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As part of a program for the extended utilization of products from corn, a systematic
study was made of the preparation of saccharic acid by the nitric acid oxidation of corn

sugar.

trose with 4 moles of concentrated nitric acid at 55° to 75° C. for 1 hour.

Saccharic acid can be prepared in a yield of 41% by oxidizing 1 mole of dex-

After the re-

moval of saccharic acid as its insoluble potassium acid salt, the by-product sugar acids
formed in the oxidation may be converted to oxalic acid in a yield of 449 of theory.
For this purpose nitric acid and vanadium catalyst are employed. Saccharic acid, if
available at sufficiently low cost, would be an important addition to the list of organic

acids now being used in industrial processes.

Preliminary work has shown saccharic acid

to be particularly effective as a sequestrant for metal ions in alkaline solutions. As
saccharic acid is nontoxic, it also has potential value for application in the food industry.

SACCHARIC acip, if available at
sufficiently low cost, would be an
important addition to the expanding list
of organic acids now being used as raw
materials in manufacturing processes.
In sirup form or as the crystalline mono-
lactone it is a potential substitute for
citric, tartaric. lactic, and gluconic acids
in the food acid field. Several of its
salts have found use in therapeutics (75,
78), but the industrial possibilities of
others have not vet been investigated.
Potassium acid saccharate, which is
stable to moisture, might well supple-
ment potassium bitartrate as an acidifier
in baking powder. It also has potential
value as a retarding agent for metallic
mordants in the dyeing of textiles and as a
sequestrant in cleaning cormnpositions.
Although saccharic acid has been pre-
pared from many carbohydrate com-
pounds by oxidation (2), only starch and
dextrose have the combination of favor-
able chemical structure, availability, and
low cost to make them practical raw
materials for such a conversion. Pre-
vious methods for preparing saccharic
acid from these substances by oxidation
with nitric acid have involved long pe-
riods of time for completion of the reac-
tion and the use of relatively weak nitric
acid (5-7, 9. 70. 13). The vields re-
ported have varied from several per cent
to a maximum of 459, obtained by
Haworth and Jones (9) in 1944, Ap-
parently, however, no systematic study
was ever reported with the view of dis-

closing optimum conditions for its produc-
tion.

The present investigation was under-
taken to determine the effect of time,
temperature, and concentration of dex-
trose and nitric acid on the yield of
saccharic acid. Conditions were also
found for the efficient oxidation of the by-
product sugar acids to oxalic acid. The
course of the oxidations was also studied.

Oxidation

In the conversion of dextrose to sac-
charic acid it is necessary to oxidize the
terminal groups of the former as illus-

produce brown oxides of nitrogen which
initiate the oxidation. All of the dex-
trose was then introduced over a period
of 15 to 20 minutes.

Systematic experiments were con-
ducted using from 2 to 8 moles of nitric
acid per mole of dextrose. The acid
concentration was varied from 20 to
909, the reaction time from 15 minutes
to 10 hours, and the temperature from
45° to 95° C. Saccharic acid was con-
veniently separated from the oxidation
mixture as its crystalline potassium acid
salt, which was obtained in an exception-
ally pure condition. Maximum re-
covery of this compound was achieved

trated in Equation 1. when the oxidation liquor was first neu-
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Reaction of the secondary alcohol groups
also occurs to a great extent (7, 77), how-
ever, with a corresponding lowering of
the yield of the desired product.

A standard procedure was developed
in which dextrose was added gradually to
nitric acid in a three-necked flask fitted
with a liquid-sealed stirrer, thermometer,
and reflux condenser. Simultaneous
agitation and external cooling allowed
more rapid addition of the dextrose and
ready control of the reaction. In each
experiment a small amount of sodium
nitrite first reacted with the nitric acid to
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tralized with an excess of potassium hy-
droxide solution to convert the saccharo-
lactone-saccharic acid mixture to potas-
sium saccharate. Potassium acid sac-
charate was then precipitated by adjust-
ing the slightly alkaline solution to pH
3.4 with nitric acid. Oxalic acid, a by-
product of the reaction, was isolated
quantitatively as its calcium salt by the
addition of calcium chloride to the final
mother liquor. The calcium oxalate
was precipitated at pH 2.5 to prevent
contamination with calcium salts of
other by-product acids which separate
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from solutions of higher pH. The yield
of oxalic acid dihydrate was calculated
from the weight of calcium oxalate ob-
tained. The experimental data are pre-
sented in Table I.

Optimum Conditions

The optimum temperature for the
reaction, with 709 nitric acid, was 55°
to 75° C. as illustrated in Figure 1. The
optimum concentration of nitric acid
was 60 to 709, when a 4 to 1 mole ratio
of acid to dextrose was employed (Figure
2). The use of acid concentrations be-
low 509, at temperatures of oxidation of
55° to 95° for 1 to 10 hours produced
inferior yields of potassium acid sac-
charate. Figure 3 shows the effect of the
mole ratios of the reactants at 55° to
60° C.; the yield of potassium acid
saccharate reached 419, when the mole
ratio of 709, nitric acid to dextrose was
4 to 1. Increasing the ratio did not
affect the vield of product appreciably.
Periods of oxidation longer than 1 hour
were not markedly effective (Figure 4).
Anhydrous dextrose and dextrose hydrate
gave approximately the same results
under analogous conditions of oxidation.

Several experiments were conducted in
which the temperature of the reaction was
maintained at 55° to 65° C. for 20
minutes and then allowed to rise spon-
taneously to 90° C. for another 30
minutes (Table I). In general, this
procedure did not improve the yield of
the desired product.

On the basis of these results the follow-
ing procedure for the preparation of
saccharic acid was adopted. This
method has repeatedly given vyields of
40 to 439, of the theoretical (74).

In a 500-ml.
three-necked
flask (ground-
glass joints) fitted with a mechanical
liquid-sealed stirrer, thermometer, and
reflux condenser is placed 128 ml. (2
moles) of 709 nitric acid. The acid is
heated to 60° C. with constant stirring,
0.1 gram of sodium nitrite is added, 99
grams (0.5 mole) of dextrose hydrate is
then introduced over a 20-minute period,
and the temperature is maintained at
55° to 60° C. by means of external
cooling with cold water. The reaction
is allowed to continue at this temperature
for 1 hour. The oxidation mixture is
then cooled to room temperature and
459, potassium hydroxide solution is
gradually added with stirring to obtain a
pH of at least 9 and a temperature of
60° to 80° C. After cooling to 20° C.
the solution is adjusted to pH 3.4 with
709% nitic acid. Crystallization of
potassium acid saccharate begins immedi-
ately. The mixture is allowed to stand
overnight at room temperature and the
precipitate is collected by filtration.
After being washed free of mother
liquor with a minimum of cold water, the
product is dried at 50° C. The potas-

Preparation of Potas-
sium Acid Saccharate
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sium acid saccharate weighs 51 grams
and is 99.2% pure. Yield is 419, of
theory.

Analysis Calculated for CgHOK.
Neutralization equivalent, 248; K, 15.7.
Found. Neutralization equivalent, 250;
K, 15.6.

Saccharic Acid and Saccharolactone

In the commercial production of tar-
taric acid from potassium bitartrate the
first step is the conversion of the latter
compound to insoluble calcium tartrate
by the addition of calcium chloride and
lime (&). This simple and inexpensive
procedure was applied directly to potas-
sium acid saccharate for the prepara-
tion of calcium saccharate from which
saccharic acid and saccharolactone were
subsequently made. The following equa-
tions illustrate these reactions:

ZKHCeHgoa + CaCl2 + CaO + 8H20 —_
(2)

Z(CaCeHsOg-4HQO) + 2K Cl + H2O

C3C5H503.4H2O + HQSO4 —
CeHpOs + CaSO; + 4H,O (3)

Two hundred and forty-eight grams
(1 mole) of potassium acid saccharate
was suspended in 500 ml. of water at
35° C. with continuous stirring and 56

grams (0.5 mole) of calcium chloride in
solution in 100 ml. of water was added.
A slurry of 39 grams (0.5 mole) of USP
calcium hydroxide in 20 ml. of water was
next introduced and the temperature of
the reaction was maintained at about
40° C. for 1 hour. The calcium sac-
charate precipitate was removed by
filtration, washed with water, and air-
dried overnight. A vield of 312 grams
(979 of theory) was obtained. Analysis
showed the presence of 12.69, calcium.
The calculated amount of calcium in
calciumsaccharate tetrahydrate is 12.59%,.

A slurry of 640.5 grams (2 moles) of
calcium saccharate tetrahydrate in 1200
ml. of water was gradually added to a
stirred solution of 204.6 grams (2 moles)
of concentrated sulfuric acid in 1250 ml.
of water. After 1 hour the pH of the
mixture was 1.4, The precipitated cal-
cium sulfate was removed by filtration
and washed with hot water. The com-
bined filtrate and washings were concen-
trated in vacuo to about 1500 ml. and
deposited calcium sulfate was filtered off.
The filtrate was analyzed for calcium and
sulfate ions. Calculated amounts of
oxalic acid and barium hydroxide were
then added to remove the soluble cal-
cium sulfate as insoluble calcium oxalate
and barium sulfate. The filtrate from

Table l. Effect of Reaction Variables on Yield of Potassiuvm Acid Saccharate
and Oxalic Acid
Weight % (Based on

Dextrose Used) Potassium
o Yield, Acid

Nitrje Nitric Acid Oxidation oxalic Saccharote

Acid/Dextrose Concn., Time, Temp., Reducing acid Yield, %

Mole Ratio Weight % hours °C. power® dihydrate of Theory
4 50 1.0 60-65 o 2.8 35
8b 50 0.7 70-75 27.2 oL 44
4b 60 '0.3] 55-65 L o g
[0.5] 65-90 25 .4 3.9 43
4 62 (tech.) 1.0 60-65 24.5 3.0 43
3 70 1.0 55-60 . 1.8 28
3,56 70 1.0 55-60 2.1 32
4 70 1.0 85-90 31.9 . 20
45 70 1.0 75-80 25.7 4.9 38
4b 70 1.0 70-75 26.6 4.1 40
4> 70 5.0 70-75 15.3 10.1 41
45 70 1.0 65-70 28 .2 4.4 44
4b 70 1.0 60-65 25.7 3.3 43
4¢ 70 1.0 60-65 25.9 2.9 43
4d 70 1.0 60-65 26.5 3.3 44
4 70 0.3 55-60 1.6 25
4 70 1.0 55-60 26 .7 1.9 41
4 70 2.5 55-60 43
4 70 5.0 55-60 24 .0 6.6 44
5 70 1.0 55-60 27.2 3.3 43
6 70 1.0 55-60 29.0 3.5 46
7 70 1.0 55-60 29.0 4.6 43
8 70 1.0 55-60 28 .1 5.1 44
4¢ 70 1.0 55-60 1.3 . 91
4 70 1.0 45-50 27 .4 3.2 37
4 70 5.0 45-50 24.7 6.5 44
4 80 1.0 55-65 34.0 3.5 39
4 90 1.0 55-65 31.7 3.3 35

The experiments were run with 0.25 to 0.75 mole of dextrose.

Commercial dextrose

hydrate was used unless otherwise noted. Its purity was determined by optical rotation and

was at least 99.5%,.

@ Reducing substances in oxidation mixture calrulated as dextrore.

v Cominercial anhydrous dextrose (99.9% purc).

¢ ¢.p. anhydrous dextrose.
? Glucono-A-lactone.
¢ 3 6-Saccharolactone.
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acid saccharate

Reactants.

Reaction time. 1 hour

these preciptates was a solution of prac-
tically pure saccharic acid of about 209
concentration.

This solution was further vacuum evap-
orated to a thick light amber colored
sirup which contained about 85%, sac-
charic acid. Seeding the sirup caused a
thick mass of saccharolactone to crystal-
lize. After several hours the lactone was
triturated with ethyl alcohol and isolated
by filtration. It was washed with abso-
lute ethyl alcohol and air-dried when it
weighed 310 grams (819 of theory) and
melted at 130°~132°.  Analysis by titra-
tion with standard alkali showed 949, of
the product to be saccharolactone.

No doubt it is a mixture of 3,6-sac-
charolactone (melting point 149°) and
1.4-saccharolactone (melting point 98°)
(77) in which the former substance pre-
dominates.

By-Products of the Oxidation

The potassium acid saccharate
mother liquor was adjusted to
pH 2.5 with hydrochloric acid
and treated with 5 grams of calcium
chloride at 60° to 70° C. After digest-
ing for several hours, the calcium oxalate
was filtered off, washed with water, and
dried in vacuo at 140° C. A yield of 2.6
grams was obtained, which calculates as
2.99% of oxalic acid dihydrate when
based on the weight of dextrose used.
Analysis of the product showed the pres-
ence of 30.09; calcium. Theory for cal-
cium oxalate is 31.39.
. Three hundred and sixty
L-Tartaric
Acid grams (2 moles) of .anhy—
drous dextrose was oxidized
with 511 ml. (8 moles) of 709 nitric acid
under the conditions previously de-
scribed. The potassium acid saccharate
was precipitated and removed by filtra-
tion. The filtrate was treated with 40
grams of anhydrous calcium chloride and
then neutralized o pH 9 with calcium
hydroxide. The brown calcium salts
that precipitated were filtered off, washed
with water, and dried at 60° C. The

Oxalic
Acid

4 moles of 70% nitric acid per mole of dextrose

potassium acid saccharate

Reactants.
Reaction temperature.
Time. 1 hour

mixture weighed 125 grams. The solu-
tion of organic acids formed from the
calcium salts by acidification with the
equivalent amount of sulfuric acid was
filtered from calcium sulfate and concen-
trated in vacuo to a thick sirup. This
was leached four times with 175-ml. por-
tions of hot anhydrous ethyl acetate and
the amorphous residue was further ex-
tracted in a Soxhlet apparatus for 5
hours. The combined ethyl acetate
solutions were concentrated in vacuo to a
thick sirup which was extracted with
boiling ether. When the ether solution
was evaporated, a residue of 15 grams of
dark sirup was obtained.

To 2.0 grams of the dark sirup dis-
solved in 60 ml. of water was added 12.5
grams of brucine. The mixture was
heated on the steam bath for 4 hours
when solution occurred. The solution
was concentrated to dryness and the
residue dissolved in 100 ml, of hot 959
ethyl alcohol. After cooling for several
minutes, the supernatant liquor was
decanted from deposited oil. The clear
liquor was treated with activated carbon
and concentrated in vacuo to a yellow
glassy solid. Repeated crystallization
of this material from ethyl alcohol gave
0.1 gram of a product which melted at
245°-246°. Itwasidentified as brucine-
L-bitartrate by its melting point (72), a
mixed melting point with an authentic
sample and elementary analysis.
5-Ketogluconic Ninetygrams(0.5mole)
Acid of anh}./d.rous d.extrose

was oxidized with 128
ml. (2 moles) of 709, nitric acid for 1
hour at 60° C. (7). The solution was
cooled and after the addition of 150
grams of sodium acetate trihydrate and
30 grams of anhydrous calcium chloride
dissolved in a minimum of water, the
reaction mixture stood at room tempera-
ture for 40 hours. The crude calcium-5-
ketogluconate that deposited was col-
lected and treated with hydrochloric
acid, and the resulting solution was
decolorized with carbon. By adjusting
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4 moles of nitric acid per mole of dextrose
55°-60°

the solution to pH 1.5 with ammonium
hydroxide a small amount of calcium
oxalate precipitated, which was removed
by filtration. The colorless filtrate was
neutralized to pH 4.7 with ammonium
hydroxide and calcium-5-ketogluconate
crystallized rapidly. After several hours
the product was removed by filtration
and recrystallized as before. Five grams
of white product was obtained. (Yield
was 5% of theory.) An analysis showed
the presence of 8.59%, calcium. The
theoretical amount of calcium in calcium-
5-ketogluconate trihydrate is 8.3%.

A solution formed by treating 1.0357
grams of the product with 1 ml. of 6 ¥
hydrochloric acid and diluting to 25 ml.
with water had a specific rotation of
—14.1° when calculated as the free acid.
The value reported by Barch (7) is
—14.43°,

Oxadlic Acid from Potassium Acid
Saccharate Mother Liquor

The potassium acid saccharate mother
liquor from the nitric acid oxidation of
dextrose contains by-products which in-
clude 5-ketogluconic, tartaric, and oxalic
acids, approximately equivalent to 599
of the dextrose used. It is impractical
to separate these acids individually.
Most of them, however, can be oxidized
with nitric acid to produce commercially
valuable oxalic acid in relatively high
yield. Conditions favorable to such a
conversion comprise the use of vanadium
catalyst and careful temperature control
(3, 4, 76, 19).

The oxidation of the potassium acid
saccharate mother liquor was most effec-
tively carried out using a mole ratio of
609 nitric acid to by-product acids (cal-
culated as dextrose) of 5 to 1, 0.0059,
vanadium pentoxide, and a temperature
of 40° C. for 30 hours.

In a typical run, the mother liquor of
the potassium acid saccharate precipitate
from the oxidation of 2 moles of dextrose
with 8 moles of 609 nitric acid was
treated with concentrated nitric acid to

1953
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obtain a pH of 1. The by-product
organic acids were thus liberated from
their potassium salts with the formation of
potassium nitrate. The solution was
concentrated in vacuo to approximately
one half its volume to crystallization of
potassium niwate. After cooling, the
latter was separated by filtration, washed
with a minimum of cold water, and dried
at 50° C. when it weighed 203 grams
(609, recovery). The combined filtrate
and washings were then concentrated in
vacuo to a brown sirup which was cal-
culated to contain by-product sugar acids
equivalent to 1.24 moles of dextrose. To
this sirup was added 478 ml. of 609 nitric
acid (6.20 moles) to obtain a total volume
of oxidation mixture of 690 ml. Vana-
dium pentoxide amounting to 0.035 gram
was then introduced to the oxidation
mixture and the whole was stirred and
kept at 40° C. for 30 hours. During the
oxidation oxalic acid dihydrate crystal-
lized from solution. After cooling to
10° C. for 2 hours and to —10° C. for 1
hour the oxalic acid was isolated by
filtration and washed with cold water.
The white product was air-dried over-
night and weighed 209.5 grams. It had
a purity of 919, as oxalic acid dihydrate.
The filtrate contained 14.8 grams of
oxalic acid dihydrate which could be re-
turned to the process. The total amount
of oxalic acid produced was thus 449, of
theory based on 1.24 moles of dextrose or
259, based on original dextrose.

Course of the Oxidation

The nature of the principal consecutive
reactions that occurred in the inital
oxidation was established by comparing
the yields of potassium acid saccharate
and by-product oxalic acid and the
reducing values of the mixtures obtained
by the oxidation of dextrose and glucono-
A-lactone (Table I). This information
was supplemented by the isolation of the
by-products L-tartaric and 5-ketogluconic

40

30r/
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YIELD , PER GENT
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Figure 4. Effect of reaction time on yield of potassium acid saccharate

TE ST L
TIME , HOURS -

Reactants, 4 moles of 70% nitric acid per mole of dextrose

Reaction temperature. 55°-60°

acids as their brucine and calcium salts,
respectively.

The probable extent of saccharic acid
recovery is indicated by the precipitation
of 889, of potassium acid saccharate
from a synthetic mixture containing
known amounts of potassium nitrate, and
5-ketogluconic, L-tartaric, oxalic, and
saccharic acids. Potassium acid sac-
charate was also isolated in 919 yield
from an unsuccessful attempt to oxidize
saccharolactone under the conditions
found to be optimum for conversion of
dextrose to saccharic acid (Table I, °).
While yields of 439, of potassium acid
saccharate were actually isolated, this
probably represents but 909 of what
was present in the oxidation mixture.
Oxalic acid was precipitated quantita-
tively as its calcium salt from the above
synthetic mixture.

Total reducing power was estimated
on a suitable aliquot of the oxidation mix-
ture by the Munson-Walker method, the
cuprous oxide formed being determined
by permanganate titration (20). Since
total reducing power would include both
unreacted dextrose and its oxidation
products, an independent analysis for
true dextrose was conducted. The cal-

cium salts of the organic acids were first
precipitated with 809, ethyl alcohol and
the dextrose was determined in the fil-
trate, after removal of ethyl alcohol by
vacuum evaporation. No dextrose was
found in the reaction mixtures produced
under the best conditions for saccharic
acid production. Thus, the reducing
power observed is a measure only of the
keturonic acids and other reducing sub-
stances formed. Reducing power was
conveniently calculated as dextrose.
For comparative purposes, reducing
power calculated as dextrose and the by-
product oxalic acid were reported in
Table I as weight per cent of the dextrose
used.

Theoretically, 3 moles of nitric acid are
required for the oxidation of dextrose to
saccharic acid. However, under the
optimum conditions for producing sac-
charic acid, a portion of the nitric acid
also oxidized secondary alcohol groups to
keto forms. Oxidative fission and nitra-
tion reactions (7) accounted for more of
the oxidant, so that at least 4 moles of
nitric acid were required to obtain maxi-
mum yields of saccharic acid.

The experimental data indicate that
the oxidation followed the course

Dextrose — glucono-A-lactone

Figure 3. Effect of mole ratio of 70% nitric acid to dextrose on yield of potassium 7 N\

/tartaric :
acid saccharate saccharic acid

keturonic acids
N

oxalic ac

Reaction temperature. 55°-60°

Time. 1 hour

Evidently the first reaction was the
R e e rapid conversion of dextrose to glucono-
' ' A-lactone, as the latter was oxidized to
saccharic acid (Table I, %) in a yield
almost identical to that obtained with
dextrose under similar conditions (Table
I, ©). Likewise, a comparison of the
reducing values of their reaction mix-
tures shows nearly analogous rates of
oxidation of the secondary alcohol
groups. Oxalic acid formation in both
cases was approximately the same. The
second reaction consisted of the simul-
taneous oxidation of glucono-a-lactone
to saccharic and keturonic acids. Prac-
tically all of the saccharic acid was
formed from dextrose in 1 hour with the
production of only a slight amount of

a0

YIELD , PER CENT

'20_,;,_ ST T R 8 9
~ MOLE RATIO OF NITRIC ACID TO DEXTROSE
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carbon dioxide. The fact that very little
carbon dioxide was evolved indicated
that essentially all of the dextrose that
had not been oxidized to saccharic acid
had been converted to keturonic acids.
Oxidation with 709 nitric acid at 55° to
60° C. for 5 hours did not affect the yield
of potassium acid saccharate appreciably.
The stability of saccharic acid toward
further oxidation is shown in Table I, °.
Of the keturonic acids only 5-ketoglu-
conic acid could be isolated and identi-
fied. The presence of oxalic and L-tar-
taric acids, however, shows that early
oxidative degradation of the keturonic
acids had occurred. Longer periods of
reaction at higher temperatures (Table I)
increased this degradation, as is evi-
denced by the increase in oxalic acid
formation and the decrease in reducing
value of the oxidation mixture. A con-
siderable quantity of carbon dioxide also
was produced during the latter oxida-
tions.

The course of the nitric acid oxidation
of the by-product sugar acids in the
potassium acid saccharate mother liquor
was changed by the use of vanadium
catalyst. Apparently the oxidation was
directed toward the keto groups in the
sugar acids (7) with cleavage at such
points to produce acids of lower molecu-

lar weight together with carbon dioxide
and eventually oxalic acid. Oxidative
degradation of oxalic acid also occurred
to some extent.
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FOOD ANALYSIS
Detection of Ethylvanillin in Vanilla Extract

H. L. JANOVSKY and A. S. FILANDRO
Virginia Dare Extract Co., Brooklyn 32, N. Y.

ASIMPLE METHOD of detecting the
addition of ethylvanillin to pure or
imitation vanilla extract has long been
desired. Several more or less adequate
methods have been devised, but each
has its drawbacks.

The most widely used of these pro-
cedures is probably the Chenoweth
peroxide test (2). Utilizing readily
available reagents, this color test takes
about 45 minutes [after the usual ex-
traction procedure of the Association of
Official Agricultural Chemists (7)]. The
time and temperatures used are critical,
and even slight deviations from the pro-
cedure may inhibit proper color develop-
ment. The need for a more reliable
method has been felt by analysts. The
Gailey chromatographic method (3)
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to perform. Another test frequently
referred to is the Nechamkin copper-iron
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three special reagents to obtain a color
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The present test requires only one

reagent, alkaline 19, p-aminophenol
solution.
Procedure

The unknown is extracted with ether
according to the usual AOAC method (7).
The vanillin-ethylvanillin fraction is dried,
preferably over sulfuric acid, and a 19,
alcoholic solution is made. To 2 ml. of
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A 1 plus 1 mixture of vanillin and ethyl-
vanillin will give an intermediate shade.
Mixtures containing considerably less
than 509, ethylvanillin do not give
enough distinction to be of much prac-
tical value.

It is important that the p-aminophenol
reagent be freshly prepared, as it is
rapidly oxidized to dark-colored prod-
ucts, especially in alkaline media. The
reagent should be prepared in a full
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container, and air excluded as much as
possible.

Interfering substances are removed
by the usual AOAC extraction (7).
Coumarin and heliotropin are among the
substances normally present in imitation
vanilla, which give this color reaction
with p-aminophenol. Both these com-
pounds are eliminated during the ether
extraction and hence give no difficulty.

A known coutrol should be run for
color comparison purposes, especially
where a mixture of vanillin and ethyl-
vanillin is suspecred.
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