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microbial metabolism is the key to understanding the fermentation mechanism, regulating the
fermentation process, and ensuring the fermentation efficiency. In the solid-state fermentation process,
the bio-heat generated from the microbial metabolic activities and the low heat transfer efficiency of the
fermentation substrate causes the increase in fermentation temperature, which affects the growth and
metabolism of microorganisms. However, the effect of bio-heat on the microorganisms in traditional
solid-state fermentation and the adaptation mechanism of microorganisms remain unclear. We
expounded the effect of high temperature mediated by continuous bio-heat on the microbial succession
and metabolism in the traditional solid-state fermentation process. Furthermore, we proposed that the
complex community regulate microbial metabolism at multiple levels (community level and individual
level) to adapt to the high-temperature environment. Understanding the impact of bio-heat on the
microorganisms in traditional solid-state fermentation and the potential heat-resistance mechanisms will
facilitate the targeted regulation of fermentation process and improve the production of high-temperature
fermentation to meet the needs of industrialization.

Keywords: solid-state fermentation; high-temperature stress; heat resistant mechanism; metabolic
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Figure 2 The schematic diagram of the mechanism of microbial adaptation to high temperature in

solid-state fermentation system.
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Table 1 Microbial community and metabolic function during the high temperature fermentation
5 4] RBEREA UIETWIRFS FERBT AR AR 275 3CHk
High Fermented Research Microbial community at ~ Metabolic function References
temperature ~ sample methodology the thermophilic phase
7>70 °C Hyperthermophilic Illumina HiSeq Thermaceae, The formation of continuous high [23]
composting sequencing Thermoactinomycetaceae temperature;
The enhancement of composting
efficiency
Green soybean Illumina MiSeq Streptosporangiaceae, Carbohydrate metabolism; [24]
hull composting  sequencing, FUNGuild Chaetomiaceae Amino acid metabolism
prediction, Tax4Fun
prediction
Corncob Metagenomics Firmicutes (Acinetobacter, Carbohydrate metabolism; [28]
composting Aerococcus, Bacillus, Lipid metabolism;
Desemzia, Lysinibacillus, Amino acid metabolism
Corynebacterium,
Enterococcus)
Manure Illumina MiSeq Firmicutes Carbohydrate metabolism; [29]
composting sequencing, PICRUSt Lipid metabolism;
prediction Amino acid metabolism
70 °C>T>60 °C Maize straw Illumina MiSeq Sporosarcina, Bacillus Metabolism, cellular processes  [20]
composting sequencing, PICRUSt and environmental information
prediction processing
Jiang-flavor Daqu Metatranscriptomics  Aspergillus, Penicillium  The starch and sucrose [25]
metabolism, and production of
potential carbohydrate-active
enzymes as saccharifying enzymes
Jiang-flavor liquor Pyrosequencing Bacillales, no-rank The active energy metabolism  [26]
starter Actinobacteria, and carbohydrate digestion
Lactobacillales, metabolism, e.g., starch and
Eurotiales, no-rank sucrose, cysteine and methionine
Eukaryota metabolism and terpenoid
backbone biosynthesis
Nong-flavor liquor Pyrosequencing, Bacillales, The active energy metabolism  [26]
starter PICRUSt prediction  Flavobacteriales, and carbohydrate digestion
Eurotiales, metabolism, e.g., galactose,
Saccharomycetales, fructose and mannose
no-rank Eukaryota
Lignocellulosic =~ Metagenomics Bacteroidetes, Firmicutes The enhancement of the [30]
waste composting population of known beneficial
microbial groups, the microbial
biodiversity, composting rate,
and overall final product quality
Medicinal herbal Illumina MiSeq Thermomyces, Aspergillus Lignocellulose degraders [31]
residues sequencing
composting
(#540)
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Bk 1)
Food waste [llumina MiSeq Firmicutes, Proteobacteria, 76% of the overall dioctyl [32]
composting sequencing Bacteroidetes, terephthalate (DOTP)
Acidobacteria degradation
Maize straw Metaproteomics, Thermomyces, Lignocellulose degraders [33]
composts pyrosequencing Thermobifida,
Thermopolyspora
Aerobic solid-state Metaproteomics, Thermobifida, Bacillus, — The bacterial community for [34]
compost pyrosequencing Thermomyces, cellulose degradation and the
Aspergillus fungal community for
hemicellulose degradation
60 °C>7>50 °C Medium- Illumina MiSeq Bacillus, unclassified / [19]
temperature Daqu sequencing Streptophyta, Weissella,
Thermoactinomyces,
Thermoascus,
Thermomyces
Medium- Metagenomics Thermoactinomyces, The positive effect on the [35]
temperature Daqu Aspergillus, Byssochlamys, production of volatile compounds
Rasamsonia, Talaromyces,
Penicillium
Cereal starter Illumina MiSeq Bacillus, Aspergillus, / [36]
sequencing, Mucor
PCR-DGGE
Pig manure Metabolomics, Pseudomonas, Linoleic acid metabolism [37]
composting [llumina MiSeq Lactobacillus,
sequencing Bacteroidetes,
Flavobacterium,
Prevotella
Daqu [llumina MiSeq Enterobacter, The improver of enzyme activity, [38]
sequencing Acinetobacter, Bacillus, pyrazines and aromatic

Pichia, Wickerhamomyces, compounds

Aspergillus, Candida,

Clavispora

Note: /: The metabolic function of the microbial community during the thermophilic period was not involved in the study.
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