is given in the equation which follows
for corn sirup of 20 Brix with a dilution
of the sirup, 50.0 ml. to 500.0 ml.

12.02/ml. titration
50.0,/500.0 X 20.00 X 1.08096 X factor

X 100

This calculation requires the use of a
factor, which is specific for the D.E. be-
fore D.E. is known. This impasse is
avoided by obtaining D.E. additions in
advance and applying the required
addition to a given calculation based on
Brix solids. The additions to be applied
were derived from the data which appear
in Table VI and are shown in Table VII.

The additions of D.E. required to
correct for the overestimation of solids
in corn sirup and corn sugar by the Brix
hydrometer are surprising and unex-
pectedly simple. The data are partic-
ularly useful in the analysis of such sirups
as first and second greens obtained in the
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manufacture of dextrose. Hydrol, corn
sugar molasses, or second greens will vary
in D.E. within the range of 68 to 75, and
the salt within the range of 6 to 109 dry
basis. Thus, the D.E. of the sugar itself
with range from 75 to 88 D.E. obtained
by the vacuum procedure for solids and
the arbitrary addition of 0.5 D.E. to the
D.E. obtained by the above method of
analyses will be within 0.1 D.E., well
within the tolerance of the procedure for
the reducing sugar determination.
Laboratories in the corn wet milling
industry determine a very large number
of D.E’s daily, particularly if refined
corn sugar or dextrose is manufactured.
To save time and expedite results to the
plant, most laboratories have large tables
with coordinates of Brix and “milliliters
of titration,” which give the D.E. for
the specific condition involved. In the
tables, the Brix values, 20° C., have been

Determination of Pectic Substances
by Paper Chromatography

adjusted for the effect of salt and the
D.E. value obtained carries the correc-
tion for the overestimation of solids by
the Brix hydrometer. Abbreviated forms
of the wwo tables are shown (Table
VIII for corn sirup and Table IX for
corn sugar sirups).
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Physical methods of purifying several fruit and vegetable pectinic acids resulted in polymers

containing nonuronide sugar

units.

The sugars, «-D-galactose, B-L-arabinose, a-L-

rhamnose, and a-D-xylose, were separated from the hydrolysis products of apricot pectin
by thick-paper chromatography and identified by comparing their x-ray powder dia-

grams with those of authentic specimens.

Two widely different molecular species of galac-

turonic acid—containing polymers were separated from apricot polysaccharides. Attempts
to resolve copper-purified apricot pectinic acid by further copper precipitation, dialysis,
paper electrophoresis, and fractionation of the acetate into different molecular species

were unsuccessful,

molecule of pectic substances from most plant materials.

THE PECTIC POLYSACCHARIDES exist
in plantsin close physical union with
araban and galactan. This association is
so firm that upon extraction of polysac-
charides from plants, a triad containing
galacturonan, araban, and galactan is
obtained. Because of the facility of
paper chromatography for detection of
small amounts of sugars in complex
polymers, researches on composition of
pectic substances have been stimulated
in recent years.

Reports of composition of most fruit
and vegetable pectins indicate that they
are mixtures of polysaccharides or mole-
cules apparently containing sugar resi-
dues other than galacturonic acid
(1, 4, 5, 7, 13, 16, 20, 24). Many at-
tempts to isolate a pure galacturonan
from a wide variety of plant materials
were unsuccessful unless strong chemical
procedures were applied, which were sus-
pected of hydrolyzing glycosidic link-
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ages and degrading one or more of the
carbohydrate polymers.

The question of composition and struc-
ture of undegraded pectic substances
appears to be open to further investi-
gation. Mainly, the unanswered ques-
tion is whether pectin is a pure galac-
turonan admixed with the carbohydrates
araban and galactan, or whether the
so-called galacturonan is a complex
carbohydrate containing some nonuro-
nide sugars as part of the molecule.

The experiments reported here indi-
cate the difficuliies involved in attempts
to prepare pure galacturonan from some
natural materials and suggest that
families of soluble complex galacturonic
acid-containing polysaccharides occur
in some plants.

Experimental

Analyses. Pectic substances isolated
by precipitation from aqueous solution

AGRICULTURAL AND FOOD CHEMISTRY

Nonuronide sugars appear to be incorporated into the galacturonan

by ethyl alcohol were dried in vacuo at
60° C., ground to pass 60-mesh, humidi-
fied to an equilibrium moisture content
of about 10%, and analyzed. Methods
of analyses used were mainly those
described by Owens et af. (27). Carbo-
methoxy (ester methoxyl) analyses were
made by saponification, moisture analy-
ses by oven drying in vacuo, ash analyses
by incineration at 600° C., anhydro-
uronic acid analyses by a colorimetric
carbazole method (74), and acetyl
analyses by a hydroxamic acid color
reaction (75). Rotations are specific
rotations at 25° C. using the D-line of
sodium. Intrinsic viscosities are those
extrapolated to infinite dilution. Quan-
titative sugar analyses were done from
reflection densities of colored spots on
paper chromatograms (77).

Qualitative Chromatography. Poly-
uronides (1.0 gram in 50 ml. of 1N
sulfuric acid) were boiled under reflux






Table I.

Sugars Liberated by Partial Acid Hydrolysis of Purified Pectinic

Acids
Anhydrouronic
Source Acid® Arabinose Galactose Rhamnose Xylose
Orange 92.1 + + + 0
Grapefruit 91.7 -+ -+ + 0
Lemon 90.4 + + + 0
Fig 87.1 + + + 0
Carrot 76.7 + + -+ 0
Apple 88.0 -+ + + +
Peach 86.8 + + -+ -+
Pea pod 84.8 + + + +
Apricot 83.1 + + + +
Pear 82.6 + + -+ -+
Sugar beet 82.3 + + + +
Avocado 79.0 + + + -+

¢ Content corrected for water, ash, and methylene impurity from carbomethoxyl.

Table .
Anhydro-
vronic
Treatment Acid,* %
Unpurified 47.2
Oxalate extracted o
Acid—ethyl alcohol ppt. 62.0
Copper ppt.
1X 75.5
2X 76.0
Copper ppt. 1X and dialyzed 78.0
Pectic acid S
Polygalacturonase-treated, dialyzed 24.0
Copper-soluble fraction 18.6

¢ Water- and ash-free basis.

Composition of Apricot Pectic Substances

Nonuronide Sugars, %

Arabinose  Galactose Xylose ~ Rhamnose
10.0 1.7 1.0 1.0
17.0 3.5 1.0 1.0
14.4 1.9 1.1 1.0
9.2 2.3 1.1 1.1
9.0 2.0 1.0 1.0

6.0 2.0 1.0 1.0
7.2 2.5 0.9 0.9
8.0 13.0 2.0 2.0
8.0 32.2 6.9 2.3

citrus pectic acids. Researches on to-
mato fruits (24), passion fruits (73), and
other fruit and vegetable materials
showed the presence of nonuronide
sugars. Some of the reports have
included the four sugars positively
identified here plus glucose, mannose,
and unidentified sugars from some
pectinic acids.

Solms, Biichi, and Deuel (22) and Biichi
and Deuel (3) isolated soluble galac-
turonic acid-containing carbohydrates
from grapes that yielded an aldobiuronic
acid, 2-a-p-galacturonopyranosido-
L-rhamnopyranose. Hostettler and
Deuel (9) showed that plantago mucilage
contains a polymer which yields upon
hydrolysis an aldobiuronic acid, 4-a
D - galacturonopyranosido - p - xylose.
Several gums and mucilages have been
reported to contain galacturonic acid,
galactose, arabinose, xylose, rhamnose,
and other sugars. Jones and Smith (77)
have suggested that gums might be
regarded as carbohydrate polymers
which contain p-glucuronic acid as the
acidic constituent, and mucilages as
those which contain D-galacturonic acid
as the acidic molety. An inspection of
these definitions and the ones for pectic
substances (72, 23) reveals that none is
adequate for the known carbohydrates
in plants. There are many known
exceptions to suggested classifications
and it is likely that families of plant
carbohydrates containing less than 109
and up to 1009 of galacturonic acid
and many kinds of nonurcnide sugars
may occur in plants.

512

The composition of apricot pectinic
acid was of particular interest because
of its low anhydrouronic acid content
and the presence of four nonuronide
sugars. Pectinic acid extracted from
commercial Blenheim apricot purée
with boiling water was isolated as
described and purified by dissolving in
water and precipitating in acidified ethyl
alcohol.

Blenheim apricot purée was also ex-
tracted with ammonium oxalate-oxalic
acid at pH 3.6 described by Bishop for
sunflower heads (2) and isolated as
described.

The partially purified apricot pectinic
acid was dissolved in 0.539% solution,
adjusted to pH 5.2, and precipitated with
copper sulfate as described. A part was
prepared for analysis and a part was
dissolved, filtered, and precipitated a
second time with copper and purified for
analysis (Table II).

The copper-containing aqueous solu-
tion from the once copper-precipitated
apricot pectinate was adjusted to pH
7. A precipitate of insoluble copper salts
was removed by filtration. The solution
was passed through a Dowex 50(H) ion
exchange column to remove cupric ions,
concentrated to 5% solids, and precip-
itated with 4 volumes of 959 ethyl
alcohol. The product was washed with
959, ethyl alcohol and worked up as de-
scribed. The compositions of the pectinic
acid precipitated by cupric ion and that
soluble as a copper salt are shown in
Table II.
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Table Ill. Fractionation of Ace-
tylated Apricot Pectinic Acid
Weight,

Fraction Grams Rotation

1 0.028
2 0.031°
3 0.211 +134
4 0.278
5 0.325
6 0.271; +166
7 0.330)
8 2.38
9 2.28 +132
10 0.88
Residue 0.45 +124
The insoluble fraction of copper-

precipitated apricot pectinic acid was
subjected to further tests for homogeneity.
Two solutions of 0.59%, pectinic acid,
one at pH 2.8 and one at pH 6.5 and
both containing phenyl mercuric ni-
trate as a preservative, were dialyzed
in Visking cellulose sausage casings
against distilled water for 12 days. The
contents of the cellulose sausage casings
were precipitated with ethyl alcohol;
the pectinic acid was hydrolyzed with
acid and sugars were determined in the
products by qualitative chromatography.
Both  preparations contained  like
amounts and kinds of the four sugars
previously described. Upon hydrolysis
the material outside of the bags showed
traces of arabinose. Analyses of the
insoluble fraction are shown in Table
II.

Purified apricot pectinic acid was
converted to pectic acid by de-esterifi-
cation at 25° C. with sodium hydroxide
at pH 12. The pectic acid was isolated
by precipitation with sulfuric acid at
pH 1.5, and the precipitate was pressed
and washed with water and then with
ethyl alcohol (Table IT).

The purified apricot pectic acid was
dissolved in water and hydrolyzed with
0.019 of purified fungal polygalactu-
ronase (70) at pH 4.5 and 25° C. for 2
days. After hydrolysis the solution was
dialyzed in a cellulose sausage casing
for 5 days. The content of the casing
was concentrated and a polymer was
precipitated with 3 volumes of ethyl
alcohol. The analyses of the poly-
galacturonase-treated, dialyzed polymer
are shown in Table II.

The results of the fractionation and
purification of apricot pectinic acid
shown in Table IT indicate that pectinic
acid mixtures were easily purified from
an anhydrouronic acid content of 47%
to 769, with copper precipitation.
Further attempts to increase the anhy-
drouronic acid value by a second cop-
per precipitation did not change the
pattern of the sugar components. Most
of the arabinose can be hydrolyzed from
apricot pectinic acid by boiling in 0.02¥
oxalic acid for 2.5 hours. Because the
arabinose moiety appears to be a furano-
side and very labile to acid hydrolysis,



quantitative changes in amounts readily
occur whenever acid conditions are used
to extract or purify pectic substances.
For these reasons the composition of
pectic substances as they exist in apricots
may not be accurately represented as
shown in Table II.

Analyses of the copper-insoluble and
copper-soluble materials as shown in
Table I show that at least two groups of
galacturonic acid—containing carbohy-
drates occur in apricot pectic substances.
The copper-soluble fraction showed
18.69 of anhydrouronic acid and a low
intrinsic viscosity of 0.86. The low
molecular weight and the insufficient
number of acid groups permit it to
remain soluble in the presence of cupric
ion. This fraction may not be homo-
geneous but may be a mixture of several
molecular species that have similar
solubility properties.

Analysis of the copper-insoluble apri-
cot pectinic acid showed 769, anhydro-
uronic acid and an intrinsic viscosity
of 2.66. The copper-precipitated lemon
pectinic acid vyielded 859 anhydro-
uronic acid, and a molecular weight of
35,000 based on an intrinsic viscosity
of 5.5. These marerials both have high
molecular weights and high anhydro-
uronic acid contents and precipitate
quantitatively from aqueous solution
with cupric ion.

Under the conditions of this experi-
ment, citrus polygalacturonic acid hydro-
lyzed completely to dialyzable fragments,
whereas the polygalacturonase-treated
apricot pectic acid yielded an undialyz-
able residue containing 249, anhydro-
uronic acid. If the nonuronide sugars
were not part of the apricot pectic acid
molecule, it would have been hydrolyzed
to dialyzable galacturonic and oligo-
uronic acids, leaving only the nonuronide
carbohydrate residues.

Copper-purified apricot acid was sub-
jected to paper electrophoresis in an
attempt to show the presence of poly-
mers such as araban and galactan. A
1% solution was applied on a sheet of
Whatman 3MM filter paper as a line
in the center of a 40-cmn. filter paper
strip, which had been previously im-
mersed in buffer solution and blotted.
The moist paper strip was mounted
between glass plates and subjected to a
potential of 300 volts for 6 hours. The
carbohvdrate marterials moved in a
broad band 10 cm. in width and showed
no separation. Attempts to make a
separation in several different buffer
solutions gave similar results.

The apricot pectinic acid was further
tested for homogeneity by attempted
fractionation of the acetate. Eight
grams of apricot pectinic acid yielded 9
grams of acetate by the method of
Carson and Maclay (6). Fractionation
was done by using 7.5 grams of acetate
dissolved in 500 ml. of chloroform.
Skellysolve B was added in 50-ml.

increments, and the precipitate when
formed was centrifuged. The solvent
was decanted and the residue dried in
vacuo. Fractions were collected after
addition of ten 50-ml. increments of
solvent and a residue of 0.45 gram
remained dissolved. Results are sum-
marized in Table III. Hydrolysis and
chromatography of these fractions failed
to show that a fractionation of molecular
species had been made. Galacturonic
acid and the nonuronide sugars occurred
in the same proportions as in the original
acetate. The optical rotation of com-
bined fractions 2, 3, and 4 was 4134,
fractions 5 and 6, 4+166; fractions 8
and 9, 4132, The residue gave a
rotation of +4124. The very small
changes in rotation and the fact that
there was no trend in the rotation changes
indicated that no major fractionation
of molecular species was accomplished.
It appears that the fractionation was
made on the basis of molecular weight.

Discussion

There is little doubt that pectic sub-
stances examined here and elsewhere
contain polymerized nonuronide sugars.
Determination of their mode of linkage
has not yet been established, because
pectic substances are difficult to purify
and labile to alkali, resist exhaustive
methylation, and are associated with
araban, galactan, and other polysac-
charides. An exception was the pectin
from sunflower heads, which was ex-
tracted with oxalate and proved to be a
pure galacturonan (2). The oxalate
procedure was applied to apricots, but
the resulting pectic substances contained
nonuronide sugars in proportions com-
parable to those extracted by other
means. Studies of polymers such as the
copper-soluble fraction high in nonuro-
nide sugars may permit the characteriza-
tion of these materials.

Many researches reported nonuronide
sugars among the hydrolysis products of
pectic substances other than the four
identified in this work. The composi-
tion of pectic substances from various
plants appears to be more complex
than results of analysis made on the
materials shown here. There were
traces of unidentified reducing substances
among the hyvdrolysis products of sev-
eral of the pectinic acids shown in
Table I and the nonuronide composition
of these selected pectinic acids as they
occur in plants is by no means settled.

Mucilages contain all of the constit-
uents found in these pectic substances
and traces of a number of other sugars.
Some of the so-called pectic substances
might be inseparable from mucilages,
and the reverse may also be true. The
definitions do not describe the carbo-
hydrate polymers as they occur in plants,
and polymers containing from high to
low contents of galacturonic acid occur.
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