part of nitrite react­
ing substance in one thousand million parts of the material. 
Unfortunatelv the mehocls for determining nitrates do not 
admit of sue\; a high degree of accuracy. and hence ,,·hen 
the nitrogen peroxide breaks up into nitrite and nitrate re­
acting substances, one of the products-the nitrite-can 
be more accurateh· dcterrninecl than the other. Duplicate 
c\eterminations wl;en the electrical machine \\·as running at 
full capacity ga\·e the fo\Jmying· resnlts: 
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1. 1 litre air contained .000219 grams nitrogen as 
nitrite. 

2. 1 litre air contained .000192 grams nitrogen as 
nitrite. 

Average, .000205. 

Properties of Nitrogen Pero.ride. Pure nitrogen peroxide 
is a reddish brown gas. At a temperature of 75° F. it is a 
mixture of two compounds, N ~04 and NO~. Remsen gives 
among the properties of nitrogen peroxide the following: 
"It acts energetically upon compounds which have the 
power to take up oxygen." \Yhen this takes place the 
nitrogen peroxide is reduced to nitric oxide, a colorless 
gas. One of the most characteristic properties of nitric 
oxide is its ease of combination with oxygen to form 
nitrogen peroxide. Nitrogen peroxide is one of the most 
efficient carriers of ox:·p:en known. It readily giyes up a 
paPt of its oxygen to substances \Yhich are unable to take 
this element directly from the air. and in turn immediately 
unites with a fresh portion of atmospheric oxygen. In 
this '''ay a small amount of the gas is capable of effectually 
acting as a bleaching reagent, \\·hilc the gas itself does not 
enter into chemical composition \Yith the Hour. This prop­
erty of nitrogen peroxide, as a ''carrier of atmospheric 
oxygen," is well kno\Vn and is described in nearly all text 
books on general chemistry. It is made use of in the arts 
and in manufacturing operations. X ewth ( Inorg·anic 
Chemistry) describes this action of nitrogen p~roxi cle as 
follows: "Sulphur clioxicle is unable to absorb an additional 
atom of oxygen, ancl so pas's into sulphur trioxide without 
the aid of sp111e third substance, \Yhich can act as a cat­
alytic agent, or a carrier of oxyg·en. The material which is 
employed for this purpose is one of the oxides of nitrogen. 
which is capable of giving up oxyg·en-ancl of again taking 
up oxygen from the air. Thus, nitrogen peroxide (?\OJ 
hy the loss of one atom of oxygen. is reclncerl to nitric 
oxide, KO; which in its turn combines with atmospheric 
oxygen, and is reco1wertecl into nitrogen peroxide." "The 
nitrogen peroxide at the end of the reaction is unchanged. 
and is able to react in the same series of changes oyer and 
over again." 
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In the bleaching of flour the unstable yellow coloring 
matter is acted upon by the nitrogen peroxide, and from a 
study of the properties of nitrogen peroxide it would ap­
pear to be an oxidation change. As will be shown later, 
this change ii it be oxidation, does not extend to the other 
constituents oi the flour as fat and gluten, inasmuch as 
flour bleaching; as now practiced leaves these and other 
constituents unaltered as far as chemical tests are capable 
of determining. Other than a possible oxidation of the 
coloring matter the trace of nitrogen peroxide used in the 
bleaching mixture appears to induce simply catalytic 
changes. The g·as itself, or any of its derivatives or conr­
ponent parts. does not enter into chemical combination 
with the flour after perfoming its role as a carrier of oxy­
gen, as practically all of the g·as used as the bleaching re­
agent can be accounted ior either physically combined 
with the flour or present in the air of the bleaching medium 
after the operation . 

. ·ibsorptio11 of Xitritc Reacting Jlaterials by Flour. Many 
solids possess the property of physically absorbing gas 
with "'·hich they come in contact. Jones (Elements of 
Physical Chemistry) in discussing solutions in solids. says: 

"So/11tio11s of Cast's i11 Solids.--:..Iany solids ha\·e the property of 
dissoh·ing gases in large quantities. Thus, charcoal dissolves large volumes 
of carbon clioxiclc, palladium hydride dissoh-cs hydrogen, etc. Our knowl­
edge of such soluti,111s is almost limited to the fact that they exist. It is 
kno\\'11, ho\\'cvcr, that the g-reatcr the pressure to \\·hich the gas is suh­
jected. the larger the qu:rntity \\'l1ich \\·ill be absorbed by the solid. In 
speaking of sr.Jutic•ns of _g·ases in solids \\'e mean. as in all other cases r.f 
true sr•lutinn. tlrnse in which there is no chemical action bel\Yeen the gas 
and the s"l\'l·nt. The fact that gases c:in form solutions in solids is often 
utilized to remon: the gas from regions \\·here it is not desired. The 
solubilit,· c•f a gas in a solid may be \·cry g-re::it, inckcd, as in the case abc•\·c 
mentioned c•i carbon dioxide in charcoal." 

Inclepenclent oi any chemical combination, it \Youlcl 
natnrally be expected that traces of the bleaching ga;; 
'\\'onld be present in the flour. That nitrites are present is 
reaclih· shn\\ n lw testing the aqueous e::-;:tract of flour for 
nitrit~s Lff the ;lclicate Greiss-Ilsoh·ey method. In ju,.;t 
\\'hat fon;1 this nitrite reacting material is present in flour 
is not kno\\·n. For convenience it is called a nitrite. lint ;i,; 

\\'ill be shoffn later it is not present as a mineral nitrite like 
sodium or potassium salts. as it has entirely different prop-
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erties from either. It can scarcely be regarded as free 
nitrous acid, as this acid is so unstable that it is incapable 
of existing in nature in a free state for any length of time. 
!J\fost authorities state that nitrous acid in a pure state has 
ne\·er been separated ancl it exists only theoretically in 
aqueous solution. 

A11101111t of Nitrite Reacting Jfataia!s i11 Flours. Flours 
purchased on the market, bleached by electrical processes 
generally yield upon analysis from .3 to .8 parts of nitrogen, 
as nitrite reacting material, per million parts of flour, the 
average is about .4 parts per million. In three cases, one 
part per million has been found. .As preYiously stated this 
nitrite reacting material is in physical and not in chemical 
com bina ti on \\·i th the flour. Ex pre ssecl on a percentage 
basis it is equal to .00004. that is in 100 grams of flour there 
are .00004 grams of nitrite nitrogen, or .4 of a milligram 
per kilogram of flour. 

The most delicate analytical balance is sensiti,·e to 
.1 of a rnilligTam \\"hen carrying its maximum load of 200 
grams. The ayerage amount of nitrite nitrogen present 
in 200 grams of commercially bleached flour. the maximum 
quantity that can be \\'eighecl at one time. is less than can 
be indicated upon an ;l\·erage analytical balance. It is 
present in ;m umyeighalJ)e quantity and it can therefore 
be consistently clesignatecl as an infinitesimal amount. 
That the material is present largely in physical form can 
be sho\\'n by heating· bleached flour to a temperature of 
95°C. The flour \\'ill then be found free from nitrite re­
acting material pro,·ided it has been heated out of contact 
with a gas flame or combustion products that yield nitrites, 
or the flour was made from wheat free from mineral nit­
rates or nitrites. :\!way has sho\\'n that \\'hen a large ex­
cess of gas is used experi mentally for hi each i ng· purposes, 
the quantity of nitrites retained in the flour after the lapse 
of a few weeks i;; no greater than \\·hen medium amounts 
are used. There appears to be a limit to \\·hich it is 
possible for flour to physically absorb anrl retain nitrogen 
peroxide products. The influence of different quantities 
of gas in the bleaching· of flour is discussed in another part 
of this bulletin. 
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Fat of Blcaclzcd and Unbleached Flour. In order to de­
termine if the traces of nitrogen peroxide used in the elec­
trical bleaching· of flour hacl any chemical action upon the 
fat, the iodine number, nitrogen content, heat of combus­
tion and other characteristics of the fat from flours before 
and after bleaching \\·ere cleterrninecl. \Vhen the fat of 
flour is obtained by the official method of analysis, the 
coloring matter, lecithin, chlorophyll residue products and 
other substances arc reccl\·erccl as mechanical impunt1es 
mixed ,,·ith the fat. The chemist uses the term "crude fat'' 
or "ether extract" because of these known impurities. 
Some oi the impurities are nitrogenous and some are 
non-n i trogcnons com pounds. 

"In their pure state the fats and nils are odorless. colorless and taste­
less; and \\"hat is u;;ually regarded as characteristic "in these respects of 
the different nil,; and iats is really due to the presence of small quantities 
of foreign subc;tanccs. On expnsnre to sunlight (and to air) even strongly 
colored oils ar<: gra(lually hlcacl1cd. snmc oils becoming almost colorless.""­
(Lcwknwit,;ch, "'Chemical .-\nalysis oi Oils, Fats and \Vaxcs," page 9.) 

Jn discnssing the composition of fats and any possible 
chang·cs \\·hich ma~· occur through the action of traces oi 
nitrogen peroxide. the impurities associated with the fats 
must he con,;idcrccl also. If it ,,·ere possible to obtain the 
fat in an ab,;olutely pure state the problem \YOtdd be much 
simplified. as then any change \\·hi ch \Yas found to ha ,·c 
occurred could he definitely ascribed to the fat. As pre­
Yionsly stated the natural coloring matter of flour is acted 
upon by natnral ag·encies as air and light and is also read­
ily bleached by traces of nitrog·en peroxide. Hence change 
in the color oi the fat produced by bleaching can not 1Jc 
said to denote change in the composition, when it is kno\Yn 
that the color is one oi the impurities of the fat. Fats are 
compounds characterized by containing a relatively larg·c 
amount oi carbon and a small amount of oxygen. \Vhen 
exposed to the air fats undergo an aging or curing process 
,,·hich ha,; l>ccn cxtcnsiYely iin-estigatecl by Sherman, ,,·ho 
has fonncl that boih animal ancl yegetable oils are "al­
tered by age or oxidation.'' Oils kept for a long time in 
contact ,,·ith air "take up atmospheric oxygen. ancl graclu­
allv become consiclerablY altered in these constituent prop­
erties ,,·hich arc comm.only regarded as constants." ''It 
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is evident that the oils that arc altered are nry likely 
to be misjudged, especially if only one or two quantitative 
determinations are made." 

In the bleaching of flour it has been sugg·ested that a 
slight oxidation of the fat is one of the possible chemical 
changes which may occur, since nitrogen peroxide, a car­
rier of atmospheric oxygen, is employed. Should any ap­
preciable oxidation of the fat take place during bleaching, 
the fat of the bleached flour \\·oulcl have different prop­
erties from that of the unbleached flour. :\ny chemical 
change affecting the fat would necessarily show itself in 
some of the determinations. as iodine absorption number 
and heat of combustion. \\'heat fat \vill combine with 
about an equal weight of iodine and has an iodine absorption 
number of about 100. \Vhen the fat is exposed to air in 
a thin layer and dried, it readily undergoes oxidation. This 
renders the determination of the iodine nu 111 ber difficult 
as it is necessary in order to accurately \veigh the fat that 
it be free from water. \Vhen the fats are oxidized by 
natural drying they show a much lmver iodine absorption 
number. Four typical samples of flour (two bleached and two 
unbleached) were finally selected for the purpose ·of ex­
tracting the fat in quantity. The flours \vere dried in such 
a way as to prevent oxidation, and the iodine number was 
determined. The following results were obtained: 

Iodine 
Absorption l\ umber. 

Patent flour, unbleached, No. 1 . . . . . . . . . . . . . . . . . 102. 9 
Same flour, bleached, No. 2 . . . . . . . . . . . . . . . . . . . . . 103. 7 
Patent flour, unbleached . . . . . . . . . . . . . . . . . . . . . . . . . 101. 1 
Same flour, bleached . . . . . . . . . . . . . . . . . . . . . . . . . . . . 102. 6 

Practically no greater differences were obsen·ed be­
tween the fat of the bleached and unbleached flours than 
between duplicate analyses of the same sample. As far as 
the iodine number of the fat is concerned no appreciable 
difference was observed between those of the bleached 
ancl unbleachecl flours. 

In orcler to still further check these results samples of 
these bleached and unbleached flours \Vere sent to Prof. Sher­
man, of Columbia University, to determine the iodine m1m­
ber and index of refraction. I-I e reported the same iocline 
number for the fat extracted from each of the flours namely 
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103. \Vhere samples of the oil extncted from these flours 
had suffered slight exposure in course of extraction, thev 
gave iodine m1m1Jers from 91 to 101. Prof. Sherman rd­
ported: "I do not consider that my results establish any 
significant difference between th·e .oils of the samples ~f 
flour, Nos. 1 and 2." In earlier investigations the iodine 
number of the fat from flour and from bread was de­
termined. The results are published in bulletin No. 67, 
Office of Experiment Stations, U. S. Dep't. of Agr.: "The 
iodine absorption number of the fat of flour and from the 
IJread was determined. That of the fat from the flour ·was 
101.4 and that of the fat from the bread, 60.4." 

Briefly stated, the traces of nitrogen peroxide used in 
the electrical bleaching of flour affects the coloring mat­
ter, an impurity of the fat, but does not affect the fat it­
sel f. Should slight oxidation occur, incapable of detection 
by analysis, it \Yould probably be no greater than would 
naturally take place \Yhen flour is exposed to the air and 
the fat undergoes "natural aging and curing." In the 
process of bread making the fat is oxidized and should 
slight oxidation ocrnr during electrical bleaching or stor­
age it would in no wise affect the nutritive value, as this 
same change occurs and to a considerable extent when 
flour is made into bread. 

It has been suggested that the nitrogen peroxide 
chemically unites with the fat resulting in the production 
of nitrog·enous compounds. Should any such change occur 
it woulcl affect the nitrogen content of the product, and 
the fat from the bleached flour should show a higher nitro­
gen content. .\ number of irn·estigators have shown that 
lecithin, a nitrog·enous compound soluble in ether, is pres­
ent as an impurity in the ether extract or crude fat ob­
tained in the analvsis of flour. Hence it is, wheat fat as 
ordinarily obtainecl contains nitrogenous compounds ren­
dering it exceedingly difficult if not impossible to separate 
from that naturally present any new nitrogenous com­
pound that may possibly be formed during the process of 
bleaching. The ether extract or crude fat of three samples 
of unbleached flour was obtained in quantity by extraction 
with one of the best grades of commercial ether. Also the 
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ether was purified as clirectecl in the official method of 
analysis and the nitrogen content of the crucle fat extracted 
with the purified ether by the official method was deter­
mined. 

NITROGEN CONTENT OF FAT OF UN!lLE.\CHED FLOURS. 

Sample 

1 ........................................... . 
2 ....•.........•...•.................... '· ...• 
3 ........................................... . 

Commercial 
Ethf'r. 

.887 
.919 
.931 

Purified 
Ether. 
.873 
.901 
.942 

It is to be noted that approximately .9 of a per cent 
of nitrogen was found present as a natural constituent of 
wheat fat. There was no difference in the results whether 
the ordinary or the moclifiecl Kjeldahl method was used 
for determining the nitrogen content of the fat. In de­
terminations (qualitatin or quantitative) of the nitrogen 
content of the fat of bleached flour. the nitrogen that is 
naturally present must be recognized, and the presence of 
nitrogenous compounds in the fat can not be ascribed to 
bleaching. The nitrogen content of the fat of three sam­
ples of flour before and after bleaching was determined 
with the following results: 

Kitrogen of Fat. 
Bleached. Unbleached. 

Flour A . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8G6 . 887 
FlourB ....................................... .930 .919 
Flour C . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .ll27 .931 

Duplicate determinations were made and ·no greater 
differences in the nitrogen content of the fats from bleach­
ed and unbleached flours were found than bet\\·een dupli­
cate analyses of the same sample. The quantitati,·e de­
terminations of nitrogen showed the bleaching of the flour 
did not increase the nitrogen content of the fat. As in the 
case of the iodine number so with the nitrogen content any 
change occuring during bleaching is insignificant ancl is less 
than is capable of being determined by chemical analysis. 

The heat of combustion of the fats was also deter­
mined in a Berthelot calorimeter and practically the same 
caloric Yalue was obtained for the fat from the bleached 
as from the unbleached flour. 'fhe differences in the heats 
of combustion were no greater than in the case of dupli­
cate determinations on the same sample. If any oxida­
tion or nitration had taken place during the process of 
electrical bleaching. it \rnulcl han manifested itself in 
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lowering· the heat of combustion. I\ either the iodine num­
lier, nitr(lg·cn content 11<1r heat of combustion sho\\"s any 
change to ha\·e occurred; or that the fats from bleached 
and unbleached flours differ. 

T/z,? Gl11frus of Bleached anrl Un!J/cached Fl1:11rs. The 
gluten from :l\·erage commercial bleached flour is lighter 
in color than that from similar unbleached flour, in all 
other L'.spects. hm\·c,·er, the glutens are alike. Numerous 
cleterminations \\·ere made of the nitrogen content uf 
bleachecl and unbleached flours ancl in no instance was any 
increase obscn·ecl ·when the results were calculated on 
a dry matter b;isis. Occasionally there is apparent in­
crc;ise in nitrogen clue to loss of water, and the bleached 
flour then contains a larger amount of dry matter \Yhich 
is proportionally richer in gluten because of the loss of 
\Yater. One of the claims originally made for the bleach­
ing of flour \\·as that some of the starch was chang·ecl to 
gluten liy ·the electrical action, but the work of a number 
of inn'stig«ttors has shmn1 the fallacy of this claim, and 
that bleaching· docs not increase the total nitrogen con­
tent of the flour. 

\\'heat g·luten is composed of two proteids, gliacLn 
and g:utcnin. the former is so'.uble in 70 per cent a!cohol 
and has definite l;hysical characteristics. \Vhen a solu­
tion of gliadin from a blea·checl f1our \Vas examined with a 
polariscope. the same reading \\"as secured as when some 
of the same flour, unbleached, \\·as examined. Had any 
chemical chang·e occurred cluring· b 1eaching affecting the 
composition of the gliaclin it \\·oulcl have resulted in chang­
ing the polariscope reading. The specific rotation of 
gliaclin from bleached and nnbleached flour was found to 
be identical. 

It \\'Oulcl not he possible for nitro- or nitrosyl-compounds 
to be formed clnring bleaching because not enough nitrite 
or nitrate reactin~- materials are present to permit such 
reactions taking place. Fnrthermore nitrous and nitric 
acicls ii present in sufficient amounts to cause a reaction 
would produce yellow culorecl products in accord \\"ith the 
well kno\\'n xantho-protein reaction of Fourcroy and Van­
quelin. The nitro-deri,·ati\·es of the proteins, particularly 
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the glutens are all yellow colored. If such compouncls 
\\·ere formed, bleaching could not take place. It takes 
about two hundred times more nitric oxide gas to produce 
a light yeliow color in flour. resulting in the formation of 
11itro-substitution products of the proteicls. than is required 
ior bleaching. There is no danger of treating flour by the 
electrical generation of nitrof?;en peroxide to such an ex­
tent as to result in the formation of nitro-substitution 
products as the g·as is too dilute to permit of such a re­
action. and fnrthermore. should the change occur the flour 
wou1cl be injured for commercial processes as it would have 
a yel1mv co!or. Such a procedure would be directly oppo­
,;ite to bleaching. ancl in that e\·ent the nitrogen peroxide 
would act as a stain and not as a decolorizing reagent. 
:\itrous and nitric acid products are extensi\·ely used in 
the arts for the preparation of yellow dyes, as for the color­
ing of woolen and silk cloth. but when thus used enough 
is required to cheniically unite \\·ith the albuminous ma­
terial of the cloth to form a nc\v compound in accord with 
the la1v of definite proportion. This result can not be 
secured from the use of an infinitesimal amount. The 
trace of nitrog·en peroxide employed in the bleaching of 
!~our can not be reg·arcled in any way as a clye or stain, as 
it does not unite chemically with either the fat or the 
gluten. or form a coating over the surface of the flour 
particles. Its action upon the coloring matter of flour is 
similar to the change that takes place naturally when 
flour is cured and bleached by storage. 

Ph:.•sica! Absorption of Gas b31 Flour. Since analyses 
of the fat ancl g·luten of bleached flour indicated that no 
chemical combination had taken place with the trace of 
nitrogen peroxide used in the bleaching mixture, experi­
ments were undertaken to determine whether the nitrite 
reacting material in the bleaching gas could all be ac­
countcl for as absorbed in the Hour. Three series of tests 
were made. Kitric oxide was proclucecl by chemical action. 
ancl the purity of the gas determined by analysis. In the 
first series a gi\'en volume of the gas was aclclecl to a glass 
Rask containing 200 grams of fine purified quartz sancl. 
The sand, air and gas mixture was well shaken for 10 
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minutes. Then the air in the f1ask was aspirated through 
absorption bottles to collect any nitrites that hacl escaped 
a hsorpti on liy the san cl. The sa ncl contained some water. 
The soluble nitrite material in the sane! was then cleter­
rninecl. the following re.suits being secured: ' 

Grams. Grams. 
Xit1·og,·n as nitritl' l'f'at'ting n1cllP1·ial in gas useLl . . . . . . . . .0111~05 
NitrogL·n as nitrite reacting material in sand . . . . . . . . . . . . . . . 00106 
Nitrogen as uilrite reacting material in air not absorbed . . . . . 00010 

Totrtl ........................................... . 
Mechanical loss and error ........................ . 

. 00116 

.000045 

The larger portion of the nitrite reacting material in 
the gas was physically present in the sane! and \vas ab­
sorbed by it. The pure silica, Si0 2 , is incapable of chem­
ically uniting with nitrogen peroxide and the absence 
of any bases as sodium or potassium prevented the forma­
tion of any of the mineral nitrites. The nitrite reacting 
material in the sand is simply in physical combination. 
Other tests showecl similar results, the amount absorbed 
lw the sand clepencling upon the amount-of moisture pres­
ent. In the case of drv sand a small amount was absorbed. 

In the second series of experiments flour was sub­
stituted for sand, and the following results were secured: 

Grams. Grams. 
Nitrogen as nitrite reacting material in gas . . . . . . . . . . . . . . . 001205 
NitrogPn as nitrite reacting matPrial in flour . . . . . . . . . . . . . . . 00108 
Nitrogen as nitrite reacting material in air . . . . . . . . . . . . . . . . 00008 

Total . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .00116 
Mechanical loss and error . . . . . . . . . . . . . . . . . . . . . . . . . . 0 0 0 0 4 5 

:\ number of determinations were made, and it was 
found that up to 25 c. c. of nitric oxide per kilogram of 
flour, all of the nitrite reacting material in the bleaching 
gas was accounted for as nitrites in the flour or air, leaving 
none to chernicallv unite with the flour to forim nitro­
compounds. It is to be noted that this is a much larger 
quantity oi bleaching· g·as than is employed in commercial 
bleaching by electrical processes. 

In the third series of experiments, water was substi­
tuted for the flour. in ,,·hich case less nitrites, but appar­
ently a larg·er amount of nitrates were obtained. 

In these experiments the nitric oxide was prepared 
bv the action of copper npon nitric acid; the gas upon an­
aiysis showed a purity of 77 per cent. (For impurities see 
\\"att's Dictionary of Chemistry.) The permanganate 



method ancl the method of absorption by ferrous sulphate 
11 ere employee! for the analysis. The gas 1vas absorbed in 
11 :1 ter, and the amount of nitrite reacting material \\·as cle­
tcrrnined lw the Greiss methocl. About half of the nitro­
g·en was accounted for as nitrites. L\s previously stated the 
g:1.; ordinarily yielcls nitrates and nitrites in equal amounts. 
\tte111pts 1\·ere 111ade to also determine the nitrate rc­

;1cl ing materials, _and as noted the methods for the de­
termination of nitrates do not aclmit of the recovery of 
1 he small quantities present in flour as in the case of 
nitrites. Jn \\'Orking with flour it \\'as found that the last 
t r:ll'CS of so1nble carbohydrates could not he remoyecl from 
the aqueous solutions without oxidation of nitrites or 
111cchanic1l loss of nitrates. ~\luminium cream. lead ace­
t:tt c ancl all of the usual reagents were used for clarifica­
t i()n but \\·ithout effectual results. Unbleached flours sup-
1)( ,,eel to he nitrite free. \\'ere found to react \\·ith the re­
:1_g·cnts. clue to soluble carbohydrates. and to produce yellow 
Cl>l<irecl products similar to nitrates. 

That the nitrite reacting material is physically ab­
"' irhecl Jiy the ilCJur ancl is not in chemical combination is 
iurt her sug~:;estecl by its be ha Yi or \\·hen \\·armed. Com­
mercially bleached flours, as pre,·iously statecl, lose their 
nit rite reacting material when heated. In one of the trials, 
a laboratory m·er-lileachecl sample containing .000277 
_grams nitrite nitrogen per 100 gTams of flour. lost 66.3 
pn cent of its nitrite~ after four hours heating at a tem­
perature of 83° to 93°C. The flour still contained moisture 
11 it h \vhich the nitrite material could be associated. 

?\o experiments were made to determine the point at 
11 liich chemical changes other than lJleaching of the pig­
rnrnt mig·ht occur. It is e\·idcnt that these do not 
take place under commercial conditions of electrical 
lik:iching. That there may be a chemical combination 
lidween larger amounts of nitrogen peroxide and flour 
i;-; doubtless true, but \vhen the g·as is present in such 
s111all amounts as are used in the bleaching of flour, it ap­
pears to act in its well known capacity of "a carrier of 
a i rnospheric oxygen," and not as a nitrating reagent. 

Laborator;.• Experiments with Different Q11antitil's of 
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JJ!cuclzillg Gus. i\ series of experiments was macle to de­
termine the influence of different amounts of nitrogen 
peroxide upon flour and the relationship between the 
amount of bleaching· g·as used and the nitrites found in 
the flour. The g·as \1·as measured as nitric oxide into a 
four litre fhsk, containing 200 grams of flour. This flour, 
usecl in all the tests, \\'as milled from hard spring wheat in 
the experimental mill of the Minnesota Experiment Sta­
tion ancl consisted of the rniclcllings and break flours. It 
was about a 93 per cent patent. The flour was not strictly 
comparable ,,·ith that millecl in commercial mills because 
the \\·heat and flour stock arc not as completely cleaned 
in the smaller experimental mill. owing to lack of ckan­
ing cle,·ice,.;. The flour \\·as effectually b'eachecl with one 
c. c. of gas, that is at the rate of 5 c. c. per kilogram of 
flour. The bleaching of the flour caused the impurities 
as bran and cellular products to become blackened and 
more pronounced. From a commercial point of view the 
bleaching of this flour which contained the low grades, 
was not successful. 

- The experiment;; noted \\·ere concluctecl with the Yiew 
of determining mainly the extent to which the nitrites 
\\·ere retained in the flour \\'hen different quantities of the g·as 
were used. In ordinary commercial bleaching of flour by the 
electrical process there remains a nitrite reacting residue 
at the rate of four-tenths parts per million of flour. This 
is practically the amount retained \Yhen flour is bleached 
experimentally at the rate of 5 c. c. of gas per kilogTam 
of flour. The nitrites \\'ere determined on the fresh flour 
and also on flour after exposure in sacks for 24 days. The 
maximum qu:rntity of g·as used was 250 c. c. per kilogram 
of flour. fifty times more than is required for bleaching. 
It is to be notecl thn in the case of this excessive amount 
of g·as the nitrite nitrog-c:~nin the freshly bleached flour was 
eight parts per million. hut at the encl of the 24 clays it 
\\"<ts four parts per million. the same as when smaller 
amnunts of the g·as as 23 c. c. portions \\·ere used. _.\lffay 
( :\ ehraska Experiment Station Bulletin ?\ o. 10:2) has 
shmn1 that \Yhen excessi,·e amounts of gas are emp'oyed. 
oycr 200 c. c. per kilog-ram, the amount of permanent 
nitrite material remaining in the flour after three or fmn-
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weeks 1s no gTeater than 11·hen smaller quantities of gas 
are employed. It is to be noted that up to fifty c. c. of 
gas per kilogTarn of flour, the amount of nitrite reacting 
material in the Hour \\·as pn>p(1rtional to the am()unt of nitro­
gen pe1·oxide used a11Cl that \Yhen larger amounts of gas 
were emp~O)'ecl the quantity of nitrites \\·as not found to 
increase in the flour after it had been stored three \\·eeks. 
It is not possible from the determination (If the nitrites 
to detect flours that may haye heen subjected to excessi,·e 
or twer bleaching· like these laboratory samples. lt ,,·ould 
be inconsistent to claim that a laboraton· <wer-h 1eached 
sample had been subjected to the same. treatment as a 
commercially bleached Jlour because the same amount 
of nitrite residue is founcl in each. The extent to \\·hich 
the bleaching has been carried can be determined by the 
nitrite reacting material only up to a certain point. ancl 
beyond that bleaching does not increase the nitrites. In 
these laboratory tests \Yith m·er h1eachecl flours. a slight 
oclor could be detected in the fresh samples. There is little 
clanger, ho\\·ever, of flours being b 1eachecl to suL·h an ex­
tent as to impart an oclor. as such a procedure \\·m1 1cl 
lo\Yer their commercial value. The ·effect of different 
quantities of gas upon the amount of nitrite reacting ma­
terial in the flour is ginn in the following table: 
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Loss of Nitrites in Bread Making. Bread made from 
bleached flours containing .00004 per cent nitrogen as 
nitrites and baked out of contact with combustion of gases 
gives no reaction for nitrites. Bread made from un­
bleached ftonr and baked in a gas oven in which there is 
direct connection between the combustion chamber and 
the oven shows appreciable amounts of nitrites formed 
from combustion of the gas. It is a well estab1ishecl fact 
that nitrites are procluccrl ,,·hen gas, fuel ancl organic mat­
ter in general are burned. in fact ,,·ater boilecl over a g·as 
flame reacts for nitrites. Jn the baking of bread the 
amount of nitrit~s absorbed from combustion of the gas 
depends entirely upon the construction of the o\·cn. 
\\'hen the o\·en is prO\·icled '' ith a ,·en ti la ting flue the min­
imum amount is absorber! and then there remains in the 
bread only approximately .000001 grams per 100 of nitrite 
nitrogen. In bread Jllade in the laboratory but little differ­
ence was obsen-ecl bct\\·een the nitrite content of that from 
bleached ancl ttnhleached flour \\·hen both were baked in 
a gas oyen. \\'hen the breacl was proper;y made and 
baked in an electric o\·en there \\·as no reaction for nitrites 
from either the bleached or unbleached flours, that is pro­
vided the flour itself \\·as free from nitrite and nitrate re­
acting material except that imparted lff the bleaching 
gas. 

In experiments where soclinm and potassium nitrite 
were added to unblcac!1ecl flour the bread ga,·e a reaction 
for nitrites showing that the mineral nitrites are not vol­
atilized during the bread making· process. For this reason 
it was concluded that the nitrites of bleached flour are 
neither sodium nor potassium. \\'hen mineral nitrites 
were added to the flour the amount recovered in the bread 
vv·as greatly reduced. clue tmcloubteclly to the chemical 
action upon the nitrites of acetic and carbonic acids formed 
during fermentation. As shmn1 by Prescott and Johnson 
in "Oualitati\·e Chemical c\nah·sis" nitrites are liberated 

~ . 
b\· acetic acid. It has been established by a number of 
it~\·estigators that acetic acid is one of the organic acids 
formed during breacl making-. (See Jago. "Science ancl 
Art of Bread l\faking.'') It has also been shown by :!.\Joore 
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(]. Am. Chem. Society, August, 1904,) that carbon diox­
ide liberates nitrous acid from its salts. In the process of 
bread making,_ about one per cent of carbon dioxide is 
produced and about .2 per cent of organic acids. (Bulletin 
07, Office of Experiment Stations.) Thus it will be 
seen that because of the chemical action of carbonic 
and acetic acids no appreciable amount of mineral nitrites 
could remain in bread, as these reagents formed during 
bread-making decompose nitrites. In former im·estiga­
tions, Bulletin No. 103. it was shmvn that 11it1·ates and 
frequently nitrites arc found as normal constituents in 
wheat when the soil i:-; rich in nitrates and that fl.ours made 
from such wheats gi,·c appreciab'.e reactions for both 
nitrates and nitrites, in some cases as much nitrite being 
secured as from bleached Hour. Hence it \voulcl be incon­
sistent to claim that all flours g·i,·ing a nitrite reaction 
haYe been bleached. The oxidation of nitrites to nitrates 
and the reduction of the latter ag·ain to nitrites are well 
known re\·ersible reactions that also must be taken into 
consideration in dealing \Vitlt this question. The U. S. 
Pharmacopoeia states in reg·ard to sodium nitrite: "\\"hen 
exposed to the air the salt deliquesces and is gradually 
oxidized to sodium nitraite." If this statement be correct, 
it is apparent that no appreciable amount of sodium nitrite 
could exist in fl.our or bread ,,·ithout being co1werted into 
nitrate. It is also well knmvn that foods containing 
nitrates either as natural or added products give a ppreci­
a bl e reactions for nitrites. If a small amount of nitrite 
be mixed with a nitrite-free-flour the flour after a time 
will give reactions for nitrites. This reduction of nitrates 
to nitrites in the presence of organic materials is \vell illus­
trated in the case of meats where saltpeter or potassium 
1:itrate is employed in their curing. Bigelow. in a 
re,·iew of the literature of meat products in the J. Am. 
Chem. Society, August. 1906, reports: "It has been 
shmvn that when one gram of potassium nitrate is added 
to 300 grams of meat it is reduced first to nitrites and then 
to ammonia." 

The form, or the definite chemical compound, in which 
the nitrite reacting material in bleached flour is present is not 
definitely knmYn. It can not be rcg·arded as a mineral 



nitrite for the reasons pre\·iously given, and then too, 
for the peroxide gas to unite with the mineral matkr 
of the flour as sodium or potassium \vould necessitate 
extended chemical reactions in which these bases would 
first have to be liberated from the clements with which 
they are combined. Flour contains an appreciable amount 
of ammonia reacting material. \\"hen the aqueous extr;tct 
from which protcicls ha \·e been removed is distilled; a large 
amount of free ammonia is secured. In former i1westiga­
tions at this station it \\·as shown that in bread-making 
appreciable amounts of nitrogen as ammonia are liberated 
ancl \·olatilizecl. 1\ small amount of ammonium nitrite 
can be proclucecl during the bleaching of flour, and it 
is reasonable to expect that this compound is formed 
rather than those that require larger amounts of re­
agents, and different physical and chemical conditions 
than exist in flour bleaching. \\"hcther some of the nitrite 
in bleached Hour is in the form of ammonium nitrite can 
not definitely be determined because the amount is tuu 
sniall to allo\\. its separation and identification. The nitrite 
in flour in many resptcts resembles ammonium nitrite, as 
it is readily volatilized. in fact it is decomposed when a 
solution of it is warmed. (See Eemscn, College Cherni,;­
try) \\"hen ammonium nitrite is decomposed by heat the 
products given off are free nitrogen gas and water, and 
hence a study of the nilatilc products oi ammonium nitrite 
would fail to detect any nitrite reacting material, as tlle 
nitrogen is libe1-atecl as a iree element ancl not in combina­
tion. \Vhen a sample of bleached flour is heated and the 
products arc passed into nitrite-free-flour no reaction fur 
nitrites is obtained 1\·hen this flour is tested. ancl the 
bleached flour itself gives no reaction for nitrites. If a 
small amount of ammonium nitrite is aclclecl to an un­
bleached flour and heated. it behayes in the same way, and 
neither the Hour nor the products gi\·e any reaction for 
nitrites. Because of this similarity betwee•1 the nitrite rc­
actino- material of flour and ammonium nitrite and the ::-, 

fact that ammonium reacting products arc present in the 
flour. it is more reasonable to assume that the nitrite of 
bleached flour is ammonium nitrite ancl not sodium or 
potassium. Ammonium nitrite is present as a normal con-
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stituent of the air ancl is one of the prmlucts formed during 
electrical discharges. and the rnmlmstion of fuel. The 
nitrite of bleached flLmr is either a111111u11ium nitrite or a volatile 
compound of simibr properties. 

!11flue11ce of Bleaching of Flour 11pon the Digestibility of 
Bread. In order to determine the influence which com­
mercially bleached flour may exert upon the digestibility 
of bread a series of dig·estion experiments was undertaken 
to determine the digestibility oi bread made from bleached 
and unbleached flour milled irom the same wheat. This 
experiment \ms performed in co-operation with the U. S. 
Dept. of Agriculture: Oft1ce of Experiment Stations, as 
noted in the annual report of the Director of the Office of 
Experiment Stations for 1907. Only a summary of these 
results is here given. In all, 15 digestion experiments with 
men were macle. The ration consisted of bread ancl milk 
and the general plan of the experiments was as follows. 
Samples of bleached ancl unhleache<l flours and of the \\·heat 
from which the flours \\·e1-c 111acle \\"ere drzl\\·n fro;11 a larg-e 
commercial mi11. Di~·cstion experiments were made \Yith 
bread baked fro111 the lilcachecl and the unbleached Hours. 
Some of the wheat was then milled in the experimental 
mill of the Minnesota Experiment Station. One half of tlw 
flour was bleached ancl digestion experiments \Yere mad1 
with bread from this bleached and unbleached flour pre­
pared under chemical control. It was found that bread 
baked in an oyen heated with gas generated from gasoline 
vapor gave reactions for nitrites equal to those obtained 
from the bleaclred flours and that bread from both the' 
bleached and unbleached flours when baked in a stove 
heated by coal, gave no reaction for nitrites. The results 
of these five series of digestion experiments are given in 
the following table: 
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Trial I. Bread from IJlcacllcd Flour. 

~1~~ ~ : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 
_..\ \·C'r:1gc~ ..................... . 

Trial II. 
1
nrc(l(l from Unulcached Flour. 

~-~~ ,, ............................. . 
.............................. 

Man 3 ............................. . 

AYPrngc ..................... . 
Trial III. Bread from Unbleached Flour. 

Man 1 ............................. . 
Man 2 ............................ . 
Man 3 ............................. . 

.J\,·0ragc ..................... . 
Trial IF. JJrcad made from Bleached Flour. 

Man 1 ............................ . 
Man 2 .......................•..... 
Man 3 ............................ . 

Protein 
Per cent. 

85.74 
84.53 
8L9G 

8fi.08 

86.97 
87.93 
87.63 

87.51 

91. 76 
92.14 
91. 67 

91. 86 

92.04 
93.24 
93.00 

~.:\\'c•rag0 . . . . . . . . . . . . . . . . . . . . . . 92.7G 
Trial Y. 

Man 
Man 
J\Ian 

lircad from L·nuleached Flour tcith Nitrites. 
1 . . . . . . . . . . . .. . . . . . . . . . . .. . . . . 93.56 
~ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 93. !)8 
3 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9fi. 96 

An·rag-C' . . . . . . . . . . . . . . . . . . . . . . 94. 50 

Carbo-
hydrates AnLilabl~ 
Per ccn t. Calorie,; 

96.96 91. fj 7 
97.52 90. ti~ 
97.28 90. :;;; 

97.25 90.C,S 

9S. ·47 al. 41; 
98. l 4 90. ,-; '.I 
98.28 Bl.;;;; 

98.29 91. ~3 

99.02 93.S7 
98.08 94. !!7 
99.08 95. O!J 

98.73 94. 64 

99.07 94.41 
98.89 95. 4!! 
98.88 95.GG 

98.95 95. 1 !J 

99.14 95.~l 
99.19 B5. ltj 
99.18 

99.17 95. 4;; 

In 1me ui the trials or series, the nutrients of the b1-ead 
made irum the 1111bleachecl flour was found to have a slightly 
higher diµ;e~til1ility than the bread made from the same 
flour that had been bleached, \Yhile in another series the 
breacl irom the l1leachecl flour ,,·as some\\·hat more com­
pletely digested. The difference in digestibility of the nu­
trients of the breads made from the bleached and unb'each­
ecl flours \\·as tuo small to be attributed to the treatment 
the fluur had recein'<l. The a\·erage of the t\\·o series 
shmn the bread made from bnth the bleached and the un­
bleached Jlours to ha,·e the same degree of digestibility. 
and that the prncc~s of bleaching had no influence upon the 
cligestihility or m1tritiYe quality of the flour. The bread fur 
these experiments \Yas nnde in an ordinary cook ston: 
heated hy cnal. and all the products of combustion of the 
fuel ,,·ere excluded from the baking· chamber. The bread 
l1oth from the bleached and the unbleached flour ga,·e no 
reaction for nit rites. the nitrous acid products formed dur­
ing the bleaching of the flour :rnd present to the extent nf 
.0000-t gTams of nitrngen determined as nitrites per WCI 
grams of flour, hcing entirely expelled during the process 

of baking. 
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In the digestion trials with bread made from unbleach­
ed flour but baked in a gas O\'Cll ancl that poorly construct­
ed so the products of cmnlmstion from the gas found their 
way into the oyen and \H'rc alJsorbed by the bread. the 
digestibility of tbe bread was nut lm,·erecl because oi the 
presence of nitrites to the c:-.::tent of .00005 grams of nitro­
gen as nitrites per 100 grams of bread. \\.hen this n::pcri­
ment was performed tlie weather was very se,·ere, ancl it is 
believed 'that the apparent increase in digestibility was clue to 
the greater demand upon the body fur heat and energy ancl this 
was an irnport:111t factor in causing more complete comlrnstion 
of the nutrients. It is safe to conclude from the results ob­
tained that the nitrites presrnt in the bread and \\·hich 
were derived frorn the comlrnstion of the gas used in bak­
ing exer,ted no unfavorable influence upon the digestibility 
of the nutrients. 

Briefly stated. \\·hen flour is bleached by the electrical 
process a very small amount of nitrite yielding products is 
formed. \Vhen baked into bread, out of contact with fuel 
gases, these nitrite prnducts \\-ere \·olatilizcd and the bread 
gave no reaction for nitrites. \\'hen bread was made 
from unbleached flour and baked in a gas oven con­
nected with the combustion chamber, the bread ab­
sorbed nitrites from the products given off in the fuel 
gases. The nitrites present in the bread made under such 
conditions did not appear to exert any unfavorable influ­
ence upon digestion. 

Digestion Experiments 'i.vith I'cpsi11 So/11tio11. Digestion 
trials were made with bleached and unbleached flours in 
acid pepsin solution. The flours usecl contained 2.0-+ per 
cent nitrogen. The insoluble nitrogen obtained after di­
gestion with pepsin \Vas found to he as fol~mvs: 
Trial No. Bleached Flour Unbleached Flom• 

Per cent. Per C<'nt. 
1 ................................... . .292 .3/S 
2 .343 .356 

Average .. .. .. .. .. .. . .. .. .... .. . .. .367 .367 

It is to be noted that the differences between the 
duplicate trials of the same sarnple are as great as between 
the two samples of flour tested. 

As far as digestibility in the acid pepsin solution was 
concerned no difference whatever \\·as found in the digesti­
bility of the bleached and the unbleached flours. 



Arc Flours Blcac/icd 7c•ith Jfinutc Amounts of Nitrogen 
I'croxidc !njurinus to Health? This is a question that can 
well be raised becanse if the bleachino- leaves anv material ,., . 
in the bread that is injnrious to health the practice should 
be discontinued and condemned. The form in which the 
flour is consumed as food, or the finished food product, is 
what should he consiclerecl in answering this question. 
Flour is ne\·er eaten in the raw state. but in the process of 
bread-making. cake-making ancl indeed in all the various ways 
it is prepared for food it is always subjected to the action of 
heat. .\s pre\·ionsly statecl \Yhen flour is warmed out of 
contact \\·ith comlmstion g·ases the nitrite reacting material 
imparted during· bleaching is remo1·ecl and the bread ancl 
other articles 1112cle from the flour giye no reaction for 
nitrites imparted by the bleaching gas. Since the material 
used in the h'eaching· of flour is expelled in the preparation 
oi the food. there remains no question for physio1ogical 
consideration. But since breads made from bleached and 
unbleached flour g··i\·e practically like amounts of nitrite 
reacting material \\·hen baked in gas. gasoline or kerosene 
O\·ens it \nm!d seem that the broader question could well 
be raised: is the use of gas and liciuicl fuels for the prepara­
tion of foods, \\·here the food comes in direct contact with 
the product;; of comhustion injurious to health? Howeyer, 
this question of the \\·holesomeness or unwho!esomeness 
of a food is one for the physiologist and the hygienist 
rather than the chemist to decide. The chemist can de­
termine the amount of a substance in a food material, but 
from chemical data alone he is unable to determine 
\Yhether or not this material is injurious. The chemist 
simply supplies the data from \Yhich the physiologist and 
the hygienist reach conclusions. The presenc~ of nit1:ites i_n 
food materials in general can \Yell be considered 111 this 
connection. Xitrites are \Yidely distributed in nature as 
\Yill lie seen from the follmYing quotation: 

".\'i/r{llfS ,·/,·id, Il:\'O, or 0="'\-01-I. Occurrence.-:\s ammonium 
nitrite, ?\ !L-"'\O., to a tri\·ial ext mt in the air, in rain-water, in_ many 
spring-waters; it is also iormcrl to a :;light extent on the C\"al'.orat1_on of 
water in the air, bv the actinn oi the electric spark upon m01st air (~n 
rain after thunder-storms). in all combustion processes in the air. and 111 

the slow oxidation of phosphorus in the air, nn rusting of iron, and in the 
electrolysis oi water containing air: 2:\ +2I-L0=:\' 1-L-l\'O,. It occurs 
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as nitrites in many plant juices, nasal mucus and sali\'a."-(Compcndium 
of Chemistry. Arnold. l\Iandcl.) 

Air is one of the most important of food materials. 
In order to determine the extent to which nitrites are 
formed during combustion of kerosene, gas ancl gasoline, 
a series of experiments was undertaken in which the air 
in rooms where these were burned was analyzed. 

Expcri111c11t 1\co. ·I. Outdoor Air. Air was collected 
from the top of a hill, the highest point on the campus. 
At the time the wind was blowing from the northwest 
over farm land. Abottt 100 cubic feet of air were meter~d 
through absorption bottles and a reaction was secured for 
traces of nitrites. On a rainy clay from the same locality 
33 feet of air gave a clecided reaction for nitrites. 

Experiment No. 2. Air fro111 a Dwclli11g H 011sc. The 
doors and windows of a room 150x100 feet with an open 
closet 3Yzx7 feet, were closed and a student's lamp was 
left burning in the room for half an hour before the be­
ginning of the experiment. Then 15 cubic feet of air were 
metered through absorption bottles during 2 y; hours and 
.000004 grams of nitrogen as nitrites were secured. FiYe 
ounces of oil were burned. The room was pro,·idecl with 
some ventilation, through a rcg·ister which was open to 
pass the tube for connection \rith the suction pump, and 
a ventilator extencling from the floor to a Yentilating flue 
in the chimney. The experiment was repeated with gas 
burned in the same room under similar conditions ancl for 
the same length of time, when 15 cubic feet of air yielded 
.0000044 grams of nitrogen as nitrites. 

Experiment No. 3. Kitchen Air. Size of room, 16x10 
feet. One gas stm·c burner was lit at the beginning of. the 
experiment, also the gas range burner for warming water, 
but this burner ·was proyicled with a ventilating pipe con­
nected with the chimney. Ten cubic feet of air were drawn 
through the absorption bottles in one hour and a half and 
.000028 grams of nitrogen as nitrites were secured. 

Expcri111c11t No. 4. Office Air. Size of room. 18x21x10 
feet. The windows were closed. but two ventilators con­
necting directly with outside air were open. One gas 
light was burned for three hours. The gas was proclucecl 
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me. Thi of gas clecl 
experiment was 

\1·ith a student's lamp ln1rning· fur 1 honrs, 
11 hen 13 cubic feet of the air yielded .0000033 grams of 
nitrite ; 3 ounces of oil \\'ere burned. In the 
case of a second mp \\'ith 1 inch 1Yick burning 2 
ounces of oil in three hours, -1-0 cubic feet of air yielclecl 
.000006 gram of nitrite ni ;\t the 1Jeginning of 
all of the experiments Lile doors and \\inclows of the 
rooms were opened and the rooms were thoroughly aired. 

·mrn! So. 5. Flake Hoo111 clir. ]\\'CJ \1·imlo\\'S ancl 
one door of a room Wl:re open and the cqui1·alent of 
about six ga lrnrner:; were lwing· usecl, when 20 cubic feet 
of air eldecl .()()1)()05 grams of nitrite nitrogen. \Yith the 
room but other conditions the same, 10 cubic feet 
of air ed . grams of nitrite nitrogen. Six cubic 
feet of air drawn from the bake o\·en while the g-:1s was 
burning· yielded .tlOOOl grams of nitrite nitrugen. 500 c. c. 
of nitrite free \1·atcr were in the hake u\·en for 30 
minutes and the g·as was Ji ;\ t the end of that time 
100 c. of the water tested .0000.; g;rams nitrite nitrogen. 

Pig. 2.-·.Apparatus usc·d in colketing nitritc·s produced by <L larnp. 

ExjJcrim en t No. 6. N itril c Cull eel cd Dircct!y fro ll1 a 
Lamp. 'fhe chimney of a student's lamp 11·as connected 
with an iron pipe and the products of combustion were 
aspirated cli into absorption bottles. In ten minutes 
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. UUUU45 grams of nitrite nitrogen \\·ere collected. Fro111 
this and simi Jar experiments it \Yas es ti ma tee! that a 
student's lamp gives off .00027 grams of nitrite nitrogen 
per hour~ 

Expcrilllcllf No. 7. ·r«'<'11fy-fo11r Hour Test <cith !.allljJ 
Burning Fiz•c JI ours in Roolll. [11 all of the preceding tests 
the experiments were conducted for periods not exceeding 
three hours. In northern latitudes it not infrequently hap­
pens during winter months that a lamp is burned fiye hours 
of the twenty-four, the room recei,·ing· but little ventilation 
and the larger portion of the nitrites produced from the 
combustion of the oil being retained in the room. A lamp 
was burned for five hours in a room provided with Yentila­
tion, when 32 cubic feet of air yielded .0000055 grams of 
nitrite nitrogen. Then during a second period of eight 
hours after the lamp hacl been extinguished, 48 cubic feet 
of air yielded .0000106 grams of nitrite nitrogen. It is to 
be noted that in the second period there was more nitrite 
proportionally than in the J1r~'t period, clue to the nitrites 
haYing accumulated through combustion of the oil and be­
ing retained in the room. During a third period of 11 
hours, 66 cubic feet of air yiddecl .0000131 gTams of nitrite 
nitrogen. During the 24 hours' test 146 cubic feet of air 
drawn from the room yielclecl .0000292 grams of nitrite 
nitrogen. 

From these experiments it is e\·iclent that, under ord­
inary conditions of life, nitrites are taken into the system 
through the air that is brea thee!. Dr. Howell, of Johns 
Hopkins UniYersity, estimates that a person at rest will 
breathe about 380 cubic feet of air per clay. If a person 
spend five hours in a ventilated room where a lamp is 
burning and then sleep eight hours in the same room 
where the nitrites haYe accumulated and remain in the 
room three hours additional clnring the day-leaving eight 
hours to be spent out of doors-he will inhale onr .00005 
grams of nitrite nitrogen. In cases where food is cooked 
with gas, gasoline or kerosene, ancl bread is baked, clothes 
are ironed or cooking processes are carried on for several 
hours, as is frequently the case, the amount of nitrite re­
acting material inhaled is greatly increased. From the ex-
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periments taken as a whole. it will be seen that not infre­
quently a person inhales during a clay more nitrites than 
are present in a pmmd of bleached Hour in the ra\\- state 
before th·2 nitrites arc ,-olatilized by baking. and it is sel­
dom. if e\er. that flour is eaten in this condition. 

The nitrites in drinking \\'ater often aclcl materially to 
the amount consumed per clay under ayerage conditions. 
Rain ,,·ater contains about one part per million of nitrite 
nitrogen and e\·en distilled water generally gi,·es reactions 
for appreciable amounts. In ham. bacon, and salted and 
presen·ecl meats there are ten parts or more of nitrite 
nitrogen per million. or m·er ten times more than is in average 
hleachecl flour. ~feats that are preserved with smoke \\·ith­
out the use of saltpeter also gi,-e reactions for nitrites. 
\\-ood smoke contains nitrites as products of combustion. 
The prcsen·ation of foods by the use of smoke is sanc­
tioned by practically all food authorities, and meats pre­
pared ,,·ith ''common salt. sugar, ,,·ood smoke. vinegar. 
pure spices" are exempted under the prm·isions of the 
national food law. (See Circular Xo. 39, ::'deat Inspec­
tion.) Ii Hour he submitted to wood smoke for only a ·few 
minutes. it shows as larg·e a content of nitrites as when 
bleached and the smoked-Hour \\·ould not be considered 
injurious to ht:alth. During the process of smoking. meats 
come in contact not only "·ith nitrites, but also carbon 
monoxide produced from the smouldering of the woocl. 
\\·hich is one of the most p0isnnous gases known, but it would 
be inconsistent to claim that smoked meats are injurious 
to health because they ha,-e been brought in contact with 
carbon monoxide or nitrites during the process of smoking 
as neither i.mclergoes fixation. 

Xitrites are known to he present as natural constitu­
ents in many food products. particularly those of yegetab~e 
origin. as celery. lettuce and beets in the early ·stages of 
gro\\'th. Jt not infrequently happens that the nitrite con­
tent of fresh ,·egetahles reaches the third or fourth decimal 
place. Both nitrites ancl nitrates ha,·e been found by the 
author in milk \\·here co\\'s ha,·e been feel liberally on beets. 
The presence of nitrates in milk under similar conditions 



has been reported by Richmond and others. Nitrites are 
also present as a normal constituent of the saliva. 

Bread-

NITRITES IN MISCELLANEOUS FOODS .. 

Nitrogen as nitrites 
per 100 grams 

material. 

Made from unbleached flour, flour ground in laboratory experi-
mental mill from wheat grown on University Farm 

Fertilized with nitrogen . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 000006 
Fertilized with potash . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 000009 
Fertiliz<'ci with phosphate . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . trace 

Made from unbleached flour, tlour ground in laboratory experi­
mental mill from wheat grown in different parts of state 
where fertilizer tests had been made : 

Sample A. Fertilized with nitrog0n . . . . . . . . . . . . . . . . . . 0000064 
Sample Il. Fertilized with phosphates . . . . . . . . . . . . . . . . . . trace 
Sample C. Fertilized with potash . . . . . . . . . . . . . . . . . . . . . . . none 

·Sample D. Complete fertilizer . . . . . . . . . . . . . . . . . . . . . . . . . . trace 
Sample E. No fertilizer . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . none 
Sample F. Fertilized with phosphates . . . . . . . . . . . . . . . . . . . none 

Dried Beef . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0002 
Bacon . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0004 
Ham . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .0005 
Oysters . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . trace 
:-lugar . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . trace 
:-lmoked flour . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 00005 
\Vater boiled half hour over gas flame in open dish . . . . . . . . . . . . . . . . . 00003 

i':i:~~:~·on:.~~~. ~~~ .l'.~~1:~1~:.~~ -~~~t~.:::::::::::::::::::::::::::::: ~~!~~ 
:-ihredded wheat biscuit . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 000004 
\Vhite of egg ........ : . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . trace 
Ham, smoked, no saltpeter used (ham cured at station) . . . . . . . . . . . . . 00005 
\Vater, boiled in tea kettle and cooled (high grade water from 

sanitary point of view) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . trace 
Salt . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 000001 
~8 Samples Macaroni Wheat-

7 samples . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . no reaction 
3 samples . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . trace 

18 samples . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 00001 to . 000003 
Bread made from commercial flour known to be unbleached (bread 

baked in gas oven, oven well V(•ntilatcd) ................ . 
Ditto, baked in oven of wood stove ............................. . 
Rain water ................................................... . 
Charcoal used for medicinal purposes ........................... . 
Oatmeal ..................................................... . 
Crackers .................................................... . 

.000002 

.000002 

.00009 

.000005 
trace 

.00001 

Small amounts of nitrites in drinking water are not 
generally regarded as injurious hy hygienists unless the 
nitrites are a-ssociated with objectionable bacteria. The 
nitrites alone are inocuous, as stated by Sutton, "Volu­
metric Analysis," page 500. E\'en if the nitrites in 
bleached flour were not remm·ed during bread making. or 
the flour were eaten in a raw state the amount consumed 
would be insignificant. As preYiously stated it is not 
known in what form the nitrite reacting material is pres­
ent. Assuming it is sodium, .\l\\'ay has calculated that it 
would be necessary for a person to cat a pound loaf daily 
to obtain the equivalent of "a medicinal close of nitrites 
in the course of a year." Ancl "whether there will be any 
nitrites at all in the hreacl depends, as has been stated. upon 
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the method of making it." Similar results would be 
reached in basing the calculations on the nitrite content 
of the flour samples reported in this bulletin. 

From the facts taken as a whole it is quite evident the 
bleaching of flour with traces of nitrogen peroxide could 
in no way impart enough nitrites to render the flour or 
the products made from it injurious to health or to make 
their use as food even questionable. 

Use of Chemicals in I'n'jJaratioll of Foods. The principle 
of the use of chemical reagents in the manufacture and re­
fining of foods is recognized in the rules and regulations 
for the enforcement of the national food and drugs act. 
Circular No. 21, U. S. Department of Agriculture, Office 
of the Secretary, Regulation No. 11, states: "Substances 
properly used in the preparation of food products for clari­
fying or refining and eliminated in further process of manu­
facture" are exempt. There is no substance or material 
used in the manufacture of food products that is as com­
pletely eliminated from the finished product (bread) as 
is the nitrogen peroxide and its products, used in the 
bleaching or refining of flour. In the manufacture of sugar, 
sulphur in the form of sulphur dioxide gas is used for bleach­
ing purposes. Lime is employed later in the process for 
neutralizing the sulphurous and sulphuric acids formed 
and for producing insoluble products which are later re­
moved by filtration. The last traces of the sulphur, how­
ever, are not entirely rerno\·ecl. ancl careful analysis of com­
mercial samples of granulated sugar after combustion in 
a calorimeter have shown .0098 per cent of total sulphur. 
On a percentage basis this is nearly fifty times more than 
the total nitrate and nitrite products retained in flour. 
bleached by the use of nitrogen peroxide. Furthermore 
sugar is used directly as food without any of the sulphur 
being volatilized. N otwithstancling the presence of this 
trace of sulphur, granulated sugar is practically pure. as it 
is unacted upon by the sulphur. The sulphur acts only upon 
the coloring mattt'r and not upon the sugar. However, 
a much larger amount of it is used than of nitrogen per­
oxide in the bleaching of flour. \Yith large amounts of 
sulphurous and sulphuric acicl. chemical reaction takes place 
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with sugar, but the little used as a bleaching reagent fails 
to produce such a change. In the same ·way the small 
amount of nitrogen peroxide used in flour bl~aching acts 
upon the coloring matter of the flour without uniting with 
any of its constituents. A large amount of gas. however, 
would produce chemical changes as would a large amount 
of sulphur dioxide acting upon granulated sugar. Sugar is a 
food consisting of only one nutrient. In order to refine and 
improve it the coloring matter is re'1110\·ed by bleaching. 
This bleaching is clone without affecting· the composition. 
Flour is a food consisting of se,·eral nutrients and the 
coloring material is bleached hy a trace of nitrogen per­
oxide. without othenyise affecting the composition. 

!11fl11c11cc of Blcaclzing 11f'o11 t!zc Brcad-111al:i11g T'al11c of 
Flour. .-\ large nnrnber of hreac\-making experiments with 
bleached ancl unbleached flours milled from the same wheat 
ha,·e been m:ide in this lahoraton-. \\.hen the flours were 
milled ancl bleached in the laboratory and the bleaching 
reag·ent. nitrogen peroxide. generated by electrical action 
from the 1111ion of nitrogen and oxygen of the air. there 
\\"as a slight tendency for impronc>ment in bread-making 
Yalue. In all of the tests where nitrogen peroxide gen­
erated by chemical action was used at the rate of less than 
150 c. c. of gas per kilogram of Aonr. bleaching hacl no in­
jurious effect upon the quality of the bre:icl. \\"hen the 
electrical machine \\"as operated tn its foll capacity and the 
flours were left in contact with the bleaching medium for 
fi\·e minutes or long·er no injnrious effects were observed. 
Bread from bleach en flour (flour bleached in laboratory)-

Volume of loaf Weight of loaf. 
c. c. grams. 

1st baking ......................... . 1410 360 
2nd baking ........................ . 1420 362 
3rd baking ......................... . 1405 360 

Bread from same flour, unbleaclwd-
lst baking ......................... . 1400 308 
2nd bal{ing ......................... . 1418 361 
3rd baking ......................... . 1412 360 

Testing Cmnmercial Sa111ples nf Bleached Flour. In 
order to determine the extent to which electrical bleaching 
of flour as practiced by the millers of the state affects the 
breacl-rnaking valne, a circular letter \\·as sent to twenty­
three mills asking for samples of bleached ancl unbleache.d 
flour miiled from the same wheat. Sixteen of the mills, 
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representing a total daily capacity of 120,000 barrels of 
flour, responded and furnished samples. The letter said : 
"In order that no advantage may be taken by anyone for 
advertising purposes, claiming the flour from one mill 
superior to that of another, the samples will be referred to 
by number, and the only comparisons will be between the 
bleached and unbleached flour furnished Ly each mill." 
In all cases the bleachecl and unbleached flours 1vere 
found to be practically identical in ash content, showing· 

_ that the samples had been accurately taken and were 
identical except as to bleaching. In one case samples 
sent as unbleached prnn:d to he hleachecl. 

The bread from thc:;e flours \\"as made under uniform 
ancl similar conditions hy one of the assistants in the 
laboratory. who is an experiencecl bread-maker, ha ,·ing 
hacl charge of the testing room of a large flour mill. The 
only w:ciy in which the bread-making value of a flour can 
be determined is by comparati,·e tests in which a flour of 
known bread-making· ,·alue is used as a standard. It is 
not possible from the baking of a bleached flour alone to 
determine the influence of bleaching. unless a sample of the 
same flour unbleached is used for comparison, and the 
breads are made at the same time and under similar con­
ditions. It is necessary that all factors except the one in 
question-bleaching-be alike. Poor bread may be due 
to a number of causes, as poor wheat, inferior milling. 
damage while in transit, poor yeast or lack ·of skill on the 
part of the bread maker. 
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Bleached or 
Unbleached. 

FLOUR BLEACHING. 

Nitrogen as ,I 

nitrites in 
100 gms. flour. I 

I 
-------------------c--------~----__c'--____ _ 

1 
2 

*3 
4 

5 
6 

7 
8 

9 
10 

11 
12 

13 
14 

15 
16 

I 
Bleached ............ . 
Unbleached .......... . 

Bleached ............ . 
Unbleached .......... . 

Bleached ............ . 
Unbleached .......... . 

Bleached ............ . 
Unbleached .......... . 

Bleached ............ . 
Unbleached ........... . 

BlP-ached ............ . 
Unbleached .......... . 

Bleached ............ . 
Unbleached .......... . 

Bleached ............ . 
Unbleached .......... . 

l 7 Bleached ............ . 
1 S I Unbleached .......... . 

I 

19 
20 

Bleached ............. , 

~1 
22 

23 
24 

2:1 
2G 

n 
28 

Unbleached ........... i 

Bleached ............ . 
Unbleached .......... . 

Bleached ............ . 
Unbleached .......... . 

Bleached ............ ·I 
Unbleached .......... . 

Bleached ............ . 
Unbleached .......... . 

2 9 Bleached ............ . 
30 Unbleached .......... . 

31 ( Bleached ............ . 
32 Unbleache~d .......... . 

Av. volume of loaves: bleached .. 
unbleached 

*Omitted from average. 

.00007 
slight trace 

.0000278 

.0000278 

.000033 
none 

.000035 
trace 

.000033 

.000003 

.000056 
none 

.00005 

.000008 

.000086 
trace 

.00006 

.000007 

.0000278 
none 

.00002 
none 

.000035 
none 

.00002 
trace 

.0000278 
trace 

.000102 
none 

.00005 
trace 

1425 
1410 

1440 
1360 

1410 
1325 

1425 
1355 

1405 
1435 

1460 
1335 

1465 
1460 

1450 
1410 

1485 
1450 

1420 
1435 

1445 
1440 

1465 
1480 

1455 
1525 

1475 
1455 

1450 
1400 

1460 
1440 
1446 
1449 

16%x21% 
16 'hx21 'h 

16%x21 '!. 
15%x20% 

16 ',f;x21 % 
15JA.x20')). 

15%x20% 
15 %x21 

15%x20')i 
16 x20')i 

16%x21 
15%x20'h 

16 Y,x211,1, 
16%x21Ii'1 

16 x21 
16 l/,x21 '!. 

16I,4x21'li. 
161;8x201M 

15~{.x21% 
16 I,4x2l1i\i 

16 ')8x21 ',f; 
16 'hx21 '!. 

15%x20r)). 
16'hx21% 

15')8x20'li. 
16%x211,1, 

161,Sx20-U. 
15%x20% 

15%x20% 
15'hx20% 

161A,x2114 
16 x21 % 
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In the table it will be noted that in the case of six of 
the pairs of loaves nnde from bleached ancl unbleached 
flours there was no greater clifference in yolume (23 c. c.) 
tli::tn between duplicate bakings of the same flour. In 
eight of the fifteen pairs the breacl macle from the bleached 
flour exceeded in Yolume that from the unbleached by 
mor.e than 23 c. c. It is helieyecl this was largely clue to 
the bleached flour being sornewlnt drier and h,ence in the 
breacl-making· tests the 2-1-8.o grams of bleachecl flour con­
tained a little more dry matter than the same weight of 
unbleached Bour. In one case the bleachecl flour procluced 
the smaller loaf. Jn ::tl! of the tests the breacl from the 
bleached flour was \\·biter. _\ll the flours proclucecl bread 
of good oclor and taste. There \\·as no clifference in the 
odor of the breads made from the bleachecl ancl the un­
bleached flonrs, in fact the breacls \\·ere similar in all res­
pects except in color ancl general tendency of the bleached 
flours to produce a larger loaf. X o tests were made to 
determine the it1Huence of excessi,·e amounts of nitrogen 
peroxide upon the l>re;1cl-making \·alue of flour as such 
experiments would not he in accord with commercial con­
ditions. That a large amonnt of nitrogen peroxide. suf­
ficient to impart taste ancl oclor and affect the bread­
making qualities can he addecl to flour is unclouhteclly true, 
but in commercial bleaching \\·here the nifrogen peroxide 
is produced from the air in traces by electrical action. this 
does not take place as the quantity of gas generated is 
insufficient to produce such results. 1\s far as quality of 
the bread is concerned it is in no \\·ay impaired by bleach­
ing of the flour. In fact. it produced a whiter bread which 
is more pleasing in appearance to many; an cl because of 
the drying action it has a tendency to produce larger sized 
loaves. 

From a pecuniary point of \·iew the bleaching of flour 
has a tendency to be beneficial to the consumer as the Aour 
is \\'eighecl at the mill after it has been bleached and a 
small amount of moisttirc thus remcn·ecl. This results in 
the consumer receiYing a larger amunt of dry matter as 
\\'ell as a whiter flour. The process is beneficial to the 
miller as it enables him to place his flour directly upon the 
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market without its haying to undergo the natural curing· 
ancl aging process by storage during ,,·hich bleaching 
takes place. To the miller the expense of bleaching and 
any loss in weig·ht incident to drying· are compensate<! ior 
by securing immediately flour that is cure(! ancl ready iur 
the market. thus sa,·ing· the interest incident to the flour 
undergoing natural curing· in storage. Flours bleached 
with small amounts of nitrogen peroxide generated by 
electrical action are in all respects similar to flours bleached 
and cured by storage except that the electrically bleached 
Hours contain a trace '1i nitrite reacting material \\'hich i,; 
remo\·ecl during the process oi bread-making. 

Blcaclzing of Lm,· Crud£' Flours. In the process of mill­
ing about 75 per cent oi the cleaned ,,·heat is recm·erecl 
as flour ancl 25 per cent a,; offab: about 72 per cent is high 
grade. ancl two to three per cent low gTacle, the larg·er 
portion of which is "reel clog" generally used for feeding· 
animals. The_ classification of flour into patents. straight 
or stanclarcl p:ttent and lo\\· gTacle is purely arbitrary and in 

-no t\\'o milling system,; are the ,;eparations identical, that 
is, one mill may produce a flour. a larger amount of which 
is returned as patent than another mill. depending upon the 
gracle of \\·heat and the s\'stem of milling. ::-Iilling is 
purely a mechanical proL·e,;s and by a more complete rc­
mo\·al of the bran. g·erm and cellular particles. a larger per 
cent of the flour is seemed a,; high grade. It is not possih 1e 
to refine the lmYer gTades \\·itlrnut remoying; the impurities. 
an cl when this is clone. the flour is of higher grade. . \s 
pre,·iously stated the bleaching of Im\· grade flour imper­
fectly milled ancl containing; a large amount of cellu 1ar 
matter, results in cliscn1oration or darkening of the impuri­
ties while the flour particles are bleached. the difference 
between the flour ancl it:; impurities being intensiiied. 
For this reason. as pointed out by Fleurent and others 
(see :-Tinn. E'\:p. Station Ih1lletin 83. pag·e 27). bleaching· 
is not applicable to lo\\· gTacles or tlours that are nnt 
thorouo-hh· cleaned and \\·ell milled. as the bleaching· 

b -

simply tends to make more pronounced the impurit ic,;. 
Hence it is not possible as has been sug·gestecl. for any 
fraucl to be practiced by means nf bleaching lo\\· gTacles so 
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as to blend them with patents. Various attempts have 
been made to commercially bleach low grade flours. but 
none of these have been successful. [Credit is clue Messrs . 
.t\. D. \Vilhoil and \i\1111. H. Frazier for assistance in an­
alytical work rendered in this investigation.] 

SU1\1MARY. 

1. The bleaching of flour is a natural process and 
takes place when flour manufactured from well cleaned 
,,·heat is stored in thoroughly ventilated warehouses. \Vith 
natural aging and bleaching there is a slight improvement 
in bread-making value. 

2. The coloring matter of flour is an unstable organic 
compound readily acted upon by heat, light, air and a num­
ber of chemical reagents. It is mechanically associated with 
the fat and gluten as an impurity. 

3. The coloring matter of flour is acted upon by a 
mm1'ber of chemical reagents as chlorine, sulphur dioxide and 
traces of nitrogen peroxide. 

4. None of the methods proposed for flour bleaching 
except the use of minute amounts of nitrogen peroxide 
a,; that generated by the discharge of electricity in the air. 
have survived the experimental stage. 

5. 100,000 parts of air containing from four to eight 
parts of nitrogen peroxide will effectually bleach flour and 
there i·s left in the flour, nitrogen as nitrite reacting ma­
terial amounting to less than one part per million of flour. 

6. The fat from bleached and unbleached flour milled 
from the same wheat is identical as far as iodine absorption 
number, nitrogen content and heat of combustion are con­
cerned, no greater differences being observed between the 
fat from the two flours than in the case of duplicate deter­
minations on the same sample. 

7. The gluten·s from the bleached and unbleached 
flours are identical in physical properties and show the 
,;ame index of refraction. 
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8. The nitrog·en peroxide used in small amounts in 
the electrical bleaching of flour exerts no chemical action 
upon the flour other than upon the coloring matter. The 
nitrogen peroxide appears to act in its well known capacity 
of carrier of atmospheric oxygen, taking up oxygen from 
the air. oxidizing the coloring mat'ter and again taking up 
oxygen from the air without itself entering into the chem­
ical composition of the flour . 

l). The nitrite reacting material in flour appears to 
be in physical rather than chemical combination. vVhen 
the flour is heated. the nitrite reacting material imparted 
by bleaching is expelled. All of the nitrite reacting ma­
terial in the g:ts employed for bleaching can be accounted 
for as soluble and Yolatile nitrites in the flour and in the 
air surrounding· the flour, leaving no nitrite reacting ma­
terial to chemically combine \\·ith the fat or gluten. \i\Then 
the bleaching gas ,,·as brought in contact with pure sand. 
with \\·hich it cannot unite chemically, the sarne amounts of 
nitrites \\·ere absorbed as in the ca·se of flour. 

10. 1 n tests \\·here different quantities of gas were 
used it \\·as found that the amount of nitrite reacting ma­
terial left in the flour increased with the amount of gas 
used up t() a certain pr1i11t and that \\·hen a large excess of the 
gas was empluyed there \\·as permanently retained in the flour 
no more than \\·hen less of the gas \\·as used. 

11. It \\'as found that no relationship whatever ex­
isted bet\\·een the nitrite reacting material in the flour 
and in the bread. Breads from both bleached and un­
bleached flours when baked in a g·as. oven where there was 
poor Yentilation contained the same amount of nitrites. 
\Vhen the breads were properly made and baked out of 
contact with the combustion gases no reaction was secured 
for nitrites. Bread can not contain any appreciable amount 
of nitrite reacting material as the carbon dioxide and or­
ganic acids produced during bread-making liberate nitrites. 

12. In fifteen digestion experiments with men no 
difference whate,·er was observed in the digestibility of 
breads from bleached and unbleached flour. The bleach­
ing of the flour exerted no influence whate,·er upon the 
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amount of nutrients ab:;orbed and digested. Artificial 
digestion experiments with pepsin solution gave similar 
results. 

13. A kerosene lamp will produce in one hour .00027 
grams of nitrite nitrogen. This is over five times more 
than is present in a pot~nd of an average sample of com­
mercially bleached t1our. Nitrites are produced as a result 
of combustion of all fuds ancl organic substances contain­
ing nitrogen. Flour exposecl to wood smoke for a few 
minutes ·will contain more nitrites than when electrically 
bleached. Foods prepared by recognized ancl apprO\·ecl 
methods, as smoking- of meats, contain nitrites. Salted, 
smoked and cured bacon. hams ancl similar meats, contain 
much larger amounts of nitrites than bleachccl flour. 

14. Nitrites arc present in traces in air and in large 
amounts in yen ti la tee! 1 i ,-i ng rooms \\'here gas or kerosene 
is burned. Nitrites are constituents of rain ,,-ater. of many 
drinking waters, and of Yeg·etable foocls in the earlier stages 
of growth as celery, lettuce and spinach. ::\itrites are also 
occasionally found naturally in wheat. They are a normal 
constituent of saJi,-a and \Yith nitrates are often founcl in 
milk where the CO\\-s ha Ye heen fed liberalh· on roots. 

15. The use of chemical rcag-ents in the preparation 
of foods is rccogni7.ecl where the material is employed for 
refining and is subsequently rcmo\·ecl in the process of 
manufacture as in the case of sugar, \\·here the coloring 
matter is acted upon by sulphur fumes and the sulphurous 
and sulphuric acid products are later remo,·e<l l~y precipita­
tion. As a result oi th.e bleaching of sugar, and recognized 
as an essential part of the process. a larger quantity of the 
residue from the bleaching gas is permanently retainecl than 
is the case in the bleaching of flour. The nitrogen peroxide 
used in the bleaching of flour is' more completely remoyecl 
in the finished foocl product (bread) than is any other re­
agent employed in the manufacture or refining of foods. 

16. In bread-making tests of commercially bleached 
flours no difference \Yhatc\·cr was obsen-ecl between the 
breads proclucecl from the lileachecl and the unbleached 
Hours milled from the same ,,-heats except that the 
b1eachcl flours produced a whiter lireacl ancl also shoffed a 
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tendency to produce larger sized loa,·es. Bleaching of the 
flour clicl not impart any" odor or taste to the bread or lea Ye 
in it any residue. 

17. The bleaching of flour enables the miller to manu­
facture a more uniform product and to place his flour 
directly on the market without necessitating its undergo­
ing bleaching and curing in storage. ?\ o difference what­
ever was observed between the naturally bleached flours 
and those bleached by the electrical process except that 
the latter contained traces of nitrite reacting matei·ials 
which were expelled dpring bread-making. 

18. The bleaching of flour has a slight drying effect 
resulting in the consumer recei\•ing a proportionally larger 
amount of dn· matter in the flour. 
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