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Abstract: Anaerobic digestion is often used as an alternative treatment for biowastes. The methane potential and the
biodegradability of different biowastes can be estimated by the biochemical methane potential (BMP) tests. This study
aimed to determine the BMP and the enzymatic hydrolysis of different organic waste such as milk whey (MW), pig
manure (PM), sugarcane bagasse (SB) and aquatic macrophytes (AM) (Pistia stratiotes). SB and AM were previously
submitted to particle reduction size (< 10 mm) and SB was oven-dried (60 °C for 24 hours). The assays were performed in
125 mL glass bottles at 37 °C. Biogas composition was determined by gas chromatography and the results were evaluated
using analysis of variance and Tukey test for mean comparisons (p < 0.05). The highest BMP was observed for MW (314
LyCH, kg VS™) followed by PM (301 LCH, kg VS™) and SB (249 L,CH, kg VS™) and AM (43 L,CH, kg VS™). The
high variation in the methane potential of the studied substrates is related to their different chemical composition and
biodegradability rates. It is suggested that co-digestion using a mixture of substrates could increase methane production,

since it favors the synergistic effects, increases the methane content and improves the operation of the biodigester.
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1. Introduction

Anaerobic digestion emerges as an alternative treatment to transform biowaste with high polluting potential
into added value by-products such as biogas and biofertilizer. In Brazil, the use of biomass represents 32.7% of
the global energy matrix 8.5% of the power source, providing approximately 52.000 GW for the electrical
system in 2018 (Brazilian Company of Energy Research, 2019). However, biogas production from

agro-industrial wastes, animal manure and municipal solid waste (MSW) contribute with only 119 MW, which
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represents less than 1% of the total energy produced by all biomass sources (ANEEL, 2017). Residues used as
biomass can come from agroindustrial wastewater, energy crops, sewage sludge, among others (Tian et al.,
2018). The characteristics of each residue can result in different methane productions, as well as impacting the
reactor operating system. The determination of the methane potential of different types of biomass is a very
important key-factor affecting the efficiency of real scale biogas plants.

Thus, this study aimed to determine the biochemical methane potential (BMP) of substrates from different
sources such as whey, pig manure, sugar cane bagasse and macrophytes, for comparison purposes regarding

methane production and enzymatic hydrolysis rate.

2. Methodology

Substrate and inoculum

The inoculum used in the batch tests was composed of two different types of digestates from biodigesters that
treat pig and cattle manure, together with raw cattle manure in the ratio of 1:0,5:0,5 (ww/ww), respectively.
Acclimatization was performed according to Edwiges et al. (2018). The substrates used were:

* Sugarcane bagasse (SB): Collected from a local company which produces sugarcane products
(Medianeira/Parana);

*  Aguatic macrophyte (AM): Pistia stratiotes collected from an Ecological Park (Santa Terezinha de
Itaipu/Parana);

*  Milk whey (MW): Collected from dairy industry located in Céu Azul/Parana.

*  Pig manure (PM): Collected from a family scale swine breeding confined.

SB and AM were ground to reduce the particle size (<10 mm). SB was dried for 24 hours at 60°C to ensure
sample heterogeneity and eliminate extra humidity, allowing the grinding process. The biomass
characterization was obtained through the analyzes of total solids (TS), volatile solids (VS) and pH (APHA,
2006).

Biochemical methane potential (BMP)

The determination of the BMP was performed using glass bottles with a capacity of 125 mL, adopting the
conditions established by VDI 4630 (2006), since particle size was very low. The batch bottles were kept at
37°C in a water bath and the volume of biogas was measured using a 100 mL glass syringe. The monitoring

was performed from the daily biogas production and atmospheric pressure until the daily biogas volume was
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less than 1% of the accumulated volume. The biogas composition was determined by gas chromatography

(ASTM D1945-14, 2014) in a chromatograph (Perkin Elmer - Clarus 680).
Statistical analysis

Analysis of variance (ANOVA) was applied to identify the significant difference between the treatments

and the Tukey test (p < 0.05) was used to evaluate differences among means.

3. Results and Discussion

The TS of PM, MW and AM was 2%, 6% and 21%, respectively, being the SB the highest TS (87%) (Table
1). From the moisture point of view, PM and MW have potential to be trated anaerobically from conventional
wet digestion systems (operational TS under 15-20%). However, AM and SB showed higher TS, indicating
co-digestion with liquid biowastes need to be applied in order to be trated by conventional processes. On the
other hand, all substrates showed very high VS indicating good potential for bioconversion. SB showed the
highest VS (98% TS), followed by AM (94% TS), MW (92% TS) and PM (92% TS). Except from MW the pH
of AM and PM in the range of 6.9 to 8.1 is favorable for the growth of methanogenic bacteria (Table 1). The
mesophilic inoculum showed essential characteristics for the use of batch tests, which is mainly neutral pH

and VS higher than 50% (VDI 4630, 2006).

Table 1 — Characterization of inoculum and substrates

Agquatic Sugarcane Milk Pig
Parameter Inoculum macrophyte bagasse Whey Manure
TS (%) 310.1 21+1 87+1 6+0.1 240.1
VS (% TS) 68+1 94+1 98+1 92+1 92+1
pH 7.4 6.9 NA 31 8.1

TS: total solids; VS: volatile solids; db: dried basis; NA: not applicable.

The BMP of the MW and PM was 314 and 301 Ly CH, kg VS™, respectively (Table 2). Vivekanand et al.
(2018) and Pham et al. (2014) reported lower values in their studies, being 264 and 211 Ly CH, kg VS™ for the
same type of biomass. This difference can be explained by the influence of the regional swine production
system and dairy industrial activity. The BMP of the SB was 249 Ly CH, kg VS™ and the macrophyte had the
lower BMP 43 Ly CH, kg VS™. This lower result, compared to PM and MW can be explained by the lack of
chemical pretreatment in SB and AM to break up lignocellulose, which forms a protective barrier to
microorganisms and hinders their decomposition. MW showed the highest methane production due to the

presence of non-structural carbohydrates, mainly lactose (Escalante et al., 2017). The SB showed similar
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behavior, however, it was 35% lower than MW. For Rodriguez et al., (2017), the reduction of the particle

diameter increases the contact of the biodegradable matter with the microorganisms but does not improve the

yield of the methane production.

Table 2 — Methane production

Substrate Ly CH, kg VS™ Ly CHs kg FM™

Milk whey 3142242 17+1P

Pig manure 30192 5+0.1P
Sugarcane bagasse 249+18P 212+164
Aquatic macrophyte 43+3C g+1b

Different letters indicate significant differences by Tukey test (p <0.05).
FM: fresh matter.

Methane production started immediately for all substrates. Hydrolysis showed that the peak of methane
production was 149 Ly CH, kg VS™ d™ and 53 Ly CHs kg VS™ d™ on day two for MW and SB, respectively
(Figure 1b). PM showed the highest peak on day six (41 Ln CHa kg VS™ d™) (Figure 1b). However, the rate of
hydrolysis remained constant between the second and sixth days due to the degradation stage of carbohydrates,
proteins and lipids. In contrast, the rate of AM hydrolysis remained below (5 Lx CH, kg VS™ d™), which may
be explained by possible the presence of inhibitory compounds, such as heavy metals, since this type of

vegetable can absorb chemical components in their tissues.
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Figure 1. Cumulative methane production (a) and daily methane production (b)

MW: milk whey; PM: pig manure; SB: sugarcane bagasse; AM: aquatic macrophyte.
Analyzing methane production per gram of fresh matter (which is of interest to real scale biogas plants in

terms of operational practice), the substrates MW, AM and PM showed lower biogas/methane cumulative
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values, which can be related to the very low TS content of the substrates MW and PM and the high
recalcitrance of AM. In this case, the SB presents higher production (212 Ly CH, kg FM™), when compared to
the other substrates, while the PM has the worst case scenario (5 Ly CH, kg FM™) (Table2).

4. Conclusions

There was a difference in the biochemical methane potential of substrates from different sources.
Considering a VS basis, milk whey had the highest methane potential (314 Ly CH4 kg VS™) and aquatic
macrophyte the worst value (43 Ly CH, kg VS™). This difference can be related to the chemical composition of
the VS of the substrates. For the operation of full-scale plants, the methane potential on fresh matter basis must
be used. In this case the scenario is different, with sugarcane having the greatest potential (212 Ly CH,4 kg
sugarcane™) and pig manure the worst, producing only 5 Ly CH, kg pigmanure™. This result is due to the

differences in humidity of each sample and not only the chemical composition of the SV.
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