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ABSTRACT

Zosteran pectin isolated from the perennial marine plant Zostera marina (L.) has a 
complex molecular structure and a wide range of biological activity. 

Aim Study: This study aims to identify new properties (adhesive, cryoprotective) of 
zosteran pectin. 

Materials and Methods: The adhesive properties of zosteran were investigated by 
evaluating the microorganism adhesiveness index and the erythrocyte participation rate. 
To assess the cryoprotective properties of zosteran, the cryoscopic method and various 
methods for assessing the viability of leukocytes (cryoresistance, cell membrane 
integrity, and phagocytosis) were used. 

Results: Zosteran pectin in each assay consistently revealed more adhesive and 
cryoprotective properties compared to other substances. The results revealed that 
zosteran at a concentration of 0.3% increase the percentage of red blood cells with 
lactobacilli attached to their surface. The addition of zosteran to various cryoprotectants 
changed the osmolarity and freezing point of only the mixture of pectin with DMSO. 
Zosteran/DMSO cryosolution signifi cantly better retained the viability of leukocytes after 
exposure to negative temperatures (-80°C), compared with a solution containing only 
DMSO. 

Conclusion: Our data reveal new properties of zosteran, due to which pectin changes 
the conditions of bacterial adhesive activity. This can be used to enhance the perception 
of microorganisms by intestinal cells in representatives of normal microfl ora or to 
reduce it in pathogens of infectious diseases. The obtained cryoprotective effect of the 
solution with zosteran can be used for further research on the preservation of biological 
objects (spermatozoa, platelets, etc.) at low temperatures.

How to cite this article: Sergushkina M, Zaitseva O, Khudyakov A, Polezhaeva T, Solomina O, Paturova I. New 
Possibilities of Using Zosteran Pectin from the Marine Plant Zostera marina (L.). 2023 Jan 27; 4(1): 117-125. doi: 
10.37871/jbres1655, Article ID: JBRES1655, Available at: https://www.jelsciences.com/articles/jbres1655.pdf

Introduction
It is known that marine fl ora plants have a pronounced biological 

activity, which is associated with a number of features of their biochemistry. 
These features, in all likelihood, were formed as a result of the adaptation 
of plants to life in the marine environment (water salinity, temperature 
fl uctuations, an increase in water viscosity, light regime and nutrient 
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content) [1]. One of the most promising marine fl ora 
pectins is zosteran pectin. It is obtained from the 
perennial marine fl owering plant Zostera marina (L.) 
fam. Zosteraceae [2]. Zosteran has a high gel-forming 
ability, plays an important role in the growth and 
development of a plant, maintains its turgor and 
regulates water-salt exchange with the environment, 
causes resistance to natural processes of decay and 
destruction.

Zosteran is a carbohydrate polymer of galacturonic 
acid and has a more complex structure than land 
plant pectins. It is important to note that the design 
of its molecule consists of several structural blocks, 
which include various sugars (arabinose, galactose, 
rhamnose, mannose, apiose, ribose) [3,4]. The 
main block of the carbohydrate chain consists of α 
(1→4) polygalacturonic acid interconnected (1→2) by 
rhamnose bonds (Figure 1) [4]. About a quarter of 
the zosteran molecule is apigalacturonan containing 
D-apiosa attached by (1→2) and (1→3) bonds to 
galacturonan. Other side chains contain D-xylose, 
D-galactose, L-arabinose and 2-O-methyl-D-xylose. 
Also, zosteran, in contrast to the pectins of land 
plants, has an extremely low degree of methoxylation 
[4].

The structural features of the zosteran molecule 
ensure its practical application [3,5]. In the course of 
experimental studies, the following pharmacological 
eff ects were revealed in zosteran pectin: 
hypocholesterolemic, enterosorption, antibacterial, 
antiviral, antitumor, antiulcer, immunomodulatory, 
antioxidant [6-11]. Currently, there is an active search 
for pectins for the production of new functional 
biomaterials based on pectin gels with sorption, 

anti-adhesive, superhydrophobic, and other valuable 
properties [12]. The results of scientifi c studies 
on the eff ect of pectins on bacterial adhesion are 
contradictory.

Some authors show that pectins and pectin 
oligosaccharides have antiadhesive properties 
against pathogenic microorganisms [13,14]. Other 
authors describe the rapid adhesion of bacteria when 
pectin is added to the habitat [15]. There are several 
theories describing adhesion from diff erent positions 
(adsorption, mechanistic, chemical, electronic, 
electrical, diff usion). All theories are based on the 
intermolecular interaction of substances with each 
other. Any interaction (chemical or physical) is 
provided by the formation of complexes. The low 
degree of methoxylation and the unique structure 
of the zosteran molecule with a high content of 
functional groups (carboxylic, hydroxyl) ensure 
its high complexing activity [3,4,6-8,16,17]. It is 
important to note that scientifi c studies on the 
adhesive properties of zosteran have not been found 
to date. Therefore, in our study, we used the method 
of adhesion of microorganisms to the surface of 
erythrocytes under the infl uence of zosteran.

It is known that the pectins of some plants have 
cryoprotective properties [18] due to the content 
of active groups -OH and -COOH in the molecular 
structure. Active groups underlie the eff ective 
protective action of all known cryoprotectants [19]. 
Zosteran contains these carboxyl and hydroxyl 
functional groups. Therefore, this pectin was studied 
as a cryoprotectant using cryoscopic analysis and the 
method of cell cryopreservation. Thus, for the fi rst 
time, we will identify and evaluate new properties 

Figure 1 The structure of the zosteran molecule (a, b, c ... is the number of units, x… is a side chain with an unidentifi ed carbohydrate 
composition) [4].
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of zosteran as a substance that aff ects the adhesive 
properties of microorganisms, and a substance that 
has a cryoprotective eff ect. It will also be given the 
opportunity to assess whether this pectin has the 
potential for further eff ective use in practice.

Materials and Methods
Characterization of the pectins

In this study, two pectins were used. Zosteran 
is a pectin from a sea fl owering plant. Apple pectin 
"Classic AU-701" - pectin from a terrestrial fl owering 
plant.

The biologically active additive "Zosterin - Ul-
tra" (LLC "Aquamir", St. Petersburg) was used in the 
work, with the content of low molecular weight frac-
tion (from 1 to 30 kD) not less than 30%. "Zosterin - 
Ultra" is made from sea grass of the Zosteraceae fam-
ily using a special technology that does not include 
chemical components. It is a natural multifunctional 
pectin of a new generation, acting on the body simul-
taneously as an enterosorbent, hemosorbent and im-
munomodulator. Contains 60% D-galacturonic acid 
and 40% neutral monosaccharides. One of the main 
neutral monosaccharides is D-apiosis – 3-8%. It also 
contains D-xylose, L-arabinose, L-rhamnose. The 
degree of esterifi cation of pectin is 5% [5].

Commercial apple pectin "Classic AU-701" 
(Herbstreith & Fox KG, Germany) was used for 
comparison. The structure of the apple pectin 
molecule is completely linear, since AU-701 pectin 
contains 91% of galacturonic acid residues. This area 
of homogalactorunan consists of 1, 4-linked α-D-
galactopyranosyluronic acid residues, and these 
regions are joined by one or two L-rhamnopyranose 
residues. The rest of the molecule (9%) consists of 
neutral monosaccharides. The percentage of each 
type of monosaccharide in apple pectin is Gal-2.4%, 
Ara-0.3%, Rha-1.4%, Glc-1.6%, Xyl-2.9%. Pectin 
esterifi cation degree is 38-40% [12,20].

Experimental procedure for adhesion of 
lactobacilli

As a culture of microorganisms, the drug 
Lactobacterin (FSUE NPO Microgen, Moscow) was 
used, which is a biomass of a live, antagonistic active 
strain of lactobacilli (LactobacilIus plantarum 8P-A3 
or Lactobacillus fermentum 90T-C4), lyophilized with 
added sucrose in the culture medium -gelatinous 
milky drying habitat. A suspension of microorganisms 

was prepared in isotonic sodium chloride solution 
at a concentration of 109 CFU / mL. The adhesive 
properties were studied according to the method of 
V.I. Brilis, with used erythrocytes as models to assess 
the adhesiveness of microorganisms [21]. According 
to the literature, the results of this technique can be 
interpreted for intestinal cells [22,23]. In the work, we 
used a solution of pectins (zosteran and apple "Classic 
AU-701") - at concentrations of 1.2%, 0.6%, 0.3%, 
0.15%. A pectin solution was prepared using distilled 
water as a solvent.

As a biological object, we used venous blood cells 
from volunteer donors with their informed consent in 
accordance with the “Law of the Russian Federation 
on the donation of blood and its components”. Blood 
was taken in an amount of 6 ml into special test tubes. 
Venous blood and one of the pectin solutions (in the 
above concentrations) were mixed in equal volumes 
(50 μL each). The resulting mixture in a volume of 
100 μL was mixed with 100 μL of microorganisms 
and incubated at 37°С for 30 min, shaking regularly 
(every 3 min). After that, a smear was prepared, 
dried, and stained according to the May-Grunwald 
and Romanovsky method. The study of adhesion was 
carried out using a light microscope with a count of 
100 erythrocytes. The concentration of erythrocytes 
was within the normal range of 4.4-4.7 × 1012/L. 
The total number of studies with each pectin in the 
indicated concentrations was 240. The results of the 
experiment were assessed by the Microorganism 
Adhesiveness Index (IAM), which characterizes the 
average number of microbial cells on one erythrocyte 
participating in the adhesion process and by the 
erythrocyte participation Coeffi  cient (CUE)-the 
percentage of erythrocytes having a adhered microbes 
to its surface.

Cryoosmotic analysis

The osmometer-cryoscope OSKR-1 device (NPP 
Burevestnik, St. Petersburg) was used to determine 
osmolar concentrations (absolute error in the 
measurement range from 0 to 500 mOsm/L was 2.0) 
and freezing temperatures (absolute error in the 
range from -0.930 to -3.720°C was ± 0.010) aqueous 
solutions of cryoprotectants: dimethylsulfoxide 
(DMSO) - 5%, dimethylacetamide (DMAC) - 5%; 
aqueous solutions of each cryoprotectant with 
zosteran in the concentration range 0.1%-1% (wt%). 
All solutions were taken at the fi nal concentration. 
Ten tests were performed with each solution. The 
investigated solution with a volume of 0.3 mL was 
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placed in a plastic cuvette; the measuring element 
was immersed in it, installed in the thermostatted 
chamber of the device and measured. The operation 
of this device is based on the cryoscopic method, 
which makes it possible to measure the decrease in 
the freezing point (crystallization) of a solution in 
comparison with the freezing point of a pure solvent 
(water).

Cryopreservation of cells

As a biological object, we used venous blood cells 
from volunteer donors with their informed consent in 
accordance with the “Law of the Russian Federation 
on the donation of blood and its components”. 
Venous blood was frozen in a cryoprotectant medium 
DMSO (control group) and in a mixture of DMSO and 
zosteran pectin (experimental group). The viability of 
leukocytes as the most sensitive to cryopreservation 
of cells containing a nucleus and a multicomponent 
granular complex was assessed.

Before freezing, the blood was mixed (1:1) with 
a cryopreservative containing zosteran (0.4%) and 
DMSO (10%). The fi nal concentration of substances 
in the solution was 0.2% and 5%, respectively. The 
choice of the indicated concentrations of substances 
was based on previously obtained data on the use of 
pectins in cryoprotective mixed [24]. The mixture 
was cooled according to slow nonlinear programs 
using electric freezers. After 15 min of exposure of 
blood with a cryopreservative at room temperature 
in cryovials, the mixture was placed in an alcohol 
bath (96% ethanol), chilled at -20°C (electric freezer 
"Derby", Denmark) for another 15 min. Then the 
cryovials were transferred for further freezing and 
storage in the chamber air of an electric freezer at 
-80°C "Vestfrost" (Denmark). The average cooling 
rate from 20°C to -20°C was 2.6°C/min, then down to 
-80°C at 3.5°C/min. After 1 day of storage, the samples 
were warmed up a temperature of +38°C in a water 
bath with vigorous shaking of the cryovial for 20-
25 sec. A total of 15 procedures were performed for 
freezing and warming blood cells in mixed with a 
combined preservative.

The following parameters were investigated using 
light microscopy (Nikon H550S, Japan) before cooling 
and after warming: the degree of cryoresistance of 
various cell populations in smears stained according 
to May-Grunwald and Romanovsky, the integrity 
of the cell membrane of leukocytes in samples with 
1.0% solution supravital dye eosin, the percentage of 
phagocytic neutrophils using inert latex particles with 

a diameter of 0.08 μm (Sigma-Aldrich, Germany) 
[25]. For the analysis of each parameter, 100 cells 
were evaluated. The parameter value before freezing 
was taken as 100%.

Statistical analysis

Statistical data processing consisted in calculating 
the arithmetic value and standard deviation. The 
Wilcoxon signed rank test was used to determine the 
statistical signifi cance of the diff erences between the 
values using the «BIOSTAT, 2007» software. Values 
were considered signifi cant at p ≤ 0.05 [26].

Results 
Infl uence of pectins on the adhesive properties 
of microorganisms

It was found that in the presence of the pectins 
used in the cell habitat, the adhesiveness index of 
lactobacilli does not change. However, if pectin 
zosteran is present in the habitat at a concentration 
of 0.3%, the percentage of erythrocytes with attached 
microbes on their surface is statistically signifi cantly 
increased compared to those without pectin added 
(Table 1). 

It was found that when apple pectin was added 
to the habitat, there were no statistically signifi cant 
diff erences with the indicator without pectin added. 
It was found that the CUE% index with the addition 

Table 1: Infl uence of pectins at different concentrations on the 
adhesion indices of Lactobacteria microorganisms to human 
erythrocytes (M ± σ, n = 10).

Series
Pectin 

Concentration, %
IAM CUE%

Control 0 1.57 ± 0.25 38 ± 7.57

Apple pectin 
"Classic AU-

701"

1.2 1.65 ± 0.32 34 ± 5.96
0.6 1.61 ± 0.25 37 ± 6.96
0.3 1.75 ± 0.13 39 ± 6.48

0.15 1.78 ± 0.24 40 ± 10.91

Zosteran

1.2 1.60 ± 0.16 38 ± 5.64
0.6 1.66 ± 0.42 43 ± 12.38
0.3 1.75 ± 0.23 47 ± 9.64*#γ

0.15 1.75 ± 0.22 43 ± 9.30γ

IAM: Microorganism Adhesion Index (average number of microbial 
cells on one red blood cell). 
CUE%: Erythrocyte participation coeffi  cient (the percentage of red 
blood cells with adherent microbes on their surface).
*: Signifi cance of difference from control series at p < 0.05. 
#: Signifi cance of difference from series with the value of the 
zosteran pectin concentration indicator 1.2% at p < 0.05.
γ: Signifi cance of difference from the series with the value of the 
indicator of the concentration of apple pectin 1.2% at p < 0.05.
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of zosteran at a concentration of 0.15 and 0.3% 
is statistically signifi cantly higher than with the 
addition of apple pectin.

Change in cryosmotic properties of 
cryoprotectants under the action of pectins

It was revealed that the osmolarity and freezing 
point of the cryoprotectants used in the work diff er. 
So, the osmolarity of DMAC is 478 mOsm/L, and its 
freezing occurs at -0.881°C, respectively. DMSO has 
a higher osmolarity of 699 mOsm/L and a lower 
freezing point of -1.295°C. The osmolarity and 
freezing point of a 1% solution of zosteran are 40 
mOsm/L and -0.073°C respectively. We found that in 
the presence of zosteran at concentrations from 0.2% 
to 0.6%, the osmolarity and freezing point of DMSO 
(5%) increased statistically signifi cantly (Figure 2). 
However, when this pectin was added at any indicated 
concentration to DMAC (5%), the studied parameters 
did not change (Figure 3).

Osmolarity and freezing point of 1% apple pectin 
solution are 15 mOsm/L and -0.028°C. It was found 
that in the presence of apple pectin in the range of 
indicated concentrations, the osmolarity and freezing 
temperatures of the studied cryoprotectants did not 
change (Figures 4,5).

Positive effect of zosteran in cryopreservation 
of leukocytes

When assessing the viability of leukocytes, it was 
found that after 1 day of storage at -80°C in DMSO 
and zosteran, the cell indices were statistically 
signifi cantly higher than when they were frozen 
and stored only in DMSO (Table 2). So the number 
of leukocytes with an intact membrane increased 
by 18%, the total number of granulocytes - by 16%, 
and the level of phagocytic activity of neutrophils, 
as the main indicator of viability, increased by 20%, 
in comparison with the level of cell preservation in 
DMSO. 

Figure 2 The effect of zosteran (Z) at various concentrations (0.1-1%) on the freezing point and osmolarity of the cryoprotectants DMSO (5%), 
(M ± σ, n = 10), * - difference with DMSO indicator at p < 0.05.

Figure 3 The effect of zosteran (Z) at various concentrations (0.1-1%) on the freezing point and osmolarity of the cryoprotectants DMAC (5%), 
(M ± σ, n = 10).
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Figure 4 The effect of apple pectin (A) at various concentrations (0.1-1%) on the freezing point and osmolarity of the cryoprotectants DMSO 
(5%), (M ± σ, n = 10).

Figure 5 The effect of apple pectin (A) at various concentrations (0.1-1%) on the freezing point and osmolarity of the cryoprotectants DMAC 
(5%), (M ± σ, n = 10).

Table 2: Leukocyte preservation indices (М ± σ, n = 15) after storage for 1 day at -80°С in various solutions.

Substance

Indicators of Preservation, %

Eosin Resistance Number of Granulocytes
Phagocytic Activity of 

Neutrophils
DMSO (5%) 74 ± 3.02 70 ± 9.21 45 ± 10.54

DMSO (5%) + Zosteran (0.2%) 92 ± 3.89* 86 ± 8.60* 65 ± 8.73*

DMSO (5%) + Apple pectin (0.2%) 72 ± 3.36 71 ± 7.12 43 ± 8.45
Note: Data are presented as a percentage in relation to the level before freezing, taken as 100%. 
*: Signifi cance of difference from series with the value of the DMSO indicator at p < 0.05.

When freezing and storing leukocytes under the 
same conditions in a mixture of DMSO and apple 
pectin, the level of functional activity of the cells 
remained the same as when using only DMSO (Table 
2).

Discussion
According to the results of recent studies, it is 

known that the ability of pectins to have adhesive or 
anti-adhesive properties depends on its molecular 
structure. It turned out that fast cell adhesion is 
associated with a lower degree of esterifi cation of 

pectin, a higher molecular weight of the substance 
and the specifi c viscosity of pectin [15,27]. Based 
on the data we received on the eff ect of pectins on 
the adhesive properties of microorganisms, it can 
be concluded that zosteran pectin can be used as a 
substance that will create the best conditions for the 
life of lactobacilli and increase the ability of cells to 
perceive microorganisms on their surface in the 
zone of their natural existence. Probably, the unique 
structure of the zosteran molecule, a very low degree 
of its esterifi cation (5%), and a high molecular weight 
[3] provide the formation of a layer covering the 
erythrocyte surface and increasing the ability of cells 
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to perceive lactobacilli. It is known that low esterifi ed 
pectins form gels due to intermolecular bridges using 
calcium and magnesium ions. Intermolecular bridges 
have a network structure that probably provides new 
space or new free sites for bacteria to attach. It should 
be noted that apple pectin has its own characteristics 
in comparison with zosteran: a linear molecular chain 
structure and a higher degree of esterifi cation (38-
40%). This is probably why apple pectin did not aff ect 
the adhesion of lactobacilli. In our study, zosteran 
at a concentration of 0.3% increased the number of 
red blood cells capable of attaching bacteria to their 
surface. Therefore, such a concentration of pectin 
is the most eff ective for the formation of optimal 
conditions for the attachment of microorganisms. In 
this regard, it is impractical to increase or decrease 
the concentration of zosteran. Thus, zosteran as a 
complex carbohydrate polymer providing a change in 
the conditions for the adhesive activity of bacteria can 
be used to enhance the perception of microorganisms 
by intestinal cells for representatives of normal 
microfl ora or to reduce it for pathogens of infectious 
diseases. This expands the list of previously described 
pharmacological eff ects of zosteran [4,8-11].

When evaluating the interaction of zosteran 
in various concentrations with cryoprotectants, it 
was found that its addition entails a change in the 
osmolarity and freezing point of only a mixture of 
pectin with DMSO. Probably, this result is associated 
with the structure of the molecules of substances. 
Zosteran has a more complex structure than pectins 
of terrestrial plants [4,10,25]. It has a straight and 
ramifi ed area. The branched spatial structure is similar 
to a bundle of tangled threads, consisting of cells of 
diff erent sizes between the main linear chains and 
their lateral branches. The main chain in the zosteran 
molecule is 60% and is represented by residues of 
galacturonic acid, the rest of the molecule consists of 
neutral monosaccharides (apiosis, xylose, arabinose, 
rhamnose). It is known that unmethoxylated residues 
of galacturonic acid in pectins form intermolecular 
bridges using calcium and magnesium ions [24]. 
These bridges are formed by ionic and hydrogen 
bonds between carboxyl and hydroxyl groups, which 
leads to the formation of a network structure. This 
complex molecular structure provides the high 
complexing activity of zosteran that was previously 
described [4,6-10,16].

Note that according to Shrago MI, et al. [19] all 
cryoprotectants used in cryobiology have a number 
of specifi c functional groups, for example, DMSO (= 

S = O-CH3), DMAC (-CH3). From the discussion of 
the structure of the cryopreservative components, it 
follows that the complex was probably formed upon 
contact of the functional groups of zosteran (-OH, 
-CH3) and DMSO (= S = O-CH3), but not DMAC (-CON 
(CH3) 2). This complex is a network for capturing 
more water molecules. As a result, the osmolarity 
of the solution increases, and the temperature of its 
crystallization decreases. Note that a change in the 
cryoosmotic parameters of an aqueous solution of 
DMSO occurred with the addition of zosteran in the 
concentration range of 0.2-0.6%. Probably, such a 
number of zosteran molecules (in particular, free 
active groups -OH and -COOH) is suffi  cient to interact 
with free functional groups of DMSO and membrane 
components.

Above, we found that in the presence of zosteran, 
the freezing point of the DMSO solution decreases. 
In cryobiology, there is an opinion that lowering the 
freezing point of a cryoprotectant can help reduce 
the risk of cell damage during freezing [28]. To test 
the eff ectiveness of the interaction between zosteran 
and DMSO, an additional series of studies on cell 
cryopreservation of highly functional nucleated cells 
was carried out.

The data obtained on the preservation of 
leukocytes confi rm that a decrease in the freezing 
point of a DMSO solution in the presence of zosteran 
helps to reduce the risk of cell damage during 
freezing. Let us assume that the displacement of 
the crystallization temperature of water in the cells 
to a lower temperature range at the initial stages 
of cooling contributes to the formation of a fi ne-
meshed, low-traumatic ice structure. Also, when 
DMSO and zosteran were combined, their functional 
groups interacted not only with each other, but also 
with biological structures, which probably ensured 
the safety of biological objects during freezing 
and thawing, and also reduced the toxicity of the 
cryopreservative. Thus, the combination of zosteran 
with DMSO in 5% concentration promotes the 
preservation of nuclear cells at a temperature (-80°C) 
for 1 day.

Conclusion
In this study, new properties of zosteran 

pectin from the marine plant Zostera marina (L.) 
were discovered - adhesive and cryoprotective. 
Realizing the fi rst property, namely, increasing the 
adhesiveness of lactobacilli to the surface of cells, 
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zosteran can contribute to a more rapid and eff ective 
restoration of the normal intestinal microfl ora after 
an infectious disease suff ered by the body. Realizing 
the second property, zosteran in combination with 
DMSO cryoprotectant can be used as an eff ective 
combined cryopreservative for the conservation of 
various biological objects at low temperatures. The 
results obtained are especially important because 
not all pectins have similar properties, because for 
this they need to have a number of physical and 
chemical features. So, on the example of apple pectin 
with a linear molecular structure and a higher degree 
of esterifi cation than that of zosteran, the absence 
of an eff ective action was shown in all analyzes. 
Thus, despite the wide range of already discovered 
properties, our results will expand the possibilities 
of using zosteran pectin not only in medicine, but 
also in other industries that require long-term low-
temperature storage of biological objects.
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