CBU INTERNATIONAL CONFERENCE ON INNOVATIONS IN SCIENCE AND EDUCATION 2020 (NATURAL SCIENCES AND ICT)
MARCH 18-20, 2020, PRAGUE, CZECH REPUBLIC WWW.CBUIC.CZ

FRESHWATER SAPROPEL: BIOLOGICALLY ACTIVE COMPONENTS
AND METHODS OF EXTRACTION

Aneka Klavina!, Agris Auce?, llona Pavlovska®, Ivars Vanadzins*

Abstract: Previously, sapropel has been commonly used in agriculture, cosmetology and medicine in its raw form and there
has been no generally accepted method or standard for realizing sapropel extract. However, for sapropel usage in medicine,
balneology and pharmacy, it is essential to develop quality criteria for raw sapropel and its extracts.

This review aims at discussing and summing up different techniques for extracting bioactive compounds from sapropel as
well as the possibilities of creating quality criteria. This paper covers existing analytical techniques and methodologies;
currently, there are few extraction methods using several extractants for obtaining bioactive components from raw sapropel.
Different freshwater sapropel types have been described and characterized. Bioactive components in sapropel have been
identified and explained. Humic acids and fulvic acids have been identified as the main substances and their extraction
methods have been listed. Solid-liquid, ultrasound assisted and supercritical fluid extraction methods have been pointed out
as the most suitable. Additionally, analysis and storage conditions of the extracts have been discussed.

There have been found to be no commonly accepted standard methods for sapropel extraction, or for the analysis and
characterization of the sapropel extracts. For pharmacological applications, a common approach for the extraction process of
active substances from sapropel and the analysis procedures of the extracts need to be established. This review will help
equip other researchers with the latest information on this topic.
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|
Introduction

Sapropel is an organic sediment which accumulates in shallow to deep marine basins, lagoons and
lakes. The organic matter in the sapropel composition is obtained from phytoplankton which live in
the upper layers of water; materials from plants and aquatic animals in higher layers play an important
role in the production of sapropel as well. Generally, fine-grained sediments can deposit alongside the
organic sapropel matter, often resulting in a transition from pure sapropel to an almost organic-free
mud or ‘sapropel mud’ (Gomes et al., 2013). Sapropel is thus a rich organic matter that has in it the
remains of water organisms (phytoplankton, zooplankton, and macrophytes) and whose formation
process differentiates it from its peat precursor (Strakhovenko et al., 2014; Leonova et al., 2015).

Sapropel has long been used as a remedy both in veterinary and human medicine. It has a positive
effect on the nervous, endocrine and the cardiovascular systems, it improves the condition of the
musculoskeletal system, as well as stimulates the metabolic processes in the liver (Klavina et al.,
2019). For a long time, there has been an interest in extracting the active components from sapropel
and utilizing them in skin care and other health care procedures.

Freshwater sapropel is usually found as sediments in lakes, and in some cases in marshes and bogs as
well, while brackish water sapropel forms in marine reservoirs. Both types are formed by biochemical,
microbiological and mechanical processes (Strakhovenko et al., 2014). Freshwater sapropel is mostly
found in the territory of northern and eastern Europe. Research conducted in Latvia has shown that
high-quality organic sapropel is often found in the parts that are farther away from the sea and located
above the sea level. The percentage of organic material in the sapropel found in the lakes of the
Latgale region varies from 30% to 52%, which can be considered a typical value for sapropel formed
in similar climatic conditions (Vanags, 2015).

Depending on the concentration of microelements present, sapropel can be divided into the following
types: silica sapropel, mixed-type sapropel, organic sapropel and carbonated sapropel. The total
amount of sapropel reserves in the lakes of Latgale is 274,106 m?, including 57,106 m® of organic
sapropel with low ash content and 40,106 m? of carbonated sapropel (Stankevica et al., 2014).

While sapropel sediment is considered to be an insufficiently researched potential source of bioactive

compounds likely to be useful in pharmaceuticals and cosmetics, in balneology it is already considered
as a substance with healing properties (Herrero et al., 2015). Recent studies have shown that the use of
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healing mud in balneology, SPA, aesthetic medicine and pharmaceutical formulations has increased
due to the interest in natural remedies. Sapropel gathered from lakes is suggested to have a healing
effect due to its low level of mineralization and high concentration of total organic matter (Dolmaa et
al., 2011). Sapropel also has a high content of humic substances (HSs) which partake in the healing
effect (Dolmaa et al., 2011; Orru et al., 2011; De Melo el at., 2016). Research results suggest that
biologically active organic compounds such as HSs, lipids, proteins, carbohydrates and minerals such
as sulphides may be responsible for the therapeutic properties of sapropel (Pena-Mendez et al., 2005;
Druvietis et al.,, 1998; Dolmaa et al., 2011). Methods for controlling the biologically active
components in the sapropel extract as well as the possibilities of their extraction are important for the
use of sapropel in medicine, pharmaceutical production and cosmetics.

Bioactive components in sapropel

The organic parts of sapropel come from freshwater flora and fauna, which over a long period of time
have been transformed under anaerobic and waterlogged conditions. All of the organic compounds
have demonstrated biological activities (Wollina, 2009; Garcia-Villen et al., 2018; Winkler et al.,
2018).

Naturally formed sapropel consists mainly of HSs and non-humic substances (Kovalenko et al., 2016).
Non-humic substances in sapropel sediments can be placed in one of the following categories:
carbohydrates or sugars, amino acids, lipids and proteins (Odabasi et al., 2007; Orru et al., 2011). The
main lipids in sapropel sediments are hydrocarbons (20.0%), carboxylic acids (9.0 %), esters (7.7 %),
steroids (7.4 %) and oxygen-containing compounds (18.0%) (Dolmaa et al., 2011).

However, most of the interest is targeted at the HSs found in sapropel, which show the most promising
possible usage in medicine. HSs are formed through a secondary synthesis of the microbiological
decomposition of plants and animal waste; they are not found in the tissues of living organisms
(Dolmaa et al., 2011). HS have relatively high molecular weight, they are macromolecules with high
redox-activity and show good antioxidant properties (Aeschbacher et al., 2012).

Fractions of HSs are similar but not identical, depending on solubility in alkali and acid (Belzile, Joly,
& Li, 1997). As specified by these differences, HSs are divided into four fractions: humic acid (HA)
that is soluble in water at pH > 2 but coagulates by acidification (below pH 2) (1), hymatomelanic acid
(HMA) soluble in spirits such as ethanol (2), fulvic acid (FA) soluble in water at all pH conditions
(3), and humin not soluble in water at any pH values (4) (Belzile et al., 1997; Orru et al., 2011). There
are different properties like molecular weight, elemental composition and degree of polymerization
and distribution of functional chemical groups that also need to be considered when extracting HS
from sapropel sediments. Research shows that most of the extraction methods for sapropel sediments
have been developed for the extraction of HAs and fulvic acids.

Humic acid

HA is a major part of the sapropel’s organic matter (Dolmaa et al., 2011). The molecular structure of
HA is an aromatic non-organized polymer containing phenolic, carboxylic, as well as hydroxyl,
methoxyl, aldehyde and keton groups. Nitrogen and sulphur atoms are also often found (Alexandrova
et al., 2013; Spaccini et al., 2019). The average molecular weight is 6500. The main structural skeleton
is made up of poly-functional groups attached to a condensed aromatic ring, with polypeptides and
polysaccharides bound to it (Alexandrova et al., 2013). HAs are found to range from a yellowish to a
dark brown colour and to lend the HS its colour. They are found to be soluble in water at higher pH
values but insoluble under acidic conditions (Caseldine et al., 2000).

The HA molecule reacts with the cell walls of an organism as well as with the receptors in the dermis
due to the aromatic nucleus and functional groups, additionally penetrating through tissues and
producing a therapeutic effect (Alexandrova et al., 2013; Canellas et al., 2015; Jacob et al., 2019). HA
facilitates the regeneration of nervous tissues, stimulates the macrophage defence reactions and tissue
reparation, as well produces an anti-inflammatory effect in the case of tissue burns and cornea diseases
(Dolmaa et al., 2011; Rensburg, 2015).

HA does not show toxic effects in a wide range of dosages tested in animal trials after oral
administration or application onto the skin (De Melo et al., 2016; Trofimova et al., 2017; Almeida et
al., 2019). However, the usage of HA in medicine is a tough task for pharmacists, because HAs have
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heterogenic structures, polydispersity and properties that depend on source material (Trofimova et al.,
2017).

Fulvic acid

Another important HS fraction is FA; FAs are a combination of weak aliphatic and aromatic acids,
which are soluble in any pH value (Belzile et al., 1997). The size of the FA molecules is smaller than
those of HA. Nonetheless, the absorption capacity is 2 — 20 times higher than that of HA due to the
functional groups — carboxyl, phenolic and carbonyl groups associated with macromolecules and with
its aliphatic or organic carbons (Li et al., 2018). The Oxygen content in FA is higher than that in HA
and the average molecular weight is 1200. Because of its comparatively smaller molecule size, FA can
enter deeper levels of tissue. Likewise, there is evidence that FA can carry trace elements from
surfaces into tissues (Pena-Mendez et al., 2005). On account of these characteristics, FAs have been
used to increase plants’ productive capacities as the FAS transport trace minerals directly to the
metabolic sites in plant cells.

Furthermore, FA shows a partially agonistic effect on the smooth muscle fibre’s a2 adrenoceptor and
D2 dopamine receptors, while at the same time influencing spontaneous contractile activity of smooth
muscles ( Beer et al., 2002; Beer et al., 2000;).

Extraction of bioactive components from sapropel

There are many different techniques that can be used to gain extracts from sapropel, such as solid-
liquid extraction (SLE) with various solvents, microwave-assisted extraction (MAE), ultrasound-
assisted extraction (UAE), supercritical fluid extraction (SFE), accelerated solvent extraction (ASE) or
hydrostatic pressure extraction (HHPE) (Ryzhova et al., 2013; Xu et al., 2017; Belwal et al., 2018).
All these techniques have a proven effectiveness in extraction from natural matrices, follow principles
of maximizing the yield of extraction, can be adaptable for industry, have procedures to avoid
impurities and toxic compounds, and ensure pharmaceutical grade quality of the final product (Mirza,
etal., 2011a; Mirza, et al., 2011b; Belwal et al., 2018).

The first step of extraction is to secrete active components from cells. In the event that they do not
distribute, a disruption of cell membranes by mechanical or non-mechanical processes must be applied
(Roux et al., 2017). This can be a physical process — drying, osmotic shock, freezing or cooking, a
chemical process — applying acid, base, surfactants, or the goal can be reached through biological or
enzymatic means. The choice of the fitting cell disruption method depends on the cellular matrix and
cell-wall characteristics (Saini et al., 2018). In the case of the sapropel extract, cell disruption usually
is done by drying samples before the extraction process and then applying alkaline solution.

Lake sediments consist of crystalline, skeleton-like sand and clay, and residues of water organisms
such as flora and fauna. Together these make a colloidal mud solution which has a complex cellular
matrix. Bioactive substances are enclosed inside the cells and are often poorly extracted, thus choosing
the right cell disruption method is crucial (Ryzhova et al., 2013a).

Another aspect of green and efficient extraction of biologically active compounds from sapropel is by
choosing the right solvent; extensively used extractants are water or alkaline solution (Booij et al.,
1992; Dolmaa et al., 2011; Ryzhova et al., 2013a).

Extraction and analysis of bioactive compounds from raw sapropel follows various steps summarized
in Fig. 1.
Methods for extracting humic substances from sapropel

A literature review shows that the classical method of extracting HA and FA from sediments utilizes a
strong basic substance to extract the alkaline-soluble materials, followed by a removal of the non-
soluble fraction and ends with partitions of HA and FA. There is one common extraction procedure -
extraction with a sodium hydroxide solution (Ryzhova et al., 2013). Ultrasound-assisted extraction
changes HA activity and structure but is commonly used to gain a higher extraction efficacy.
Concentration of HS in an extract can vary due to the differences in the chemical structure of the HS
or the physical availability of the organic material associated with the minerals in the sapropel (De
Paoliset et al., 1997; Javanshah et al., 2016; Klucakova et al., 2017).
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Figure 1: Different steps involved in the extraction and analysis of bioactive components from
sapropel sediment
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Extraction with sodium hydroxide

Sodium hydroxide was found to be the extractant most widely used in researchers studies. The
concentration of sodium hydroxide used in the extraction process in most studies was ranged from 0.1
to 0.3 N solution. The extraction time varied from 20 to 48 hrs. The mixture (dried sapropel and
alkaline solution) was stirred for 5 to 20 hrs, after which the alkaline suspension was decanted or left
to stand at a room temperature (Lamar et al., 2014; Javanshah et al., 2016; Belwal et al., 2018).
Following this the suspension was centrifuged, usually for 30 min at 3000 — 5000 rpm (Klucakova et
al., 2017). The sapropel containing a higher clay fraction solution was filtrated through a nuclear filter
to ensure that the extract was free of clay particles. Some researchers used 0.45 pum filters. The
alkaline extract contained HS; the insoluble part was washed with distilled water to separate all the
soluble HSs and then discarded (Caseldine et al., 2000; Dolmaa et al., 2011; Orru et al., 2011;
Alexandrova et al., 2013). Alkaline supernatant containing HA and FA was acidified (pH 2) with a 6
N HCI solution to flocculate the HA. The typical time for separating HA from the solution varied from
1 to 6 hrs depending on the sapropel type (Klavina et al., 2019). Residues were filtered and washed
with distilled water and dried (Orru et al., 2011; Alexandrova et al., 2013; Lamar et al., 2014) and the
solution was preserved for future preparation and purification of FA (Caseldine et al., 2000). The
colour of the extracted HS indicated the HA and FA concentration in the sapropel extract (Caseldine et
al., 2000; Alexandrova et al., 2013).

It was thus found that extraction with NaOH can produce high yields of organic matter, however
extraction must be repeated several times to reach maximum recovery (Javanshah & Saidi, 2016).
Despite the good results from NaOH extraction, there are some disadvantages. In the NaOH solution
at boiling temperatures high molecular components break down to a lower molecular weight such as
FA, amino acids and polysaccharide groups and other volatile small molecular width components until
no HA is present in the extract (Caseldine et al., 2000). However, following standard procedures
eliminates the unwelcome breakdown of HA, and if the disadvantages are overcome, NaOH extraction
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shows good selectiveness, is easy to use and has economic advantages (Caseldine et al., 2000;
Alexandrova et al., 2013).

Some researchers used another extractant for HA and FA extraction process — sodium pyrophosphate.
Sediments were dried and treated with 0.1 M NasP,O7 solution (pH 10.5), shaken at room temperature
for 24 hrs, after which the soluble part was separated using a centrifuge (Belzile et al., 1997; Lamar et
al., 2014), followed by acidification. Sodium pyrophosphate was found to be a good choice for
sediments with high calcium content or carbonated sapropel as sodium pyrophosphate also dissolves
metal-organic complexes that reduce organic matter availability, however in such a case the end
extract could be contaminated with heavy metals (Javanshah et al., 2016).

Separation of the Fulvic Acid

In both extraction procedures, FA was separated from other acid-soluble compounds after HA
precipitation. For separation DAX-8 or a similar resin such as XAD-7 was used; in some studies this
process was called ‘the hydrophobic strong acid fraction of soluble organic matter’ (Chunxia et al.,
1996; Lamar et al., 2014).

A glass column (40x250 mm) was prepared with a non-ionic macro-porous resin and the FA extract
was passed through the column under low pressure. Based on selective absorption, hydrophilic acid-
soluble compounds did not bind to the resin and could be removed. After removing salts with 0.01 M
HCI, the FA fraction was recovered by elution with a 0.1 M NaOH solution. The gathered fraction was
dried (Khanna et al., 2008; Orru et al., 2011; Lamar et al., 2014).

However, some research shows that FA separation is not needed and that sapropel extract after HA
filtration can be used in the preparation of dosage forms (Beer et al., 2003; Klavina et al., 2019).

Technical extraction methods for sapropel sediments
Solid-liquid extraction

Generally SLE consists of a straight extraction of fresh, dried or freeze-dried material with different
solvents, solvent mixtures or aqueous phases with various pH levels. It requires subsequent column
chromatography or solid-phase extraction to remove unwanted compounds. SLE is uncomplicated and
not difficult to operate, however, there are some disadvantages with this method including a long
extraction time, low efficiency and hazardous solvents, but with the latest techniques these problems
could be overcome (Dujmov et al., 1992; Murthy et al., 1996; De Paolis et al., 1997; Hautala et al.,
1998; MacCarthy, 2001; Peuravuori et al., 2002; Morgan et al., 2005; Ryzhova et al., 2013; Klucakova
etal., 2017; Xu et al., 2017).

Ultrasound-assisted extraction

UAE is an applicable and economic technique; it does not require expensive instruments and is easy to
use. Sonication is the creation of sound waves that make cavitation bubbles around organic material,
disrupting the plant cells and releasing bioactive components into the solution. The method’s
efficiency depends on the sonication time, temperature, ultrasound wave frequency, as well as the
solvent’s polarity and sample’s properties (Xu et al., 2017). UAE is an adequate technique for sapropel
samples (Ryzhova et al., 2013; Nsengumuremyi et al., 2018) because it can be applied to a wet
biomass without extra solvent being used, thereby showing good results for lipid extraction from
microalgae (Roux et al., 2017). UAE used for sapropel samples shows that it changes the structure,
composition and chemical activity of a HS, making it more active and bioavailable ( Ryzhova et al.,
2013; Rumyantsev et al., 2017; Nsengumuremyi et al., 2018). Ultrasound has been endorsed in the
pharmaceutical extraction industry for a broad range of plant extracts (Vilkhu et al., 2008). Overall,
UAE reduces solvent usage and allows the use of less hazardous solvents, providing environmental,
health and safety benefits (Vilkhu et al., 2008; Belwal et al., 2018;).

Supercritical fluid extraction

The latest extraction method is SFE, which can be used as an alternative to all the previous methods
and is environmentally friendly. The fluid most often used is the supercritical CO2, however, other
supercritical fluids such as ethane, butane, nitrous oxide, ammonia and water can also be used in the
extraction processes. CO- is a non-polar, supercritical fluid and is unable to extract polar chemical
substances. Nevertheless, by optimizing key parameters and using modified supercritical fluid
combination, the extraction efficiency can be improved (Nguta et al., 2016). In such a case subcritical
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water extraction can be used; it is a promising technology for the bio refinery industry and is
applicable to a large scale of samples (Roux et al., 2017). To obtain sapropel extract with the
supercritical fluid extraction method, CO, must be used. Results show that time and temperature are
crucial paramateres for gaining a maximum concentration of bioactive substances from the sapropel
(Krivonos et al., 2010). SFE consumes less toxic organic solvents and lowers the extraction time,
increasing the selectivity of bioactive compounds and avoiding sample oxidation. While SFE is thus a
green and efficient technique, it requires a large capital investment ( Xu et al., 2017; Saini et al.,
2018). The major advantages and disadvantages of various extraction methods for HAs and FAs are
described in Table 1.

Extract analysis and storage

While there are no commonly accepted parameters for the characterisation of the sapropel extract, as
per pharmacopoeia guidelines, the minimal quality criteria for plant extracts are: moisture content,
foreign matter, microbial count, pesticide and heavy metal residue, density, viscosity (for liquids),
total ash value, refractive index and microscopic examination if necessary.

Literature review results show that in recent years, chromatographic, spectroscopic and electrophoretic
methods for analysis and characterization of HSs have been used. To gain a better understanding of
the HS fraction of the extract, analyses have been performed directly after the extraction process. One
of the techniques is based on high-performance liquid chromatography (HPLC) (Beer et al., 2000;
2002; 2003; Almeida et al., 2019) with fluorometric detection, and the second is based on capillary
zone electrophoresis (CZE) with UV detection. Both methods can be used to determine the HA
fraction after single extraction and do not require additional purification steps (Orru et al., 2011;
Javanshah et al., 2016). Some studies used the methods of conductometric and potentio-metric
titrations (Klucakova et al., 2005). However the UV-Vis spectrum method is commonly used to
determine HA concentration in soil and sediment samples, but it needs extra sample purification
before analysis (Caseldine et al., 2000; Morgan et al., 2005; Khanna et al., 2008; Alexandrova et al.,
2013). For determination of chemical and compositional structure of HS, FTIR spectroscopy and
elemental analysis are used (De Paolis & Kukkonen, 1997; Belzile et al., 1997; Caseldine et al., 2000;
Khanna et al., 2008; Dolmaa et al., 2011; Alexandrova et al., 2013). The elemental composition
determines the origin of the material, and the O:C ratio is considered to be an indicator of HS
carbohydrates. Further, hydrogen carbon (H:C) and nitrogen carbon (N:C) ratios are used to monitor
structural changes in sediments and extracts (Belzile et al., 1997; De Paolis et al., 1997; Dolmaa et al.,
2011).

Depending on the extracted fraction from sapropel, there are different ways to store it. If the extracted
fraction contains lipids and organic solvents were used in the extraction process, the obtained extract
stored at 4°C was found to remain stable for several months (Shamia et al., 2017; Rasaee et al., 2018).
Suarez Munoz (Suarez et al., 2015) also reported that dried HA fraction stored at 4°C and maintained
stable. FA fraction has commonly been frozen or freeze-dried and stored at -4 °C for future usage
(Beer et al., 2003; Khanna et al., 2008; Dolmaa et al., 2011; Suarez et al., 2015; Meullemiestre et al.,
2017).

Studies suggest that all of the extracts are chemically stable and retain their biological activity for
months in aqueous solutions and can be used for pharmaceuticals (Beer et al., 2002, 2003; Mirza et al.,
2011a; Mirza et al., 2011b).

Conclusion

The key purpose of extraction of active components from sapropel is to use them in cosmetic, medical
or pharmacological products. The use of sapropel extract in medicine and pharmacology is
complicated by the fact that it does not have stoichiometric composition, varies in structural
composition, and is characterized by heterogeneity and polydispersity. In existing literature there is no
commonly used standard for obtaining sapropel extract or analysing its value for pharmaceutical
purposes.

Pharmacopoeia standards suggest that factors ensuring the quality of plant material should be defined.

The characteristics of the sapropel sediment - its origin, type, microbiology, moisture content, total
organic substances and extraction parameters (e.g. solvent, pressure, temperature, and extraction
cycles) are the most vital elements influencing the efficiency of extraction. Additionally, sample pre-
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treatment with physical and chemical approaches such as drying and freezing can affect the outcome
of extraction as well the appropriate storage needed for the extracted material.

Table 1: The major advantages and disadvantages of various extraction methods for HAs and FAs
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Moreover, a large number of studies have been conducted to evaluate the HS extraction from sapropel,
but no generally accepted recommendations can be deduced because of the diversity in the sapropel
sediments. The most suitable method for obtaining sapropel extract is NaOH water solution extraction
with different pH values and sonication in various temperatures. As for sapropel extract analysis, there
are no guidelines; however, the most commonly used method for the determination of HAs and FAs
are HPLC. For other suggested parameters in pharmacopoeia there are no data available in literature,
and sufficient experimental data is lacking in the existing methods.

Sapropel extract has good commercial potential for use in cosmetics and pharmaceuticals and its
increasing economic significance can lead to the finding of more sophisticated extraction and
standardisation methods in the future.
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