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Microbial community structures and potential functions in a food
waste treatment facility
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Abstract: [Objective] Microorganisms play a critical role in the treatment of food waste.
Elucidating their community structure and functional characteristics is essential for optimizing
treatment processes and improving operational efficiency. [Methods] We employed high-
throughput 16S rRNA gene amplicon sequencing to investigate the microbial community structures
and potential functions in three systems: the anaerobic digestion system, the wastewater treatment
system, and the air purification system (including biofilters and deodorization towers), in a food
waste treatment facility. [Results] The microbial communities differed significantly in diversity
and composition across systems. The anaerobic digestion system exhibited lower microbial
diversity and richness, primarily influenced by environmental factors such as temperature, pH, and
biochemical oxygen demand (BOD). Functional analysis indicated that organic matter degradation
was the dominant microbial function across the facility. Specifically, the anaerobic system was
enriched with genera such as Defluviitoga, Methanothermobacter, and Lentimicrobium, which were
involved in hydrolysis, fermentation, and methanogenesis. The wastewater treatment system was
dominated by Candidatus Anammoximicrobium, Nitrolancea, and Truepera, which drove organic
matter degradation and nitrogen transformation processes, including anaerobic ammonium
oxidation (anammox), nitrification, and denitrification. The air purification system was enriched
with Chryseobacterium and Paracoccus, which were associated with biofilm formation and the
degradation of volatile organic compounds and sulfur-containing compounds. [Conclusion] The
microbial community characteristics in each treatment system was closely associated with system-
specific operational conditions. The enrichment of functionally distinct microbial taxa reflected
their ecological roles. In the anaerobic digestion system, methanogens and syntrophic bacteria
cooperatively facilitated organic matter degradation and methane production. In the wastewater
treatment system, nitrogen-cycling bacteria ensured efficient nitrogen removal. In the air
purification system, the enrichment of heterotrophic degraders and sulfur compound-metabolizing
genera (e.g., Sphingobium and Flavobacterium) enhanced deodorization performance. These
findings provide a theoretical basis for microbial community regulation and process optimization in
food waste treatment facilities.

Keywords: food waste; microbial community; functional prediction; 16S rRNA gene analysis;
anaerobic digestion
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Table 1 Physical and chemical properties of each treatment unit

Group pH 7/°C ¢(BODs)/(mg/L)  ¢(COD)/(mg/L) ¢(TN)/(mg/L) ¢(NH;-N)/(mg/L)

HA 5.70+0.24 36.00£1.50 732.28+5.30 2478.46+£271.97  2264.32+17.43 807.11£3.73

HB 5.70+0.06 36.00+2.00 749.98+1.50 2 786.15+£271.96 515.49+3.45 75.534+0.00

CA 6.30+0.10 23.00£0.50 32.12+1.58 145.23+43.52 50.24+6.03 7.08+0.18

CB 6.48+0.05 23.00+0.00 436.52+14.83 1247.70£163.18 53.29+1.72 17.48+0.37

YA 8.00+0.15 55.00+0.00 13 070.02+114.57 20 853.85+£3 535.53 5 082.32+£215.58 2 912.90+1.86

YC 8.00+0.09 55.00+0.50 8219.03+30.43 17 200.00+£2 175.71 5310.98+21.56 2 928.69+9.30

BL 6.90+0.11 21.00£1.50 430.92+7.23 2 776.93+271.96 34.39+12.94 7.35+1.68

M 7.96+0.19 25.00+0.00 18.9242.95 283.70+£65.27 98.41+0.00 22.74+0.37

x2 BUABEBRRTRSIKRE

Table 2 Odor concentration of odors in each group

Group Hydrogen Ammonia Dimethyl Dimethyl Trimethylamine  Styrene Carbon
sulfide (mg/m”) sulfide disulfide (mg/m’?) (mg/m’) disulfide
(mg/m3) (mg/m3) (mg/m3) (mg/m3)

CA 0.04+0.01 0.16+0.03 32.00+0.20 29.80+0.75 40.50+2.28 19.40+4.27 27.10£1.94

CB 0.04+0.00 0.16+0.01 32.00+1.36 29.80+0.90 40.50£1.95 19.40+2.31 27.10£1.22

BL 0.05+0.02 0.18+0.05 72.60+1.20 56.80£1.16 96.30+2.10 22.20+1.09 204.00+11.67

M 0.06+0.01 0.13+0.00 3.40+0.21 3.00+0.18 4.30+0.29 1.20+0.02 3.60+0.30

P4 actamicro@im.ac.cn, 78 010-64807516
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Figure 2 Taxonomic composition and diversity distribution of species in each group. A: Phylum level
taxonomic; B: Genus level taxonomic; C: Shannon index; D: Chaol index.
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Figure 4 Linear discriminant analysis.
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KEGG level 2 heatmap
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B KEGG level 3 heatmap
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Figure 5 Functional prediction analysis. A: KEGG level 2 functional prediction; B: KEGG level 3 functional
prediction.
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