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A Chemnilcal Examination of Certain Baking Powders.

The necessity of having bread preparations raised quickly for immediate

baking led to the use of chemical agents for that purpose. 1In all of these agents|

[N

the gas, which expands, 1s obtained by the decomposition of a carbonate which is
introduced with an acid constituent to act upon it, directly in the flour. When
ﬁater is added to the flour to make the dough, the chemicals are disseclved and the
action takes place, carbon dioxide and water heing formed, the carboh dioxide act-
ingas the expansive gas. Many people suppose that nothing remains in the bread
from that reaction, that it is all driven off during the baking. There is &
regsidue left which varies with the different powders, and is more or less objections
able depending on the powder used.

There are some combinations which leave a minimum amount of residue and
of the least objectionable character, while others are the reverse. Meost people
do not know the whealthful character of some of these combinations used and de not E
realize the danger of using cheap baking-powders when used to any great extent.

The essential constituents of a good baking-powder are first; a carbon-
ate or bicarbonate of anblkali metal and, second; an acid censtituent capable of
combining with the alkali metal forming a salt, and liberating the carbon dioxide.
For the alkaline constituent, sodium bicarbonatﬂ@s chiefly used, though sometimes
ammonium bicarbonate (acid ammonium carbonate) is substituted for it. Fer the
acid constituent various substances are used. Potassium bitartrate, free tartaric

The acid and al-

3
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acid, an acid phosphate, or an alum, are the moat cermien ones.

and starch

i el
xaline constituents are about in the proper pProportions for combination,

or flour is added to them so theywill not react in the dry state but may be kept

indefinitely.

Db S
Baking powders may b classgfied into three classes:

i icl i stituent is potassium bitartrate
1. Tartrate powders, inwhich the acid constituent 1s PO i }
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or free tartaric acid.

2. Phosphate powders, in which the acid censtituent is an acid rhosphate.

3. Alum powders, in which the acid ceonstitutent is an alum.
Many powders are cembinations of two of these classes.

Under the first we find the bitartrate of potassium used rmuch nmore as

the acid constituent than free tartaris acid. It interacts with the acid sedium
carbonate forming the deuble tartrate of sodium and petassium and giving off carben
diexide. This double salt is Rochelle salt and is prebably the least objectionale
e¢f the residues left by baking peowder. The equation for this reaction is;
KHC4H4064NaHCG?:NaKC{H406+C03+H50

sium bitartratessedium bicarbenate-sedium petassium tartratescarbon dioxides
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Under the second class the salt most commonly used is monocalcium phos-

phate. It is made chiefly from bone by the action of sulphuric acid, so that

-

some calcium sulphate is formed in the reaction, and is probably present to some
extent in the powder. The amount of residue left is very large but it is not
very ebjectionable. Acid phosphate of sedium is alse used in phosphate powders.
The probable equation when calcium acid phosphate is used is:

2CaH ; (PO, ) »44NaHC0-=Ca~Ho (PO, )} o 43Na-HPO 4 44C00 +4H0
el e T P A s L ORI &
Menocalcium phosphate+scdium bicarbonatezdicalcium phosphate+disodium phesphate+

carbon dioxideswater. ¢

Under the third class we find potassium and ammonium alums as the most

cermon alums from which the sulphuric acid is liberated as the acid censtituent.

These constituents can be gotten readily from various sources, i.e., from alum

stene, direct cembinatioen of constituents, etc. It is the thought that the alum

would be better if the water of crystallization was driven off. Whether it is

i 4 th different manuf iters.
driven off, and to how large an extent, varies with different manufactuters

The aluminun is precipitated as aluminum hydroxide from these powders, while the

» Ay P STy 3 Y 1 ] 1D 9a
alkali metal, which is in combination with aluminum foruing the double salt ef

: ] : Al et £ ‘he reaction in
sulphuric acid, remains the same.  The probable equation for the ZgRa b

this class of powders.is:
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B(NHQ?Al(804)3+6N§HCOS?BA1(OH)3+ZNaBSO4+(Y” )380446603-
Anmonium alum+sedium bicarbonatezaluminum hydroxide<sedium sulphatesanmonium sul-
rhate+carben dioxide. ;

more thanone class. One combination, which is thought by several ef the chemists

\’114

As stated before there are mixed powders centaining acid constituents of

of different experiment stations te be harmful, is the addition of tartaric acid
teo an alum powder. The mest cemmon cembination is alum and phosphate powders and
it is thought that this combination improves the powders.

The fellowing is a brief survey of the results obtained by several in-
vestigators who worked in experiment stations er in the United States Department

of Agriculture. In analyses made by Professer Cornwall, given in The Report ef

the Dairy Commissioner of New Jersey for 1888, we find that out of thirty-nine
Y. Yy 3
powders he examined twenty-five were alum powders., He seems to think tartrate

powders are the best and suggests that the powders should be guaranteed teo yleld

a certain per cent ef carben dioxide. Fifty-six percent of the samples tested

by the Nerth Carelina Experiment Station as given in Station Bulletin Ne. 155
were alum powders and eighty-ene per cent of them contained alum. The United
States Department of Agriculture alse made some investigations upon a large num-
ber of brands. The carbon dixeide was estimated quantitatively by Kuerr's arpa-

ratus in which it absorbed in potash hulbs. The largest number of the samples

they used were alum powders.

Professor Cornwall's average yield of carbon dioxide for twenty samples

of alum and phosphate powders (no straight alum powders included) is 8.97%; for

o lsherte ann from e
eight samples of tartrate powders, 11.60%. Professor Weberts report from th

Annual Report of the Ohio State Dairy ad Food Commi ssioner for 1887 gives an anal-
ysis of thirty brands. Of these nineteen were alum powders and the average per-
centage of carbon dioxide was 7.58; for eight samples of tartrate powders 11.20%.
In the analyses bt the United States Department of Agrioulture, the average for

Yate is 8%; for eight sam-
twenty samples of both alum and alum and phosphate powders is 8%; for eig

ples of tartrate powders, 10.10%.
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It has been found by many that upon leng standing the powders gradually
lose carbon dioexide. A good baking powder should yield ten or twelve per cent of
carbon dioxide. This brief statement of results obtainéd by various investigatom
shows that the tartrate powders yield a higher percentage of carben diexide than
the alum powders.

The chief substances used for filling in baking powders are starch and
flour. The powder having the least amount of filling will probably yield the
most carbon dioxide, but if there is not enough present the strength would prob-
ably rapidly deterierate. When baking powder is dissolved, a small quanity of
starch gives a certain opacity te the solution but if it excess a paste may be
formed. In tartrate powders the percentage of starch varies from about ten te
twenty-five per cent, the average being about fourteen per cent. In powders con-
taining free tartaric acid there is a 1azger_peroentage, usually from forty te
forty-five per cent. In phesphate powders the percentage varies from about
twenty te twenty-five. The highest percentage is found is alum powders varying
from thirty to fifty-five per cent, the average being about forty. This prebably
causes the lewness ¢f the available carben diexide in these powders which theoret-
ically should yield the highest percentage.

I. Qualitative Analysis.
1. Manhattan Baking Powder.

The powder was dissolved in dilute hydrochleric acid and an imscluble
residue of starch or flour was left upon filtratien. It was tested with hydre-
chloric acid and hydregen sulphide for the following metals: silver, mercury,
lead, bisumth, cepper, cedinum, arsenic, tin and antimony. None of these metals
were present. No precipitate forming upon the addition of ammoniwm molybdate to
a small amount of the original solution indicated the absence of phoespheric acid.
Anmonium chleride was added to the solution, heated until it beiled, and then
ammonium hydrexide was added. A moderately heavy gelatinous precipitate formed

hich was filtered while hote. The filtrate may contain members of subsequent




groups of metals, and the precipitate may consist of hydroxides of aluminum,
chromium and iren, in case phosphoric acid is net Present; or, in case that it is
net present, it may contain the phosphates of magnesium, aluminium, chremium, iron,
zinc, manganese, coholt, nickel, barium, stroutium, and calcium.

The precipitate was washed into a test-tube and a few bite of sedium
peroxide were added. This was boiled until it ceased to effervesce. It was
divided into two portions, ene of which was tested for chormium, the other for
aluminum. Chremium was absent, but a gelatinous precipitate foerming on the addi-
tion of an excess of ammenium hydroxide, proved the presence of alwminum. Tests
were made which indicated the absence of iren, zinc, manganese, cobolt, nickel,
barium, stroutium, calcium,and magnesium. The filtrate from previocus groups was
evaperated to dryness, the residue moistened with hydrechleric acid, and tested
for potassium and sodium by the flame test. On leoking through a blue glass the
violet flame of the potassium shows, otherwise it was masked by the yellow flame.
Platinic chloride or sodium coboltic intrite also showed the presence of potassium
by the formation of a heavy yellew precipitate. In testing fer ammonia Nessler's
reagent (K3H3144NaOH) was used. Sodium carbonate was added te precipitate the
hydroxide of aluminum, chromium, er iren, and the filtrate tested with Nessler's
reagent. A yellowish solution formed, showing that enly traces, if any, of
ammonia were present.

In testing for acids, barium chloridé was added to some of the original
selution, a moderately héavy, fine white precipitate was thrown down. Fused with
sodium carbonate on charceal, sulpahtes are reduced to sulphides. If the mass is
moistened with dilute hydrechleric acid and palced on a silver cein it will stain
it black. The fact thet the precipitate obtained with barium chleride was insol-
uble in acids pointed to the fact that it was probably barium sulphate, which was
proven by the test on silver. Carbonie acid may be said to be present in all of
these powders as shown by the giving off of carbon dioxide when treated with acids.

Ne other acids present in this powder.

]




2. K. C. Baking Powder.

The same method of analysis used as before. Silver, mercury, lead,
bisumth, cepper, cedmium, arsenic, tin, and antimony were absent. Phosphoric
acid was found present by the ammonium molybdate test. A heavy, white, flecculent
precipitate was obtained with ammonium chloride and hydrexide which proved to be
aluminum hydreoxide. No other metals were present except sodium and potassium.

Phospheric and sulphuric acids were found to be present by the regular
tests. In testing for tartaric acid, sodium carbonate was added to the solutien
te precipitate the hydroexide of aluminum. Hydrechleric acid was added in ezcess
to the filtrate and it was evaporated to drive off the carbonic acid. The selu-
tion must remain acid after beiling, and ammonium hydroxide and calcium chleride
were added to it. A white precipitate formed which is tested with sodium hydrox-
ide. A thick precipitate formed and was filtered off. The filtrate was beiled
and a slight precipitate formed indicating tartaricacid. It was filtered while
het, washed inte a test-tube, a drop of ammonium hydroxide and some silver nitrate
added, and warmed. A black precipitate or 2 silver mirreor indicated tartaric acid.

3. Royal Baking Powder.

No metals present in this powder except potassium and sedium. Tartaric
acid was the only acid present.

4. Calumet Baking Powder.

A moderately heavy white precipitate of aluminum was formed with ammonium
chloride and hydrexide. Armonia was proved present by the formation of a heavy
brown precipitate with Nessler's reagent. Potassium and sedium were the only
other metals present. Sulphuric, phospheric and tartaric acids were present.

5. Shepard's Baking Powder.
Potassium, sodium, and aluminum were the only metals found present.

The precipitate of aluminum hydrexide was moderately heavy.  Sulphuric, phospheric

| and tartaric acids were present.
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| burner could be placed under it. This flask was the one in which the pewder was

| ¥, was attached to this flask, from F a tube passed into a small U tube, G, which

| abserbing tubes.

| came the abserbing tubes.

Alum was found in four of the five powders tested, though Manhattan was

the enly straight alum powder. K. C., Calumet, and Shepard's were alum and rhos~

phate powders, and Royal was potassium bitartrate powder. The alum present in
Manhattan was probably potassium alum as no ammonia was present. K. C. contained
more aluminum than any other powder examined. It alse contained a small amount of

tartaric acid. ‘
of ammonia was proved to be present.
II. Quantitative Analysis.
The apparatus, used in making quantitative determinations of the ameunt
ef carben diexide given off by each of the various powders, was Heidenbain's appa-

ratus with one or two slight modificatioens.

power of the powder

P

423

.

The apparatus censists of first, a soda lime tewer, A (lettered in the
sketch), which has an epening, B, near the bottem so air can pass up through the
soda lime, which meves the carbon diexide from it. Frem A a tube extended te, D,
a drepping fumnnel which passed into a flask, E,. The flask was supported so a

placed and acid from the funnel was allewed to act upen it. A small condenser,

contained a few pieces of calcium chleride, to cellect some of the water which passed

over through the cendenser. The next U tube, H, alse contained calcium chleride

for drying purpeses. The U tube, I, contained punice stone with dehydrated copper
sulphate en it, which was to prevent the passing of hydrechleric acid gas into the
Following this was anether U tube, J, of calcium chleride, then
The first absorbing tube was a U tube, K, containing
soda lime chiefly, but in the side towards L, some calcium chleride was placed.
The seceond absorbing tube, L, was & Geissler's bulb which centained potassium hy-

droxide. At the end ef this bulb, which passed into another U tube, M, was a

small tube containing soda lime which prevented the meisture escaping as air passed

The alum in Calumet was partially ammonium alum, as a large amount

This determination gives the leavening

|
|

e .




through the bulb. These two pieces of apparatus, K and L, were weighed before

and after each determination. After they had increased in weight about a gram,
the filling was changed in them. Next after the abserbing apparatus, there was
another small U tube, M, centaining calcium chleride, then a U tube, N, which con-
tained a small amount ef glycerine. This tube, N, was used as a trap by which

te tell whether the apparatus was air-tight, whether or net air was passing through,
and how rapidly it was passing through. A piece.of tubing cennected W with an
enpty bottle, O, which was connected with the aspirater, P. The mspirator was a
large bottle filled with water. The tubes in it were bent to form a sipher se
thatas the aii rassed through the apparatus inte the hottle, water was forced out.

The empty bottle was a safeguard against the water drawing back inte the apparatus,

The U tubes were filled as stated in the description ef the apparatus.

The punice stone was broken into small pieces, heated in a muffle furnace until

red-hot, and drepped into a saturated solutien of copper sulphate. It was dipped
out when it sank to the bottem and heated again in & furnace te 150 degrees C.,
kept at that temperature for about twe hours, allewed te ceel in a dessicater, and
then put inte a tube.

In making a determination, about two grams ef baking powder were weighed
cut frem a weighing bottle in te the flask, E. Next, the two abserbing tubes
were weighed and cennected with the apparatus. The drepping funnel was filled
with dilute hydrechleric acid.

The apparatus was tested to make sure that ail jeints were tight. The
powder is put in the flask and the condenser, F, started. The acid and water in

the funnel are allewed to drep very slowly se that the gas will noet be given off

471

teo rapidly te be absorbed. The water used in diluting the hydrechleric acid

should be made free from carben dioxide by boiling. When all the acid has been

' i 1 ir 1 enter. The tewer
let into the flask, the stop-cecks, C, is turned so ne air can e
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of soda lime, A, is now attached and B is opened. The liquid in the flask is
heated to beiling and kept at that temperature. When the carben dioxide is being
given off from the powdsr,‘it drives out air slowly so that the aspirater runs
slowly during this part ef the operatien. When ne more aidrasses N, the aspirator
is started with greater speed and when the water stops running, which it does when

all the air has been driven out of the apparatus, the stop-cock, C, is opened

cautiously. Air is allewed to pass through at not too rapid a rate, so that the
shert guard-tube en the potash bulb, centaining soda lime, will have time to
abserb the moisture from it, and net allew the tube teo lese in weight. This is
kept up until about three liters of water are aspirated away, with centinued beil-
ing ef the liquid in the flask throughout the entire eperatien. The operation is

stopped, the absorbing tubes remeved, capped, and weighed. The apparatus was

first tested with calcium carbonate to determine its accuracy. It was found to

give results that were slightly teco high.
Results.
1. Calcium carhbenate.
Weigﬁing bottle + CaCl; -14.1347 gm.

" 1 i :12. 7100 i
GaCOS used = l.4247 *

Wt. ef Geissler's bulb + CO05 = 61.7558
" " # = 61.2820
" " GO in Geissler's bulb . 4738

Wt. of U-Tube 4 CO5 = 35.5131
ok e R = 35,3561
" " COg in U-Tube = « 1570

Wt. ef COg in Geisslex!s bulb = .4738
SR e T S T 1570

Total wt. of CO, = .6308
By dividing 44 the melecular weight ef carben diexide by the molecular
A PR
weight ef calcium carbonate (100.1), the percentage of carbon diexide in calcium

| carbonate is obtained, which is .43956.
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Wt. of CaCOzx.43956=Wt. of CO
1.424%x.42956= gogns -~

This shews that the result obtained, .6308, is about .3 per cent tee

high.

2. Royal Baking Pewder.

Weighing bettle 4 pewder = 16.3904 .
it " - }‘4‘:—.2—060 i
Wt. of powder used = 23,1844 f
1T 4 b '(SS ] ~ 1. rEn ) ";:
e og Cel.nlcr g Lﬁlu + 003 = gg.é;é?
b C e \JOG L
f " COs in Geissler's bulbz .07386
Wt. ef U-tube + CO2 = 35.3669
] n 1 = éé. 1680
" " C05 in U-tube = <2049

¥t. ef COs in Geissler's bulb = .0736
" non " U-tube = ,2049
Tetal wt. of COg = .2785

Wte of CO2 + wt. of powder used, x 100 = percentage of CO-
1 ] &

2785 4 2.1844 = .12874 or 12.74% of COg

3. Manhattan Baking Pewder.

Weighing bettle 4 powder = 13.1035
g g P
: . = 11.0563
Wt. of powder used = 2.04723
63.2424

Wt. ef Geissler's bulb 4 COg
1 f n "

65,1517
n " COg in Geissler's bulb= «1107

0 ou

Wt. of U~-Tube + COp = 35.4936
1" 1

" - 35.3669

" " C0» in U-tube= « 1857
Wt. of CO5 in Geissler's bulb « .1107
il U L] " U-Tube = ,1387

n

(W3]
(03]
=

Total wt. 6f COp = .2

2364 + 2.0472 = .1105 or 11.05% of COp

4., X. C. Baking Powder.

Weighing bettle + powder = 18.8937
gL " = 10,7358
Wt. ef pewder used = 2.1579




Gelissler's bulb ¢ COB

1" n

" " COg in Ceissler's bulb=

.0
Wt. of U-tube ¢ COs = 30.8421
l ya e b = 30.7057
f " COs in U-tube= 1364
Wt. of CO5 in Geissler's bulb = .0515
t "o " U-tube = 13264 |
Total wi. of CO; = .1879 |
1879 + 2.1579 = .0870 or 8.7% of CO, !
[~
|
5. ©Bheperd's Baking Pewder. I
| ]
Weighing bettle # powder = 13.0881
ft "

11.1890
Wte of pewder used = 1.8981

Wt. of Geissler's bulb 4 COg = 63.3456
it n 1 ft = 63.8424

g " COs; in Geissler's bulb= ~ .1032
] 5
Wt. of U-tube 4 COs = 35.5451 ?
1 " " = 35.4926 ‘ f
L " COo in U-tube~ 0525
|
Wt. of CO, in Geissler's bulb = .1033 |
®  #ow ot Ulitube = ,0E25 i
Total wt. ef COy = .1557 ]
.1557 4+ 1.8991 = .0819 er 8.19% of COp |
| 2 |
6. Calumet Baking Pewder. |
i
Weighing bettle + powder = 13.9146
" " = 11.8239
Wt. of pewder used = 2.0907
Wt. ef Ceissler's bulb + COg = 61.2601 ‘ j
" " ] f = 61.2085 3 i
o) Ll anl) ‘ .
f " COs in Geissler's bulb= .0686 ‘ -
|

Wt. ef U-tube + COz = 30.9326 ;
okl e 30.8421 | |
COp in U-tube=  .0905 |

L]

-
=
=

Wt. ef COg in Geissler's bulb = .0626
B o EThctube = .0905
Tetal wt. of COs = +1631 '

1 + 2.0907 =.0732 or 7.32% of COg



