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RESULTS AND DISCUSSION

BIOGAS

Anaerobic digestion (AD) is a natural process that occurs in free-oxygen environments, when

different microorganisms interact to transform organic matter – such as animal manure – into

biogas and value-added by-products [1]. Brazil is the third biggest chicken producer and

exporter worldwide, with 14.329 millions of tons produced in 2021 [2], demanding the correct

management of this amount of residues generated to avoid environmental and health issues.

Biogas is composed mainly by methane (CH4) and carbon dioxide (CO2), and it can be used

for the production of electrical and thermal energy, or it can be purified and used as fuel. AD

offers, then, an efficient system of treatment, thus producing green energy [3]. Considering that

poultry litter is constituted of lignocellulosic material and is hard to degrade, the use of pre-

treatments for its optimal usage in biogas production is applied [4]. Therefore, the objective of

the study was to check methane and volatile fatty acids production from poultry litter, using

commercial enzymes as pre-treatment.

When it comes to bioassays using commercial cellulase pre-treatment, the biggest methane

production was found in CA + L + E 2% (667,57 mL), 22% higher than the control bioassay,

while the biggest production in the commercial pectinase pre-treatment bioassays was in CA

+ L + E 0,1% (Table 1). Cellulases can degrade complex polymers found in lignocellulosic

biomass, helping to improve digestibility during anaerobic digestion [5], while the biologic

treatment in granular sludge helps to disrupt lipoprotein structures from de cell wall [6].

When statically analyzed, the bioassays using commercial cellulase (C2 – C5) didn’t show

significative difference. Weide et al. [7] observed that although the addition of enzymes

helped the degradation of lignocellulose-rich substrates, the addition of cellulases on the

anaerobic digestion of poultry litter didn’t improve methane production – the income was

only 17,7% higher when compared to the control bioassay by the end of 60 days.

C1 → CA + L

C2 → CA + L + E 0,25%

C3 → CA + L + E 0,5%

C4 → CA + L + E 1%

C5 → CA + L + E 2%

C6 → CA + L + O 0,02%

C7 → CA + L + O 0,04%

C8 → CA + L + O 0,08%

C9 → CA + L + O 0,1%

C10 → CA + L + O 1%

BIOASSAYS

Poultry litter 

(CA)

at 60% v/v at 10% v/v

The supernatant was 

filtered through a 0,2 

µm membrane

Samples were 

centrifuged at 

10.000 rpm for 10’

Methanol 

dilution 

(1:5)

1 2 3

4 5

Table 1 - Methane production parameters of the bioassays using enzymatic pre-treatment, according to

Gompertz: maximum methane production; maximum speed of production; and lag phase.

Figure 1 – Production of volatile fatty acids from poultry litter, using enzymatic pre-treatment. (A)

Commercial celulase (B) Commercial pectinase

All of the acids analyzed were found in the samples of the bioassays. In the commercial

celulase bioassay, initial samples showed lower concentration and variability of acids, while the

final samples showed more significative levels of acetic and propionic acids – the sample C3 F

showed the highest concentration of acetic acid, with 2828,235 mg/L (Figure 1a). In a previous

study using poultry litter it was observed similar results in VFA analysis, with an increase on the

production, being identified the same acids as analyzed here [9]. In the commercial pectinase

bioassay (Figure 1b), it was observed isovaleric acid in initial samples and the presence of

acetic, propionic and butyric acid was constant in initial and final samples. Acetic acid is an

important intermediate for methane production, while propionic and butyric are converted into

hydrogen [10].

Even with more studies being necessary to fully comprehend the benefits of enzymatic pre-

treatment in anaerobic digestion, enzymes have been used for the production of biogas from

lignocellulosic residues with the purpose of offering more substrate for the microorganisms.

Also, the VFA production already occurs in the biogas production metabolic pathway, but

enzymes can optimize the process. These acids are precursors of by-products that are

converted into methane, resulting in the increase or decrease of biogas production.
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*The bioassays didn’t show significant statistical difference.

*The maximum methane production was evaluated according to Gompertz, and the bioassays were compared

through the two-way ANOVA and the Tukey post hoc test.

On the other hand, the bioassays in which the commercial pectinase was added showed

difference between them. Pectinases are often found in studies with enzymatic mixtures for

use in AD, resulting in the increase of the methane yield by the end of the process [8].


