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A b s t r a c t  

The article is the literature review on the importance of trace elements supplementation 
in the methane fermentation process. The production of biogas, including methane, as 
well as the efficiency of the process depend on the substrates to be fermented. 
Substances supplied with the substrate as well as products generated in the 
decomposition phases can inhibit the process. The factor limiting fermentation is the rate 
of enzymatic hydrolysis of substrates. Certain compounds, such as alkanes, alkenes, 
biphenol, aromatic hydrocarbons, alcohols and ketones, are not directly susceptible to 
hydrolysis. They undergo this process in the presence of extracellular enzymes. 
The instability of the methane fermentation process described in the literature may be 
related to the lack of trace elements or micronutrients. Trace elements (Co, Ni, Cu, Mn, 
Fe, Zn, Se and Mo) are components of enzymes, some bacterial nucleic acids and 
essential for the synthesis of vitamins. The role of some trace elements, eg. Fe or Mo, 
has been well understood, while the importance of others still needs to be clarified. 
Literature data indicate that supplementing trace elements not only prevents process 
inhibition, but can also improve its performance by providing higher methane 
production. 
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1. INTRODUCTION 

Anaerobic digestion is a multi-stage process, the main stages of which are: 
hydrolysis, acidogenesis, acetogenesis, and methanogenesis. The phase limiting 
the speed of anaerobic digestion of substrates with high solids concentration is 
i.a. speed of enzymatic hydrolysis of non-solvable organic polymers to solvable 
forms available to microorganisms [20]. Hydrolysis is a biochemical reaction 
with double exchange between water and solved in it substance catalysed by 
enzymes. The process plays major role in organic compounds transformations, 
where, apart from hydrolysis of esters (reversable reaction), it consists of 
irreversible processes, such as sugar inversion, protein decomposition or fat 
saponification. Certain compounds, such as alkanes, alkenes, biphenol, aromatic 
carbohydrates, alcohols and ketones are not susceptible to hydrolysis. 
Extracellular enzymes, such as hydrolases and liases enable migration of solved 
organic substances and matter exchange with the environment. Hydrolases 
catalyse hydrolysis with participation of water. The most important among them 
are esterases, glycosidases, proteases and lipases. Liases, on the other hand, are 
enzymes that reversibly or irreversibly catalyse group detachment from the 
substrate without participation of water. They include enzymes catalysing 
breaking the -C-C- bond, e.g. decarboxylases of amino acids, or others 
decomposing bonds of C-O, C-N, C-S types. Enzymes characterise with not only 
high specificity of selection of particles they influence and of products they 
create, but also with possibility of regulating enzymatic activity as a result of 
concentration change of substrate or particles called cofactors. Some cofactors 
are inorganic compounds or ions of trace elements, e.g. zinc, iron, or copper. 
Others are organic compounds, for example vitamins. Therefore, correct course 
of biochemical transformation requires, besides basic structural elements, access 
to macro- and microelements (iron, cobalt, molybdenum, selenium, calcium, 
magnesium, zinc, copper, manganese, boron, or vitamin B12) [13]. 

Meanwhile, the substrates decomposition degree in anaerobic conditions 
depends on i.a. biodegradable organic carbon content and availability of 
nutrients.  
In anaerobic digestion, the need for biogenic substances is low due to low 
biomass increase. The basis of waste biodegradability assessment are 
dependencies, the optimal values of which for methane production are as follows 
[3]:  
 - C:N = from 10:1 to 25:1; 
 - C:P = 113:1;  
 - C:N:P:S = (500-1000):(15-20):5:3 or COD:N:P:S = 800:5:1:0.5. 
The decomposition of organic matter causes release of nitrogen compounds. 
Deublein and Steinhauser [3] prove that ammonia of 80 mg/L concentration 
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hinders the process, and of 150 mg/L concentration is toxic for mesophilic 
bacteria of anaerobic digestion. Ammonium nitrogen acts as an inhibitor in 
concentration between 1500 and 10000 mg/L, and becomes toxic at any higher 
concentration. Nitrogen content and form (NH3/NH4

+) depend on pH of the 
digestive mix [21,25]. Not only the form of nitrogen is significant, but also the 
C:N quotient, since nitrogen compounds are built into cell structure of the 
bacteria [25].  
Substrates with a low value of C:N quotient cause ammonium nitrogen 
concentration increase and methane production inhibition. High values of the 
C:N quotient in substrates mean low amounts of nitrogen for protein synthesis, 
which disrupts metabolism and energy transformation in cells. In the case of 
exceeding the maximum value, nitrogen is quickly used up by methanotrophic 
bacteria, which may decrease the amount of produced biogas [20]. If the 
quotient decreases below the lowest value, nitrogen gets released in form of 
ammonia and increases pH of the digestive mix. This in turn disrupts nitrogen 
balance and is toxic to methanotrophic bacteria [3,13,21,25]. Anaerobic 
oxygenation of ammonium nitrogen through supplementation, e.g. of Fe(III) 
compounds (Feammox process), plays significant role in nitrogen circulation in 
the environment and keeps nitrogen in the digestate, allowing it to be used as a 
fertilizer (Fig.1.)[2,30].  
 

 
 

Fig. 1. Possible mechanisms of different ferric salts in the anaerobic digestion [2] 
 
 



108 Sylwia MYSZOGRAJ, Artur STADNIK, Ewelina PŁUCIENNIK-KOROPCZUK 

 
 

2. THE ROLE OF TRACE ELEMENTS IN THE ANAEROBIC 
DIGESTION PROCESS 

Trace elements fulfil various roles in biochemical transformations and 
mechanisms of the anaerobic digestion process: 

Cobalt (Co): Cobalt is present in specific enzymes and corrinoids. It is required 
for synthesis of vitamin B12 (cyanocbalamin) and it activates carboxylpeptidase. 
A corrinoid, such as vitamin B12, containing cobalt ion is known to bind to 
coenzyme M (CoM) methylase which catalyses methane formation in both 
acetoclastic methanogens and hydrogenotrophic bacteria. Co is essential for 
enzyme methyltransferase which catalyse the transfer of one methyl group. The 
common enzyme carbon monoxide dehydrogenase (CODH) uses cobalt as well. 
CODH plays an essential role in the acetogenic process [17,18]. Some lab tests 
have confirmed the positive effect of cobalt addition on methanogenesis. Kim et 
al. [14] reported that the supplementation of Ca, Fe, Co, and Ni to a thermophilic 
non-mixed reactor was required in order to achieve a high conversion of 
propionate at high concentrations of VFAs. Co addition to a UASB increased 
methane production by a factor of three, stimulating both acetogens and 
methanogens. On the other hand, a combined supplementation of Ni and Co was 
found to increase methane production from methanol conversion by 
methanogens [34]. Feng et al. (2010) [7] employed a laboratory-scale test using 
industrial food waste and municipal solid waste to demonstrate the positive 
effect of Co on biogas production. 

Nickel (Ni): Many anaerobic bacteria are dependent on nickel when carbon 
dioxide and hydrogen are the sole source of energy. The nickel tetrapyrrole, 
coenzyme F430, is known to bind to methyl-S-CoM reductase which catalyses 
methane formation from methyl-S-CoM in both acetoclastic and 
hydrogenotrophic methanogens. This coenzyme (F430) is contained within the 
Methylcoenzyme M reductase enzyme, which reduces methyl coenzyme M to 
methane in all methanogenic pathways [11]. In addition, CODH is a nickel 
protein and may aid sulphur- reducing bacteria. The role of Ni in 
methanogenesis is related to the following enzymes: CODH, methylreductase, 
hydrogenases and synthesis of F430. Supplementation of Co and Ni has been 
demonstrated to increase biogas production during the anaerobic digestion of 
organic matter such as sulfur-rich stillage, while Ni alone has been found to 
increase methane production to 10 g acetate VSS−1 d−1 [10]. 
Pobeheim H. et al. [22] were investigated the effect of a well-defined trace 
element solution and the elements nickel and cobalt on anaerobic digestion of a 
synthetic model substrate for maize silage was studied in batch reactor 
experiments at 35°C. The defined substrate consisted of xylan and starch as the 
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main carbon source, urea as nitrogen source and phosphorus from a 0.1 M 
potassium phosphate buffer. Results showed an increase of methane yield of up 
to 30% upon addition of the trace element solution. With an addition of nickel at 
10.6 LM, a final yield of 407 L kg-1 ODM was reached and an enhanced 
methane production by 25% at day 25 of operation was observed. Total 
elimination of nickel from the trace element solution highly decreased methane 
formation and process stability. Cobalt in a concentration range of 0.4 up to 2.0 
LM increased the methane production by 10% approximately.  

Copper (Cu): The role of copper in methanogenesis is subject to conflicting 
observations. Copper has been found in many methanogenic bacteria strains, but 
copper addition has not been found to have any noticeable stimulatory effects on 
biogas production. As the effect of this metal in methanogenesis has only been 
studied through being part of a trace metal mix supplementation, it is currently 
impossible to understand with any certainty the role of Cu in biogas production 
[28].  

Manganese and Magnesium (Mn and Mg): Mn stabilises methyltransferase in 
methane-producing bacteria and acts as an electron acceptor in anaerobic 
respiration processes [15]. Is often interchangeable with Mg in kinase reactions. 
It is not clear if these metals are effectively related to biogas production. As with 
copper, the roles of Mg and Mn in methanogenesis have only been studied by 
supplementation in trace metal mixes [28]. The results showed that the 
stimulatory effects were in the following order: Mn2+ >Ni2+ >Zn2+ >Fe3+ 
>Cu2+and the normal- and iso- HBu degradation activities of the methanogens 
increased by 14–25% and 17–43%, respectively [5]. 

Iron (Fe): Iron plays numerous roles in anaerobic processes, primarily due to its 
extremely large reduction capacity. The importance of Fe depends on its redox 
properties, and its engagement in energy metabolism. Fe is utilized in the 
transport system of the methanogenic bacteria for the conversion of CO2 to CH4, 
and functions both as an electron acceptor and donor [29]. Fe addition of 10 µM 
almost doubled the methanogenic activity of the sludge in a UASB reactor in the 
conversion of methanol [32]. It is clear that iron and nickel are present in the 
form of a Ni-Fe-S cluster and Fe-S cluster, and these are mainly subunits of 
enzymes such as hydrogenase and acetyl-CoA synthase [28]. Fe also acts as a 
binding component in sulfide precipitation as it is often supplemented into 
anaerobic reactors, not only to precipitate the formed sulfide, but also to control 
the level of hydrogen sulfide in the biogas [10]. In the Espinosa et al. [4] 
research increased the organic loading on a UASB reactor treating cane molasses 
stillage from 5 to 21.5 kg CODm−3 d−1, an accumulation of VFAs, principally 
propionic acid, was observed. The addition of Fe (100 mg L−1), Ni (15 mg L−1), 
Co (10 mg L−1), and Mo (0.2 mg L−1) reduced the level of acetic acid and 
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propionic acid significantly (1100 to 158mg L−1 and 5291mgL−1 to 251mg L−1, 
respectively). After addition of Fe, Ni, and Co, the propionate and acetate 
utilization rates in thermophilic and mesophilic digesters increased as much as 
50% and 35%, respectively [34]. The requirement of trace metals depend on 
different methylotrophic pathway. In general, Fe, Ni, and Zn requirements are 
roughly equal for CO2 reduction, acetoclastic, and methylotrophic pathways [9]. 

Zinc (Zn): Although zinc is part of enzymes such as formate dehydrogenase 
(FDH), super dismutase (SODM), and hydrogenase, it has not yet proven to be 
an essential metal for methanogenesis, but Zn was found in remarkably high 
concentrations (50–630 ppm) in 10 methanogenic bacteria [24]. 

Selenium and Tungsten (Se and W): Selenium is a component of several 
anaerobic bacterial enzymes and certain bacterial nucleic acids. A common 
selenium enzyme in anaerobic bacteria is formate dehydrogenase (FDH). 
Tungsten is also a component of the FDH enzyme. W is also found in enzymes, 
such as formate dehydrogenase (FDH), which catalyzes formate production by 
propionate oxidizers and some methanogenic bacteria contain W and Mo-
containing enzymes for the same purpose [2]. The W enzyme is synthesized 
when either W or Mo is available. If the growth medium contains Mo, the W 
enzyme will contain Mo rather than W [12]. Few studies have dealt with the 
influence of Se and W in methanogenesis. Feng et al. [7] employed a laboratory-
scale reactor treating food industry waste with the aim of investigating the 
effects of Co, Ni, Mo, B, Se, and W on biogas production. The results showed 
the highest methane production was linked to addition of Se and W in 
combination with Co. The most important and best characterised biological form 
of Se is that of the amino acid selenocysteine (Sec), the 21st genetically encoded 
amino acid. It is structurally identical to cysteine (Cys), only with the thiol group 
replaced by a selenol group. The use of Sec can be partly explained by its high 
nucleophilicity and the fact that the selenol group is mostly deprotonated at 
physiological pH due to its lower pKa value (5.2 for Sec, 8.3 for Cys) making it 
more reactive than Cys. Due to this trait, Cys is almost exclusively found in the 
catalytic site of numerous redox-active [23]. The lack of Se in the influent to an 
anaerobic treatment process can result in growth limitations for some 
methanogens, a decrease in microbial activity, and ultimately process [11].  

Molybdenum (Mo): Molybdenum is present in the common enzyme formate 
dehydrogenase (FDH), which catalyzes formate production by propionate 
oxidizers [2]. The Mo enzyme is synthesized only when Mo is present in the 
growth medium [15]. However, molybdenum may also inhibit sulphate reducing 
bacteria, limiting the formation of necessary sulphides. Mo seems to stimulate 
methane production from maize silage substrate [22] and from municipal solid 
waste [27]. The required amounts of trace metals explained by the unique trace 
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metal requirement for different methanogenic pathways shows that requirements 
of Mo and W are higher for CO2 reduction and methylotrophic pathways, 
whereas Co requirements are higher for the methylotrophic pathway [9].  

3. TRACE ELEMENTS SUPPLEMENTATION 

The reported concentration of trace metals required during anaerobic digestion 
differs significantly, depending on operating temperature (mesophilic or 
thermophilic), the substrate type, digestion operating mode (mono or co-
digestion), and also type of methanogens, which in turn leads to a diversity of 
biochemical processes involved in metal dynamics. Different substrates have 
different metal contents also mesophilic and thermophilic anaerobic systems 
may have significantly different nutrient requirements. As Takashima et al. [26] 
reported the minimum requirements for, Ni, Co, Zn, and Fe and in thermophilic 
glucose fermentation to be 0.40, 0.45, 2.0, and 3.5 and mg L−1, respectively. 
These required amounts are higher than those required for mesophilic acetate 
fermentation or mesophilic anaerobic digestion of organic solid waste [26,27].  
Described in the literature instabilities of anaerobic digestion may be connected 
to lack of microelements or trace elements. Trace elements supplementation (Co, 
Ni, Cu, Mn, Fe, Zn, Se and Mo) not only prevents inhibition process, but can 
also improve anaerobic digestion ensure higher methane production [2,33]. The 
metal: Mn, Fe, Co, Cu, Mo, Ni, Se, W based on their concentration in the cells 
can be classified as micronutrients [16], and  their concentration in the cells 
range from 10−6 to 10−15M [31].  It should be noted, however, that on the other 
hand, trace elements themselves are non-biodegradable and accumulate in 
biomass, constituting a potential cause of anaerobic digestion inhibition. Heavy 
metal elements could stay inhibition to anaerobic organisms due to the 
disruption of the enzyme function and structure [32]. Many previous findings 
have pointed out that the inhibition degree depends upon many factors, such as 
the total metal concentration, chemical forms of the metals, pH, and redox 
potential [25,33].  
Trace metals can be supplemented individually, or in combination, to the 
anaerobic digesters. Evranos and Demirel [5] found that during the anaerobic 
mono-digestion of maize silage, the maximum methane yield of 0.429 L CH4 g

−1 
VSS added was achieved when Mo, Co, and Ni were supplemented at the same 
time at concentrations of 0.25, 0.5 and 0.5 mg L−1, respectively.  

4. BIOAVAILABILITY OF TRACE ELEMENTS 

Bacteria have the ability to adjust to concentration of certain elements, thus 
making it very difficult to precisely determine their safe concentration. In the 
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case of certain inhibitors, it can be even regarded as reciprocal interaction. 
Different metals have different bio-uptake processes due to different kinetic and 
equilibrium processes. The presence of one metal can also have an impact on the 
speciation and thus the bioavailability of another; high Fe concentrations in an 
anaerobic digester can promote co-precipitation, adsorption, and ion substitution 
of Co and Ni on FeS [10]. Therefore, in order to reduce the amount of trace 
metals required and maximize the methanogenic activity, it is important to 
understand how their speciation affects their bioavailability. 

5. CONCLUSIONS 

The possible influence of trace elements on anaerobic digestion depends on 
eenvironmental conditions, their content in the substrates, and bioavailability 
and activity of microorganisms. Therefore, it is crucial to find a 
substrate/supplement which will contain trace elements in a form accessible for 
microorganisms. 
 

REFERENCES 

1. Banks C.J.; Zhang Y.; Jiang Y., Heaven S.: Trace element requirements for 
stable food waste digestion at elevated ammonia concentrations. 
Bioresource Technology, 104 (2012) 127-135.   

2. Bao Y., Dongling Z.,Aidang S.,Ziyang L.,Haiping Y., Xiaoting 
H.,Wenxiang Y., Xiaohu D, Nanwen Z.: Methane-rich biogas production 
from waste-activated sludge with the addition of ferric chloride under a 
thermophilic anaerobic digestion system 2015, RSC Adv., 5:38538-38546, 
DOI: 10.1039/c5ra02362a.  

3. Deublein D., Steinhauser A.: Biogas from waste and renewable resources. 
Wiley-VCH Verlag 2008, ISBN 9783527318414.  

4. Espinosa A., Rosas L., Ilangovan K., Noyola A.: Effect of trace metals on 
the anaerobic degradation of volatile fatty acids in molasses stillage. Water 
Science Technology, 32(1995)121-129.   

5. Evranos B., Demirel B.: The impact of Ni, Co and Mo supplementation on 
methane yield from anaerobic mono-digestion of maize silage. 
Environmental Technology, 36 (2015)1556-1562.  

6. Lin C.Y., Chou J., Lee Y.S.: Heavy metal-affected degradation of butyric 
acid in anaerobic digestion. Bioresource Technology, 65(1998) 159-161. 

7. Feng X.M., Karlsson A., Svensson B.H., Bertilsson S.:Impact of trace 
element addition on biogas production from food industrial waste - linking 



THE INFLUENCE OF TRACE ELEMENTS ON ANAEROBIC DIGESTION PROCESS 113 

 
 

process to microbial communities. FEMS Microbiology Ecology, 74 (2010) 
226-240. 

8. Friedmann H.C., Klein A., Thauer R.K.: Structure and function of the nickel 
porphinoid, coenzyme F430 and of its enzyme, methyl coenzyme M 
reductase. FEMS Microbiology Review, 7 (1990) 339-348. 

9. Glass J.B., Orphan V.J.: Trace metal requirements formicrobial enzymes 
involved in the production and consumption of methane and nitrous oxide. 
Front. Microbiology, 3,61 (2012).   

10. Gustavsson J., Shakeri Yekta S., Sundberg C., KarlssonA., Ejlertsson J., 
Skyllberg U., et al:  Bioavailability of cobalt and nickel during anaerobic 
digestion of sulfur-rich stillage for biogas formation. Applied Energy, 112 
(2013) 473-477.   

11. Gustavsson J., Yekta S.S., Karlsson A., Skyllberg U., Svensson B.H.: 
Potential bioavailability and chemical forms of Co and Ni in the biogas 
process-an evaluation based on sequential and acid volatile sulfide 
extractions. Engineering Life Science 13 (2013) 572-579.  

12. Hochheimer A., Schmitz R.A., Thauer R.K., Hedderich R.: The tungsten 
formylmethanofuran dehydrogenase from Methanobacterium 
thermoautotrophicum contains sequence motifs characteristic for enzymes 
containing molybdopterin dinucleotide. Eur. J. Biochem., 234 (1995) 910-
920.  

13. Khanal S.K.: Anaerobic for bioenergy production. Wiley-Blackwell, A John 
Wiley&Sons Publications, 2008, ISBN 9780813823461.  

14. Kim M., Ahn Y.-H., Speece R.E.: Comparative process stability and 
efficiency of anaerobic digestion; mesophilic vs. thermophilic. Water 
Research, 36 (2002)4369-4385.   

15. Langenhoff A.A.M., Brouwers-Ceiler D.L., Engelberting J.H.L., Quist J.J., 
Wolkenfelt J.G.P.N., Zehnder A.J.B., et al.: Microbial reduction of 
manganese coupled to toluene oxidation. FEMS Microbiology Ecological, 
22 (1997)119-127.  

16. Merchant S.S., Helmann J.D.: Elemental economy: Microbial strategies for 
optimizing growth in the face of nutrient limitation. In: Robert, K.P. (Ed.), 
Advances in Microbial Physiology. Academic Press, 2012, 91–210.  

17. Muller V.: Energy conservation in acetogenic bacteria. Applied and 
Environmental Microbiology, 69,11(2003) 6345-6353.  

18. Murakami E., Ragsdale S.W.: Evidence for intersubunit communication 
during acetylo-CoA cleavage by the multienzyme Co dehydrogenase/acetyl-
CoA synthase complex from methanosarcina thermophila. The Journal of 
Bilogical Chemistry, 275,7(2000)4699-4707.   

19. Myszograj S.: Produkcja metanu wskaźnikiem oceny biodegradowalności 
substratów w procesie fermentacji metanowej/Methane production as an 



114 Sylwia MYSZOGRAJ, Artur STADNIK, Ewelina PŁUCIENNIK-KOROPCZUK 

 
 

indicator of the biodegradation of substrates in the methane fermentation 
process., Annual Set the Environmental Protection, 13,2 (2011)1245-1259.  

20. Myszograj S.: Biogas production from thermaly disintegrated excess sewage 
sludge and municipal solid waste, 2017, Wydawnictwo Instytutu Inżynierii 
Środowiska Uniwersytetu Zielonogórskiego, ISBN: 9788393761999.  

21. Niu Q., Qiao W., Qiang H., Li Y.Y.: Microbial community shifts and biogas 
conversion computation during steady, inhibited and recovered stages of 
thermophilic methane fermentation on chicken manure with a wide variation 
of ammonia. Bioresource Technolology, 146 (2013) 223-233.   

22. Pobeheim H., Bernhard M., Johansson J., Guebitz G.: Influence of trace 
elements on methane formation from a synthetic model substrate for maize 
silage, Bioresource Technology 101(2010) 836-839.   

23. Rother M., Krzycki J.A.: Selenocysteine, pyrrolysine, and unique energy 
metabolizm of methanogenic Archaea. Archaea, 2010, ID: 453642.   

24. Scherer P., Lippert H., Wolff G.: Composition of the major elements and 
trace elements of 10 methanogenic bacteria determined by inductively 
coupled plasma emission spectrometry. Biology Trace Elements Research, 
5(1983) 149-163.   

25. Sung S., Liu T.: Ammonia inhibition on thermophilic anaerobic digestion. 
Chemosphere, 53,1 (2003)43-52.    

26. Takashima M., Shimada K., Speece R.E.: Minimum requirements for trace 
metal (iron, nickel, cobalt, and zinc) in thermophilic and mesophilicmethane 
fermentation from glucose. Water Environmental Research, 83 (2011)339-
346.  

27. Uemura S.: Mineral requirements for mesophilic and thermophilic 
anaerobic digestion of organic solid waste. International Journal of 
Environmental Research and Public Health, 4 (2009) 33-40.   

28. Valorgas -Valorisation of food waste to biogas Project 241334 Seventh 
framework programme theme FP7ENERGY.2009.3.2.2 Biowaste as 
feedstock for 2nd generation www.valorgas.soton.ac.uk.  

29. Vintiloiu A., Boxriker M., Lemmer A., Oechsner H., Jungbluth T., Mathie, 
E., et al: Effect of ethylenediaminetetraacetic acid (EDTA) on the 
bioavailability of trace elements during anaerobic digestion. Chemical 
Engineering Journal, 223 (2013) 436-441.  

30. Wencheng M., Hongme X., Dan Z. Fengyue Q., Hongjun H., Yuan Y.:  
Effects of different states of Fe on anaerobic digestion: a review. Journal of 
Harbin Institute of Technology, 22,6(2015) 69-75. DOI: 
10.11916/j.issn.1005-9113.2015.06.010  

31. Williams R.J.P., Fraústo da Silva J.J.R.: The distribution of elements in cells. 
Chemical Review, 200–202 (2000) 247-348.   



THE INFLUENCE OF TRACE ELEMENTS ON ANAEROBIC DIGESTION PROCESS 115 

 
 

32. Zandvoort M.H., Geerts R., Lettinga G., Lens, P.N.L.: Methanol 
degradation in granular sludge reactors at sub-optimal metal 
concentrations: role of iron, nickel and cobalt. Enzyme and Microbial 
Technology, 33 (2003) 190-198.  

33. Zhang L., Ouyang W., Aimin L.:  Essential role of trace elements in 
continuous anaerobic digestion of food waste. Procedia Environmental 
Sciences,16 (2012) 102-111.   

34. Zitomer D., Johnson C., Speece R.: Metal stimulation and municipal 
digester thermophilic/mesophilic activity. J. Environmental Engineering, 134 
(2008) 42-47.  

WPŁYW PIERWIASTKÓW ŚLADOWYCH NA PROCES FERMENTACJI 
METANOWEJ 

S t r e s z c z e n i e  

Artykuł stanowi przegląd literatury dotyczący znaczenia pierwiastków śladowych  
w procesie fermentacji metanowej. Produkcja biogazu w tym metanu, jak również 
efektywność procesu zależą od substratów poddawanych fermentacji. Substancje 
dostarczane z substratem jak i produkty powstające w fazach rozkładu mogą hamować 
proces. Czynnikiem limitującym fermentację jest szybkość enzymatycznej hydrolizy 
substratów. Niektóre związki, takie jak alkany, alkeny, bifenol, węglowodory 
aromatyczne, alkohole i ketony, nie są bezpośrednio podatne na hydrolizę. Ulegają temu 
procesowi w obecności enzymów zewnątrzkomórkowych. 
Opisane w literaturze niestabilności przebiegu procesu fermentacji metanowej mogą być 
związane z brakiem mikroelementów lub pierwiastków śladowych. Pierwiastki śladowe 
(Co, Ni, Cu, Mn, Fe, Zn, Se i Mo) są składnikami enzymów, niektórych bakteryjnych 
kwasów nukleinowych i niezbędne do syntezy witamin. Rola niektórych pierwiastków 
śladowych np. Fe czy Mo, została dobrze poznana, podczas gdy znaczenie innych nadal 
wymaga wyjaśnienia. Dane literaturowe donoszą, że uzupełnianie pierwiastków 
śladowych nie tylko zapobiega inhibicji procesu, ale może również poprawić jego 
wydajność zapewniając wyższą produkcję metanu. 

 

Słowa kluczowe: fermentacja metanowa, pierwiastki śladowe, inhibicja procesu, 
produkcja biogazu   
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