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Abstract

This study aimed to provide basic evidence regarding the development of materials by analyzing the physicochemical
properties and antioxidant activities of Streptococcus thermophilus KCCM 3782 strain-fermented Cordyceps militaris
grown on Zenebrio molitor. Among the solvents tested, DPPH radical scavenging activity was the highest in the
hot water-extracted sample after 30 min of extraction. Moisture content decreased, whereas crude protein and fat
content increased, after lactic acid bacteria-mediated fermentation. Sodium, magnesium, calcium, and zinc contents
increased, with potassium levels attaining the maximum value, whereas free amino acid content decreased after
the fermentation. Among Hunter's color values, a value increased to 66.7—149.92 after fermentation, whereas the
L and b values decreased to 15.79—-15.75 and 54.45—0.01, respectively. Cordycepin content assay increased from
7.02 mg% to 8.66 mg%. The DPPH free radical scavenging activity of the fermented product was 91.92 EDA%,
which was higher than that of the extract (84.69 EDA%y). The ABTS free radical scavenging and superoxide dismutase
(SOD) activities were also higher in the fermented products.
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2 Aol AgE 7FS Akt F= KCCM(Korean
Culture Center of Microorganisms)ol|A] &F ¥h-e -2kt
(Lactobacillus bulgaricus KCCM 3635, Lactobacillrus lactis
KCCM 2013, Enterococcus faecalis KCCM 3206,
Streptococcus thermophilus KCCM 3782, Bifidobacterium
breve KCCM 3441) 5531 91X 22 FA 204 Al
wre AX| A BE|gt FAT S (Lactobacillus sakei ALY
011, Pediococcus pentosaceus ALY 016) 2F= AH-&-3151th

Alek 9l vl x|

A}-g 81)Ql ethanol(HPLC-%), acetonitrile(HPLC-) &
methanol(HPLC-$)-2 J. T. BakerAK(Phillipsburg, NJ, USA)
A}-8-5191 31, DPPHE-9) 2 potassium persulfatei= Sigma-
AldrichA}(St. Louis, MO, USA), Folin-Ciocalteu reagent=
MilliporeAH(Darmstadt, Germany) -2 7 3le] AL&-3}9]
11, BCP HJA| = Eiken chemical*KTokyo, Japan) Z-& <!
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o] 3}3t of ol S o] =2k XHE-E-4] 7] (Biochrom30+ Amino
Acid Analyzer, Cambridge, UK)E ©]|-83l #4359 th
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28 AL Cip(4.6x100 mm, Waters, Milford, MA, USA)
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Fig. 1. DPPH free radical scavenging ability according to extraction
condition of Cordyceps militaris grown upon Tenebrio molitor.

A, DPPH free radical scavenging ability of Cordyceps militaris extracts by different
solvent; B, DPPH free radical scavenging ability of Cordyceps militaris water extracts
by different time.

L-ascorbic acid (10 ppm), All values are mean+SD, Means in the same column followed
by different uppercase letters are significantly different (p<0.05, a>b>c>d>e>f).
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Fig. 2. DPPH free radical scavenging ability of fermented C. militaris water extracts during fermentation time with various lactic acid

bacteria strains.

All values are meantSD.

Means in the same column followed by different uppercase letters are significantly different (p<0.05, a>b>c>d>e>f>g>h).

z Elgehs o)

AR S =248 A= Table 13} 2t} 24 2y} 5
< &5 F2E A 2EE 77 85.27%, 68.54%, T
4 297%, 3.56%, ZA 0.32%, 1.06%, %32 0.06%,
0.06%2] $HFS BT} Choi(34)E H2ke] Ha A ol up
g} b gheko] 37.31%14 4025% = 76k =
A o] S 225%Cl4] 2.84% 2 ket on
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Hlal o @A Uelt) ol HEE AlZA] Zol Ht
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Table 1. Proximate composition according to lactic acid bacteria
fermentation of C. militaris grown upon 7. molitor

(%)

Composition NP" FP T-value P-value
Moisture 85.27:0.02” 68541009 308903 0.000

Crude protein ~ 297+004  356:0.18 5480 0,026
Crude fat 0321004  106£006  -17308"" 0.000
Crude ash 006000 006001 -1.789 0215

?NP, non-fermented product; FP, fermented product.
‘)éll valuesﬁgre mean=SD.
I p<0.05, ""p<0.005.

27148
BAANE] FFENE B F2ET AT BAZY 7]

] -2 potassium, sodium, magnesium, calcium, zincs 4]

st om 1 Z3E Table 29 2ol Fr|AE %A

potassium®| #&o| & FEE 575 mgh, AT YR
592 mg%=E 7Y =4 YEgen & FEE9 4

magnesium 0.90 mg%, sodium 0.86 mg%, zinc 0.05 mg%,
calcium 0.03 mg% T2 = =A YEl oy fikt daE
©] 739 sodium 1.69 mg%, magnesium 1.00 mg%, calcium
031 mg%, zinc 0.07 mg% w22 =7 YeRdTh Kim35)&
WA 2] I B4 23 F55tx: A=
WAJAE FEAIT A5 TFA7]A] 2 WAY A H o}
potassium, magnesium, calcium®] o] =7 YEh} £

Aok dA st A4S et

Ho e of

Table 2. Contents of minerals according to lactic acid bacteria
fermentation of C. militaris grown upon 7. molitor

(ing%)
Components NpP” FP T-value P-value
K 575¢0117  592¢007 22057 0.092
Na 086:002  1.69+000  -71.880"" 0.000
Mg 090:000  1.00£0.00 R -
Ca 003000 0310.00 - -
Zn 005:001  007:000  -3978" 0016

1)NP, non-fermented product; FP, fermented product.
DAl values are meantSD.

Ip<0.1, "p<0.05, "p<0.005.

“Not significant different,

sl ofaliat
DAAAE BFE B FEH FAT BEB 72
onlieibe BAF ATHE Table 37 2rh. & f2lofne
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Ab FEe B 2ZE 1022102 mg%h, AT LEE
9,458.66 mg% = & FEE ol ¢ =/ eyt
Ggoh| ke 8Fo] HEH oM 8% e & F=
5 2,714.64 mg%, 2t R E 2,581.85 mgh= Z Zoln]
A S B FEE] Fe] o A UEhsTh ot
5 2 dFS vl wd] EW glutamic acid®] ko]
205997 mgh= & FEEC] 7MY B2 TS UeRI
GAHE WHE Bo] 1,922.64 mg% 2 UERTE. 1 9ol B
Z5-& aspartic acid, alanine =& =4 VElton
At R E-2 alanine, aspamc acid 2.2 =4 Yeiyich
Holn| 2t 852 A§- & FE 52 threonine] 30|
644.04 mg% = 71 =52 lysine, valine =2 =Sk
FAbt A E] Z$ lysine©] 621.15 mg%e] FFo =
73 =4 YERE S ™ threonine, valine <0 2 HA] Ve
}. Yoon¥} Yu(36)-* S. thermophilus®] A-S5Z7 717
2 d&8S o= frelotv] =4k glutamic acidebal H 113}

3 4

Table 3. Contents of free amino acids according to lactic acid
bacteria fermentation of C. militaris grown upon 7. molitor

(mg7%)
Components NP FP T-value P-value
Aspartic acid  1,205.16£5.847 1,047.82£3.07  41.305" 0.000
Serine 76178077 662.34£535 31865 0,000
Taurine 169.63£1.12 15205174 05817 0,000
Glutamic acid  2,05997+1.00 1922641099 0989 0,000
Glycine 24331£0.14  24874£008 0498 0.000
Histidine 215641015  228.63t047 0264 0,000
Arginine 44723044 34937:004 0144 0.000
Threonine ~ 644.041024  608.06:0.19 0760 0.000
Alanine  1,14099t133 1,069.98071 0457 0.000
Proline 41081051  43037:001  0.1217" 0.000
Tyrosine  35642:001 14544003 0275 0.000
Cystine 4910:080  61.66t0.10  0.157" 0.000
Valine 59622025  56830t1.70 0167 0.000
Methionine 124331097  108.06:388 0219”7 0.002
Lysine 61327+151 621151080 0453 0.001
Isoleucine 24722302 236391044  0.166 0.004
Leucine 4066310.11  393.00:340 0125 0,002
Trypiophane ~ 199.142007  321.39:0.04  0498" 0.000
Phenylalanine ~ 330.15:0.01  28330+1.03 0119 0.000
TAAY 10,221.02 9,458.66
EAAY 2,714.64 2,581.85

NP non-fermented product; FP, fermented product.

‘All values are meantSD.

Total free amino acid.

Essentlal amino acid(Thr+Val+Met+lle+Leu+Phe+Lys+Typ).
" p<0.005.
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Cordycepin
A Ttk B —ir%%gl AR g A5l
cordycepin 3% ¥3}E HPLCE 4] g A 2}= Table 49}
2ot 2AAA e FFstx 94 cordycepin FH & FEE
o] 7.02 mg%, FAHT EHaE| 8.66 mgh= UERY} TR
% cordycepin o] 5718kt Kim (27)- cordycepin
shek Msly] wrg o) Wl nla) shako] Zrleke Ao
Hastglom, & A9 S thermophilus KCCM 3782 5
2Eol| 91oA cordycepin AB/dol 71ofsh= L& thAL 28
ol 9J&ll cordycepin §HFo] S7He A o2 FA EL} A 2d]
ojujgh WE At Aol ofgh Ato] Q17| 7} &jlo] o
g Ao AlgdH

Table 4. Contents of Cordycepin according to lactic acid bacteria
fermentation of C militaris grown upon T. molitor

(mg%)
sample Cordycepin
Np" 7.0240.19”
FP 8.6610.32
T-value 74947
P-value 0.002
NP non-fermented product; FP, fermented product.
PAll values are meanSD.
I p<0.005.
N
BAAAE FFex D5 280 WE A5 B2
Ago Mes A9 A3 Table 59 Atk AN =S
e e a 3 & FE5 6672, bt HEE 149922
WEES T a gtol oMl AL g3, M9 YEg

Table 5. The Hunter’s color value according to lactic acid bacteria
fermentation of C militaris grown upon 7. molitor

Hunter color

sample L . )

NP 15.79+0.00° 66.72+0.00 54.45+0.06
FP -15.75:0.00 149.92£0.00 0.01£0.00
T-value 2 - 1,633.300"

P-value - - 0.000

])NP, non-fermented product; FP, fermented product.
PAll values are mean+SD.
)Not significant different.

"p<0.005.
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Fig. 3. Antioxidant activities before and after lactic acid bacteria fermentation of C mulitaris grown upon I. molitor.

A, DPPH free radical scavenging ability of fermented water extract by lactic acid bacteria of Cordyceps militaris, B, ABTS radical scavenging ability of fermented water extracts
by lactic acid bacteria of Cordyceps militaris. C, SOD activities of fermented water extracts by lactic acid bacteria of Cordyceps militaris.

NP, non-fermented product; FP, Fermented product.

L-ascorbic acid (10 ppm), All values are mean+SD, Means in the same column followed by different uppercase letters are significantly different (p<0.05, a>b>c).
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