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Resumen:  
En este estudió se analizó el efecto de la cantidad de inóculo (2.5% y 5% p/p) en el pretratamiento 

biológico con Trametes versicolor en la paja de sorgo para la producción de biogás. Lo anterior en un 

medio sumergido en presencia y ausencia de una solución de glucosa al 1.0% (p/v), como cosustrato. 

Se operó al 30% del volumen del matraz, en condiciones aerobias. Se analizó la reducción de azucares 

en el tiempo 0 y 14 días de incubación, alcanzando una reducción del 90% para ambos inóculos en 

presencia de glucosa y 40% en ausencia del azúcar. Se analizó el efecto del pretratamiento en la 

estructura fibrosa de la paja por el método modificado de Van Soet. La paja pretratada se sometió a 

codigestión anaerobia con excreta de gallina (gallinaza), llevando a cabo la medición de biogás 

producido durante 75 días. Se cuantificó la concentración de metano por cromatografía de gases. 

Donde la mayor concentración de metano se detectó en las muestras pretratadas con 2.5% de inoculo 

en ausencia del cosustrato. 

 

Palabras clave: Pretratamiento, Codigestión, Gallinaza, Paja De Sorgo, Biogás. 

 

Abstract: 
This study focuses on the effect of the quantity of the inoculums (2.5% and 5% m/m) in the biological 

pretreatment with Trametes versicolor in sorghum straw for the production of biogas. The previous 

was done through submersion in the presence and absence of a glucose solution at 1.0% (m/v), as 

cosubstrate. 30% of the volume of the Erlenmeyer flask was used, in aerobic conditions. The 

reduction of sugars was analyzed at time 0 and 14 days of incubation, reaching a 90% reduction for 

both inoculums in the presence of glucose and 40% in the absence of sugar. The effect of the 

pretreatment was analyzed in the fibrous structure of the straw by the Van Soet’s modified method. 

The pretreated straw underwent an anaerobic codigestion with chicken droppings (chicken manure), 

measuring the production of biogas during 75 days. The methane concentration was measured 

through the chromatography of gases. The highest concentration of methane was detected in samples 

pretreated with 2.5% of the inoculums in absence of the cosubstrate. 
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1. Introduction 

 

The use of lignocellulosic biomass for the production of biogas is not very common due to 

the complexity of the bonds between hemicelluloses, cellulose, and lignin, which form a 

barrier that impedes a microbial attack (Zheng et al., 2014). It is, therefore, necessary to apply 

pretreatments capable of breaking the bonds to have access to the fermentable carbohydrates. 

The production of methane from lignocellulosic residues consists of two important phases, 

or stages: pretreatment and hydrolysis, which increase the rate of methane production. The 

later takes place in a reactor where a consortium of methanogenic anaerobic microorganisms 

intervenes; these are in charge of degrading the fermentable sugars. 

 

The efficiency of anaerobic digestion depends on different factors such as: temperature, pH, 

quantity of solids, nutrients, ratio of C:N, time of reaction, among others (Anjum et al., 2016; 

Mao et al., 2015; Zhang et al., n.d.) and in special cases the structure of the substrates.  Recent 

studies look for ways to increase the rate of methane production through codigestion, since 

the combination of two or more substrates becomes effective; with the existence of a 

synergetic relationship between the use of materials like cattle manure which contains 

methagenic biological agents, combined with straw, which works as a source of carbon and 

nitrogen for the bacteria present in cattle manure (Anjum et al., 2016; Mata-Alvarez et al., 

2014). 

 

Diverse studies point out that doing a codigestion with lignocellulosic residues implies 

increasing the hydrolysis efficiency by means of pretreatments. These can be chemical, 

physical, and biological, however, these have their advantages and disadvantages; one of the 

most important is the implied cost of their use in a digestibility process. 

 

The chemical pretreatments used to improve the production of methane are done with acids 

or bases (Zheng et al., 2014). Due to their elevated cost and high toxicity to the environment, 

mass production is not very profitable.  The physical pretreatments, although not involving 

chemical compounds in the process, require a very elevated demand of energy, especially 

when referring to mechanical processes. The biological pretreatments take place with 

microorganisms or enzymes capable of hydrolyzing hemicelluloses efficiently and removing 

lignin, which means a very low requirement of energy during the process (Mao et al., 2015). 

One of the most commonly used microorganisms is fungi (Garmaroody et al., 2011; Ha et 

al., 2001; Lalak et al., 2016; Müller and Trösch, 1986; Rabemanolontsoa and Saka, 2016; 

Rouches et al., 2016, n.d.; Sánchez, 2009; Simeng et al., 2015; Wan and Li, 2012; Zhong et 

al., 2011) the basidiomycete fungi are outstanding primarily because of their mycelial growth 

which allows them to transport diverse elements of interest to be used as a source of carbon. 

The fungic degradation is an extracellular production in many of the cases, due to the 

insolubility of the structural polymers of lignocelluloses. The fungi have two types of 

systems: hydrolytic system which produces hydrolases capable of degrading polysaccharide 

and the lignolitic system, which degrades lignin into phenyl rings (Sánchez, 2009). 
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Therefore, in the present work a biological pretreatment with Trametes versicolor was 

studied, in particular the effect of quantity of the inoculum in sorghum straw was analyzed, 

to later assess the production of biogas based on chicken manure. 

 

2. Methods and materials 

  

2.1 Biological pretreatment witn Trametes versicolor 

 

The fungus used in this research was the strain CDBB-H-1051, provided by the Microbial 

Collection of the Biotechnology and Bioengineering Department from the Center of 

Research and Advanced Studies (CINVESTAV for its Spanish acronym), which was re-sown 

in a PDA medium (agar potato dextrose) and was incubated at 30°C during 10 days. This 

generates a circular growth on the surface of the medium. Afterwards, from agar it was 

transferred to a YPG medium (yeast peptone glucose) and placed at 150 rpm during 14 days, 

later, the grown fungi was filtered for homogenizing and used as inoculums in the treatments 

with chicken manure. 

 

The sorghum straw was obtained from the agriculture zone belonging to the Division of Life 

Science Campus Irapuato-Salamanca of the University of Guanajuato (DICIVA-UGTO for 

its Spanish acronym), which was grounded and sifted in a 0.850 mm screan, followed by a 

wash with sterile water to remove any possible soil particles present. Then it was dried at 100 

°C for 24 hrs.  Before using it, it was sterilized in humid heat to eliminate any microorganism 

that could interfere in the pretreatment (Zhao et al., 2014). 

 

2.1.1 Fermentation in Liquid State  

 

The pretreatment took place in a humid form, according to how it’s described by Jha et al., 

(2013), based on the production of biogas for dry and humid fermentation. Furthermore, the 

pretreatment was done in the presence and absence of a cosubstrate like the glucose solution 

1.0% (m/v) to start the degradation of the components of the hay’s cellular wall. 

 

The pretreatment took place with percentages of 2.5 and 5.0% of inoculum (m/m), liquid was 

placed in an Erlenmeyer flask until it reached  30% of its total volume capacity, and a known 

sample of hay with total solids (ST) less than 10% (Jha et al., 2013; Motte et al., 2013). It 

was kept in proper temperature conditions and movement for the adequate fungus growth for 

14 days. All the pretreatments were repeated three times. 

 

2.1.2 Physical chemical Characteristics of the Pretreatment 

  

The pretreatment mix was separated into liquid and solid parts: for these the amount of 

reducing sugars was determined using the most common method (Miller, 1959) and fiber 

assessment using Van Soest’s modified method (Chaves., et al 2002), at times 0 and 14 days 

respectively. 

 

2.2 Anaerobic codigestion 
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2.2.1 Physical chemical Characteristics of the Substrates and Co digestion Mix 

 

The agricultural residues used in this study were characterized by methods such as: pH 

determination, Chemical Demand for Oxygen (DQO for its Spanish acronym), Total Solids 

(ST for its Spanish acronym), total Nitrogen (%N), and organic Carbon (% organic C) based 

on procedures established by official norms (NOM-AA-034-SCFI-2001, AA-026-SCFI-

2010) and standard methods (5220-D, EPA 410.4). 

 

2.2.2 Codigestion Process 

 

The study was done in bioreactors operated in batches of 120 ml, with a work volume of 33 

ml. The Trametes versicolor treated hay was placed. In the bioreactors a mass ratio of chicken 

manure:water of 1:2 was maintained. All the bioreactors were hermetically sealed. The air 

was extracted from each bioreactor to insure anaerobic conditions.  Then these were 

incubated for a period of 75 days at 28±1 °C. 

 

2.2.3 Measurement of Biogas and Methane. 

 

The biogas was monitored every four days, during the incubation period. The biogas was 

quantified based on what is reported by Hansen et al., (2004). The concentration of methane 

was determined in the days of highest production of biogas; each sample was measured by 

chromatography (Clarus 500,Perkin Elmer). 
 

3. Results 

 

3.1 Pretreatment 

 

In the results of the biological pretreatment there was a greater decrease of sugar reducers in 

the medium with glucose at 1% due to a better fungus growth. The reduction reached was 

between 90 and 91% of reducing sugars. However, sugar release was detected at the end of 

the incubation period, in the treatments with glucose without the presence of fungi. This can 

be attributed to some hemicellulose polymers being soluble in water after a prolonged period 

of time (Devlin, 2000). 

 

The pretreatment with fungi in absence of the cosubstrate had a decrease of reducing sugars 

of 37 % and 48 %, for a percentage of 2.5 and 5% of inoculum, respectively. In the treatment 

without glucose and without fungi, the increase was only 1%.  Comparing such results, the 

treatments with glucose at 1% present better results to be used in the anaerobic stage. In spite 

of this, the rest of the treatments were continued to determine the methane output in the 

anaerobic phase. 

 

The determination of structural elements (Lignin, hemicellulose, and cellulose) present 

similar results to those reported by Rouches et al., (2016) using wheat hay in solid state 
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fermentation, with different glucose quantities and several types of rotting fungi  strains, 

where a repression in the degradation of lignin was observed, due to the quantity of lignin. 

In the same way the pretreatments with Trametes versicolor with glucose as cosubstrate 

limits the consumption of lignin as a main compound and promotes the consumption of 

hemicellulose and cellulose, due to the negative influence in the production of delignifying 

enzymes. 

 

In Figure 1 and 2 the percentages of hemicellulose and cellulose are shown for both 

pretreatments with and without glucose. 
 

 
Figure 1. Presence of hemicellulose in Trametes versicolor pretreated sorghum straw. 

 

 
Figure 2. Pretreatment with, and without glucose as co substrate. 

 

In Figure 3 the lignin behavior is shown in both media, with and without glucose. It indicates 

a light increase in lignin in the pretreatments with glucose due to a decrease in the ligninolitic 

activity of the fungi which causes the consumption of hemicellulose and cellulose. In the 

pretreatments without glucose good results were obtained in lignin elimination. 
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Figure 3. Percentage of lignin in sorghum straw pretreated with Trametes versicolor. 

 

3.2 Anaerobic Co Digestion 

 

3.2.1 Characteristics of substrates and co digestion mix 

 

The physical-chemical analysis of interest for the substrates of chicken and cow manures 

were determined, the last one was used as a positive control (Table 1).  The characteristics 

of the co digestion mix for the anaerobic stage is shown in table 2. 
 

Substrate N% ST 

(g/L) 

% C.org. %MO % Ashes DQO 

(mg/L) 

Cow 

Manure 

2.2±0.1 24.5±0.9 24.8±0.0 42.8±0.0 57.2±0.0 604±39.5 

Chicken 

manure 

4.1±0.2 26.7±3.9 30.5±1.8 52.6±3.2 47.4±3.2 738±0.7 

Table 1. Characteristics of the substrates. 
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M DQO(mg/L) ST(g/L) %N %C organic 

Without glucose 

 T0 T75 T0 T75 T0 T75 T0 T75 

Without 

Fungi 

738±70 805±33 41±5 66±9 3.0±0 0.05±0 36±2 19±0.8 

Inoculum 

2.5% 

660±42 814±14 35±3 76±6 3.1±0.1 0.03±0 36±3 22±0.7 

Inoculum 

5% 

674±42 764±65 33±5 69±9 3.9±0.4 0.02±0 37±1 25±4 

With glucose 

Withouti

noculum 

701±0.7 754±26 39±4 60±6 3.5±0.2 0.06±0 37±0.4 22±1 

Inoculum 

2.5% 

683±111 811±17 38±12 78±3 3.6±0.4 0±0 33±2 25±4 

Inoculum 

5% 

639±12 794±21 32±5 81±4 2.1±±0.8 0.46±0 33±4 28±4 

Pos. 

Control 

603±39 399±25 30±2 44±2 3.0±1.4 0.04±0 46±1 38±1 

T0= Initial Time  T75= Final Time  M= Sample 

Table 2. Characteristics of the co digestion mix. 

  

3.3 Measurement of biogas and methane 

 

In Figures 4 and 5 the evolution of the production of biogas with and without glucose can be 

observed.  There is a greater production in the 2.5% fungi pretreated hay reaching its 

maximum point between 45 and 50 days, with a biogas production of 50 and 60ml. 

 
Figure 4. Measurement of biogas with sorghum straw pretreated without glucose.  
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Figure 5. Measurement of biogas with sorghum straw pretreated with glucose. 

 

The concentration of methane in the reactors with hay without glucose with 2.5 and 5.0% 

inoculum, where the maximum concentration of methane was in days 65 and 68. The reactors 

with pretreated hay with the co substrate maintained a linear gas release in the co digestion 

with 2.5% inoculum. The reaction time in the media with 5% inoculum was late due to the 

instability of the pH in the co digestion mix yielding inhibiting compounds. In Figure 6 and 

7 such behavior can be observed. 

 

Figure 6. Concentration of methane in media without glucose. 
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Figure 7. Concentration of methane in media with glucose as co substrate. 

 

4. Conclusions 

 

As a result of the experiment, it can be concluded that glucose as a co substrate in the 

pretreatments done on sorghum hay have a negative effect on the degradation of lignin in the 

pretreatment, due to the excessive consumption of carbohydrates which yield a low or null 

ligninolitic activity. 

 

For the production of biogas there is greater stability with hay pretreated with 2.5% inoculum 

in comparison to bioreactors with 5% inoculum. This can be attributed to an inhibition for 

substrate, which can be corrected with follow up analysis techniques to specify the possible 

inhibiting factors. 
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