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Abstract. Recently, due to global concerns regarding the growing accumulation of waste, increased attention is 

directed towards new ways of using lignolytic enzymes, as a means of reducing environmental pollution coupled 

with obtaining new useful products. Valorization of lignocellulosic food waste and its components into different 

value-added products requires disruption of the recalcitrant structure of the lignocellulosic component. In this 

paper lignolytic enzymes produced by phyllum Basidiomycota, as well as other enzymes that participate in the 

degradation of agri-food waste are summarized. The aim of this review is to give an overview on the biosynthesis 

and use of laccases for enzymatic treatment applied to agri-food waste. The methodology consisted in the research 

of the most representative sources from the literature of recent years and the synthesis of the respective studies, 

for an overall study. There are presented different types of agri-food waste generated by the fruit and vegetable, 

grain, wine, and beer processing industries. The main species of basidiomycetes that produce lignocellulosic 

enzymes are mentioned, as well as the conditions for their cultivation. The methods of selecting the producing 

fungal strains by screening on chromogenic media, the analysis of the enzyme activity, the stages of the 

biosynthesis process, the factors that influence the accumulation of the enzyme are described. The article includes 

information related to the structure and treatment of lignocellulosic materials from vegetable food waste, the 

mechanism of action of laccase, as well as the current state of research in the direction of using these enzymes for 

the treatment of food waste. 
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1. Introduction 

Agri-food waste is generated in increasingly significant quantities everywhere in the world, and the 

solutions for their reduction and treatment have become imperatively necessary. Whether these wastes 

are used in animal feed, for the extraction of valuable compounds that exist in significant concentrations, 

or as the main organic fraction in the production of biogas and compost, prior treatments are 

recommended for increasing the bioavailability of macromolecular substances or recalcitrant ones. 

Although the chemical composition of agri-food waste is highly variable depending on the origin and 

geographical area, the most important part of it is represented by vegetable materials, with a high content 

of lignocellulose, starch, and carbohydrates with a lower mass, along with proteins, lipids and the 

mineral part. 

Lignocellulose is a major part of the plant cell wall, being made up of three main components: 

cellulose, hemicellulose and lignin, which form a network with a rigid and resistant structure. Cellulose 

has a crystalline structure, being built from a linear chain of several hundreds to many thousands of β  

(1 → 4) linked d-glucose units, in the form of cellulose microfibrils. Hemicellulose is a branched 

heteropolysaccharide consisting of 5-6 sugars, in which xylan is the main structural unit [1; 2]. Lignin 

is a heteropolymer composed of monomeric units of coniferyl, coumaryl, and sinapyl alcohols, and 

functions as a binder between the cellulosic and hemicellulosic components. Lignin represents a stable 

structure, resistant to degradation, which can be labialized by applying physical-chemical or biological 

treatments. 

The aim of this review is to give an overview on the enzymatic pretreatment applied to 

lignocellulosic agri-food waste resulting from the processing industries of fruits and vegetables, cereals, 

wine, beer, catering, and others. The main species of basidiomycetes producing laccases, the methods 

of isolation, selection, and the stages of the biosynthesis process, as well as the use of these enzymes for 

the treatment of food waste, are presented. The article includes information about the advantages of 

using enzyme treatment, as well as the future directions in this field. 

2. Materials and methods 

In this section, the main types of agri-food waste are described, including their composition and 

general characteristics. 
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2.1. Agri-food waste 

The most widespread wastes from the food industry, which contain lignocellulosic materials, are 

those of vegetable origin. The cell wall of the plant cell contains a large amount of cellulose, 

hemicellulose and lignin, which together form a recalcitrant material that is difficult to degrade. This 

waste comes mainly from the following sectors (Figure 1). 

1. Waste from fruit and vegetable processing industry 

This field of the food industry generates a significant amount of waste represented by the 

remains left after the consumption of the edible parts or after the processing of fruits and 

vegetables (peels, seeds, kernels, tails, pomace). Also, especially in the case of perishable 

products, after transport and storage, significant quantities of altered food remain, both 

physically and microbiologically, unfit for human consumption. The most important quantities 

of waste are recorded in the juice and fruit and vegetable canning industry, as well as in the 

extraction of oils and sugar from different vegetable materials. From the point of view of the 

chemical composition, these plant wastes mainly contain large amounts of carbohydrates 

(starch, cellulose, pectin, hemicellulose, easily assimilable sugars), lignin, proteins, lipids 

(unsaturated, saturated, waxes), mineral substances, various active principles [3].  

2. Waste from cereal processing industry 
The cereal processing industry mainly generates waste with low humidity, containing lignin, 

cellulose, hemicellulose, starch, glucans, other sugars, along with proteins, lipids, minerals. For 

the most part, all these wastes come from the coating of cereal seeds, as it is known that the 

largest amount of waste from cereals is generated from the milling industry. Also, other cereal 

by-products are bran (from rice, wheat, rye, oat, triticale), various by-products from the 

processing of corn grains, as well as the residues represented by seeds that do not correspond 

qualitatively [4].  

3. Waste from brewing industry 

The different operations of mashing, fermentation, maturation and filtration in the brewing 

industry generate waste represented especially by spent grains, residual yeast and diatomaceous 

earth slurry. Brewing spent grain, the major waste in the beer industry, results after the 

separation of the sweet wort and contains lignin (approximately 28%), cellulose, hemicellulose, 

sugars, proteins, lipids, phenolic compounds, minerals and water [5]. 

4. Waste from wine industry 

In the wine industry the main wastes formed are pomace, lees and yeast sediment. The pomace 

contains the inedible part of grapes (peel, stem, pulp, seeds), having a lignin content between 

22-44% and 8.04%-12.7% glucan, 4.42%-7.05% xylan (dry weight basis). There are several 

value-added products which could be obtained from grape pomace, after an appropriate 

enzymatic treatment: lipids, sugars, pigments, valuable extractives (e.g. polyphenols and oil) 

and non-extractives (e.g. cellulose, hemicellulose, and lignin) [6]. 

5. Waste from oil extraction industry 

Several plants provide oil for nutritional needs (olive, palm, soybean, rapeseed, sunflower seed, 

and peanut), but, in particular, olive oil extraction produces a large amount of lignocellulosic 

waste as residues. Such wastes are characterized by high salinity, low pH values, high contents 

in phenol derivatives and organic matter, and nutrients [7]. 

6. Waste from starch processing industry 

The processing of different raw materials to obtain starch (potatoes, cassava, corn, etc.) 

generates lignocellulosic waste consisting of peels, pulp and rejection, which can be 

enzymatically pretreated. 

7. Catering waste 

Although it has a lower content of lignocellulosic material, being composed of a mixture of 

food waste, catering generates a significant amount of waste. Their recovery is limited either 

by the lack of organization or the necessary logistics. This mixture of food waste mainly 

contains sugar-based wastes, protein (meat, fish, bones), lipids, starch and flour, also significant 

amounts of fruit and vegetable waste with lignocellulosic content [8]. 
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3. Results and discussion 

3.1. Laccase-producing basidiomycetes 

Fungal laccases are versatile enzymes that break down lignocellulosic material from different 

wastes, acting on phenolic compounds, aromatic amines, azo dyes, aromatic hydrocarbons, and other 

substrates. Along with cellulolytic enzymes, laccases are key enzymes in the treatment of waste from 

the agri-food industry, known for their high content of plant residues of great diversity. 

 

Fig. 1. Sources of agri-food waste 

Laccases of fungal origin are metabolites involved at the cellular level in the degradation of 

lignocellulosic substrates for the release of nutrients, cell protection, sporogenesis and pigmentation. 

Laccases are synthesized together with lignin peroxidase and manganese peroxidase by fungi belonging 

to the phyla of Basidiomycota, Ascomycota, Chytridiomycota, Zygomycota and Oomycota [9] (Fig. 2). 

 

Fig. 2. Main laccase-producing species belonging to phylum Basidiomycota 
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Among the best-known fungal species that synthesize laccases are the Basidiomycetes Pleurotus 

ostreatus, Lentinula edodes, Ganoderma sp, Phlebia radiata, Trametes versicolor and others, being 

known that white-rot fungi seem to be the most effective in the degradation process of lignocellulosic 

materials (Figure 3).  

 

Fig. 3. Action of laccase on lignocellulosic material 

3.2. Biosynthesis of laccases 

The species of fungi with laccase activity can be isolated from natural substrates such as decayed 

wood, tree barks and others by the spread-plate or streak-plate technique and highlighted by screening 

on chromogenic culture media such as guaiacol, ABTS, or catechol. Although known especially for the 

ability to degrade lignocellulosic material, some species of basidiomycetes can synthesize a series of 

enzymes from the hydrolases class such as: amylases, proteases, cellulases, hemicellulases, pectinases, 

xylanases, and others. These enzymes could be complementary to the action of laccase producing a more 

advanced degradation of the complex substrate from plant materials.  

After laboratory testing, the composition of the culture medium (especially carbon and nitrogen 

sources, trace elements, inducers), pH, temperature, dissolved oxygen concentration and agitation are 

determined. Numerous studies have shown that laccase synthesis occurs at the end of the exponential 

phase and in the stationary growth phase. In general, fungi synthesize laccase by secondary metabolism, 

and laccase synthesis is activated by carbon or nitrogen depletion, although there is no general rule. 

The biosynthesis of laccase, like many fungal enzymes, goes through several stages (Figure 4): 1) 

selection and isolation of a highly productive fungal strain by the spread-plate or streak-plate technique; 

2) cultivation and preservation of the selected strain, at the laboratory level; 3) establishing optimal 

culture media; establishment of cultivation parameters, i.e. the temperature, pH, nutrient concentration, 

the time required for biosynthesis, quantity and type of inoculum, mixing and aeration of the system, 

presence of enzyme inhibitors or activators, etc.; 4) establishing the cultivation conditions in the 

bioreactor; 5) separation of the enzyme preparation, its characterization from the point of view of 

stability, Km, optimal reaction conditions [9]. To analyze the enzymatic activity of laccase, several types 

of substrates can be used, i.e. guaiacol, ABTS, syringaldazine, 2,6-dimethoxyphenol, or other 

chromogenic compounds in different test conditions. 

 

Fig. 4. Stages of the laccase biosynthesis process 
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Laccase biosynthesis is strongly influenced by a number of factors such as the composition of the 

culture medium, cultivation parameters, type of the fermentation system, species characteristics and 

productive potential, inducers and others. 

Culture media 

Numerous substrates can be used as carbon sources to produce laccase from basidiomycetes. Levin 

et al. show that the most easily assimilable carbon source for basidiomycetes is glucose, and copper ions 

can act as enzyme activators [10]. Laccase synthesis by Trametes versicolor is increased at high glucose 

concentrations of 20 g·L-1 [11]. Similar results were reported by Cavallazzi et al. [12], who cultivated 

Lentinula edodes in liquid medium with 10 g·L-1 glucose. Palvannan et al. [13] showed that using the 

response surface methodology, Pleurotus florida NCIM 1243 synthesizes maximum amounts of laccase 

in 15 g·L-1 glucose medium [14]. Xu et al. studied the optimal conditions for the biosynthesis of laccase 

by Ganoderma lucidum in shaking flask cultures and found that the optimal conditions are the following: 

culture medium containing glucose 30 g·L-1, cotton 0.2%, (NH4)2HPO4 0.66 g ·L-1, casein 0.5%, Tween-

80 0.15 mL, initial pH value 5.5, inoculation 12.5%. In other studies, it was observed that glucose and 

fructose can be used as co-substrates for laccase production in Ganoderma lucidum, respectively 

Lentinus kauffmanii [15-17]. 

It has been demonstrated that, regarding the carbon source influence, rapidly degraded substrates 

such as glucose, mannitol and cellobiose, usually produce high laccase activities in comparison to other 

substrates that are degraded more slowly, such as cellulose or lactose [18]. As synthetic inducers for the 

production of laccases, copper or copper and lignin were used by Tinoco et al, [19], when the production 

of the enzyme from Pleurotus ostreatus increased 4-fold, respectively 10-fold, for copper, manganese of 

caffeic acid for Coprinus comatus culture medium [20]. 

Type of fermentation system 

Laccase can be synthesized by basidiomycetes both in submerged liquid cultures and in solid-state 

fermentation systems. In the case of submerged cultures, stirred-tank bioreactors, bubble column, and 

air-lift bioreactors are used. Cultures in the solid state fermentation system are carried out in tray 

bioreactors and packed bed bioreactors [17]. The optimal conditions for the biosynthesis of laccase for 

the species Coriolopsis gallica 1184 were cultivation in a 50 L bioreactor at 30˚C, at pH 6.0, 25-35% of 

dissolved oxygen, after 14 days [21]. In order to increase and optimize the production of laccase, 

statistical methodologies are used. For example, laccase production by P. ostreatus 1804 has been 

optimized in submerged conditions using Taguchi DOE method [22]. According to some considerations, 

solid state fermentation is a less expensive technology than submerged fermentation, because it requires 

less space and energy, as well as less water consumption, and the substrates can be agricultural 

derivatives and their residues rich in cellulosic biomass [23,24]: tea residues [25], fruit juice waste [26], 

sugarcane bagasse [27], wheat straw [28], wheat bran [29], and olive leaves [30]. 

Cultivation parameters  

Different studies have shown that the optimal pH range for laccase biosynthesis is between 5.0 and 

6.0 [11; 31]. For example, Fomes sclerodermeus synthesizes the maximum of laccase and biomass when 

the pH value is 6 [32], while Trametes pubescens has been proven to have the optimal range for laccase 

production between 3.0 and 4.5 values that are not optimal for growth [33]. 

It was observed that the optimal temperature and dissolved oxygen for laccase synthesis differ 

depending on the species. Chernik and Hilden showed that the optimal temperature for some wood-

decaying basidiomycetes, such as Steccherinum ochraceum isolate 1833, is between 70-80˚C [34; 35]. 

Dong et al. [36] showed that laccase production by Trametes gallica on twelve media is higher in 

conditions of high aeration and culture mixing compared to static conditions. 

Different methods can be used to increase the biosynthetic potential of basidiomycete species. For 

example, mutant strains of Ganoderma were obtained by Wang et al. [37] by protoplast mutagenesis 

under high pressure conditions. Ouyang et al. cloned the gene and promoter of Lac from G. lucidum to 

improve the properties of the producing strain [38]. Based on the results obtained so far, the use of 

highly productive fungal strains as well as the optimization of cultivation conditions are the main future 

trends for laccase biosynthesis. 
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Action of lacase on several agri-food wastes 

The agri-food industry generates a lot of waste with high content of phenolic compounds and high 

values of BOD and COD. Laccase-based processes can be applied in the treatment and bioremediation 

of wastewater in agroindustrial effluents, which have a high content of phenols. For example, due to its 

high concentration in polyphenols and dark brown colour, some components of beer factory wastewater, 

as well as the waters resulting from sugar-cane factories, rich in pigments can be treated with these 

enzymes for removing both the total phenolic compounds and colour [39]. 

Olive mill wastewater contains large concentrations of phenol compounds (up to 10 g·L-1), very 

toxic for the environment, with harmful effects towards humans and environment that can be treated 

with laccases. The reduction of the amount of phenolic compounds from this type of effluents was 

studied using laccases synthesized by Pleurotus ostreatus, Cerrena unicolor, L. edodes, T. versicolor 

and other basidiomycetes, with promising results [39]. 

Laccases are also used in removing phenolic compounds and the colour of distillery wastewater. 

The residues from the distillery could also be used as a substrate in the biosynthesis of laccases [40]. 

The beer production industry results in waste with a high percentage of polyphenolic compounds, 

especially tannins. Some research has demonstrated that the COD value in beer industry effluent can be 

reduced with the help of the species Coriolopsis gallica, which synthesizes laccase. [41]. 

The use of laccase for the degradation of lignin from apple pomace and coffee silverskin makes 

possible hydrolysis of hemicellulose producing high concentrations of sugars [42]. 

Conclusions 

1. Enzymatic treatment with fungal laccases represents one of the most promising options for the 

management and valorization of lignocellulosic agri-food waste, thus supporting the circular 

economy. 

2. The biosynthesis of laccases could represent an efficient solution for lignocellulosic agri-food 

pretreatment, due to its low cost, short production time, low energy requirements, eco-friendly 

nature, even if it requires the use of highly productive strains and specific equipment. 

3. The species of fungi with laccase activity can be isolated from natural substrates and cultivated in 

liquid or solid media, where they synthesize the enzyme at the end of the exponential growth phase. 

4. The optimization of the biosynthesis process and the increase of the yield represent the future trends 

for which the increase of the biosynthetic potential of the producing species, and the obtaining of 

new strains through the use of genetic engineering resources are taken into consideration. 

Acknowledgements 

This work was supported by a grant from the National Program for Research of the National 

Association of Technical Universities - GNAC ARUT 2023. 

Author contributions 

Conceptualization, M.F.; methodology, M.N.D. and M.I.; investigation, E.M.S. and M.N.D.; 

writing – original draft preparation, M.I.; writing – review and editing, M.F. All authors have read and 

agreed to the published version of the manuscript. 

References 

[1] Haq I., Qaisar K., Nawaz A., Akram F., Mukhtar H., Zohu X., Xu Y., Mumtaz M.W., Rashid U., 

Ghani W.A. Advances in Valorization of Lignocellulosic Biomass towards Energy Generation. 

Catalysts, vol. 11, 2021, 309. 

[2] Tiwari A., Chen C-W., Haldar D., Patel A.K., Dong C-D., Singhania R.R. Laccase in Biorefinery 

of Lignocellulosic Biomass. Applied Sciences, vol. 13(8), 2023, 4673.  

[3] Tedesco D.E.A., Scarioni S., Tava A., Panseri S., Zuorro A. Fruit and Vegetable Wholesale Market 

Waste: Safety and Nutritional Characterization for Their Potential Re-Use in Livestock Nutrition. 

Sustainability, vol. 13, 2021, 9478.  



ENGINEERING FOR RURAL DEVELOPMENT Jelgava, 22.-24.05.2024. 

 

997 

[4] Skendi A., Zinoviadou, K.G., Papageorgiou, M., Rocha, J.M. Advances on the Valorization and 

Functionalization of By-Products and Wastes from Cereal-Based Processing Industry. Foods, vol. 

9, 2021, 1243. 

[5] Karlovic A., Juric A., Coric N., Habschied K., Krstanovic V., Mastanjevic K. By-Products in the 

Malting and Brewing Industries - Re-Usage Possibilities. Fermentation, vol. 6, 2020, 82. 

[6] Kalli E., Lappa I., Bouchagier P., Tarantilis P.A., Skotti E. Novel application and industrial 

exploitation of winery by‑products. Bioresour. Bioproces., vol. 5, 2018, 46. 

[7] Nasrin A.B., Abdul Raman A.A., Bukhari N.A., Sukiran M.A., Buthiyappan A., Subramaniam V., 

Abdul Aziz A., Loh S.K. A critical analysis on biogas production and utilization potential from 

palm oil mill effluent. J. Clean. Prod., vol. 361, 2022, 132040. 

[8] Tayyab A., Ahmad Z., Mahmood T., Khalid A., Qadeer S., Mahmood S., Andleeb S., Anjum M. 

Anaerobic co-digestion of catering food waste utilizing parthenium hysterophorus as co-substrate 

for biogas production. Biomass Bioenergy, vol. 124, 2019, 74-82. 

[9] Paraschiv G., Ferdes M., Ionescu M., Moiceanu G., Zabava B.S., Dinca M.N. Laccases - Versatile 

Enzymes Used to Reduce Environmental Pollution. Energies, vol. 15, 2022, 1835.  

[10] Levin L. F., Ramos A.M. Copper induction of lignin-modifying enzymes in the white-rot fungus 

Trametes trogii. Mycologia, vol. 94, 2002, 377-383. 

[11] Minussi R.C., Miranda M.A., Silva J.A. Purification, characterization, and application of laccase 

from Trametes versicolor for colour and phenolic removal of olive mill wastewater in the presence 

of 1-hydroxybenzotriazole. African Journal of Biotechnology, vol. 6, 2007, 1248-1254. 

[12] Cavallazzi J.R.P, Kasuya C.M., Soares M.A. Screening of inducers for laccase production by 

Lentinula edodes in liquid medium. Brazilian Journal of Microbiology, vol. 36, 2005, 383-387. 

[13] Palvannan T., Sathishkumar P. Production of laccase from Pleurotus floridaNCIM 1243 using 

Plackett-Burman design and response surface methodology. Journal of Basic Microbiology, vol. 

50, 2010, pp. 325-335. 

[14] Xu Y., Lan J. Optimum culture media and liquid conditions in shaking flasks for laccase production 

by Ganoderma lucidum. Chin Tradit Herb Drugs, vol. 37, 2006, 1707-1710. 

[15] Ding Z., Peng L., Chen Y., Zhang L., Shi G., Zhang K. Production and characterization of 

thermostable laccase from the mushroo Ganoderma lucidum, using submerged fermentation. Afr. 

J. Microbiol. Res. Vol 6 (6), 2012, 1147-1157. 

[16] Johnsy G., Kaviyarasan V. Effect of nutritional and environmental conditions on production of 

extracellular laccase under submerged culture conditions in Lentinus kauffmanii. Int J Current 

Pharm Res vol. 3, 2011, 105-109. 

[17] Debnath R., Saha T. An insight into the production strategies and applications of the ligninolytic 

enzyme laccase from bacteria and fungi. Biocatalysis and Agricultural Biotechnology, vol. 26, 

2020, 101645. 

[18] Mikiashvili N., Wasser S.P., Nevo E., Elisashvili V. Effects of carbon and nitrogen sources on 

Pleurotus ostreatus ligninolytic enzyme activity. World J. Microbiol. Biotechnol., vol. 22, 2006, 

999-1002. 

[19] Tinoco R., Acevedo A., Gallindo E., Serrano-Carreon L. Increasing Pleurotus ostreatus laccase 

production culture medium optimization and copper·L-1ignin synergistic induction. Journal of 

Industrial Microbiology and Biotechnology vol. 38, 2011, 531-540. 

[20] Lu X., Ding S. Effect of Cu2 + , Mn2 + and aromatic compounds on the production of laccase 

isoforms by Coprinus comatus. Mycoscience, vol. 51, 2010, 68-74. 

[21] Songulashvili G., Flahaut S., Demarez M., Tricot C., Bauvois C., Debaste F., Penninckx M.J. High 

yield production in seven days of Coriolopsis gallica 1184 laccase at 50 L scale; enzyme purification 

and molecular characterization. Fungal biology, vol. 120 (4), 2016, 481-488.  

[22] Prasad K.K., Mohan S.V., Bhaskar Y.V., Ramanaiah S.V., Babu V.L., Pati B.R., Sarma P.N. 

Laccase production using Pleurotus ostreatus 1804 immobilized on PUF cubes in batch and packed 

bed reactors: influence of culture conditions. J. Microbiol., vol. 43 (3), 2005, 301-307. 

[23] An Q., Qiao J., Bian L.S., Han M.L., Yan X.Y., Liu Z.Z., Xie C.Y. Comparative study on laccase 

activity of white rot fungi under submerged fermentation with different lignocellulosic wastes. 

Bioresources, vol. 15, 2020, 9166-9179. 



ENGINEERING FOR RURAL DEVELOPMENT Jelgava, 22.-24.05.2024. 

 

998 

[24] Leite P., Sousa D., Fernandes H., Ferreira M., Costa A.R., Filipe D., Gonçalves M., Peres H., Belo 

I., Salgado J.M. Recent advances in production of lignocellulolytic enzymes by solid-state 

fermentation of agro-industrial wastes. Curr. Opin. Green Sustain. Chem., vol. 27, 2021, 100407. 

[25] Xu L., Sun K., Wang F., Zhao L., Hu J., Ma H., Ding Z. Laccase production by Trametes versicolor 

in solid-state fermentation using tea residues as substrate and its application in dye decolorization. 

J. Environ. Manag., vol. 270, 2020, 110904.  

[26] Sondhi S., Saini K. Response surface based optimization of laccase production from Bacillus sp. 

MSK-01 using fruit juice waste as an effective substrate. Heliyon, vol. 5 (5), 2019, e01718.  

[27] Karp S.G., Faraco V., Amore A., Letti L.A.J., Thomaz Soccol V., Soccol C.R. Statistical 

optimization of laccase production and delignification of sugarcane bagasse by Pleurotus ostreatus 

in solid-state fermentation. BioMed Res. Int., 181204, 2015.  

[28] Albornoz S., Wyman V., Palma C., Carvajal A. Understanding of the contribution of the fungal 

treatment conditions in a wheat straw biorefinery that produces enzymes and biogas. Biochem. Eng. 

J., vol. 140, 2018, 140-147. 

[29] Tu J., Zhao J., Liu G., Tang C., Han Y., Cao X., Jia J., Ji G., Xiao H. Solid state fermentation by 

Fomitopsis pinicola improves physicochemical and functional properties of wheat bran and the 

bran-containing products. Food Chem., vol. 328, 2020, 127046. 

[30] Aydınoglu T., Sargın S. Production of laccase from Trametes versicolor by solid-state fermentation 

using olive leaves as a phenolic substrate. Bioproc. Biosyst. Eng., vol. 36, 2012, 215-222.  

[31] Thiruchelvam A.T., Ramsay J.A. Growth and laccase production kinetics of Trametes versicolor in 

a stirred tank reactor. Applied Microbiology and Biotechnology, vol. 74, 2007, 547-554. 

[32] Papinutti V.L., Diorio L.A., Forchiassin F. Production of laccase and manganese peroxidase by 

Fomes sclerodermeus grown on wheat bran. Journal of Industrial Microbiology & Biotechnology, 

vol. 30, no. 3, 2003, 157-160.  

[33] Strong P.J. Improved laccase production by Trametes pubescens MB89 in distillery wastewaters. 

Enzyme Research, vol. 2011, 2011, ID 379176. 

[34] Chernykh A., Myasoedova N., Kolomytseva M. Laccase isoforms with unusual properties from the 

basidiomycete Steccherinum ochraceum strain 1833. Journal of Applied Microbiology, vol. 105, 

no. 6, 2008, 2065-2075. 

[35] Hilden K., Hakala T.K., Lundell T. Thermotolerant and thermostable laccases. Biotechnology 

Letters, vol. 31, no. 8, 2009, 1117-1128. 

[36] Dong J.L., Zhang Y.W., Zhang R.H., Huang W.Z., Zhang Y.Z. Influence of culture conditions on 

laccase production and isozyme patterns in the white-rot fungus Trametes gallica. Journal of Basic 

Microbiology, vol. 45, no. 3, 2005, 190-198. 

[37] Wang S.L., Wang Q.B., Chen C.T., Li G.F., Sun J.S. Breeding of Ganoderma strains producing 

high laccase activity by mutagenesis of protoplasts. Food Sci (China), vol. 27, 2006, 53-57. 

[38] Ouyang X., Wu J., Ding Y.X., Li Y.X., Zhao M.W. Cu2 + -inducing characteristics of the 

transcription of laccase gene from Ganoderma lucidum, and cloning, and analysis of the promoter 

of the gene. J Nanjing Agr Univ (China), vol. 32, 2009, 36-40. 

[39] Osma J. F., Toca-Herrera J. L., Rodríguez-Couto S. Uses of laccases in the food industry. Enzyme 

Res., 2010, 2010:918761.  

[40] Strong P. J., Burgess J. E. Treatment methods for wine-related and distillery wastewaters: a review. 

Bioremediat. J. vol. 12, 2008, 70-87.  

[41] Yagüe S., Terrón M. C., González T., Zapico E., Bocchini P., Galletti G. C. Biotreatment of tannin-

rich beer-factory wastewater with white-rot basidiomycete Coriolopsis gallica monitored by 

pyrolysis/gas chromatography/mass spectrometry. Rapid Commun. Mass Spectrom., vol. 14, 2000, 

905-910.  

[42] Giacobbe S., Pezzella C., Lettera V., Sannia G., Piscitelli A. Laccase pretreatment for agrofood 

wastes valorization. Bioresour. Technol., vol. 265, 2018, 59-65.  

 


