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Sea cucumbers contain more than 50% protein in their solid content, and they also possess various
bioactive substances such as saponins and mucopolysaccharides. This study analyzed the activities
of various enzymes derived from Bacillus and lactic acid bacteria and determined to degrade the
components of sea cucumbers. Among the analyzed strains, B. subtilis K26 showed the highest activ-
ities in protease and xylanase and relatively high activity in cellulase. Accordingly, samples of sea
cucumber and water were mixed in equal proportions, sterilized, and then fermented by inoculating
them with B. subtilis K26. Following this, a higher amino acid content was observed between 1.5
and 7.5 hr, a lower residual solid content in this time, and a lesser fermentation odor. The saponin
content in fermented sea cucumber powder extracted with butanol was measured to be 1.12 mg/g.
The chondroitin sulfate content was evaluated to be 5.11 mg/g in raw sea cucumber. The total poly-
phenol content, flavonoid content, and antioxidant activities were 6.95 mg gallic acid equivalent/g,
3.69 mg quercetin equivalent/g, and 3.69 mg quercetin equivalent/g in raw sea cucumber, respectively.
Moreover, the DNA damage protective effect of fermented sea cucumber extract was found to be
concentration-dependent, with a very strong effect at very low concentrations. Overall, we suggest
that sea cucumber fermented with B. subtilis K26 has a high potential as a food for inhibiting oxidation,
enhancing immunity, and improving muscle function in the human body thanks to its high free amino

acid content.
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Enzyme types and probiotic strains

Fig. 1. Evaluation of activities for extracellular enzyme of potential probiotics. Each bacterium was cultured for 24 hr at 37°C
by the indicated media, and then the clear or yellow zones were measured for the enzymatic activities. LP ST, K9,
NIBR97, SSD8, SSDan7; L. plantarum, BV; B. velezensis, BL; B. licheniformis, BS K26 and KACCs; B. subtilis.
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Fig. 2. Fermentation of sea cucumber depending on fermentative time. Raw sea cucumber was crushed by a mixer, suspended
with water of the same volume, and then treated for 15 min at 121°C. The solution was inoculated with 1.0% B. subtilis
K26, and then reacted for the indicated time at 30°C.
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Fig. 3. Saponin content of sea cucumber. The saponin was

02 HAAFHAT AAE LE=oA TR ATt w partially purified by butanol extraction. The partially
2 ZAFug B BEolueakS EA8] B A3 Fig. purified saponins were loaded onto TLC plate, and

then separated with the running solution. The saponin

ug
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A3k A, 4543 Fok Tast 15 min 110°C. The developed spot was detected by
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Fig. 5. Evaluations of total polyphenolic content (TPC), flavonoid content (TFC), and antioxidative activity. The raw sea cucumber
was fermented with B. subtilis K26, and then applied for TPC, TFC, and antioxidative activity. TPC, TFC, and antioxidative
activity were indicated by equivalent contents of gallic acid, qucertin, and ascorbic acid (AA), respectively.
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Fig. 6. DNA damage protection with the fermented solution.
The raw sea cucumber was fermented for 4.5 hr with
B. subtilis K26, and then applied for DNA damage
protection assay. The radical for DNA damage was
produced by hydrogen peroxide and iron (II) sulfate.
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