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L.S. Yastremskaya, PhD, S.D. Kalsina,  

(National Aviation University, Ukraine) 

Isolation of hydrogen-synthesizing spore-forming microbial associations that 

ferment organic wastes 

Anaerobic spore-forming H2-forming microbial associations, that actively synthesized 
hydrogen at a temperature 30оС Eh = -150 мV, рН=7.0, were distinguished from 

different ecosystems. Discovered that the associations consist of gram-positive rod-

shaped bacteria, which form bacillary or clostridial types of spores. Selected crops 
will be used for bioconversion of various organic wastes. 

There is an active search for alternative sources of energy nowadays, and one 

of the priorities in the energy sector is to produce biohydrogen. Hydrogen is an 

environmentally friendly energy source, because the product of its combustion is 

water. Molecular hydrogen is obtained by physical and chemical methods, but they are 

unprofitable [1]. Microbial methods are an alternative: direct and indirect water 

biophotolysis, photo fermentation and dark fermentation [2]. It is known [3,4] that 

bacteria of the genus Clostridium are the most promising biotechnologies for the 

production of H2. The advantages of using clostridia are the high rate of H2 production, 

the fermentation of a wide range of substrates and the ease of the technological 

process. In addition, microbial groups consisting of bacteria of genera Bacillus and 

Clostridium are known to be the most stable [3]. 

Bacteria of the genera Bacillus and Clostridium oxidize and ferment a wide 

range of polymeric and monomeric carbohydrates, proteins, fats, alcohols and other 

compounds. The biological role of representatives of the genus Bacillus is particularly 

important for the industrial use of such associations in the technology of obtaining 

biohydrogen: 1) absorbing O2 in the medium and gas phase, they reduce redox-

potential (Eh) and create optimal conditions for anaerobes to start growth and 

formation of  H2, thus eliminating the need for such an operation as extracting O2 from 

the nutrient medium; 2) representatives of Bacillus also hydrolyze starch to mono- and 

bicarbonate sugars, which are metabolic precursors of the formation of H2 by 

clostridia; 3) produce growth factors for representatives of Clostridium (vitamins, 

peptides, etc.). The search, isolation and selection of active associations of hydrogen- 

synthesizing and spore-forming microorganisms that can ferment a wide range of 

organic substances is an urgent topic. 

Samples of "aboriginal" microflora of soil of unpurified potato (SP), 

greenhouse soil (GS) of NAU, bird droppings (BD) were studied for obtaining an 

accumulation culture of anaerobic spore-forming H2-synthesizing bacteria. Potatoes 

were used as a substrate. For this purpose, the potatoes were cut into small pieces    

(0.5-1cm) and, together with the soil particles (dropping), were placed in bottles of  

250 ml with thread on the neck under cotton-gauze plugs. The tap water was poured up 

to 2/3 of the height of the vial, 0.1-0.2 mg of CaCO3 was added to neutralize the fatty 

acids formed during the fermentation, and 1 ml of a 0.1% solution of the indicator 

sodium resasurinate was added, the pH of the medium was 7.5-7.8. Indicator sodium 
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resasurinate was used as a redox indicator, namely: for the value Eh ≤ –50 mV he 

passed into the form resorufin - violet-red color, and for Eh ≤ –100 mV it is discolored 

and forms a form – leykoresorufin [4]. Further bottles were subjected to heat treatment 

in a water bath (100 °C, 10 min). After cooling the bottles, they were hermetically 

sealed with elastic rubber stoppers, and metal caps with a hole in the middle were 

hanging from above, and a water jacket for biogas harvesting was made. Samples were 

cultured at 30 °C for 5 days. Microscopy was performed according to generally 

accepted methods [5], the color of the spores was carried out using the Schaefer-Fulton 

method [5]. Growth criteria was the clouding of the liquid phase, the biogas bubbles 

(H2, CO2) in the medium and the formation of foam on the surface, ascension and 

destruction of the pieces of potatoes. 

The destruction of potatoes by bacteria began at 12 hours of cultivation in all 

specimens – SP-1, GS-2, BD-3. In this case, the environment was cloudy, foam was 

formed on the surface, to 9.09 % of biohydrogen were synthesized, the potato was 

flooded (Fig.1, А). The oxidation-reducing potential began to decrease with Eh = +150 

mV to Eh = +50 mV, pH from 7.8 to 7 (Fig. 2). 

 

     
                         А                                    Б                                        В 

Fig.1 Growth and formation of biogas by an anaerobic association of 

microorganisms: A – on the first day; B – the second day; С – the fifth day of 

cultivation 

 
Fig.2. Changes in the pH and Eh in the process of potato degradation by 

anaerobic associations of microorganisms 
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At first day, until the process of aerobic cultivation of the microorganism of 

the genus Bacillus  went on, there was no reduction of Eh or pH. On the second day, 

the redox-potential was equal to the maximum value of Eh = –150 mV – the medium 

was colorless. Microscopy revealed direct sticks of different lengths with rounded 

ends, singly or in chains of 2-4 cells, gram-positive (Fig. 3, с). At microscopy for the 

fifth day there was formation of spores that were located centrally or terminally, which 

are inherent in the bacillary and clostridial type of spores, respectively (Fig. 3, a,b). 

 

 
Fig.3 Cells of anaerobic association of microorganisms: a – spores of bacillary 

form; b – spores of clostridial form; с – vegetative cells 

 

For the 3-4 day – 70 % of biogas was synthesized, the potato was on the 

bottom, some part in the form of small particles, pH = 6.0-5.5. On the fifth day – most 

of the potatoes are converted to a homogeneous mass, pH = 4.8, Eh = +50 mV, there is 

a small amount of foam (Fig.1,c). The largest amount of biogas was allocated by 

culture of SP-1 to 100% for 5 days (Fig. 4). 

 

 
Fig.4. The amount of biogas isolated by anaerobic associations of microorganisms in 

the process of potato degradation within 5 days 
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The smallest amount of biogas was formed by the culture of GS-2 – up to 11% in five 

days. 

Сonclusions 

Consequently, three anaerobic hydrogen-synthesizing spore-forming 

cumulative cultures from different ecosystems (potato soil, greenhouse soil, bird 

droppings) were isolated, which actively synthesized hydrogen at a temperature of 

30 °C, Eh = –150 мV, рН = 7.0-6.5. It was found that associations consist of gram-

positive rod-shaped bacteria that form bacillary or clostridial types of spores. 

Selected crops will be used further for bioconversion of various organic wastes. 
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