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The reaction of the ester groups in pectin with aqueous alkaline hydroxylamine at room

temperature for 2 minutes produces hydroxamic acids.
complexes are formed upon subsequent addition of ferric ion.

Water-insoluble, red-colored

These reactions serve

satisfactorily as a histochemical test for pectin in plant tissues and as a qualitative test for

pectic substances.
mended.

CARBOXYLIC ACID DERIVATIVES, such
as esters, lactones, anhydrides, am-
ides, nitriles, and other compounds, react
with hydroxylamine to form hydroxamic
acids which give colored complexes
with ferric ion (8-77). Acyl phosphates
(75) and acetylcholine (9) have been
determined quantitatively by this re-
action. Anhydrides, lactones, and esters
react with aqueous alkaline hydroxyl-
amine at room temperature and can
be detected by paper chromatography
(7, 23). Other compounds, such as
amides, nitriles, and fatty acid esters,
must be heated with alkaline hydroxyl-
amine in high-boiling organic solvents
before the reaction occurs (70, 77, 79).

Pectin esters react with hydroxyl-
amine in aqueous alkali at room tem-
perature, at a more rapid rate than de-
esterification, and on addition of ferric
ion an insoluble colored ferric-hydrox-
amic acid complex is formed.

Reagents and Procedure

The reagents are those used by Hestrin
(9) for quantitative determinations of
acetylcholine.

Hydroxylamine, 13.9 grams dissolved
in 100 ml. of water.

Sodium hydroxide, 14.0 grams dis-
solved in 100 ml. of water.

Hydrochloric acid solution, 1 volume
of concentrated hydrochloric acid re-
agent (specific gravity 1.18) diluted with
2 volumes of water.
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Ferric chloride reagent, 10 grams of
ferric chloride hexahydrate dissolved
in 100 ml. of 0.1¥ hvdrochloric acid.

To about 0.005 gram of the test sub-
stances suspended or dissolved in 1 ml.
of water is added accurately 1 ml. of the
hydroxylamine reagent. then 1 ml. of the
sodium hydroxide solution. The re-
actants are allowed to stand for 2 min-
utes; then 1 ml. of the diluted hydro-
chloric acid is added, followed by 1 ml.
of the ferric chloride reagent. A red
precipitate is produced in the positive
tests. A control is obtained by adding
the test substances to the reactants after
the addition of the hydrochloric acid,
because the reaction with esters to form
hydroxamic acids does not proceed in
strongly acid solution.

Experimental

Application to Sections of Plant
Tissues. Fresh fruit and vegetable
tissues were sectioned serially on a sliding
microtome at thicknesses (80 to 520
microns) dependent on their structure
and cell size. All freshly cut sections
were placed immediately in water con-
taining about 300 p.p.m. of dissolved
sulfur dioxide. All sections were tested
in dishes of 10-ml. capacity, and the
amount of each reagent was doubled in
order to ensure complete coverage and
suspension of the section. The con-
tainers were swirled after addition of
each reagent to provide thorough mixing.
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The test seems to be specific for pectin under the conditions recom-

Positive color production was immedi-
ate following the addition of the ferric
ion and color intensity was fully de-
veloped within 1 minute. The sections
were then transferred to water and
excess ferric chloride and salts were
washed out before further examination.

Examinations at oil immersion magni-
fications (ca. 1200x) were most readily
made after tested sections had been
vacuum infiltrated with water to re-
move the profuse gas bubbles evolved
during the test reaction. Transverse
cuts of adjacent cell walls (at the
section surface) showed that localization
of the color complex was confined to the
so called “compound middle lamella®
(7).

Selectivity for Pectin and Color
Reflection Measurements. The selec-
tivity of the color test for pectin was
determined as follows: Fresh sections of
yvoung Meyer lemon, ripe apple, and
potato were tested immediately and
some were de-esterified at room tem-
perature for 16 hours in purified orange
pectinesterase (76) solution at pH 5.5.
Other sections were soaked for 30 min-
utes in 109 aqueous sodium hydroxide
at room temperature. Some of the
enzymatically de-esterified sections were
dehydrated in absolute methanol and
then re-esterified for 2 hours in 0.5V
hydrochloric acid in absolute methanol
at room temperature. These conditions
were suggested by results of esterification
of galacturonides by Jansen and Jang



(72). Alkali-treated sections were re-
esterified by the same method, after
thorough washing in water and dehydra-
tion with methanol. All treated sections
were then tested, as previously described,
and controls were run for each kind of
treatment.

Color intensities were quantitatively
evaluated directly on the washed sections.
Reflection density was measured with a
Photovolt reflectance and densitometer
unit (No. 5013). With this instrument
a beam of light about 3 mm. in diameter
is directed at an angle on the specimen
and the scattered light is reflected from
the specimen through a filter to the
photocell. Values so obtained are con-
veniently expressed as reflection density
units (defined as log R,/R,, where R, is
the reflectance of a white surface, such as
blank section, and R, is the reflectance
of a colored section). A 530-mu filter
was chosen because the absorption
maxima of these colored complexes
formed with esters in aqueous media
were in the range of 520 to 540 myu (9).

Reflection densities were measured on
sections mounted either between a micro-
slide and cover glass or between two
cover glasses. Before the top cover glass
was adjusted in position, one drop of
water was added to the section to ensure
a uniform section surface free from large,
external air bubbles. All sections of
each kind of tissue and of given thick-
ness were kept essentially in the serial
order in which they had been cut, to
ensure uniform sampling.

Quantitative comparisons of the re-
flection densities in both fresh and
variously treated sections are listed in
Table I, where each value is an average
obtained from four to six readings taken
at different section areas of a single sec-
tion. The readings varied about 4%
from the average. Care was taken to
avoid areas which showed localized
reactions of unusually great intensity,
as in the skin and vascular tissues.

Comparisons of the values for the
sections of apple tissue indicate that
thicknesses of section from 300 to 500
microns gave about the same reflection

densities. Parenchyma cells in these
apples average about 200 microns in
diameter and the intercellular spaces
are very large (78). The young Meyer
lemon rind showed darker colorations
with increasing thickness of section.
In this tissue the cells were much smaller
(20 to 40 microns) and intercellular
spaces were small because the cells had
not yet developed the characteristic
arms or branches of mature citrus rind.

The applicability of the test for
quantitative determination of either the
degree of esterification of pectin or the
amountof pectin in situ is under investiga-
tion, Because the same color intensity
can be given by varied amounts of
pectin with different degrees of esteri-
fication, it would be necessary to know
the anhydrouronic acid content or to
esterify all of the carboxyl groups.

Alkali completely de-esterified the
pectic substances in the apple tissue,
while the enzymatic treaiment did not.
Pectinesterase is specific for the methyl
ester groups of pectin (76), although
some of these groups cannot be so
hydrolyzed.  Re-esterification of the
enzymatically de-esterified sections re-
stored a large portion (60 to 709;) of the
original reactivity. Restoration of color
reactivity in the alkali-treated sections
was less than 509 because some of the
pectin was solubilized and lost from the
sections as a result of these treatments.

Young raspberry sections reacted
strongly positive. A soluble red color
produced in the reaction was washed
out with water and the cell wall regions
of the tissue remained darkly stained.
De-esterified sections of tissue tested in
the presence of glucose pentaacetate
were negative after the soluble red color
had been washed out. There is no
evidence that cell wall material adsorbs
soluble red colored materials to give a
false positive test.

Verification of Specificity. A num-
ber of natural polymers, sugars and sugar
derivatives, and other compounds were
tested in solution or in suspension to veri-
fy the specity of the test for esterified
pectin. Five milligrams of the test

substance were mixed or dissolved in 1
ml. of water and tested as described
(Table II).

The color reactivities obtained with
these natural polymers and other sub-
stances show the specificity of the hy-
droxamic acid—ferric ion reaction for
pectin esters with the exceptions noted.
Of the natural polymers tested, only
esterified pectins gave positive reactions
in which the colored complexes formed
were insoluble. A methyl glycoside of
polygalacturonide methyl ester (2) with
a molecular weight of about 6000 (73)
gave a soluble dark red color. Colored
complexes formed by other reacting sub-
stances, with the exceptions of some
phenolics, were soluble. Most of the
substances gave no color reaction with the
test.

Slight color reactions (pink to red)
were obtained when the pectic acid
samples were not dissolved before testing.
These pectic acids were known to contain
about 0.59, of residual ester groups;
when they were tested in solution, no
color reaction was obtained. Irido-
phycin, a sulfuric acid ester of galactan
from Iridophycus flaccidum (22), did not
give a positive test under these reaction
conditions.

The sensitivity of the test is in the
range of 500 y of pectin per ml. of solu-
tion tested. Below 500 v no insoluble
colored ferric-hydroxamic acid complex
is produced.

Discussion

Qualitative chemical tests for the
identification of pectins in solution or in
mixture, such as the naphthoresorcinol
(27) and carbazole (3) tests, have not
been found suitable for histochemical
localization of pectin in plant tissues.
Dye-staining reactions, on the other
hand, lack specificity and the natures
of their reactions are often unknown.
As a result, approaches to a study of the
pectic substances within plant tissue
have often been complicated (3, 74,
20).

Thorium nitrate () and neutral lead

Table I.

for Pectin in situ

Reflection Densities of Treated and Untreated Sections of Apple, Lemon, and Potato Tissues Tested

Reflection Density®

Untreated Sections

Treated Sections vs. Blank at 0

vs. Blonk Enzymatically
Tissue Section Thickness, at 0 Alkali-Treated De-esterified Re-esterified
Microns Control Test Control Test Control Test Control Test
Newtown Pippin apple parenchyma 320 0.05 0.37 0.085 0.165 0.025 0.265
320 0.075 0.39 0.085 0.16 0.005 0.025
520 0.05 0.35 .. . .. . .. ..
400 0.08 0.41 0.07 0.07 0.07 0.19
Immature Meyer lemon ca. $/s-inch
diameter, rind only 80 0 0.37 0.005 0.08 0 0.39
120 0.005 0.47 0.005 0.23 0.01 0.44
Burbank Russet potato 240 0 0.08 0.01 0.03 0.002 0.11
240 0.005 0.075 0.005 0.04 0.005 0.09
@ Average obtained from 4 to 6 readings per section.
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Table Il.

Substances

Natural polymers
Apple pectin
Citrus pectin
Raspberry pectin
Strawberry pectin
Pectic acid
Enzymatically de-esterified
Alkali de-esterified
Acid de-esterified
Gum arabic
Gum tragacanth
Dextran (peach)
Gum sandarac
Agar
Guar mannogalactan
Hemicellulose (lima bean pod)
Iridophycin (from alga)
Starch
Xylan (lima bean pod)
Sugars and derivatives
Glucose pentaacetate
Gulonic lactone
Fructose 1,6-diphosphate
Methyl glycoside of polygalact-
u§onic methyl ester (Link’s Cpd.,
2
Glucose 1-phosphate
Galacturonic acid
Methyl glucoside
Fructose
Glucose
Sucrose
Miscellaneous compounds
Acetonitrile
Casein
Saponin (alfalfa)
Urea
Coumarin
Hesperidin
Chlorogenic acid
Quercetin

Quercitrin
Rutin
3-3',4-4'-Tetrahydroxybiphenyl

Test
+
+
+
+

[

(I T T O T I B I

P+ +++

Ft R

Color Reactions with Various Substances

Color Reaction

Very intense dark red, insoluble

Very intense dark red, insoluble

Very intense dark red, insoluble

Very intense dark red, insoluble
( No color when tested in solution,

{ red to pink when solid substances

tested

Light brown, faded rapidly

Brownish red, faded

None

None

None

None

None

None

None

None

Soluble, intense dark red
Soluble, dark red to brown
Soluble, faintly red

Soluble, iodine brown
None
None
None
None
None
None

None

None

None

None

Soluble, light greenish brown, faded

Soluble, brownish to black

Soluble, dark red-brown

Soluble, then ppt. green-yellow to
brown

Soluble, then ppt. dark green-yellow

Soluble, then ppt. green-brown

Insoluble, muddy purplish brown

acetate have been used to test for the
presence of pectin in solution. Tech-
niques developed with these reagents
reportedly use gel properties as a basis
for differentiating among pectin sub-
stances, hemicelluloses, and gums.

The basic lead acetate test for pectic
substances (6) provides good differentia-
tion between pectin (vellow precipitate)
and other gums. A modification of this
method was proposed (77), in which the
test substances are treated in solution
with potassium oxalate and commercial
pectinase for 20 hours, and the lead
acetate test for galacturonic acid is then
applied. The use of heat and the forma-
tion of obscuring precipitates when solid
materials are so tested, however, vitiate
the use of such tests for microscopic
purposes.

Methods for detecting pectic sub-
stances in solid mixtures include chemical
separation into water-soluble and in-
soluble fractions and treatment with
specific pectic enzymes. Much of the
earlier work on pectins was accomplished
by chemical separation methods aug-
mented with microscopic techniques in
which ruthenium red and other dyes
were used to stain plant tissues before
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and after chemical treatments (3, 7, 74
20). However, these dyes are not spe-
cific for pectins. The staining of pectic
materials with ruthenium red appears
to depend upon carboxyl groups, and
pectic acids, pectates, and nonuronide
carboxyl-containing compounds are in-
discriminately stained (20). Thus, addi-
tional chemical treatments are required
to differentiate the pectic substances
from the nonuronide components of the
cell wall materials.

These disadvantages are readily over-
come with the proposed hydroxamic
acid-ferric ion test for esters. The test
requires only a few minutes, is specific,
and may be applied equally well for
determining esterified pectins in solid
mixtures or as a histochemical test.
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