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Abstract 

 

Introduction. Valorizing food waste is crucial in the bioeconomy, and anaerobic digestion has 

commercial potential for producing short-chain volatile fatty acids.  

Objective: This study aimed to analyze the effect of modifying the temperature of anaerobic digestion 

on the microbiome and the concentration of acetic and propionic acids in the medium. 

Objective. This study aimed to analyze the effect of modifying the temperature of anaerobic digestion 

on the microbiome and the concentration of acetic and propionic acids in the medium. 

Materials and methods. In our work, after microbial communities were adapted to anaerobic 

conditions in a seed culture, we researched the effect of shifting the anaerobic medium temperature 

from 35 oC to 55 oC on microbiomes and the production of acetic and propionic acids. An experiment 

at ambient temperature was performed as the reference. 

Results. Bacteroidota, Firmicutes, and Proteobacteria were the phyla with the highest relative 

abundances in the anaerobic digestion. Many acidogenic bacterial genera were identified within these 

phyla. A significant decrease in Bacteroidota and an increase in Actinobacteriota abundances were 

found at 35 C and in the reference experiment. However, the composition of the identified bacterial 

communities at 55 C during the last stage of the cultivation was similar to that at the beginning of 

the cultivation at 35 C. Furthermore, no significant differences were found among the whole 

bacterial community, including identified and non-identified organisms. A notable increase in the 

concentration of iron was observed between 35 and 55 oC, although the metal concentration also 

increased in the experiment performed at ambient temperature. 
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Conclusion.  High acetic and propionic acid concentrations can be obtained in the culture medium 

at 55 oC and were higher than those observed at ambient temperature. These acids could be used 

for biotechnological applications. 

 

Keywords: Anaerobic digestion, microbiome, volatile fatty acids production. 

 

Resumen  

Introducción. Proveer valor agregado a los residuos de alimentos es crucial en la bioeconomía y la 

digestión anaeróbica tiene potencial comercial para producir ácidos grasos volátiles de cadena corta.  

Objetivo. Este estudio tuvo como objetivo analizar el efecto de modificar la temperatura de la 

digestión anaeróbica sobre el microbioma y la concentración de ácido acético y propiónico en el 

medio de cultivo. 

Materiales y métodos. En nuestro trabajo, después de que las comunidades microbianas se 

adaptaron a condiciones anaeróbicas en un inóculo, investigamos el efecto de cambiar la 

temperatura del medio anaeróbico de 35 ºC a 55 ºC sobre los microbiomas y la producción de ácidos 

acético y propiónico. Se realizó un experimento a temperatura ambiente como referencia.  

Resultados. Bacteroidota, Firmicutes y Proteobacteria fueron los filos con mayor abundancia relativa 

en la digestión anaeróbica. Dentro de estos filos se identificaron muchos géneros de bacterias 

acidogénicas. Se encontró una disminución significativa de Bacteroidota y un aumento de la 

abundancia de Actinobacteriota a 35 ºC y en el experimento de referencia. Sin embargo, la 

composición de las comunidades bacterianas identificadas a 55 ºC durante la última etapa del cultivo 

fue similar a la del comienzo del cultivo a 35 ºC. Además, no se encontraron diferencias significativas 

entre toda la comunidad bacteriana, incluidos los organismos identificados y no identificados. Se 

observó un notable aumento en la concentración de hierro entre 35 y 55 ºC, aunque la concentración 

del metal también aumentó en el experimento realizado a temperatura ambiente. Conclusión: Se 

obtuvieron altas concentraciones de ácido acético y propiónico en el medio de cultivo a 55 ºC y fueron 

superiores a las observadas a temperatura ambiente. Estos ácidos podrían usarse para aplicaciones 

biotecnológicas. 

 

Palabras claves: Digestión anaeróbica, microbioma, producción de ácidos grasos volátiles. 
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INTRODUCTION  

Accumulating food waste in landfills and dumpsters has become a worldwide concern 

because it generates large amounts of greenhouse gases, decreases land use, and pollutes 

groundwater around disposal sites (O’Connor et al., 2021). Food waste prevention should 

be prioritized; however, increasing population size is accompanied by the generation of this 

type of residue (O’Connor et al., 2021). Bioeconomy is an alternative that fosters the growth 

of bio-based industries, involves the generation of goods and chemicals, and makes more 

efficient use of resources in an environmentally friendly manner (Mak et al., 2020). 

Consequently, the valorization of food waste is an expanding industry that includes the 

production of biofertilizers, biofuels, bioplastics, nutraceuticals, and others while limiting its 

disposal (O’Connor et al., 2021). Nevertheless, the lack of an appropriate legal framework 

and governance actions has hindered the bioeconomy development in Latin America, where 

the leading technologies used are composting and biogas generation (Bottausci et al., 

2022). To treat and valorize organic wastes, such as municipal waste, wastewater sludge, 

manure, agricultural byproducts, food industry residuals, etc., anaerobic digestion (AD) of 

organic residues for the production of biogas has increased in popularity in recent years 

(Mak et al., 2020; O’Connor et al., 2021). 

The four stages of the AD process are methanogenesis, acidogenesis, hydrolysis, and 

syntrophic acetogenesis (Lv et al., 2010). Unique functional groups of microorganisms 

perform each of these sequential phases. In the hydrolysis phase, polymeric substrates, 

primarily polysaccharides (cellulose, hemicellulose, starch), lipids, and proteins, are 

hydrolyzed by phylogenetically diverse hydrolytic bacteria. During acidogenesis, hydrolytic 

products are fermented into short-chain volatile fatty acids (VFAs). The most significant 

VFAs in anaerobic digesters are acetic and propionic acids, but other VFAs, such as butyric, 

valeric, and isobutyric acids, can also be generated (Harirchi et al., 2022; Lim et al., 2020). 

These organic acids have high commercial value and have applications in producing 

polyhydroxyalkanoates (plastic-like materials), biosynthesis, bioenergy, and biological 

removal of phosphorus and nitrogen (Lee et al., 2014). The operational pH, temperature, 

retention time, organic loading rate, and metals present during AD affect the concentration 

and composition of the organic acids produced from waste (Guo et al., 2019; Lee et al., 

2014). Depending on the waste used, a particular organic acid can be produced at an ideal 

pH (Lee et al., 2014). For instance, pH 7 was optimal for the hydrolysis and acidogenesis of 

kitchen waste, leading to the highest solubilization percentage of carbohydrates, proteins, 
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and lipids and the highest acid concentration (Lee et al., 2014). In contrast, AD of Chinese 

cabbage waste favored the concentration of VFAs at pH 6 (Zhou et al., 2021). The 

production of VFAs from waste has been accomplished under different temperature ranges: 

psychrophilic (4-20°C), mesophilic (20-50°C), thermophilic (50-60°C), and extreme/hyper-

thermophilic (60-80°C) conditions (Lee et al., 2014). Besides some improvements in the 

VFAs production from wastes at high temperatures with respect to psychrophilic processes, 

temperature does not seem to have much of an impact on the composition of the acids (Lee 

et al., 2014). This observation defies the general understanding that the composition of 

bacteria changes with temperature and raises concerns about whether similar bacteria exist 

at different temperatures or whether different bacteria exist but produce similar VFAs types 

(Lee et al., 2014). 

The feedstock type, seed inoculum, temperature, granulation, kind of pre-treatment, organic 

loading rate, and hydraulic retention time are some variables that affect microbial diversity 

in anaerobic digesters (Harirchi et al., 2022). Metagenomics can help identify bacteria, 

archaea, fungi, and protozoa by sequencing an amplicon library of marker genes. As such, 

it is an effective method for investigating the diversity, content, and structure of the AD 

microbiome in detail (Harirchi et al., 2022; Lim et al., 2020). Metagenomics also allows for 

comprehensive analysis of microbial successions during AD bioreactor initiation. 

Feedstocks supplied to AD bioreactors can stimulate the formation of various active bacterial 

and archaeal assemblages (Lim et al., 2020). Among prokaryotes, over 80% of the diversity 

is related to the domain Bacteria. The commonly identified bacterial phyla include 

Proteobacteria, Firmicutes, and Bacteroidota (Harirchi et al., 2022; Lim et al., 2020). The 

latter two phyla have exhibited hydrolytic activity. Its members appear to predominate at 

mesophilic temperatures in anaerobic digesters when there are low concentrations of salts, 

ammonia, and VFAs. Aerobes, facultative anaerobes, and strict anaerobes are the three 

types of acidogenic bacteria. They comprise members of the microbial groups Bacteroidia, 

Bifidobacteria, Clostridia, Bacilli, and Lactobacilli, as well as members of the enteric bacteria 

Klebsiella, Citrobacter, Enterobacter, and Escherichia. (Bhatia & Yang, 2017; Harirchi et al., 

2022). Nevertheless, to our knowledge, modification of the microbiome composition and 

VFAs production promoted by temperature shifts within the mesophilic AD has yet to be 

researched. 

This study aimed to analyze the effect of modifying the temperature of AD on the microbiome 

and the concentration of acetic and propionic acids in the medium. Organic waste and cow 
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manure were used as substrates for seed culture and the AD. The temperature of the 

anaerobic digestion started at 35 C and increased to 55 C after 17 days of cultivation. An 

experiment performed at ambient temperature was used as the reference. To study the 

microbiomes, 16S rRNA amplicon sequences were analyzed in the seed culture and the 

anaerobic cultivations. The physicochemical characteristics of the culture medium, including 

the concentrations of acids and metals as well as the generation of gases, were also 

quantified to evaluate variations under the different fermentation conditions. 

 

MATERIALS AND METHODS  

Materials 

Vegetable residues, mainly potato peels, were collected from restaurants around the 

university campus. Cow manure was obtained from a farm and used as a nitrogen source. 

The residues and manure were separately ground using a blender and subsampled using 

the quartering method (Jolivet et al., 2023). Approximately 15 grams of vegetable residues 

were mixed with 1 gram of cow manure and used in the anaerobic digestion. 

 

Experimental setup and cultivation conditions 

All experiments were performed under anaerobic conditions. Seed culture was prepared in 

one-liter screw-capped bottles (Schott, Duran) containing 900 ml of 1 %(w/v) organic 

residues (i.e., the mixture of vegetable residues and cow manure) dissolved in sterile distilled 

water and incubated at 26 C for 20 days in an incubator (Innova 42, New Brunswick 

Scientific). The caps in the bottles included two outlets, one for allowing gas dissipation and 

the other for collecting samples or adding an 8 %(w/v) sodium hydroxide and 2 %(w/v) 

sodium bicarbonate solution to raise the pH of the medium above 5 when a decrease in this 

value was detected. Ten milliliters from the liquid medium of the reactor were taken and 

discarded before the sample was obtained to eliminate residuals in the tubing. The pH of 

the samples was determined by using a FiveEasy pH meter (Mettler Toledo). Subsequently, 

100 ml of the seed culture were added to bottles containing 800 ml of 1 %(w/v) of the same 

substrate used in the seed culture. Duplicate experiments were performed at controlled 

temperatures, first at 35 C for 17 hours and continued at 55 C until 26 hours of cultivation. 

An experiment involving cultivation at ambient temperature (10 – 26 C) was used as the 

reference. 
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Chemical characterization of compounds produced during the anaerobic digestion 

The concentrations of acetic and propionic acids in the anaerobic digestion medium were 

analyzed using high-performance liquid chromatography (HPLC) (Thermo Scientific, 

UltiMate 3000). Before quantifying the acids, 10 ml samples were centrifuged at 10000 g for 

7 minutes using a Sorvall ST 40R centrifuge (Thermo Scientific). The supernatant was 

filtered through carbon-activated impregnated cotton placed in a syringe. One milliliter of 

each sample was acidified with 1 μl concentrated (85 %) H3PO4. The compounds were 

separated on a C18 Ultra AQ RESTEK column, which is a silica reversed-phase column. 

The temperature of the column was maintained at 35 °C in the oven. A solution containing 

10 ml/L acetonitrile and 340 μL/L H3PO4 dissolved in deionized water was used as the 

mobile phase with a 0.8 ml/min flow rate. A UV diode array detector was used to quantify 

the acids' concentrations at 210 nm and 35 °C. All samples were analyzed in triplicate. 

For the quantification of metals, samples of the medium were digested following the APHA 

standard method 3030 G: Nitric and sulfuric acid digestion (Lipps et al., 2018). A combined 

flame and furnace atomic absorption spectrometer (AA500FG model, PG instruments) 

equipped with deuterium lamp background correction, hollow cathode lamps, and an air-

acetylene burner was used to quantify iron, zinc, cadmium, nickel, cobalt, selenium, copper, 

magnesium, potassium, lead, and manganese. The instrumental parameters used were 

those recommended by the manufacturer.  Methane, carbon dioxide, and hydrogen sulfide 

were quantified at the outlet of the flasks containing the medium using a portable multi-gas 

detector (SAW4, Shi'An). 

 

DNA sequencing and metagenome construction 

Duplicate liquid samples from the anaerobic digestion were vacuum filtered through a 0.45 

µm sterile filter (S-Pak, Merk) until the filter was clogged for the experiments performed at 

35 and 55 C. Similarly, a single sample was obtained from the seed culture, and the 

anaerobic digestion performed at ambient temperature. These filters were used to isolate 

DNA using the DNeasy Power Water kit (Qiagen), following the instructions indicated by the 

supplier.  

 

DNA concentrations obtained from the samples were measured using a Qubit 2.0 

fluorometer (ThermoFisher Scientific, USA). The DNA samples were sent to Omega 

Bioservices (GA, USA) for sequencing. The V3-V4 region of the bacterial 16S rRNA gene 

sequences was amplified using the primer pair containing the gene‐specific sequences and 
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Illumina adapter overhang nucleotide sequences. The complete length primer sequences 

were 16S rRNA amplicon PCR forward primer (5'-

TCGTCGGCAGCGTCAGATGTGTATAAGAGACAGCCTACGGGNGGCWGCAG-3´) and 

reverse primer (5'-

GTCTCGTGGGCTCGGAGATGTGTATAAGAGACAGGACTACHVGGGTATCTAATCC-

3´). The libraries were normalized with Mag-Bind® EquiPure Library Normalization Kit 

(Omega Bio-tek, Norcross, GA) and then pooled. The pooled library was checked using an 

Agilent 2200 TapeStation and sequenced (2 x 300 bp paired-end read setting) on the MiSeq 

(Illumina, San Diego, CA).  

 

All sequencing reads are available at the Sequence Read Archive (SRA) in the National 

Center for Biotechnology Information (NCBI) under the project name PRJNA1092678. 

 

Metagenomic data analysis  

Individual per-sample fastq files were quality-trimmed using the DADA2 pipeline v1.26.0  

(Callahan et al., 2016). The software was further used for quality control and error rate 

learning. Inference of amplicon sequence variants (ASVs) was performed separately for the 

forward and reverse sequencing runs to account for run-specific error profiles. The reads 

were merged into a single-sequence table. Chimeras were removed from the merged 

sequence table, and taxonomy was assigned using the DADA2 implementation of the naive 

Bayesian classifier and the Silva reference database v138.1. Phylum- and genera-level 

assignments were performed using the DADA2 pipeline, allowing multiple matches per ASV. 

Relative abundances were obtained by normalizing the ASV count data that, for this 

purpose, were divided by the total number of counts in the sample. Bar plots were 

constructed using the graphics v4.2.2 package (Murrell, 2006).  

 

Statistical analysis 

All statistical analyses were performed using R v4.2.2 (RCoreTeam, 2021). The Shannon 

index for alpha diversity of the microbial phyla was estimated in Vegan v2.6-4 using the 

Shannon-Weaver method based on the counts for the ASVs (Oksanen et al., 2022). To 

check if the Shannon index was significantly different (p < 0.05) between the sample groups, 

we performed the Wilcoxon rank-sum test using Stats v4.2.2. Relative abundances of 

identified microbial phyla with statistical difference p < 0.05 were obtained with edgeR 

v.3.41.9 (Chen et al., 2016; McCarthy et al., 2012) after comparing the abundances found 
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in the samples. The beta diversity was evaluated using a hierarchical clustering based on 

the pairwise distances from the Bray-Curtis distance of the normalized ASV counts using 

Vegan v2.6-4. Heatmaps were constructed using the package pheatmap v1.0.12 (Kolde, 

2019). Furthermore, we used the Bray-Curtis distance of the normalized ASV counts for the 

metaMDS function of the Vegan package to run nonmetric multidimensional scaling (NMDS) 

analysis and ANOSIM to test whether there was a significant difference between microbial 

communities, both identified and non-identified, in the samples and regarding their 

relationship with cultivation time and temperature. One-way ANOVA was used to determine 

the significant differences between the concentrations of the chemicals in the medium. 

However, when Levene’s test showed that the standard deviation of the data was not equal, 

Welch's method was employed using the t1way function in the WRS2 v.1.1-4 package. 

 

RESULTS AND DISCUSSION  

Identification of bacterial groups during the anaerobic digestion of organic residues 

Organic residues, including restaurant vegetable disposals and cow manure, were used as 

the substrates for anaerobic digestion. The microorganisms in the substrates were first 

adapted to anaerobic conditions in the seed culture. After 10 and 20 hours of cultivation, the 

phyla identified were Firmicutes, Bacteroidota, and Proteobacteria. Among the bacterial 

genera within these phyla, Veillonella and Megasphaera had high relative abundances at 10 

hours of cultivation, although Dialister and Dysgonomonas had higher abundances after 20 

hours. These genera include anaerobic and microaerophilic species (Joyce et al., 2018; Lim 

et al., 2020; Sayara & Sánchez, 2019; Stoyancheva et al., 2023; Zhou et al., 2021). The 

phyla Bacteroidota and Firmicutes are frequently found in human and animal intestines and 

related biomes (Casals-Pascual et al., 2018; Santiago-Rodriguez et al., 2020). Moreover, 

Firmicutes and Bacteroidota are the phyla containing most hydrolytic bacteria found in 

bioreactors where AD proceeds (Lim et al., 2020). These phyla, along with Chloroflexi, 

Proteobacteria, and Atribacteria, contain many acidogenic species reported in anaerobic 

reactors (Lim et al., 2020). Indeed, Veillonella, Megasphaera, Dialister, and Dysgonomonas 

form part of the bacterial consortium found during the acidogenesis of different organic 

residues (Joyce et al., 2018; Sayara & Sánchez, 2019; Stoyancheva et al., 2023; Zhou et 

al., 2021). 
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The experiments were continued by adding 100 ml of the seed culture to bottles containing 

800 ml of the substrate used in the seed culture. An experiment performed at ambient 

temperature was used as the reference. The anaerobic digestion started at 35 C, and 

Bacteroidota, Firmicutes, and Proteobacteria were the phyla with the highest relative 

abundance (Figure 1). The anaerobic fermentation of food waste from the hospitality sector 

and cow manure showed that Firmicutes was the most representative phylum in the 

microbiomes, followed by Bacteroidota (Rahman et al., 2021; Rasi et al., 2022). The 

predominance of Bacteroidota in our experiments was most likely related to the organic 

residues utilized. After 9 hours of cultivation, the abundance of the phylum Bacteroidota 

decreased (p < 0.05), and the abundance of Actinobacteriota significantly (p < 0.05) 

increased. Additionally, the abundance of the phylum Bacteroidota at 9 hours was much 

lower (p < 0.05) than that at 17 hours of cultivation (Figure 1). However, at 55 C after 17 

hours, the abundances of all phyla were similar (p > 0.05) to those found at the beginning of 

the digestion.  

 

 

Figure 1. Identified bacterial diversity during the anaerobic digestion of organic residues at different 
temperatures and cultivation times. The figure shows the relative abundance of the identified bacterial 
phyla. Results are based on data analysis from duplicate metagenome sequences developed at 35 

and 55 C. The experiment performed at an ambient temperature was used as the reference. DADA2 

v1.26 was used for bioinformatic analysis. 
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Previously, anaerobic digestion of cow manure showed a decreased relative abundance of 

Bacteroidota and Actinobacteria (Rahman et al., 2021). Moreover, the growth of Firmicutes 

was favored in the reference experiment in samples obtained at 9 and 17 hours. Several 

genera comprising anaerobic and microaerophilic bacteria were identified in these cultures. 

The abundance of these genera changed during the experiments, although the presence of 

Erysipelatoclostridium was notable at ambient temperature and 9 and 17 hours. Species of 

Erysipelatoclostridium have been found in human and chicken guts before (Gilroy et al., 

2021; Milosavljevic et al., 2021) and may be related to the cow dung used in our cultivations. 

 

Evaluation of the whole bacterial community modification in the course of anaerobic 

digestion 

Although many amplicon sequences were detected, not all of them were identified. However, 

the abundance of all sequences and their relationships with cultivation parameters can be 

analyzed. Bacterial community richness was evaluated using the Shannon diversity (Figure 

2A), which revealed no significant differences (p > 0.05) between the communities detected 

at 35 and 55 C. Additionally, the microbial community dynamics (i.e., beta diversity) showed 

that the microorganisms did not form separate clusters for each of these temperatures at 

different cultivation times, albeit the communities shared some similarities among the 

samples obtained between 9 and 26 hours at ambient temperatures (Supplementary Figure 

S3). A report on the anaerobic digestion of cow manure described significant differences in 

alpha- and beta-diversity in a bioreactor with non-temperature control and at various 

cultivation times (Rahman et al., 2021), whereas community richness and dynamics reduced 

significantly over long operation times (after 54 days) of the anaerobic co-digestion of 

microalgae with potato processing waste and glycerol (Zhang et al., 2020). To further 

investigate the differences in microbial communities at different temperatures and cultivation 

times, we used nonmetric multidimensional scaling (NMDS) analysis, resulting in a statistical 

stress of 0.118. Figure 2B also depicts no significant distances for the ordination of the 

combined relationship of the microbial distribution at the temperatures tested and cultivation 

times (ANOSIM statistic R = 0.3522, significance = 0.1122). Consequently, the cultivation 

time and type of substrate used in anaerobic digestion are shown to determine the variations 

observed in the microbial communities, which remained approximately the same in our 

experiments. 
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Figure 2. Analysis of the anaerobic digestion microbiome performed at different temperatures and 
cultivation times. The figures show A) the Shannon index for alpha-diversity and B) the NMDS 
analysis of the bacterial population related to the temperatures and cultivation times during the 
anaerobic digestion. DADA2 v1.26 and Vegan v2.6-4 were used for bioinformatic and statistical 
analysis, respectively. 

 

Organic acids and metals concentrations amid the anaerobic digestion 

Acetic and propionic acids were quantified during the seed culture and anaerobic digestion 

of the organic residues (Figure 3). Acetic acid was the most prevalent compound observed 

in our cultivations. It increased from 3.5 g/L to 8.2 g/L in the seed culture. Acetic acid 

concentration notoriously increased (p < 0.05) from those determined at 35 C to those at 

55 C and reached a high concentration of 11.8 g/L at 55 C and 17 hours in the anaerobic 

digestion. Furthermore, the propionic acid concentration gradually increased in the seed 

culture and reached a maximum of 3.2 g/L at 55 C and 9 hours of cultivation. At ambient 

temperature, the maximum concentrations of acetic and propionic acids were 6.7 g/L and 

1.8 g/L, respectively (Supplementary Figure S4). On the other hand, the pH of the culture 

medium was maintained over 6 in the seed culture and was allowed to decrease to 5.2 

during the digestion to favor the production of organic acids and restrict the formation of 

methane (Zhou et al., 2021). In fact, the methane concentration was lower than 20 % (v/v) 

in our cultivations, whereas the concentrations of CO2 and H2S steadily increased 

(Supplementary Figure S5). The anaerobic digestion of organic residues yields more 

significant amounts of acetic acid than propionic acid at pH 5 and 6 (Zhou et al., 2021). 

Commonly, these acids are anaerobically produced with others, such as butyric and 

hexanoic acids, which are appropriate for producing polyhydroxyalkanoates (Lee et al., 

2014).  
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Figure 3. Evolution of pH and acetic and propionic acids concentration during the development of the 
seed culture and the anaerobic digestion of organic residues. Error bars show the standard deviations 

of the average values of two independent experiments. 
 
Metals concentrations in the medium were also determined during the anaerobic digestion 

(Table 1). A significant increase in the concentration of iron was observed between 35 and 

55 C (p < 0.05), although the metal concentration also increased in the experiment 

performed at ambient temperature. These results suggest that the modification in the metal 

concentration was due to microbial digestion of the organic matter rather than the cultivation 

conditions. All other metals had approximately the same concentrations during the 

cultivation. Analysis of previous reports revealed that low concentrations of Cu2+ (0–

100 mg/L), Fe2+ (50–4000 mg/L), Ni2+ (0.8–50 mg/L), Cd2+ (0.1–0.3 mg/L), and Zn2+ (0–

5 mg/kg) promote biogas production (Guo et al., 2019). Therefore, the concentrations of the 

metals in our experiments were not inhibitory to the anaerobic process. In addition, releasing 

iron into the medium can benefit anaerobic digestion because it detoxifies sulfide inhibition 

in the microbial community (Guo et al., 2019). 
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Table 1.  Metals concentrations during the anaerobic digestion of organic residues. Two independent experiments were performed at 35 and 55 

C; the average values of the concentrations are followed by their standard deviations. An experiment was performed at ambient temperature as a 
reference. 

 
  

METALS 

Temperature 

[°C] 

Time 

[days] 

Fe 

[mg/L] 

Zn 

[mg/L] 

Cd 

[mg/L] 

Ni 

[mg/L] 

Co 

[mg/L] 

Se 

[mg/L] 

Cu 

[mg/L] 

Mg 

[mg/L] 

K 

[mg/L] 

Pb 

 [mg/L] 

Mn 

 [mg/L] 

Ambient 0 12.7 1.83 0.06 0.30 0.09 3.4 0.18 0.0 3538 2.0 2.3 

Ambient 9 11.3 0.61 0.12 0.75 0.09 2.4 0.13 1.6 853 0.8 3.4 

Ambient 17 16.7 2.32 0.07 0.10 0.16 1.1 0.14 0.0 2050 0.5 1.9 

Ambient 26 22.4 1.77 0.10 1.04 0.15 1.6 0.14 18.4 4053 1.3 3.6 

35 0 6.4 ± 0.04 0.72 ± 0.001 0.1 ± 0.02 0.1 ± 0.04 0.1 ± 0.05 4.9 ± 3 0.1 ± 0.03 4.3 ± 1 2277 ± 438 1 ± 0.5 3.1 ± 1 

35 9 9.9 ± 0.4 0.6 ± 0.09 0.1 ± 0.01 0.4 ± 0.03 0.1 ± 0.0 2.6 ± 0.7 0.2 ± 0.09 3 ± 3 2308 ± 454 0.5 ± 0.13 4.2 ± 0.6 

55 17 19 ± 0.32 0.9 ± 0.08 0.12 ± 0.001 0.7 ± 0.4 0.2 ± 0.07 3 ± 0.1 0.2 ± 0.06 4.3 ± 0.2 2371 ± 305 0.7 ± 0.07 3.2 ± 0.8 

55 26 23 ± 3 0.6 ± 0.05 0.1 ± 0.01 0.8 ± 0.4 0.1 ± 0.1 2.3 ± 0.0 0.1 ± 0.1 8 ± 4.5 3353 ± 1933 0.5 ± 0.2 3.2 ± 0.7 
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CONCLUSIONS 

Anaerobic digestion of organic residues to generate organic acids was investigated. After 

microbial communities were adapted to anaerobic conditions in a seed culture, the 

cultivation temperature was shifted from 35 C to 55 C during the digestion of the organic 

residues, while an experiment at ambient temperature was also performed as the reference. 

Bacteroidota, Firmicutes, and Proteobacteria were the phyla with the highest relative 

abundances in the anaerobic digestion. Many acidogenic bacterial genera were identified 

within these phyla. A significant decrease in Bacteroidota and an increase in 

Actinobacteriota abundances were found at 35 C and in the reference experiment. 

However, the composition of the identified bacterial communities at 55 C during the last 

stage of the cultivation was similar to that at the beginning of the cultivation at 35 C. 

Furthermore, no significant differences were found among the whole bacterial community, 

including identified and non-identified organisms for the experiments conducted at different 

temperatures and cultivation times. A significant increase in the concentration of iron was 

observed between 35 and 55 C, although the metal concentration also increased in the 

experiment performed at ambient temperature. These results suggest that the changes in 

the metal concentration were caused by microbial digestion of the organic matter rather than 

by the cultivation conditions. High acetic and propionic acid concentrations were quantified 

in the culture medium at 55 C and were higher than those observed at ambient temperature. 

Acetic acid concentrations notoriously increased from those determined at 35 C to those at 

55 C. These acids could be used for biotechnological applications such as producing 

polyhydroxyalkanoates. 
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