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Abstract

Bacillus polyfermenticus SCD (B. polyfermenticus SCD) has been appropriately used

for the therapy of long-term intestinal disorders, because live strains in the form of active endo-
spores can successfully reach the target intestine in humans. B. polyfermenticus SCD produces
the most antibiotic-related materials. In the present study, B. polyfermenticus SCD was fermented
with soybeans (BPFS) and its probiotic properties were investigated. B. polyfermenticus SCD and
BPFS showed a broad spectrum of antimicrobial activity against pathogenic Gram-positive

(Streptococcus  parauberis,
(Flexibacter tractuosus, Vibrio harveyi,

Streptococcus iniae, Lactococcus garviae) and Gram-negative
Vibrio vulnificus, Vibrio ordalii) bacteria and moulds

(Aspergillus niger, Aspergillus oryzae). Sebastes schlegeli were used to examine survival rate
and cleanup action by BPFS. Bacterial infection resulted in a mortality of up to 99% in the
commercial fodder fed groups. BPFS both enhanced the growth rate of fry by improving their
appetite and had cleaned by decreased eutrophication. Therefore, it seems appropriate that BPFS
should be developed as an antibiotic replacement, favorable fodder additive, and antifungal material

in fish farming systems.
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Lactococcus garviae KCCM 40698, Asperagillus niger
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top agar method

B. polyfermenticus SCDE TSBel A 37°C, 16h vl ¥
3 & HE 10° cfu/mlE 343+ tryptic soy agar
(TSA, containing 1.5% agar with 2.5% NaCl) 8} %] ]|
W Fol2 13] =% & 37T A 16hAIZE B2 Bl &
3k o2 10°9] WYX Al (Flexibacter tractuosus
ATCC 23168, Vibrio harveyi KCCM 40866, Vibrio vul-
nificus ATCC 27562, Vibrio ordalii KCCM 41669,
Streptococcus parauberis DSM 6631, Streptococcus in-
iae ATCC 29178, Lactococcus garviae KCCM 40698,
Aspergillus niger ATCC 9642, and Aspergillus oryzae
ATCC 14156)°] E9] A+ soft TSA (0.75% agar,
2.5% NaCl) 10 ml< Zt7} 553t 23 & 37Coll A
HjFste] Mol A% AAE gelstint &+
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Spot on lawn method
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KCCM 40866, Vibrio vulnificus ATCC 27562, Vibrio
ordalii KCCM 41669, Streptococcus parauberis DSM
6631, Streptococcus iniae ATCC 29178, Lactococcus
garviae KCCM 40698, Aspergillus niger ATCC 9642,
and Aspergillus oryzae ATCC 14156)2] vl &F &%
A g T Al ARAE Fst AT g
o] Are AAMASe] BRG] o= &
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Table 1. Antimicrobial activity of B. polyfermenticus SCD and BPFS using the top agar and spot-on-lawn method. TSA,
tryptic soy agar; ME, malt extract agar #, not significantly inhibited

Culture Incubation Inhibition
Pathogenic Microorganisms Medium Temperature B.polyfermenticus BPFS
() (Top agar method) (Spot on lawn)

Gram-positive bacteria

Streptococcus parauberis DSM 6631 TSA + 2.5% NaCl 37 + +
Streptococcus iniae ATCC 29178 TSA + 2.5% NaCl 25 +/-# +
Lactococcus garviae KCCM 40698 TSA + 2.5% NaCl 25 +/-# +
Gram-negative bacteria

Flexibacter tractuosus ATCC 23168 TSA + 2.5% NaCl 25 + +
Vibrio harveyi KCCM 40866 TSA + 2.5% NaCl 25 + +
Vibrio vulnificus ATCC 27562 TSA + 2.5% NaCl 25 + +
Vbrio ordalii KCCM 41669 TSA + 2.5% NaCl 25 + +
Moulds

Aspergillus niger ATCC 9642 ME 25 + +
Aspergillus oryzae ATCC 14156 ME 25 + +
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Table 2. Survival rate by BPFS in Sebastes schlegeli challenged with Vibrio vulnificus and Streptococcus parauberis, respectively

Experimental Species of Fish Infection Mortality Mortal

Group (number) Infectious Bacteria ~ Cell Concentration (CFU/ml) Rate (%)  Time (h)
V3CON Vibrio vulnificus 10° > 99 36
V3BPFS Sebastes schlegeli  Vibrio vulnificus 10° > 99 96
S3CON (each 200 fries) Streptococcus parauberis 10° > 99 36
S3BPFS Streptococcus parauberis 10° > 99 96
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Fig. 1. The change of movement by BPFS additives in pathogen bacteria infected fish

(a) The examples on morphology of healthy fish, pathogen infected fish, and dead fish (b) BPFSV6_CON: BPFS additives
(3days) + Vibrio vulnificus infection + commercial fodder administerd group (c) BPFS6V_BPFS: BPFS additives (3days)
+ Vibrio vulnificus infection + BPFS additives administerd group (d) BPFS6S_CON: BPFS additives (3days) + Streptococcus
parauberis infection + commercial fodder administerd group (e) BPFS6S BPFS: BPFS additives (3days) + Streptococcus

parauberis infection + BPFS additives administerd group.

Fig. 2. The cleanup effects of BPFS.
(a) Water contaminated by eutrophication in V2_CON group (commercial fodder administered group after Vibrio vulnificus

infection) (b) The cleanup action in BPFSV2 BPFS group (BPFS additives administered group after Vibrio vulnificus infection)
(c) Water contaminated by eutrophication in S2_CON group (commercial fodder administered group after Streptococcus paraub
eris infection) (d) The cleanup action in BPFSV2_BPFS group (BPFS additives administered group after Streptococcus parauber

is infection).
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