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Plant Jiaosu for Environmental Protection: strains screening and
comparison of different bioactive fermentation methods
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Abstract Jiaosu, which is made from fermented fruits, vegetables, and grains, can be used to purify and
protect the environment. Jiaosu contains a variety of bioactive components and transforms fruit by-products
into valuable resources. This study aimed to reduce the fermentation time using environmentally friendly
enzymes and improve jiaosu quality. One strain each of Lactobacillus, Acetobacter, and yeast were isolated
and screened from the samples of natural fermentation enzymes and Acetobacter, which were used for
bioaugmentation of environmental protection enzymes. The advantages and disadvantages of bioaugmentation
fermentation, sterilized bioaugmentation fermentation, and natural fermentation were compared by analyzing
physicochemical properties and quantity and community changes of environmental protection enzymes during
the fermentation process. The results showed that both bio-enhanced fermentation and sterilized bio-enhanced
fermentation shortened the fermentation time. The lactic acid (3.49 + 0.23 g/L) and acetic acid (3.53 £ 0.11 g/
L) concentrations in the bio-enhanced group were higher than those in the sterilized bio-enhanced and natural
fermentation groups. The number of viable bacteria (CFU) in the bio-enhanced fermentation group was 9.5
x 10%/mL, which was significantly (P < 0.05) higher than that in the natural fermentation group. Furthermore,
the proportion of dominant bacteria (Acetobacter and Lactobacillus) was highest in the bioaugmentation
group (90.35% and 3.29%, respectively), followed by the sterilized bioaugmentation group (79.11% and 6.11%,
respectively), and was lowest in the natural fermentation group (9.21% and 2.69%, respectively). Compared to
natural fermentation, bio-enhanced fermentation had clear advantages. This study provides theoretical support
for further promotion and application of environmental protection enzymes.

Keywords Plant Jiaosu for Environmental Protection; Lactobacillus; Acetobacter; yeast; bioaugmentation;
high-throughput sequencing
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Lactobacillus plantarum MT515964.1
Lactiplantibacillus plantarum MZ483878.1
Lactobacillus plantarum MG890191.1
Lactobacillus plantarum MT473373.1

R1

Lactobacillus plantarum MK049958.1
Lactiplantibacillus plantarum OM060675.1
Lactiplantibacillus plantarum MW279239.1
Lactobacillus plantarum MT464068.1
Lactiplantibacillus pentosus OM618129.1
Lactiplantibacillus plantarum OM265411.1
Lactiplantibacillus plantarum OM265410.1

Fig. 1 Colony morphology (A), Gram coloring (B), and phylogenetic tree (C) of strain R1.
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Acetobacter thailandicus NR 146030.1
Acetobacter malorum NR 025513.1
Acetobacter orleanensis NR 118168.1
Acetobacter cerevisiae NR 113552.1
Acetobacter indonesiensis NR 028616.1
Acetobacter senegalensis NR 043252.1
CsJ

Acetobacter tropicalis NR 036881.1
Acetobacter suratthaniensis NR 146709.1
Acetobacter pomorum NR 118172.1
Acetobacter pomorum NR 118641.1
Ameyamaea chiangmaiensis NR 114239.1
Ameyamaea chiangmaiensis NR 112682.1

Fig. 2 Colony morphology (A), Gram coloring (B), and phylogenetic tree (C) of strain CSJ.
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Candida ethanolica KY102081.1
Candida ethanolica KX420742.1
Pichia deserticola KU609542.1
Candida ethanolica FJ662418.1
M

Candida ethanolica LT854882.1
Pichia MN784687.1

Pichia AY168785.1

Pichia OK051693.1

Fungal sp. KF057714 .1

Pichia MZ959801.1

Fig. 3 Colony morphology (A), optical microscope observation (B), and phylogenetic tree (C) of strain JM.
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J 1N ] Fermentation time (/d)

JZ I ] Fermentation time (t/d)

JBIN [7)] Fermentation time (t/d)

B4 %BEREFAIAMESE (A) . pH (B) MR EE (C) T, CK: XEA: TR1: A#DOH: TR2: LI @H.
Fig. 4 Concentration of polysaccharides (A), pH (B), and concentration of total acid (C) during fermentation. CK: Control check; TR1:

Treatment O; TR2: Treatment @.
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Fig. 5 The lactic acid (A) and acetic acid (B) contents during fermentation. CK: Control check; TR1: Treatment (D; TR2: Treatment @.
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Fig. 6 Aerobic plate count during fermentation CK: Control check;
TR1: Treatment O); TR2: Treatment @.
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Fig. 7 Dynamic changes in bacterial community composition at
the genus level under different fermentation methods.
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Fig. 8 Dynamic changes in fungal community composition at the
genus level under different fermentation methods.
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