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Abstract: Microbial ecological agents are environmental friendly alternatives to antibiotics, which could
be utilized as feed additives for preventing disease and promoting growth of animals. Bacillus subtilis
could generate spores, which have strong resistance to environmental stress including heat in drying
process, mechanical force in granulation process and acid in digestive tract. Therefore, Bacillus subtilis is
one of the preferred strains for microbial ecological agents preparation. Sporulation rate and viable cell
number determine quality of Bacillus subtilis microbial ecological agents significantly. Increasing
sporulation rate is considered as one of the key methods to improve the quality of Bacillus subtilis
microbial ecological agents. Molecular mechanism of sporulation process was presented and the factors
regulating sporulation were discussed. Different fermentation methods for microbial ecological agents
production were compared. Furthermore, a systematic description was given of the process optimization
for enhancing effective cell number of Bacillus subtilis. At last, applications of Bacillus subtilis microbial
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ecological agents were presented and the future research directions were proposed.

Keywords: Microbial ecological agents, Bacillus subtilis, Sporulation, Fermentation, Functional gene
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Table 1 Strains used in microbial ecological agents and their characteristics
[ R iR 275 30k
Strains Characteristics Mechanism References
HEE Facultative anaerobe, lactic Prevent the colonization of pathogenic microorganisms; maintain [8-10]
Lactic acid bacteria 2cid production, adjust pH micro-ecological balance in the digestive tract; improve feed utilization;
regulate body immune response

AR Unicellular eukaryote, Rich in enzymes; cell wall contains a variety of active substances; [11-14]
Yeast facultative anaerobe, fungi stimulate and enhance body immunity; contain various trace elements
KU Gram positive anaerobic Synthesize vitamins to promote body’s absorption of minerals; produce  [15-17]
Bifidobacterium bacteria, dominant organic acids to stimulate intestinal peristalsis; purify the intestinal

microflora environment; stimulate body immune response
AT Gram positive aerobic Produce spores in severe environments; produce a variety of digestive [18-23]
Bacillus bacteria, produce spores enzymes; consume oxygen in the intestinal environment; maintain

anaerobic environment
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Figure 1 Key factors regulating sporulation process
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Figure 2 Spo0A activation process
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Table 2 Comparison of fermentation processes for microbial ecological agents production
=i JEORE A (= AR 275 30k
Fermentation type Substrates Connotation Advantages Disadvantages References
RS e Carbon sources such as Containing free Short fermentation period; Large quantity of waste [23,39-40]
Submerge monosaccharides, water; involving easy control and scale-up water; difficulties in
- disaccharides; nitrogen gas-liquid two separation and

sources such as peptone, yeast phases purification; higher

extract; inorganic salt; water; costs

ete
[ K Bran, soybean meal, straw,  No free water; Cheap raw materials; low Long fermentation [41-43]
Solid-state water, etc involving moisture content; simple period; difficulties in
o ten solid-liquid-gas post-processing; no heat and mass transfer

three phases wastewater discharge
R [ R A A T Both submerge and solid-state Combined with Short fermentation period; Long lag phase; easy to [44-45]
Solid-submerge fermentation substrates submerge and large microbial cell infect; higher cost
o ten solid-state number; high microbial
fermentation activity
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Table 3 Applications of Bacillus subtilis microbial ecological agents

VLTI <5 YEFIBLAL VEFRCR YERXT S 222 30k
Application area Mechanisms Effects Objects References
K& Regulate micro-ecological balance of Increase feed utilization rate; increase  Broiler, laying [57-59]
Poultry gastrointestinal tract; secrete enzymes; poultry weight; increase egg hens, meat

improve immunity production and improve egg quality duck, etc
K& Biological oxygenation, advantageous to Accelerate growth rate; improve Piglets, cow,  [60-62]
L ivesiadk growth of anaerobic bacteria; secrete disease resistance; reduce feed-to-meat sheep, etc

enzymes; promote digestion; improve feed ratio; improve milk quality; reduce

conversion rate
IKF=FRAH Decompose organic pollutants, purify water; Decompose organic pollutants; reduce Fish, shrimp,  [63-64]
Aquaculture regulate micro-ecological balance nitrogen content in water; increase crab, etc

survival rate
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