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Abstract
Pectin contains about 70% galacturonic acid. The exact chemical structure of pectin has not yet been
definitively established, but three main pectin polysaccharides from the plant wall have been isolated
and identified. These are homogalacturonans, which contain about 65%, rhamnogalacturonans - 20-35%
and substituted galacturonans.
In order to determine the possible mechanism of action of apple pectin, the pH was determined in
mixtures that mimic the contents of the stomach, small and large intestine with the addition of
hydrochloric acid and alcohol. To determine the pH in the stomach used 0.1 N solution HCl, of a small
bowel - the buffer hydrocarbonate with pH 7,5, a large intestine - the buffer hydrocarbonate with рН
8,5.
In vitro models simulating the environment of different parts of the gastrointestinal tract have
shown that apple pectin, in contrast to activated carbon and silicon dioxide, exhibits buffering
properties, and when alcohol is administered causes a shift in pH to the acidic side. As a result of
determining the zero charge point of apple pectin, it can be stated that at pH above 3.69 it adsorbs
cations of metals or organic substances, which explains the ability to bind ethanol.
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Introduction
Pectin contains about 70% galacturonic acid [1].
The exact chemical structure of pectin has not yet
been definitively established, but three main pectin
polysaccharides from the plant wall have been
isolated
and
identified.
These
are
homogalacturonans, which contain about 65%,
rhamnogalacturonans - 20-35% and substituted
galacturonans [2, 3, 4].
In the human body, pectin, as a dietary fiber, is
not enzymatically digested in the small intestine, but
is broken down by the microbiota of the colon. [5, 6,
7]. Forming gels with water, it retains the gelling
properties in the gastrointestinal tract, which slows
down digestion. In the process of hydrolysis of
pectin there is a gradual cleavage of methoxyl
groups
(demethoxylation)
[19].
Completely
demethoxylated pectin is called "pectic acid".
Between pectin and pectic acid there are a number
of intermediate decomposition products of varying
degrees of demethoxylation, which are present in
the natural mixture of pectin substances. It is clear
that pectin has an acidic reaction – рН = 3,3-3,7 [7],
which is stored when mixed with distilled water,
which also has a weakly acidic reaction [8, 9].
Given the acid reaction of pectin, it was
interesting to determine the probability of its
interaction with alcohol and the possible
neutralization of the latter, as one of the
mechanisms of action in alcohol intoxication.

Materials and Methods
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To clarify the possible mechanism of action of
apple pectin, the physicochemical properties of
apple pectin were determined.
In order to determine the point of zero charge of
nuclear power plants, measurements were
performed in the laboratory of the Department of
Chemistry of Vasyl Stefanyk Precarpathian National
University.
Statistical processing of the data obtained as a
result of the experiments was performed using a
software environment for statistical calculations R
[12], which is distributed under a free license, and
«Excel for Windows» using the add-on «Analysis
package» (Microsoft Office 2016, with a license key
MFM9H-PNXDT-FKJRM-R8Q7Q-3PFHM).
The
obtained quantitative data corresponded to the
normal and abnormal type of distribution (ShapiroWilk test), and therefore the interval M ± m was
chosen for the description, and the Student's
parametric test was used to check the reliability of
the data of the studied groups with the control. The
data were presented as M± m, where М – arithmetic
mean, m – standard error of the arithmetic mean.
Since there were 5 comparison groups in the study,
the reliability of the difference between the
obtained data in these groups was assessed using
ANOVA analysis (functions aov() package stats with
R) , namely post hoc test (fuction TukeyHSD [12] in
package stats with R). Probability р≤0,05 considered
sufficient to conclude on the statistical significance
of the difference in the data obtained.

Results and Discussion

In order to determine the possible mechanism of
action of apple pectin, the pH was determined in
mixtures that mimic the contents of the stomach,
small and large intestine with the addition of
hydrochloric acid and alcohol. To determine the pH
in the stomach used 0.1 N solution HCl [10], of a
small bowel - the buffer hydrocarbonate with pH
7,5, a large intestine - the buffer hydrocarbonate
with рН 8,5 [11].
Measurements were performed at a temperature
of 200С and 350 С using a laboratory ionomer И-160М.
The ratio of solutions and dosage of apple pectin,
activated charcoal and silicon dioxide in all samples
was the same.

Our research showed the following (Table 1).
Mixing apple pectin with distilled water shows the
pH level of apple pectin and sets a value of 3.7 by
200 С and decreases to 3.4 by 350 С, consistent with
the literature [13, 14]. The combination of malic
pectin with hydrochloric acid causes a clear increase
in acidity to pH = 2.0 at both temperatures.
Mixing of apple pectin with alcohol showed an
increase in pH to 4.3, and when introduced into this
mixture of distilled water, a decrease in pH = 3.6 was
observed by 200С and 3,2 by 350С, which can be
explained by changes in the physicochemical
properties of apple pectin and an increase in active
dissolved
galacturonic
acid
residues.
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Addition to the mixture of hydrochloric acid and
alcohol of the comparison agent of activated carbon
changed the reaction to 4.2, and when introduced
into the mixture of silicon dioxide - to pH = 4.4 and
these values did not change with increasing
temperature of the test samples.
The mixture of malic pectin with hydrochloric acid
and alcohol caused a significant shift of pH to the
acidic side: changed the alkaline reaction of alcohol
from 5.5 to 2.17 (200С) and 2.0 (350С), that is, more
than twice as much as the reference drugs. It is
possible that the neutralization reaction reduces the
concentration, absorption and subsequent toxic
effects of alcohol.
Since the bulk of ingested alcohol is absorbed in
the small intestine, we were interested to know
about the effect of apple pectin on the pH in the
small and large intestine. In order to simulate the
environment of the small intestine used bicarbonate
buffer with a pH of 7.5.
It is noted that when a mixture of apple pectin
with water and hydrochloric acid to the "small
intestine" with pH of 7.5 to 200С there was a
significant shift of the reaction to the alkaline side,
although the reaction was still weakly acidic and
remained so with the introduction of alcohol (Table
2). The combination of an aqueous apple pectin
solution with a buffer with pH = 7.5 also gave an
acidic reaction - 6.8 at room temperature and the
addition of alcohol did not change this position. At
the same time, the increase in the temperature of
the mixture to 350C caused a significant shift of pH
to the acidic side, both with the addition of HC1 and
without it: 4.26 and 4.69, respectively.
It should be noted that in mixtures of bicarbonate
buffer with water and activated carbon and silicon
dioxide, the pH did not change at 200 C, and with
the addition of alcohol to them slightly increased up to 7.6. At the same time, the increase of the
temperature of the studied mixtures to 350C caused
a sharp shift of the pH in the mixtures with activated
carbon to the alkaline side - to 9.85 and 9.94 with
the introduction of alcohol. In mixtures with silicon
dioxide, a slight decrease in pH was noted, which
can be explained by the weakly acidic reaction of
this reference drug.
The result of measuring the activity of hydrogen
ions by mixing a buffer solution, an aqueous
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solution of apple pectin, 0.1 N HCl solution and 40%
ethanol solution was interesting for us. It is in this
mixture that we obtained the most acidic reaction
at both temperatures (Table 2).
Presumably, the sharp shift of the pH to the acidic
side in the studied samples with apple pectin at a
temperature of 350 C is explained by an increase in
solubility and fluidity, a decrease in viscosity and an
increase in the number of free anionic groups of
galacturonic acid.
In our opinion, the results of the study of pH
changes during the reproduction of environmental
conditions in the lumen of the colon were also
interesting (Table 3).
Aqueous solution of apple pectin when mixed
with water and bicarbonate buffer, simulating the
environment of the colon with pH = 8.5, caused a
sharp shift of the reaction to the acidic side at both
temperatures (Table 3).
At the same time, when the same buffer solution
was combined with water and reference drugs, the
reaction remained alkaline and hardly changed with
the introduction of silicon dioxide and became more
alkaline in combinations of bicarbonate with water
and activated carbon and alcohol.
Upon introduction to the above aqueous
solutions of alcohol, an increase in pH was observed
in the sample with apple pectin - up to 4.3 ( 3.85 in
the absence of alcohol) at 200 C and at 350С - up to
4.0.
Therefore, in the studied samples with the
comparison drugs, the pH level was equal to or
slightly higher than that of the bicarbonate buffer.
To explain the obtained results and to find out
the possible mechanisms of action of apple pectin,
the point of zero charge of pectin was determined.
The measurement was performed in the laboratory
of the Department of Chemistry of Vasyl Stefanyk
Precarpathian National University.
The point of zero charge, or isoelectric point, is
the pH value characteristic of a certain substance, at
which the maximum number of ions of this
substance in solution acquires zero electric charge,
and the substance is the least mobile in the electric
field. [2,15, 16].
The pH value of the zero charge point (pHpoint of
the zero charge) is a very important characteristic of
the surface of materials. The pHpoint of the zero
charge influence significantly affects the processes
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of absorption and desorption of ions present in
solutions in cationic and anionic forms [15, 16, 17].
If the value рН solution below рНpoint of the
zero charge, then the material absorbs mainly
anions (see equation 1); if the pH of the solution will
exceed рНpoint of the zero charge, then the
substance adsorbs mainly metal cations or cations
of organic compounds (equation 2).
protonation

=M–OH + H+
(pH < pH point of the zero charge )

=M–OH2+
(1)

=M–OH + OH–
=M–O– + H2O
(pH > pH point of the zero charge)
(2)
Thezero point of charge of apple pectin on the pH
scale is 3.75. According to a study at pH above 3.69,
pectin adsorbs cations of metals or organic
substances.
The result confirms the ability of apple pectin to
bind (adsorb) alcohol ([C2H5O-]H)+.
According to the results of in vitro studies, it was
found that the mixing of apple pectin with alcohol
under conditions of simulation of the environment
of the gastric lumen and at different temperatures
(200С і 350С) there was an increase in pH to 4.3, and
when introduced into this mixture of distilled water,
a decrease in pH = 3.6 was observed, which can be
explained by changes in the physicochemical
properties of apple pectin and an increase in active
dissolved galacturonic acid residues.
The mixture of malic pectin with hydrochloric acid
and alcohol caused a shift of the pH to the acidic
side almost twice, compared with activated carbon
and silicon dioxide at both temperatures.
Presumably, the neutralization reaction occurs
precisely due to absorption, which leads to a
decrease in concentration, absorption and
subsequent toxic effects of alcohol.
When reproducing the environment of the small
intestine, the combination of an aqueous solution of
apple pectin with a buffer with pH = 7.5 gives a
weakly acidic reaction - 6.8 and the addition of
alcohol does not change this position at 200С .
Increasing the temperature of mixtures to 350C
leads to a significant shift in pH acidic side in the
presence of apple pectin (1.5-2.2 units) and pH
increase in the presence of activated carbon (more
than 2.3 units).
An aqueous solution of apple pectin when mixed
with bicarbonate buffer with pH = 8.5, which
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mimicked the environment of the colon, caused a
sharp shift in the reaction to the acidic side. At the
same time, when the same buffer solution was
combined with water and reference drugs, the
reaction remained alkaline and hardly changed at
both temperatures.
The point zero charge of apple pectin, which
determines the sorption capacity, on the pH scale is
3.75. According to the results of the study, it can be
stated that at pH above 3.69 apple pectin adsorbs
cations of metals or organic substances, which
explains the ability of apple pectin to bind (adsorb)
alcohol ([C2H5O-]H)+.
Conclusions. In vitro models simulating the
environment of different parts of
the
gastrointestinal tract have shown that apple pectin,
in contrast to activated carbon and silicon dioxide,
exhibits buffering properties, and when alcohol is
administered causes a shift in pH to the acidic side.
As a result of determining the zero charge point of
apple pectin, it can be stated that at pH above 3.69
it adsorbs cations of metals or organic substances,
which explains the ability to bind ethanol.
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Table 1. рH values of water, alcohol 40%, 0.1 N HCl solution and their mixtures with apple pectin
and comparison drugs
Substances and their mixtures

pH, 200 С

pH, 350 С

Distilled water

5,8

5,8

Alcohol 40 %

5,5

5,5

0.1 N solution HCl

1,0

1,0

apple pectin + water

3,7

3,4

apple pectin + 0,1 N solution HCl

2,0

2,0

apple pectin + water + alcohol 40 %

3,6

3,2

apple pectin + alcohol 40 %

4,3

4,1

apple pectin + 0,1 N solution HCl + alcohol 40 %

2,17

2,0

charcoal + 0,1 N solution HCl + alcohol 40 %

4,2

4,2

silicon dioxide + 0,1 N solutio HCl + alcohol 40 %

4,4

4,5

Table 2. The effect of apple pectin and comparison drugs on pH under conditions of simulation of the small
intestine and the introduction of 40% ethanol solution
pH, 200 С

pH, 350 С

Buffer solution рН 7,5 + water + apple pectin +
0,1 N solutio HCl

6,64

4,26

Buffer solution рН 7,5 + water + apple pectin

6,8

4,69

Buffer solution рН 7,5 + water + charcoal

7,5

9,85

Buffer solution рН 7,5 + water + silicon dioxide

7,5

6,59

Buffer solution рН 7,5 + water + apple pectin +
0,1 н розчин HCl + alcohol

6,0

4,35

Buffer solution рН 7,5 + water + apple pectin +
alcohol

6,8

4,73

Buffer solution рН 7,5 + water + charcoal +
аlcohol

7,6

9,94

Buffer solution рН 7,5 + water + silicon dioxide
+ alcohol

7,6

7,03

Substances and their mixtures
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Table 3. The effect of apple pectin and comparison drugs on the pH under the conditions of simulation of the
environment of the colon and the introduction of 40% ethanol solution
Substances and their mixtures

pH, 200 С

рН, 350 С

Buffer solution рН 8,5 + water + apple
pectin

3,85

3,6

Buffer solution рН 8,5 + water +
charcoal

8,4

8,9

Buffer solution рН 8,5 + water + silicon
dioxide

8,4

8,2

Buffer solution рН 8,5 + water + apple
pectin + ethanol solution

4,3

4,0

Buffer solution рН 8,5 + water +
charcoal + ethanol solution

8,5

9,3

Buffer solution рН 8,5 + water + silicon
dioxide + ethanol solution

8,5

8,2

Figure 1. The point of zero charge of the pectin surface
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