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ДОДАТОК 

PRACTICAL WORK 

BIOTECHNOLOGY OF ANAEROBIC BIOCONVERSION  

 

OF CYANOBACTERIA PHYTOMASS WITH BIOGAS PRODUCTION 

The aims: Acquisition of biotechnological skills in biogas production by 

anaerobic biodegradation of cyanobacteria’s phytomass and analysis of the basic 

physicochemical and microbiological of biomethanogenesis conditions. 

Key words: bioenergy, biotechnology, biogas, anaerobic biodegradation, 

cyanobacteria, phytomass. 

Materials and equipment: organic substrate (cyanobacteriaphytomass, 

biowaste, organic residues), dry air thermostat, water thermostat, libra, thermometer, 

container for fermentation (1-3 m3), tray, Bunsen gas burner (or glass tube), metallic 

test tube holder or stand for dishes or tongs (to heat the liquid above the burner), lab 

rubber tubing, laboratory glassware(incl. graduated), lab instrument, metal weighting 

vessel (aluminum), water, lime (chalk), nutritive medium substances. 

 

1 THE THEORETICAL PART 

1.1 The Biogas composition, biochemistry of methanogenesis 

Recycling of the organic component of algae’s biomass, food industry’s waste 

and agriculture’s waste (spent grains, potato spent wash, fruit distiller’s wash, wheat 

distiller’s dried grains, vegetable pulp, molasses distillery slops, pressed pulp, meat 

processing waste, straw, phyto- and zoogene waste), municipal service waste (sewage 

sludge, active sludge, green mass, woody sawdust, household waste) by means of 

anaerobic bioconversion accompanies with biogas generation. 

Biogas is a mixture of methane gas (CH4), carbon dioxide (CO2), nitrogen (N2) 

and impurity of hydrogen (Н2), hydrogen sulfide (H2S), oxygen (О2), carbon 

monoxide (CO) and other gases. Methane is a natural gas, colorless, odourless and 

flavorless, marginally soluble in water, highly explosive and flammable in a mixture 

with oxygen. СН4 is a reducedform of Carbon (Fig. 1). The process of methane 

http://context.reverso.net/%D0%BF%D0%B5%D1%80%D0%B5%D0%B2%D0%BE%D0%B4/%D0%B0%D0%BD%D0%B3%D0%BB%D0%B8%D0%B9%D1%81%D0%BA%D0%B8%D0%B9-%D1%80%D1%83%D1%81%D1%81%D0%BA%D0%B8%D0%B9/The+study+aims
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bioconversion from organic substrate compounds (carbohydrates, proteins, nucleic 

acids, lipids, hydrocarbons, organic acids and spirits) is called methanogenesis, which 

consists of three phases. 

 

Figure 1 − Location in space sp3-hybrid orbitalsin the methane molecule 

 

Figure 2 − Methane bioconversion phases from the organic substrate 

Acetic acid H2, CO2 



 3 

At the first phase, it’s carried out the decomposition of high-molecular 

biopolymer compounds (carbohydrates, proteins, nucleic acids), hydrocarbons and 

lipids into low molecular weight organic substances (mono- and oligosaccharides, 

amino acids and peptides of varying degrees of complexity, purine and pyrimidic 

nitrogen bases, glycerol and various carboxylic acids), as well as СО2 and Н2 with the 

participation of enzymes of hydrolases, which synthesize gram-negative non-spore-

forming anaerobic microorganisms (Fig. 2). 

At the second phase of methanogenesis various organic acids are formedfrom 

the products obtained in the first stage (with the exception of acetic acid, СО2 and Н2) 

under the influence of acid-forming microorganisms, which are oxidized then, mainly 

to acetate and СО2. At this phase hydrogen, ammonia and hydrogen sulfide are also 

formed. In the third phase, the final transformation of organic substances into 

methane and carbon dioxide occurswith the participation of enzymes producing 

anaerobic spore and non-spore-forming methanogenic bacteria. The biological role of 

СН4 formationby methanogenic bacteria is to obtain the energy to cells (formation of 

ATP molecules) for life processes. For the energy production, methanogenic bacteria 

are able to use formiate, methanol, CO, acetate, as well as methylated amines (Fig. 

3): 

4НСООН → СН4 + 3СО2 + 2Н2О                                   (1) 

4СН3ОН → 3СН4 + СО2 + 2Н2О                                     (2) 

4СО + 2Н2О → СН4 + 3СО2                                            (3) 

СН3СООН → СН4 + СО2                                                                        (4) 

4СН3NН3 + 2Н2О → 3СН4 + СО2 + 4NН4.                      (5) 

At the end of methanogenesis, components of C О2 and Н2 form a certain 

amount of methane and water. The bacterium obtainthe energy by oxidation of Н2 as 

an electron donor under the condition of a conjugate reduction of СО2 as electron 

acceptor:     4АН2 + СО2 СН4 + 2Н2О + А.                                                       (6) 

It is believed that about 70 % of methane is formed as a result of reactions (2, 

4), 25 % − in the reaction (6), and the other 5 % − in the reactions (1, 3, 5). In the 

process of methanogenesis participates a specific complex enzyme system of 

bacteria, which includes coenzymes methanofuran, tetrahydro-methanopterin, 

coenzymes F420 and F430, coenzyme M (CoM), coenzyme B (Fig. 4). 
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Figure 3 − Ways of anaerobic biodegradation of the organic substrate: IIIA 

group of methanogens − chemolithotrophic bacteria, which convert CO2 and H2 into 

methane,IIIB group of methanogens− acetotrophic bacteria, which convert acetic and 

sulfuric acid, methanol and methylamine into methane 

 

Figure 4 − Scheme of СН4 formation by methanogenic bacteria:Х1 – 

COOH − carboxylic derivatives, Х1 − CHO − formid derivatives, Х2=СН2 − 

methylene derivatives, Х2=СН3 − methyl derivative, Ф1 is a methyleneductase 

system, KoM – S − СН3 is a methyl-enzyme M
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The average composition of biogas, which is obtained by bioconversion 

cyanobacteria phytomass: the sum of the quantities of СН4 and Н2− 71,33 %, СО2 – 

20,35 %, N2 – 6,45 %, О2 – 0,42 %, СО – 0,18 %, H2S – traces (0.01 %), other gases 

− 1.26 % (Fig. 5). 

 

Figure 5 − The composition of the gas mixture obtained  

from cyanobacteria biomass 

 

The level of methane production usually varies between 0.3-0.5 m3 СН4 per 1 

kg of consumed XSK. And the average yield of biogas is 0.8-1.0m3 per 1 kg of 

crumbling organic matter components. The energy value of 1 m3 of biogas, which is 

50 % of methane, reaches 17.8 MJ, with an increase in methane content up to 70% − 

up to 25 MJ (averaging 21 MJ). Characteristics of biogas obtained from 

cyanobacteria biomass: gas density 0,915-0,925 kg/m3, the heat of combustion Q = 

5100-5200 kJ/m3, which in its parameters is close to natural gas (propane-butane 

mixture). 

1.2 Microbiology of methanogenesis 

The natural grouping of microorganisms that carry out the process of methane 

genesis includes various types of anaerobic bacteria that decompose cellulose, coal-

water, proteins, peptides, amino acids, lipids, and other compounds. Due to their 

activity, organic residues, biomass that has died out of different origins can serve as 
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the raw material for biogas production during biodegradation. Since biogas is derived 

from an organic substrate of varying genesis, predominantly multi-component 

microbial associations are used for effective methane formation. In addition to 

methanogens include microorganisms that convert organic substrates to methanol, 

formic and acetic acids, hydrogen, CO2, etc. This symbiotic group capable of change 

by fermentation starting material and functions as a self-regulating system that 

maintains optimal among pH, redox potential and thermodynamic equilibrium for 

growth and development process and provides stability methanogenesis. According 

to the biochemical activity of the bacteria carrying out methanogenesis, they are 

divided into 4 groups: 1) hydrolytic bacteria, 2) acid-forming bacteria, 

3) heteroacetogenic, homoacetogenic bacteria, 4) methane-forming bacteria. 

The first stage of destruction of complex organic polymers – hydrolysis – is 

carried out by the bacteria of the genera Clostridium, Bacteroides, Ruminococcus, 

Butyriobibrio, and others. This process is extracellular and occurs with the 

participation of a complex of bacterial exoenzymes. The efficiency and velocity of 

hydrolysis depends on the set and number of these enzymes, the pH, and the contact 

time with the substrate. The main products of hydrolysis are amino acids, sugars, 

fatty acids. In the first stage of the second stage of biological degradation, the acid-

forming bacteria of genera Syntrophobacter, Syntrophomonas and Desulfovibrio 

oxidize these products to acetate, propionate, succinate, alcohols, aldehydes, NH3, 

H2S, Н2 and СО2. Bacteria of the second stage of this stage of biodestruction (genera 

Acetobacterium, Acetogenium, Syntrophobacter, Syntrophomonas, etc.) cause the 

dissociation of propionate, butyrate, lactate and pyruvate to acetate, Н2 and СО2. At 

the last third stage of methanogenesis, methane-forming bacteria act directly. 

Methane-producingbacteriaareclassifiedasEuryarchaeotaof the genus 

Methanobacterium, Methanobrevibacter, Methanocalculus, Methanococcoides, 

Methanococcus, Methanocorpusculum, Methanoculleus, Methanofollis, 

Methanogenium, Methanomicrobium, Methanopyrus, Methanoregula, Methanosaeta, 

Methanosarcina, Methanosphaera, Methanospirillium, Methanothermobacter, 

Methanothrix (Fig. 6). 

https://ru.wikipedia.org/w/index.php?title=Methanobacterium_bryantii&action=edit&redlink=1
https://ru.wikipedia.org/w/index.php?title=Methanobacterium_bryantii&action=edit&redlink=1
https://ru.wikipedia.org/w/index.php?title=Methanocalculus_chunghsingensis&action=edit&redlink=1
https://ru.wikipedia.org/w/index.php?title=Methanocalculus_chunghsingensis&action=edit&redlink=1
https://ru.wikipedia.org/w/index.php?title=Methanococcus_aeolicus&action=edit&redlink=1
https://ru.wikipedia.org/w/index.php?title=Methanococcus_aeolicus&action=edit&redlink=1
https://ru.wikipedia.org/w/index.php?title=Methanoculleus_bourgensis&action=edit&redlink=1
https://ru.wikipedia.org/w/index.php?title=Methanoculleus_bourgensis&action=edit&redlink=1
https://ru.wikipedia.org/w/index.php?title=Methanogenium_cariaci&action=edit&redlink=1
https://ru.wikipedia.org/w/index.php?title=Methanogenium_cariaci&action=edit&redlink=1
https://ru.wikipedia.org/wiki/Methanopyrus_kandleri
https://ru.wikipedia.org/wiki/Methanopyrus_kandleri
https://ru.wikipedia.org/w/index.php?title=Methanosaeta_concilii&action=edit&redlink=1
https://ru.wikipedia.org/w/index.php?title=Methanosaeta_concilii&action=edit&redlink=1
https://ru.wikipedia.org/wiki/Methanosarcina_acetivorans
https://ru.wikipedia.org/wiki/Methanosarcina_acetivorans
https://ru.wikipedia.org/w/index.php?title=Methanospirillium_hungatei&action=edit&redlink=1
https://ru.wikipedia.org/w/index.php?title=Methanospirillium_hungatei&action=edit&redlink=1
https://ru.wikipedia.org/w/index.php?title=Methanothrix_sochngenii&action=edit&redlink=1
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Figure 6 – Representatives of the type Euryarchaeota 

 

1.3 Features of methanogenesis and the influence of physico-chemical, 

microbiological factors on the process 

1. Surface material fermenter, in contact with the bioagent, substrate, dihis-

dummy. The structural material of the fermenter does not negatively affect the course 

of the bio-chemical process and does not collapse under the action of products 

formed during bioconversion due to the protective layer (a mixture of sulfides, salts 

of organic acids and various mineralization products) that occurs and covers the inner 

surface of the apparatus during methanogenesis and does not collapse during the 

entire period of its exploitation. 
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2. Composition and amount of the initial substrate. The concentration of 

methane in the biogas to be obtained depends on the chemical composition of the 

outlet substrate (Fig. 7). The high flow rate of methanogenesis is provided by the C/N 

ratio of 10-30/1 in the organic medium. This parameter is corrected by introducing 

into the substrate mass of substances with high Carbon content (eg phytogenic 

vegetable waste) or Nitrogen (e.g., zoo waste). Thus, the most intense, high-yielding 

CН4 process of methanogenesis occurs on mixed substrates. 

 

 

Figure 7 − Zoogenic &Phytogenic substrates 

 

Inhibition of the process of methanogenesis results in elevated in the nutrient 

medium of the concentration of ammonium, sodium, potassium, calcium, 

magnesium, heavy metals, nitrates, sulfides, and various xenobiotics. Ways to 

overcome inhibition: a) removal of toxic liquid phase, b) water dilution of the 

substrate,c) addition of an antagonist of the detected toxin, d) toxin deposition, 

e) formation of chelating complexes with toxins, f) adsorption of toxins.To ensure the 

high speed of the process of methanogenesis, the substrate in the fermentation vessel 

should occupy more than 50 % of its volume. 

3. Composition and quantity of bioagent. The bioconversion of the organic 

substrate to the formation of СН4 is carried out by the association of microorganisms 

(mixed culture), therefore, the reduction of the number of different types of 

methanogenic bacteria in the mixed culture leads to a decrease in the rate of methane 

formation. Due to the relatively low rate of biodestruction of the substrate, a 
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significant amount of inoculum of the bio-gent must be used − not less than 30-50 % 

relative to the volume of the substrate. Infection of the substrate that is fermentable is 

excluded, because the process is conducted in mixed cultures and does not require 

compliance with the conditions of sterility. The inoculum, as a rule, is naturally 

present in the initial substrate. If necessary, preliminary culturing of cultures of a 

group of methanogens in the combined nutrient medium, which includes growth 

factors (eg coenzyme M (ComM), factor F420), which increases the productivity of 

monoculture of methanogens. The production of high-yield inoculum ensures a high 

yield of fermentation at the exit of biogas. 

4 Humidity of the substrate. An environment in which the concentration of dry 

matter is 10-12 % (water content is 60-80 % by mass) is considered to be beneficial 

for the activity of the group of methane-forming microorganisms. In this case, the 

viscosity of the substrate provides free movement of the liquid with suspended in it 

solid particles of organic matter and microbial cells, as well as gas bubbles, which in 

turn accelerates the processes of hydrolysis, acetogenesis and methanogenesis as a 

result of the increase in the mobility of bacterial cells. 

5 Pre-treatment of the substrate. To increase the surface area of the substrate in 

contact with the bacterial cells, control the parameter such as the length of the organic 

residues that are part of the biomass, waste. This figure should not exceed 10-30 mm. 

When using biomass of cyanobacteria, this question becomes irrelevant. 

6 pH value of the medium .Intensive formation of methane occurs in the 

medium at pH 6.8–7.4, in the other case, the metabolic activity of the grouping of 

methane microorganisms decreases. As a rule, special regulation of pH is not 

required, since in the nutrient medium a necessary buffer capacity is created due to 

the interaction between ammonium and hydrocarbonate ions. If necessary, the pH 

value can be increased by adding hydrocarbons or carbonates (lime), solutions of 

alkali or ammonia. 

7 Concentration of intermediate metabolites in the medium. An important 

condition for the course of methanogenesis is the lack of accumulation in the 

environment of an excess of an intermediate metabolite - a precursor of methane and 
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its transformation into other end products, that is, lower fatty acids. The accumulation 

of lower fatty acids and the associated increase in the oxidation-reducing potential 

inhibits the synthesis of enzymes that transform the intermediate products into 

methane. The concentration of fatty acids should not exceed 200-500 mg/l (measured 

by acetic acid). The concentration of fatty acids in the medium is regulated by the 

addition of materials that reduce the oxidation-reducing potential and have elevated 

methanogenic properties (yeast extract, BPB, and other substrates containing protein 

substances and products of their hydrolysis). 

8 Alkaline substrate. The highest yield of biogas is observed on the substrate, 

which sublime 16 mg of СаСО3 per kg of substrate. This is due to the fact that at low 

alkalinity in the process of bioconversion of fatty acids, excess methane is absorbed. 

The acceptable range of hydrocarbonate alkalinity is 3500–5000 mg/l, which is 

achieved by the addition of limestone in the environment 

9 Oxidation-reduction potential. A prerequisite for the development of 

anaerobes is not so much the lack of oxygen, but the low oxidation-reducing potential 

of the medium. The process of methanogenesis occurs at the same optimal oxidation-

reduction conditions, as well as different types of fermentation. 

10 Mixing. Mixing in the case of methane fermentation has a purely technical 

meaning - to prevent the formation of a dense sediment at the bottom of the fermenter 

or "crust" on the surface of the liquid. During the fermentation of liquid substrates in 

the mixing is not necessary, as the gases emitted, mix well culture fluid. 

11 Fermentation temperature. The process of fermentation is carried out under 

two temperature regimes. The mesophilic mode of methanogenesis is realized at a 

temperature of 30-35оС. The thermophilic process involves maintaining a 

temperature of 50-55оС. It is believed that in the temperature range from 36 to 48oС 

the process of methanogenesis dies. Advantages of the thermophilic regime: high 

intensity of bioconversion of organic matter, short term methanogenesis (2 times 

shorter than mesophilic), accompanied by higher gas excretion, sanitary safety of 

dihestat (at high temperatures, pathogenic bacteria and eggs of worms die). The 

disadvantage of the above mode is its energy intensity (increased heat costs). 
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12 Enrichment of the substrate, the duration of methanogenesis. Using of 

additional sources of food for inoculate microorganisms (by-products of distillation 

of alcohol and acetonobutyl fermentation liquids containing alcohols, aldehydes, 

ketones, congestion of disturbed fermentation technologies, phytogenic waste 

products - bran, molasses, yeast production, zoo waste processing meat) is effective. 

The concentration of substances that added to the substrate to enrich it and for 

intensification of methanogenesis should not exceed a certain value, which further 

increases the oxidation-reduction potential and disturbs the methane formation 

process. 

The duration of methanogenesis in most cases is 24-28 days or more. However, 

the fermentation of some media (eg, sewage sludge meat processing) is not more than 

10 days.The resulting biogas is used as an unconventional renewable energy source − 

low-grade fuel for steam generation, brick burning, heating of greenhouses, 

electricity generation, chemical industry products (methanol), use instead of 

hydrocarbon or coal. 

2 PRACTICAL PART 

 

2.1 Collection of cyanobacteria in the water area of the reservoir 

To harvest cyanobacteria, the most eutrophied parts of the reservoir are 

selected, especially in natural water bays, especially if they are narrow and elongated 

(Fig. 8). 

 

 

Figure 8 − Eutrophic section of the water bay 
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It is expedient to use the immersed collection of any construction with an 

overflow threshold that is to be diluted in places of concentration of cyanobacteria 

(near dams, coastlines, etc.) to remove the biomass saturated surface water layer. The 

basic scheme of the complex for collecting phytomass cyanobacteria with reservoirs 

is shown in Fig. 9. After loading into the capacity, the collected biomass is delivered 

to the place of its processing – in the laboratory. During transportation there is an 

additional concentration of biomass due to the phase separation. 

 

2.2 Preparation (pre-treatment) of the substrate 

The basis of the substrate is the biomass of three genera of cyanobacteria – 

Microcystis (mainly Microcystis aeruginosa) (Fig. 10), Aphanizomenon (mainly 

Aphanizomenon flos-aquae), Anabaena (mainly Anabaena flos-aquae). During the 

period of water blooming, biomass of cyanobacteria in some parts of the reservoir 

can reach 70-100 g/m3, and in places of wind accumulations of algae and spots of 

blooming − tens of kilograms in 1 m3. Microcystis aeruginosa is the dominant agent 

of the bloomingof the Kremenchuk and Dniprodzerzhinsk reservoirs during the 

second half of July until the beginning of October. 
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Figure 9 − The basic scheme of the phytomass extraction 

complexcyanobacteria with reservoirs and its processing into biogas 

 

 
Figure 10 − Scanned image of the surface of the colony Microcystis aeruginosa 

(electronic microscope REM-106-I, 4000х) 

 

The substrate does not require for-pretreatment according to its physical and 

chemical characteristics, with the exception of the concentration of biomass by 

sedimentation (Fig. 11). After settling the substrate (under the action of gravitation 

force) in the concentration column for 24 hours, first the water is drained, and then 

concentrated phytomass is drained through the bottom column valve into the 

container. Determine the mass of the selected substrate gravimetric (weight) method 

(mc) (Fig. 12). 
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Figure 11 − Concentrated Phytomass of Cyanobacteria 

 

 
Figure 12 − Weight method for determining the mass of cyanobacteria 

 

2.3 Process of fermentation – anaerobic bioconversion of the substrate 

to produce biogas 

1 Inoculum (sowing material) to realize the methanogenesis process for 

aggregate state has a liquid consistency, concentrated, thus it does not require 

artificial breeding or condensation. The mixed culture of microorganisms that carry 

on the bioconvertation is natural and always presents in the substrate. Therefore, the 
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technology does not involve the obtaining a cumulative culture of methanogenic 

bacteria. 

2 The amount of substrate which is introduced into the bioreactor with the 

inoculum for the high-speed methanogenesis should be at least 30-50 % of the 

apparatus’ volume. To provide anaerobiosis conditions, the bioreactor is filled with 

substrate as much as possible and closed tightly. 

3 To optimize the C/N ratio in the medium, it is recommended to mix substrate 

with the component enriched in nitrogen-containing compounds. For example, to add 

excessive active sludge from treatment facilities. 

4 For the activation of thermophilic microorganisms, the capacity with the 

substrate is placed in the water thermostat and warmed up for 4 days at a temperature 

of 50-52°C. 

5 Assemble a laboratory plant to product the biogas (Fig. 13). A bioreactor 

with auxiliary equipment is placed in a dry-air thermostat to provide a 

technologically optimal temperature regime for methanogenesis. To obtain biogas 

from biomass of cyanobacteria, the mesophilic temperature regime is recommended – 

32–34оС (Fig. 14). 

 
 

Figure 13 – Diagram of the laboratory installation for biogas production 
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Biogas after purification CO2 

Water 
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6 To exclude the participation of molecular oxygen in the bioconversion of the 

substrate, an aqueous shutter is used. During the collection of gaseous products, СО2 

is removed by passing biogas through an aqueous solution of alkaline KOH: 

2KOH + CO2 → K2CO3 + H2O.                                         (7) 
 

 

 

 

 

 

 

 

 

 

Figure 14 − Biogas plant in dry air thermostat 

7 To monitor the intensity of the accumulation of biogas is necessary within 2-

4-6 weeks. The first batches of biogas need to be blown, because it is mixed with 

oxygen and can cause a small explosion when burned. The process of 

methanogenesis is considered complete in case of a complete ending of the gas 

formation. 

8 The amount of biogas obtained is determined by the volume of water which it 

exits from the water shutter (ΔV). 

2.4 Determination of the calorific value of biogas 

In a pre-weighed (m1) metal (aluminum) vessel of small size pour a certain 

amount of water. Weigh the vessel with water (m2). Measure the water temperature in 

the tank with thermometer (t1). Assemble a laboratory device to determine the 

calorific value of biogas (Fig. 15).The extracted biogas must be passed through the 

Bunsen burner to demonstrate the combustion process: 

СН4 + 2О2→ СО2 + 2Н2О.                                       (8) 
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Figure 15− Laboratory device for determination calorific value of biogas 

 

In case of absence the Bunsen's burner, it is necessary to attach a glass tube to 

the gas container, avoiding gas leakage. Previously fix on a test tube holder over a 

flame of burner a vessel with water for further heat treatment. Regulating by valve, 

slow release of biogas, burn it, raising the flame of burner under a water tank, fixed 

on a tripod. After complete combustion of biogas it is necessary to measure the water 

temperature in the vessel (t2). 

Calorific value of gas (specific heat of combustion) is the amount of heat 

released in case of complete combustion of a fuel volume unit.Calorific value of a 

certain composition of biogas is calculated according to the formula: 

Q = 
2 1( )

1000

m c t t

V

  


, 

where Q − calorific value of biogas, kcal/m3,m − weight of water to be heat 

treated, kg,c − specific heat of water, kcal/kg-deg(c = 1.00 kcal/kg-deg),t1−water 

temperature before heating,оС,t2−water temperature after heating,, оС,V −volume of 

biogas burned, m3(∆V),1000 – coefficient for conversion in kcal. 

The mass of water subjected to heat treatment is determined by the formula: m 

= m2  m1, wherem1  vessel mass, kg,m2weight of vessel with water, kg. 
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2.5 Results of experimental research 

The results of measurements and calculations are included in the table. 1 

 

Table 1 − Results of research conducted 

 

Massof the initial 

substrate, 

mc, kg 

Volumeof biogas 

received, 

∆V, m3 

Water massfor heat 

treatment, 

m, kg 

Calorific value 

of biogas, 

Q, kcal / m3 

    

 

Finish the equation of the chemical combustion reactions of the gases that are 

part of the biogas: 

СН4 + О2 … + … + 213 kcal, 

Н2 + О2 … + 136,8 kcal, 

Н2S + О2 … + … + 268 kcal (excess of О2). 

 

3 TASKS FOR THE PRACTICAL WORK 

1 To study the composition of biogas, features of methanogenesis and to get 

acquainted with the factors influencing the course of the bioconversion process. 

2 To make a model and assemble a pilot plant for simulating the industrial 

process of metenogenesis in laboratory conditions and conduct the process of 

anaerobic digestion of organic matter to obtain the final product - biogas, using both a 

substrate of phytomass of cyanobacteria and municipal waste, livestock, plant 

growing, and food businesses. 

3 Based on the results of measuring the parameters of the methanogenesis 

process, calculate the volume and calorific value of the biogas obtained. 

4 To analyze the chemical reactions of combustion of fuel gases, which are 

part of biogas. 
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4 CONTROL QUESTIONS 

1 Name the basic requirements concerning the chemical, granulometric 

composition and aggregate state of the initial substrate. 

2. To characterize biogenic technology of bioconversion of an organic 

substrate to obtain biogas. 

3 Analyze the chemical composition of biogas. 

4 Name the phases of methanogenesis and characterize their biochemistry. 

5 To substantiate the biological role of methane formation by methanogenic 

bacteria. 

6 To analyze the influence of physico-chemical, microbiological factors on 

the process of bioconversion with the formation of methane. 

7 Consider the hardware design of biotechnology to obtain biogas from 

cyanobacteria. 

8 To characterize the level of biogas production, its energy value as a fuel 

material. 

9 Specify the main fields of biogas application. 

10 To substantiate the ecological aspect of technologies of the bioenergy 

industry. 
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LABORATORY WORK 

DETERMINATION OF LIPIDS FROM BIOMASS OF CIANOBACTERIA 

BY THE MEANS OF FOLCH METHOD AND LASER RADIATION 

 

Aims: To carry out the extraction of lipids from biomass of cianobacteria by 

the Folch method before and after of laser irradiation and provide mathematical and 

statistical data processing.To skill of the lipid identification by quantitative analysis. 

Key words: extraction, lipids folch method, biomass, cianobacteria. 

Materials and equipment: filter paper, chloroform and methanol solvents, 50 

ml volumetric flasks, a funnel, glasses, conical flasks, 10 ml pipette, 1 L vessel, 

boxes, optical quanta generator OKG LTI-500, water bath, electric cooker, 

thermostat. 

1 THE THEORETICAL PART 

 

1.1 The characteristic of Folch Method 

The Folch Method of extraction using a mixture of chloroform-methanol (1:1) 

is traditional, but it is fast, efficient and reliable. The extraction is carried out with a 

mixture of chloroform/methanol (2:1), with 10-20 parts of extractive mixture for one 

part of the substrate. The methodlets to separate of 90-95 % of all celllipids. To 

remove non-lipid impurity we add the water or weak saline (as it is 1/5 part from the 

extract volume). As a result two-phase system is formed, where the lower layer 

consists of chloroform and the upper layer consists of the mixture of methanol and 

water.Water-soluble non-lipid compounds pass into water-methanol layer. However, 

in the process of washing the extract by the water the phospholipids and the 

lysophospholipids can pass to the water phase and, in that order, absorb. 

There are many different modifications of the FolchMethod (the change of the 

temperature rates, to applydifferent solvents in various proportions of ingredients 

etc.)In case of lipid extraction from the plantstissue, which contains relatively stable 

enzymes, in most cases, the hydrolytic ferments (for example, phospholypase D) 

should be denatured by heating. The extract of lipid should not to keep for a long 

time due to possible oxidation. To storethe lipids for a short time, they are dissolved 

in a mixture of fresh distilled chloroform and methanol (2:1) or in the chloroform, 

and put into the glass-stopperedtest tubes maintaining the temperature from 0 to –

15°C. For a long period of storage it needs to add antioxidants to the lipid solution. 

 

1.2 Laser radiation 

The generator of laser irradiation is the optical quantum generator (OQG), or 

the laser, which principle is based on the properties of atom to radiate the photons 

passing from an excited state to the basic (with less energy) (Fig. 1). The features of 

laser radiation (LR) are: 
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– monochromaticity of radiation (the waves are clearly have similar length);  

– high frequency of radiation (1014-1016 Hz);  

– ability to concentratethe very narrow ray with a small angle of divergence 

(the angle of divergence is less than 1 min), that allow to obtain the dot of light from 

the big distance with unchangeable size and a big concentration of energy. 

By the nature of the electromagnetic waves generation lasers are divided to: 

interrupting laser (duration of radiation is up to 0.25 sec.) and uninterrupting laser 

(duration of radiation is from 0.25 sec. and more). The laser generates 

electromagnetic waves with a length from 0.2 to 1000 microns. 

Figure 1 ‒ A general view 

of the laser generator 

It is defined the primary mechanisms (they 

carry out just in the time of irradiation) and the 

second (mechanical) mechanisms of the influence 

of laser radiation on the cell.The primary 

mechanisms of influence of the light to the cell 

are: 

a) accelerating of the electron capture to the 

respiratory circuit due to the change of redox 

properties of its components while the photo-

excitation of the electron states; 

b) releasing of oxidonitrogen (NO), which 

is the modulator of cytochrome-c-ocidase activity; 

c) increasing of the concentration of the 

superoxid anion because of activation of the 

respiratory tract; 

d) gaining of the singlet oxygen generation; 

e) changing of the biochemical activation 

that induced by local heating of chromospheres. 

Laser irradiation acts on bacteria cellsin different ways. It is possible three 

mechanisms of action on the biological tissue depending on the temperature of 

heating it: photochemical, photothermal and photodistractive. The first mechanism is 

used to control cells up to +37–43°C (ie, the destruction of the cell wall does not 

dissipate). The second mechanism is specific for the temperature of + 43–60°C, when 

the cell wall is destructed. The third mechanism is typical of the temperature of 

+60°C and higher, when coagulation and dying of bacterial cells are observed. 

The local short-term increasing of the temperature of light-absorbing 

biomolecules can cause structural (conformational) changes and activate biochemical 

processes such as activation or inhibition of enzymes. The laser radiation is able to 

bring to essential inhomogeneity of temperature gradient in the tissues, especially on 

a par with of the one cell and its organelle. This can have a noticeable effect on the 

constants of biochemical reactions, lead to the deformations of cellular membranes, 

change their electrical potentials etc. 

Secondary cellular mechanisms realize after the absorption of light in 

mitochondria and do not require further activation by the light. Secondary reactions 

are closely related to short-term changes in parameters of cellular homeostasis: 

a) increasing of the intracellular concentration of ATP; b) activation of Na+, K+, AТP-
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ase; c) changes in the concentration of cAMP; d) activation of transmembranes ionic 

flux; e) depolarization of cell membrane. 

The lipid is extracted from the tissues or either from a separate sub-cellular 

tissue with a chloroform-methanol mixture, the extract is washed off from the water-

absorbing impurity and dried, and then the mass of precipitate is determined. 

 

2 PRACTICAL PART 

 

2.1 Extraction of lipids of cyanobacteria 

Extraction of lipids of cyanobacteria (CB) is carried out twice before 

(experiment No 1) and after (experiment No 2) biomass treatment with a laser. The 

laser radiation generator is OQG LTI-500. In experiment No 2 was used 15 ml of 

substrate, the treatment last for 30 seconds, resulted biomass was heated to a 

temperature of 46°C. 

After processing, the biomass of CB − 700 mg put in 25 ml calibrated glass-

stoppered flask, pour there 10-15 ml of freshly prepared chloroform-methanol 

mixture (2:1). The contents of flaskis stirred vigorously during 3-5 min, then bring 

the chloroform-methanol mixture till mark, then stirred it again and filtered through 

5–10 min through paper filter. It should be fulfilled the second extraction to check the 

progression of lipid extraction. For this purpose, it is necessary additionally to treat 

the residue on the paper filter by 5 ml chloroform-methanol mixture (2:1). 

To remove of non-lipid water-soluble impurity, which was removed by 

chloroform-methanol mixture, the lipid extract is washed with distilled water.Pour 

10-20 ml of distilled water in a glass of height 6–7 cm and diameter of 3 cm. Then 

add into this glass with a special 10 ml pipette, combined with a rubber bulbor 

syringe, transfer 10 ml of lipid extract, the tip of the pipette should be submerged 

underneath (thus avoiding the rapid mixing of the lid). 

Afterwards, add the water in a glassto the top and immerse it in the bottom of a 

big vessel with 500-600 ml of water.The big vessel is covered with glass and this 

system leave for night till next day. In this case, the water-soluble impurities are 

diffused into the water. Next day in the system one can see clearly a distinguish 

between the three sections: the upper layer is methanol (clear), the lower layer is 

chloroform (muddy), and at the border between them is more or less dense, white 

pellicle which contains the lipids (Fig. 2). 

The glass is taken out from the vessel, the upper layer (water-methanol) 

carefully suction with the help of an automatic pipette or by rubber bulbar trying not 

to damage a white pellicle; after exhausting the surface of the curtain, the outer 

surface of the crown is 2-3 mm. It should be noted that curtain (non-lipid) lipids are 

absorbed by the water-methanol fraction. 
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Figure 2 ‒ Lipid pellicle: a – laser-treated substrate; 

b – wet substrate before processing 

 

Add 3 ml of methanol by drops into a glass to dissolute a pellicle. If the pellicle 

does not dissolute and a solution does not become clear then continue to add 

methanol by drops till mud disappears (Fig. 3). 

 

 
Figure 3 ‒ dissollution of lipid pellicle by methanol 

 

2.2 Dissolution of the lipid pellicle with methanol 

After dissolution of lipid pellicle, the solution is transferred into previously 

suspended on analytical scales dry and clean weighting vessel where will be take 

place desiccation of lipid extract.Firstly, the lipid extract is evaporatedin the water 

bath, and then it is dried in the thermostat at 50-60°C till the solid mass. Parallel 

drying of samples in vacuum extractor gives the same results. Then provide the 

determination of precipitate mass after repeatedly measuring of weighting vessel. 

Contents of lipids calculate in g/kg of mass of investigated substrate. 

 

2.3 Complex statistical analysis 

For a complex statistical analysis, you can use the analysis package (Analysis 

of variance). The analysis package contains the following means. To use these tools, 

select Data Analysis in the group Analysison the tabData. If the command of Data 

Analysis is not available, you need to download the «Add-on Analysis Package».  
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The method of the two-sample analysis by the Student method checks the 

equality of the average values of the aggregate for each sample. These three tools use 

different assumptions: that the dispersions are collectively equal; that the dispersions 

are collectively is not equal; that the totality of the dispersions, and that the two 

samples represent the data before and after of the experiment on the same objects. 

 

3 CONTROL QUESTIONS 

1. Give the characteristic of Folch Method. 

2. What modifications of the Folch Method are known? 

3. What is the principle of the optical quantum generator? 

4. How laser irradiation acts on bacterial cells. 

5. Tell about the experiment method. 

6. How can you conduct mathematical and statistical data processing? 

Table 1 ‒ Results of mathematical processing of a number of lipid 

determinations without using the analysis package 

 

Number of 

experiments 

conducted 

Average 

squared 

error, S 

The standard 

deviation of the 

arithmetic mean, 

Sx 

Trust 

probability, 

α 

Ratio 

deviation 

coefficient 

Error of the 

average 

result,ε 

Wet substrate 

N= 5 S = 0,948 Sx = 0,424 α = 0,9 2,1 ε= 0,001 g 

The substrate is laser-treated 

n = 5 S = 1,673 Sx = 0,748 α = 0,9 2,1 Ε= 0,001 g 

 

Value range:wet substrate ‒ 0.0018 ± 0.001 g; substrate treated with a laser is 

0.023±0.001 g. 
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LABORATORY WORK 

WATER BIOTESTING BY GREEN MICROALGAE 

 

Aims: To skill the technique of water biotesting using the culture of green 

microalgae as a test object. 

Key words: bioassay, water toxicity, test object, green microalgae. 

Materials and equipment: culture of green microalgae Scenedesmus 

quadricauda (Turp.) Breb. or Chlorella vulgaris Beijer., membrane filters No. 4 or 

filter paper (blue tape), Seitz apparatus, pure water, test water samples, glass flasks 

(250 ml), pipettes, artificial nutrient medium Uspensky No. 1, Goriayev chamber or 

Fuchs-Rosenthal Chamber with coverslips, microscope, luminostat. 

 

1 THE THEORETICAL PART 

1.1 Principle of methodology 

The method of green microalgae biotesting is based on the determination of the 

variation in the intensity of their reproduction under the action of toxic substances 

present in the test water as compared to the control one. An indicator of the intensity 

of reproduction is the coefficient of growth in the number of algal cells. 

Short-term biotesting (96 hours) allows determining the presence of acute toxic 

effect of the tested water on algae. The criterion of toxicity is a reliable decrease of 

the growth coefficient in the number of cells in the test water compared to the 

control. Test object is the culture of green microalgae Scenedesmus quadricauda 

(Turp.) Breb or Chlorella vulgaris Beijer (Fig. 1). 

For biotesting, prepare 100 ml of each salt solution from Uspensky's nutrient 

medium No1 separately. The nutrient medium, solutions of salts and microelements 

are sterilized in an autoclave during 45-60 minutes at a pressure of 1 atm. The flasks 

for algae cultivation are sterilized with dry heat for 1 hour at 180°C. 

 

  
Scenedesmus quadricauda Chlorella vulgaris 

 

Figure 1 − Green microalgae as a test object
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The algae culture is introduced into a sterile flask with nutrient medium in an 

amount that gives a light green color. After inoculation, the flask is closed with a 

sterile cotton-tampon swab and a parchment paper cap. Algae are cultivated under 

round-the-clock illumination with fluorescent lights placed at a distance of 30–40 cm 

from the surface of the culture, lighting 2000-3000 lux. Algae can be grown on the 

window under natural light, protecting them from direct sunlight. The algae culture is 

mixed periodically, shaking 1–2 times a day. The optimum temperature for the 

growth of algae is 18–20°C. 

 

1.2 Conditions for biotesting 

For sowing, you can use 5–7 diurnal algae culture, which are in the stage of 

exponential growth. Before biotesting, it is thickened by filtration through a 

membrane filter No.4 or filter paper (blue tape) using Seitz apparatus. The cells are 

also possible to concentrate by settling the culture with further aspiration of the 

medium from the flask. 

From the filter, the algae are transferred to flasks with 30-50 ml of control 

water. Check the number of cages in the suspension, which is used for sowing. The 

number of cells in the suspension should be 5–10 million cells/ml. 

To calculate the number of cells you can use the Goriayev’s or Fuchs-

Rosenthal’s Camera (Fig. 2). 16 squares of camera are viewed diagonally or all 

camera fields in the case of a small number of algae (at a single camera filling, at 

least 50 cells are counted). At least three samples are examined from each flask. 

Calculate by the formula the number of algae cells in 1 ml of suspension: 

 

M = 
𝑚

𝑛×𝑉
˟103, 

 

Where m – is the number of cells counted; n – is the number of counted small 

squares of the camera; V – is the volume of the chamber’s part that has the area of the 

small square. 

 

 
Figure 2 − Grids of Goriayev’s and Fuchs – Rosenthal’s Camera
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2 PRACTICAL PART 

 

1 Pour 100 ml of control or test water into 250 ml flasks. 

2 Add 0.5 ml of the condensed microalgae culture and 0.1 ml of the solution of 

salts and trace elements to each flask with a pipette. 

3 Close the flasks with cotton-tampons, mix their contents and determine the 

initial number of cells in each flask. It should be 25-50 thousand cells / ml. 

4 Place the flasks in a luminostat or a well-lit area protected from direct 

sunlight. 

5 After 96 hours, complete the biotesting procedure by counting the number of 

cells in each flask. 

6 To determine the presence of an acute toxic effect of the test water on algae, 

calculate the growth factor of the number of algal cells in the control and test water 

according to the formula: 

K = Nt /N0 , 

 

where Nt – is the number of cells in the control or test water in an accounted 

time interval t, cells / ml; N0 – initial number of cells, cells / ml. 

7 Using the methods of statistical processing establish the reliability of the 

differences between the growth rate of the number of cells in the control and the test 

water. A reliable decrease in the coefficient of growth in the number of cells in the 

test water compared to the control indicates that there is an acute toxic effect of the 

test water on algae. 

8 Biotesting is carried out at optimum temperature and illumination.The 

volume of water for biotesting is 0.5 liters. 

9 The results of the biotesting should be presented in the table 1. 

 

3 CONTROL QUESTIONS 

 

1. What species of green microalgae are traditionally used as test-objects 

for the biotesting procedure? 

2. What is determined during the short-term biotesting? 

3. What is the optimum temperature for growing a green microalgae culture 

which is used in biotesting? 

4. What is the criterion of the presence of acute toxic effect of the test 

water during its determination with use of green microalgae? 

5. How long does the biotesting procedure with use of micro-algae take? 
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Table 1 Results of the microalgae biotesting 
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	2KOH + CO2 → K2CO3 + H2O.                                         (7)

