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Recent studies of plant gums and plant tissueshave resulted in
the identification of an increasing number of polysaccharide-uranic
acid complexes. On hydrolysis the polysaccharides often yield
several different sugars as well as an aldobionic acid unit. Usually
the aldobionic acid consists of a hexose sugar in combination with
a uranic acid, although aldobionic acids containing pentose have
been found. To date, glycuronic and galacturonic acids are the
only uranic acids which have been identified in these groupings.
The only recognized variation has been that in some cases the
uranic acids occur in methylated form. Methoxyglycuronic acid
hasbeen found by Anderson and Otis (1) in mesquite gum. Methylated uranic acids have also been found in cherry gum by Butler
and Cretcher (2) and in the gum from lemon trees by Anderson
and Russel (3).
Quince seed mucilage affords an additional example of the
natural occurrence of methoxyuronic acids. As was suggested
by Schmidt (4) and more definitely shown by Kirchner and Tollens (5), quince seed mucilage is a complex of a cellulosic fraction
with a more readily hydrolyzed polysaccharide. The linkage is
not easily broken by the action of dilute acid or alkali at room temperature, but hot dilute acid liberates reducing sugars, cellulose,
and “a gum” (5). In the present investigation the decomposition
products found after hydrolysis with 0.5 N sulfuric acid were inorganic salts, about 33 per cent of the cellulosic residue, a small
amount of arabinose, and a mixture of aldobionic acids-a mixture composed of methylated and unmethylated hexuronic acids in
combination with xylose. The simplest interpretation of the
Zeisel analysis would indicate the presence of 72 per cent of a
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monomethylated
and 28 per cent of an unmethylated
hexuronic
acid.
The occurrence of xylose-uranic
acid complexes has already
been reported for several gums of hemicellulosic origin.
Anderson
and Kinsman (6) have found a xylose-glycuronic
acid unit in the
hemicellulose of cottonseed hulls; Sands and Gary (7) found xylose
linked with uranic acid in the hemicellulose of mesquite wood; and
Preece (8) isolated a xylose-uranic acid complex from boxwood.
EXPERIMENTAL

Preparation of Quince Seed Gum-The
quince seeds used were
classified as Cydonia vulgaris and were of Persian origin.
For the
preparation of the gum the seeds were first extracted with alcohol
and with ether, or with 50 per cent alcohol-ether.
Subsequently
500 gm. were treated with 3 liters and then with 1 liter of water,
during a total period of 24 hours.
The resultant mucilage was
drained from the seeds on a Buchner funnel and filtered through
cloth. The gum was precipitated with several volumes of alcohol,
dehydrated with alcohol and acetone, and pressed in a hydraulic
press. The neutral gum is readily soluble in water and contains
about 6 per cent ash, 25 per cent SiOZ, 15 per cent Rz03, 16 per
cent CaO, and 8 per cent MgO, with a considerable amount of.
phosphate.
The ash also gives a strong flame test for potassium.
To obtain a gum with less ash, precipitation was carried out in
a solution containing about 1 per cent hydrochloric
acid. The
coagulum was collected, dissolved in dilute alkali, and again
precipitated from a slightly acid solution.
The dehydrated acidic
gum was no longer soluble in water except with the addition of
dilute alkali.
The carefully washed gum had a neutralization
equivalent corresponding to the uranic acid content as estimated
by the Lefevre carbon dioxide method (9). When the gum was
prepared by precipitation
in an acidified solution, it was possible
to separate arabinose and a more soluble gum fraction from the
concentrated
liquors; this more soluble gum contained about 30
per cent uranic acid and 52 per cent pentose.
No study was made
of the supernatant liquor from the neutral gum.
While the conversion of uranic acid to COZ is ordinarily considered quantitative,
the occurrence of a met,hoxyuronic
acid introduces an undetermined factor in relation to the yield of COZ
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and of furfural.
Moreover, the lack of quantitative
methods for
the estimation of xylose makes impossible a countercheck against
the furfural
determinations.
In the absence of more precise
knowledge, it was assumed that the conversion of methoxyuronic
acid to COz is quantitative,
and the CO2 value was regarded as
21.1 per cent of the weight of the methylated uranic acid. In all
analyses the sample was heated with 2 per cent hydrochloric
acid
to decompose any carbonates.
The standard values for the yield
of furfural from uranic acid were used (10).
TABLE

Analytical

Values

I

for

Quince

-

Gum
Acidic

CH,O ........................................
CHO
(iodine
titration).
......................
Uranic
acid (titration
with 0.1 N NaOH) ......
CO? ..........................................
Uranic
acid (calculated
from CO?) ............
Pentose
(furfural
corrected
for uranic
acid).
Ash ..........................................
Cellulose
.....................................
Total........................................
Elementary

analysis:

C 42.43,

..

_

gum

Neutral

@.~rn

per cent

per cent

3.3
1.4
26.1
6.0

2.9

27.8
33.0
2.0
33.0

26.0
31.0
6.0
33.0

95.8

96.0

5.6

H 6.25.

A Zeisel determination on the neutral gum gave a methoxy content of 2.9 per cent. There was no ready removal of the methoxyl
group from the gum or from the aldobionic acid by dilute alkali
under the conditions described by Ehrlich (11) for the hydrolysis
of methyl esters found in pectin.
The neutral gum gave no test
for the presence of acetyl groups.
Both of these tests were made
as a check against the possible presence of appreciable amounts of
pectin from the fruit pulp.
Table I shows the analytical results.
Hydrolysis
of Quince Gum with 0.5 N HzS04-The
quince gum
was allowed to stand some hours in 30 times its weight of water.
After the addition of sulfuric acid to a concentration
of 0.5 N,
the solution was refluxed for about 10 hours until little further
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increase in optical rotation was observed. For a solution having
an initial observed angle of (Y = +0.50”, the observed angle
reached the value of t-1.64” in 12 hours.
At the end of the hydrolysis there remained a bulky residue
representing about one-third of the dry weight of the gum.
Kirchner and Tollens (5) reported 34 per cent of a cellulosic residue, about half of which was soluble in Schweitzer’s reagent. The
residue obtained in the present investigation had an elementary
composition corresponding closely to C6H100b. Calculated, C44.47,
H 6.17. Found, C 43.78, H 6.44. About 28 per cent of the
residue was removed as /3- and r-cellulose by the action of 17.5
per cent NaOH; most of this was reprecipitated by acetic acid.
The residual cY-cellulose was hydrolyzed by the method of MonierWilliams (12) with a 78 per cent yield of crystalline glucose. The
glucose was identified by rotation and by the preparation of
glucosazone.
Hydrolysis of the gum at room temperature with 75 per cent
sulfuric acid for 5 days left, after dilution, 41 per cent of a black
residue. A calcium salt of the aldobionic acid and a crystalline,
acetone-soluble osazone with a melting point of about 160’ were
prepared from the supernatant solution.
The yields were lower
than those obtained on hydrolysis with dilute acid.
Barium and Calcium Salts of the Aldobionic Acid Fraction-The
hydrolysate obtained with 0.5 N sulfuric acid was neutralized with
calcium carbonate or with barium hydroxide and barium carbonate. After the removal of sulfate, the salt of an aldobionic acid
was precipitated by the addition of alcohol to the concentrated
aqueous solution.
Analyses of either the barium salts or the calcium salts corresponded quite closely to the values for an aldobionic acid containing 1 mol of a hexuronic acid in combination
with 1 mol of pentose. However, the methoxy values for both
salts indicated about 72 per cent of a monomethylated
aldobionic
acid admixed with 28 per cent of a similar unmethylated
acid.
Before analysis the salts were repeatedly reprecipitated, with the
use of methyl or ethyl alcohol. Hence, it would seem that the
salts represented a mixture of rather constant composition and
that the separation of methylated and unmethylated
acids would
require a large amount of material.
An aqueous solution of the calcium salt had a specific rotation
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of [cY]~ = +63”; the acidified solution had an initial rotation of
[a], = +64’ (calculated on the weight of calcium-free material)
and showed no mutarotation
in 24 hours.
The analytical values
shown in Table II were obtained.
1 gm. of the aldobionic acid (obtained by treating the calcium
salt with the calculated amount of oxalic acid) was oxidized with
nitric acid under standard conditions for determining mucic acid.
No mucic acid was obtained even after seeding the solution, and
no potassium
acid saccharate was identified.
This failure to
identify either mucic acid or potassium acid saccharate in any of
TABLE

II

Analysis of Barium Salt
Mol. wt. = 807. 72 per cent (cH~oC~~H~~O~~)~B~
28 “ ‘I
(CJLTOJZ Ba
Calculated
pev

CHsO. . . . . . . . . .
.. .
..
.
..
. ..
CHO . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
..
co2 .
. .. ... . .. .. ... ... ... .. .. . .. ..
Uranic acid....................................
Pentose*......................................
Ba............................................

cent

5.5
7.2
10.88
50.7
37
16.8

Found
per

cent

5.5
7.8
10.7
49.7
32
17.1

On
* 0.2076 gm. of Ba salt gave 0.0950 gm. of furfuralphloroglucide.
the basis of the COa determination
this sample contained 0.1038 gm. of
uranic acid, which would give 0.0346 gm. of furfuralphloroglucide
(10).
The corrected weight of furfuralphloroglucide
was 0.0604 gm., or the equivalent of 0.066 gm. of pentose.

the nitric acid oxidations of the whole gum or various fractions of
the gum is similar to the experience of other investigators (4,
13, 14).
Identijication of I-Arabinose in Hydrolysis Mother Liquors
The supernatant liquors from the precipitation of the aldobionic
acid salts were concentrated to dryness, and the dry residue extracted with 95 per cent alcohol. The alcohol-soluble material
gave a negative Seliwanoff reaction for ketoses. Diphenylhydrazine was used for the quantitative precipitation of arabinose from
an aliquot portion of the alcoholic extracts. The yield of arabinose
determined in this manner was 2 per cent of the dry weight of the
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gum. The benzylphenylhydrazone
melted at 172” and caused no
lowering of the melting point when mixed with a known sample of
I-arabinose benzylphenylhydrazone
(15). The specific rotation
of this hydrazone was [cx]: = - 15.9” in a 50 per cent methyl
alcohol-pyridine
solution.
A iurther yield of low melting hydrazone was obtained bydiluting the filtrates; however, only the arabinose hydrazone could be
No galactose was identiidentified in the recrystallized product.
fied in this manner and no mucic acid could be identified in the
nitric acid oxidations.
Various furfuralphloroglucide
precipitates were examined for
the presence of alcohol-soluble methylfurfural
compounds, but
these were not found.
Hydrolysis

of Aldobionic

Acid-Xylose

and the Calcium Salt of

Mixed Hexuronic Acid,-The
aldobionic acid is resistant to acid
hydrolysis; from a solution refluxed 5 hours only unchanged aldobionic acid was recovered. 14 gm. of the calcium salt were refluxed 20 hours with 600 cc. of 0.96 N sulfuric acid. The solution
discolored rapidly and the carbon dioxide evolved corresponded to
the destruction of about 21 per cent of the uranic acid. After
3 hours [a] was about +SO”; the final rotation was much lower.
Sulfuric acid was removed as calcium sulfate and the concentrated
solution treated with 2 and with 6 volumes of alcohol. About 2.3
gm. of unhydrolyzed
aldobionic acid were recovered in this
manner.
The supernatant liquors were concentrated to dryness. Much
of the dry residue was insoluble in the hot 95 per cent alcohol used
to remove reducing sugars. The alcohol-insoluble material proved
to be largely a calcium salt soluble in 75 to 80 per cent alcohol,
After several reprecipitations this salt gave analytical values which
check closely with the calculated values for a hexuronic acid mixture, containing 60 per cent of a monomethylated
and 40 per cent
of an unmethylated uranic acid (Table III).
After 5 minutes, the specific rotation of an acidified solution
of the calcium salt was [cu], = +48” (calculated on a calcium-free
basis). The solution showed no appreciable mutarotation
in 24
hours.
In an oxidation of 0.21 gm. of calcium-free material with nitric
acid (sp. gr. = 1.15), no mucic acid separated and no potassium
acid saccharate could be identified.
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The alcoholic solution which should contain the reducing sugars
was tested for the presence of arabinose and xylose.
No arabinose
benzylphenylhydrazone
crystallized under standard conditions (10)
or when the solution was diluted. Crystalline xylose was isolated
from the concentrated alcoholic solution. An 8 per cent solution
of the crystalline material had a specific rotation of [a], = +68”
after 5 minutes. After 2 hours the rotation was [a], = + 19.1’ and
remained at this value for 24 hours. The specific rotation
for xylose is [aIn = + 19” (16). Xylose was further identified by oxidation of the crystalline material to the characteristic
boat-shaped crystals of the double salt of cadmium bromide-cadmium xylonate.
Xylose has been previously identified in the
hydrolysate of the whole gum by Schulze and Tollens (13) by
TABLE

Analysis
Mol.

wt.

of Calcium
= 442.

III

Salt

60 per
40 ‘I

of Mixed
cent
“

Uranic

Acids

(CHI0.CsH80&Ca
(CeHdM,
Calculated

CHaO

. .

:.

CHO
co2 . .
Ca............................................

.

Ca
Found

pm cent

per cent

8.53
13.2
20.0
9.09

8.53
13.8
20.7
9.33

the isolation of a small amount of the crystalline sugar, which had
the specific rotation of xylose. Gans and Tollens (14) isolated a
pentose osazone; this latter may have been a derivative of xylose,
or of arabinose, as was first assumedby these authors.
SUMMARY

Arabinose, a mixture of methylated and unmethylated aldobionic acids, and a cellulosic fraction were liberated in the hydrolysis of quince seed gum. Xylose was identified in the further
hydrolysis of the aldobionic acids.
BIBLIOGRAPHY

1. Anderson,
E., and Otis, L., J. Am. Chem. Sot., 62,446l
(1930).
2. Butler,
C. L., and &-etcher,
L. H., J. Am. Pharm.
Assn., 21, 24 (1932);
J. Am. Chem. Sot., 63,416O (1931).

510

Quince Seed Mucilage

3. Anderson, E., and Russel, F. H., Abstract of papers presented before
the Organic Division at the Eighty-third
meeting of the American
Chemical Society at New Orleans, 1932.
4. Schmidt, C., Ann. Chem., 61,29 (1844).
5. Kirchner, W., and Tollens, B., Ann. Chem., 176,205 (1874).
6. Anderson, E., and Kinsman, S., J. Biol. Chem., 94, 39 (1931-32).
7. Sands, L., and Gary, W., Abstract of papers presented before the
Organic Division at the Eighty-third
meeting of the American Chemical Society at New Orleans, 1932.
8. Preece, I. A., Biochem. J., 26,1304 (1931).
9. Lefevre, K. II, and Tollens, B., Ber. them. Ges., 40, 4513 (1907).
Dickson, A. D., Otterson, H., and Link, K. P., J. Am. Chem. Sot.,
62, 775 (1930).
10. van der Haar, A. W., Anleitung
zum Nachweis, zur Trennung
und
Bestimmung der Monosaccharide
und Aldehydsauren,
Berlin (1920).
11. Ehrlich, F., and Schubert, F., Biochem. Z., 169,13 (1926).
12. Monier-Williams,
G. W., J. Chem. Sot., 119,803 (1921).
13. Schulze, C., and Tollens, B., Ann. Chem., 271,60 (1892).
14. Gans, R., and Tollens, B., Ann. Chem., 249,245 (1888).
15. Renfrew, A. G., J. Biol. Chem., 89,619 (1930).
16. Hudson, C. S., and Yanowsky, E., J. Am. Chem. Sot., 39,1013 (1917).

