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In this study, Tenebrio molitor (T. molitor) was fermented with Lactobacillus plantarum JBMI F3 (E3),
Lactobacillus plantarum JBMI F5 (F5), Lactobacillus gasseri Ba9 (Ba9), Aspergillus kawachii KCCM
32819 (Ak), Saccharomyces cerevisiae KACC 93023 (Sc), and Bacillus subtilis KACC 91157 (Bs). After
fermentation, the fermented products were extracted by water, ethanol, and methanol, and their phys-
icochemical and biological properties were investigated. In a DPPH assay, the water extracts of the
fermented products of T. molitor showed high antioxidant ability. Among the water extracts, the fer-
mented product by Bs showed the highest DPPH radical scavenging activity. The total contents of
phenolic compounds and flavonoids were highest in the fermented products by Ak and Bs, respectively.
Reducing activity was detected the most high activity on ethanol extract of fermented product by Bs.
The water extract of the fermented product by Bs exhibited strong enzymatic activity for fibrinogen
and starch hydrolysis. Based on the observed physicochemical and biological properties, the fermented
products of T. molitor by microorgansims can likely be applied as functional materials in various

industries.
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Table 1. Total soluble solids of Water, Ethanol and Methanol
extract of Tenebrio molitor (T.molitor) fermented using
several kinds of micro-organisms

Total soluble solids (°Brix)

Composition
DW Ethanol Methanol
N 2.0£0.00 19.8+0.00 0
F3 1.0+0.00 20.2+0.00 0
F5 1.0+0.20 20.2+0.20 0
T. Molitor Ba9 1.2+0.00 20.2+0.20 0
Ak 6.8+0.20 20.4%0.00 0
Sc 1.0£0.00 20.4%0.00 0
Bs 3.0£0.00 20.4+0.00 0

Values are mean £S.E, n=3

N : Non-fermented

F3:Fermented by Lactobacillus plantarum F3

F5: Fermented by Lactobacillus plantarum F5

Ba9: Fermented by Lactobacillus gasseri Ba9

Ak: Fermented by Aspergillus kawachii KCCM 32819
Sc: Fermented by Saccharomyces cerevisiae KACC 93023
Bs: Fermented by Bacillus subtilis KACC 91157
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Table 2. pH of Water, Ethanol and Methanol extract of Tenebrio
molitor (T.molitor) fermented using several kinds of
micro-organisms

. pH

Composition DW Ethanol Methanol
N 5.64+0.01 6.64+0.02 6.650.01

F3 5.47+0.01 6.4010.01 6.36£0.02

F5 5.41+0.02 6.39+0.01 6.36+0.01

T. Molitor ~ Ba9 4.92+0.01 6.58+0.02 6.48+0.03
Ak 4.97+0.02 4.77+0.01 4.93+0.01

Sc 6.48+0.01 6.61+0.01 6.48+0.01

Bs 7.10£0.03 6.70+0.03 6.60+0.01

Values are mean £ S.E, n=3.
Abbreviations are the same as in Table 1.
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Table 3. Acidity of Water, Ethanol and Methanol extract of
Tenebrio molitor (T.molitor) fermented using several
kinds of micro-organisms

Acidity (%)

Composition

DW Ethanol Methanol

N 1.50+0.02 2.16%0.01 1.38+0.00

F3 1.14+0.03 1.80+0.02 1.62+0.02

F5 1.32+0.04 1.86+0.02 1.86+0.04

T. Molitor ~ Ba9 1.3240.01 1.86+0.03 1.62+0.01
Ak 3.24+0.02 2.04+0.01 1.68+0.02

Sc 0.90+0.03 1.92+0.03 1.38+0.01

Bs 1.80+0.03 2.04+0.01 1.62+0.03

Values are mean £ S.E, n=3.
Abbreviations are the same as in Table 1.
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Table 4. The concentration of total phenolic compounds and total flavonoids compounds in Water, Ethanol and Methanol extract
of Tenebrio molitor (T.molitor) fermented using several kinds of micro-organisms

Total phenolic compounds concentration (mg%)

Flavonoids concentrations (mg%)

Composition

Water Ethanol Methanol Water Ethanol Methanol

N 10.97+0.84 3.59+0.36 4.18+0.05 2.13+0.22 3.23+0.51 1.51+0.40

F3 7.37+0.60 4.30+0.25 4.05+0.10 2.01£0.10 1.93+0.25 1.45+0.13

F5 7.39+0.33 4.31£0.18 3.49+0.16 2.68+0.18 2.02+0.60 1.48+0.13

T. Molitor Ba9 7.72+0.68 4.27+0.05 3.63£0.20 2.08+0.08 1.86+0.35 1.47+0.08
Ak 29.97+1.68 3.70+0.30 4.24+0.62 2.41+0.72 1.12+0.09 1.25+0.47

Sc 7.54+0.15 3.83+0.45 412+0.18 2.17+0.10 2.53+0.41 1.90£0.02

Bs 16.37+0.45 5.61+0.76 3.85+0.12 7.17£0.29 3.74+0.23 1.94+0.03

Values are mean *S.E, n=3.

Abbreviations are the same as Table 1.
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Fig. 1. DPPH radical scavenging activities of Water, Ethanol and Methanol extract of Tenebrio molitor (T.molitor) fermented using
several kinds of micro-organisms. BHT: butylated hydroxytoluene (0.05%). Values are mean * S.E., n=3. Values with different
letters are significantly different at p<0.05. Abbreviations are the same as in Table 1.
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Table 5. Reducing power in Water, Ethanol and Methanol
extract of Tenebrio molitor (T.molitor) fermented
using several kinds of micro-organisms

Composition  Conc. (%) Cu-Reducing power

1.00 2.54+0.20
0.50 2.44+0.05
BHT 0.10 1.41£0.05
0.05 1.09£0.06
0.01 0.34£0.03
Composition DW Ethanol =~ Methanol

N 0.32+0.02 0.46+0.03 0.47£0.01
F3 0.29+0.00 0.69£0.09 0.66=0.05
F5 0.39+0.01 0.68+0.08 0.59+0.03

T. molitor Ba9 0.30£0.02 0.67+0.07 0.61£0.03
Ak 0.29£0.02 0.73+0.11  0.68+0.04
Sc 0.32+0.01  0.71+£0.07  0.69+0.06

Bs 0.50+0.03 0.82+0.09 0.77£0.08

BHT : butylated hydroxytouluene (0.05%)
Values are mean £ S.E, n=3.
Abbreviations are the same as Table 1.
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A

Fig. 2. Evaluation of enzyme activities in starch for the utilization of several kinds of micro-organisms in Water extract of Tenebrio
molitor (T.molitor) fermented using several kinds of micro-organisms (A, B). 0: Non-fermented. 1: Lactobacillus plantarum JBMI
F3. 2: Lactobacillus plantarum JBMI F5. 3: Lactobacillus gasseri Ba9. 4: Aspergillus kawachii KCCM 32819. 5: Saccharomyces cerevisiae

KACC 93023, 6: Bacillus subtilis KACC 91157.
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Fig. 3. Fibrinolytic activities in Water extract of Tenebrio molitor (T.molitor) fermented using several kinds of micro-organisms (A,
B, C). Abbreviations are the same as in Table 1 and Fig. 2.



AAA 2 10% Water 5% & ©] Fibrinolytic activity7} UERA]
Qskd Aol W) F3, 15, Sc, Bs ¢ WE FEEAINE 44
449 unit, 63.1 unit, 44.9 unit, 83.7 unit & Fibrinolytic activity
7 AE 24 HASS & F AT 58 Bs 7 2R
FEEY Aol M =L Aoz v F, ZAAAYE Bs
#52 FEF 0 ZM Fibrinolytic activity®] &5 7113
Atte FoAQd 235 =28 € 4 AU Huang 5[10]
o AFoME ZAAANE ZHE Fibrinolytic enzymes 4 ¥
Aoz Fosiylon, fRal thyt e Fite] 7Hssithal Al
Aretgitt & Ao Aol A E3 AA Y Fibrinolytic ac-
tivitys el & & AL, B EHAH S F3) Fibrinolytic ac-
tivity7} 71 EET F7H8H-E & ol =M, Bs #FE ©
& 2E AAY £2L AT A5A A2 o] & 7}
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£2: 28 1422 0|28 YELWIINA $E20| 0/23E S4 U MM 51}
HAE - AR - OBl - HAY - TS

B AdTe nAES of&stod ZAAAYE LA EES water, ethanol, methanol &WE & FZ3to] o
Fd APS daAT ¢FE 35 T Luctobaczllus plantarum JBMI F3 (F3), Lactobacillus plantarum JBMI F5

(F5), Lactobacullus gasseri Ba9 (Ba9), 1%9 F%o| Aspergillus kawachii KCCM 32819 (Ak), 15 &R

Saccharomyces cerevisine KACC 93023 (Sc), 15| 8H4d & 2 Bacillus subtilis KACC 91157 (Bs) % 659 @55 A&

AT 2 #FE o] &% HE T AAAATY E5 S ¥¢otr7| 3 DPPH assay, % phenolic compound %

Flavonoid 3%, Cu #94, Fibrinolytic activity, £4-7]1d &4 £4< gst¢lch. 1 23}, DPPH assay 2 3,

Water FEEO AW R 58 PSS B, 1 F Bs ¢F BE FEEO £ U &A% A

t}. ¥ phenolic compound ¥ Flavonoid®| 7, phenolic compound= AKZET ol 7Hg FHFo] Bk,
X

Flavonoid& BS%E‘TLO] 744 =%t 982 ethanol - B AT oA 2 FA & <133 1, Fibrinolytic ac-

tivity 2 HE & 52 water - BsLET AN A 5 2345 U $19 22 474 & EUE TF Z4AAE
Boro y|E ZAAAY Edng sl 9 AP SHAM S50 4TEE F4ES & F AU 1Y
o2 SEAAGYRL S AFAAATAA =& o] §IIAE FHIE /x ATASE 82 A9



