1 ISSN(Print) : 1738-7248, ISSN(Online) : 2287-7428
1 Korean J. Food Preserv

1 24(8), 1067-10 % %

| https: //d0| org/10 11002/kjfp.2017.24.8.1067

8 LEUIEMBX YL G
The Korean Society of Food Preservation

Quality characteristics and antioxidative activity of fermented milk
added with hot water extract of Cordyceps militaris grown upon
Tenebrio molitor

Do-Woo Gim!, Hui-Yeon Koo?,

Seon-Gon Kim?, Jun-Ki Park!, Yu-Jin Kim!,

Chang-Ki Huh!, Yong-Doo Kim'!, Hyun-Jin Kim?*

' Department of Food Science and Technology, Sunchon National University, Suncheon 57922, Korea
*Insects and Sericultural Research Institute, Jeollanamdo Agricultural Research and Extention Services,
Jangseong 57214, Korea

S&ol= A FE=8 ol
8t
o

Abstract

This study was carmried out to investigate the physicochemical and antioxidant properties of fermented milk with
addition of hot water extract of Cordyceps militaris grown upon Tenebrio molitor. The general components of
Cordyceps militaris grown upon Tenebrio molitor are moisture 10.85%, crude protein 18.44%, crude fat 2.07%,
crude ash 5.46%. The DPPH radical scavenging activities of different solvents were the highest (74.81 EDA%)
with hot water extract sample. The acidity of fermented milk was high with increasing amount of extracts. The
pH of fermented milk reached 4.60-4.66 after 4 h of fermentation, and the number of lactic acid bacteria was
highest (11.70 log CFU/mL) with 1% fermented milk. The moisture content of fermented milk showed no significant
difference. In addition, contents of crude protein were not significantly different according to addition amount.
Regarding Hunter’s color values, L value decreased as the amount of extract increased, whereas a value and b
value increased. The content of free amino acid increased with increasing amount of extract. The DPPH free radical
scavenging ability and ABTS free radical scavenging ability of fermented milk were significantly different as the
addition amount of extract increased. In the sensory evaluation, fermented milk containing 1% of extract showed

the highest preference.
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Fig. 1. Photographs of Cordyceps militaris grown upon Tenebrio
molitor.
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Fig. 2. Procedures for the manufacture methods of fermented milk containing water extracts of Cordyceps militaris grown upon Zencbrio

molitor.
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Table 1. Proximate composition of Cordyceps militaris grown
upon Tenebrio molitor

(%)

Composition Tc?
Moisture 10.85+0.33”

Crude protein 18.44+0.23
Crude fat 2.07£0.05
Crude ash 5.4610.33

Sample: Cordyceps miilitaris grown upon Tenebrio molitor.
DAIl values are mean£SD.
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Fig. 3. Electron donating ability of Cordyceps militaris extracts by
different solvent.

L-ascorbic acid (10 ppm).

All values are meanSD.

Means in the same column followed by different uppercase letters are significantly
different (p<0.03, a>b>c>d>e>f).
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Fig. 4. Changes in the quality according to fermentation time of fermented milk containing water extracts of Cordyceps militaris grown
upon Tenebrio molitor.

A, titratable acidity; B, pH; C, viable cell counts.
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Table 2. Proximate composition in fermented milk containing
water extracts of Cordyceps militaris grown upon Tenebrio molitor

(%)
Samples Moisture Crude protein ~ Crude fat Crude ash
Control ~ 84.49:0.12% 278002  396:0.10°  0.06+0.01°
0.5% 84.321010"  2.78:04° 402:007"  0.060.00°
1% 84261027°  28130.12°  406:000'  0.060.00°
3% 8648:171°  281:005"  381:0.18"  0.07:001°
5% 8546:150°  2.80£003"  356tL10°  0.06:0.01°
8% 848414790 281:0.16°  386t024°  0.06:0.01'

DAIl values are mean£SD.
IMeans in the same column followed by different uppercase letters are significantly
different (p<0.05, a>b>c).
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Table 3. Contents of minerals in fermented milk containing water extracts of Cordyceps militaris grown upon Tenebrio molitor

Control 0.5% 1% 3% 5% 8%
K 3.02£0.01" 3.020.06° 3.660.08" 3670.19° 4,00:035° 4.35+(0.68"
Na 2.312001° 2.57+0.05" 2.73+0.05° 2.7610.14" 2.83+0.19° 3.100.50°
Mg 0.80+0.00° 0.90:0.00° 0.97:0.06" 0.9740.06" 1.00£0.10° 1.00£0.17*
Ca 2.49+0,01° 2.3120,04° 2.25+0.06" 244+0.11° 2230.15° 231037

DAIl values are meanzSD.

IMeans in the same tow followed by different uppercase letters are significantly different (p<0.05, a>b>c).

Table 4. The Hunter’s color value of fermented milk containing
water extracts of Cordyceps militaris grown upon Tenebrio molitor

Hunter color

Sample L 3 "
Control 7824+0.07"% -0.610.05% 420£0.13°
0.5% 78.10£0.01° -0.5520.05¢ 4.9420.04°
1% 78.00£0.01° -0420,03¢ 6.05%0,03°
3% 77.19+0.04° 027+0.06° 7.74%0,03¢
5% 77.1140.02° 0.24+0.04° 10.070.06"
8% 76.46+0.02' 0.54+0.03 12.13+0.06"

DALl values are meantSD.

IMeans 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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G FEEAA Aol 7P mkon, FEE9] AU
7}&45 DPPH AH gHt]d &7 E4do] Eolxith

B
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Fig. 5. Electron donating ability of fermented milk containing water
extracts of Cordyceps militaris grown upon Tenebrio molitor.

L-ascorbic acid (10 ppm).

All values are meanSD.

Means in the same column followed by different uppercase letters are significantly
different (p<0.05, a>b>c>d>e>f>g).
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Table 5. Free amino acids of fermented milk containing water extracts of Cordyceps militaris grown upon Tenebrio molitor

(mg%)
Components Control 0.5% 1% 3% 5% 8%
Aspartic acid 1.25:0.07" 202£1.75° 3.74+0,07° 367+0.12° 37.39+0.25° 1340.24°
Serine 30.9410.08° 27932005 1402005 1.780.78° 39324049 61.95£2.01°
Taurine 51762077 58.1240.76° 67811035 106.80+0.84° 72.1920.19° 76.3742.05°
Glutamic acid 202.19£0.32° 205.26+2.88° 268.98+0.94° 381.65+0.33° 496.72+127° 571.59£0.31°
Glycine 4.88+0.40° 4.40:046° 22.90£0.75° 18.53+1.60" 33.88£3.78" 2637+1.71°
Histidine 17.88+0.29° 14.37+023° 28.07+1.03° 20.10+2.82% 35.75+2.25° 21.48+0.60°
Arginine 2 0.6520.58° 3.99+0.85¢ 14.23+0.87° 23.36+2.98° 3257087
Threonine 31.81+1.22% 27.80+0.71 36.00+4.15" 32.41+1.94% 27.0242.29° 29.97+0.21%¢
Alanine 52.14£1.00° 58.6720.66" 73.49£3,32° 77.2310.15° 77.96£0.06° 98.55£0.85"
Proline 150.430.59° 162.08+4.36 348.49+2.62° 359.630.42° 345.99:0.90° 336.1820.24°
Tyrosine 21.46:042° 74.69+0.42° 38.150.17° 26.28+0.23° 44.08:0.69" 28.86+1.44°
Cystine 4.85+142° 11.69£0.62° 3.030.84" 1544+1.18" 9.99+0.90° 19.820.42°
Valine 62.24+0.34° 73.80£0.53 64.53£043° 58.61+0.37" 77.93+0.13" 67.49+0.34°
Methionine 842+0.78° 59.31£0.96" 12.75+055 20.1741.12° 19.18+1.06° 24.27+097°
Lysine 2536+5.77° 8.190.02¢ 25.55+0.24° 9.1540.59° 46.99+1.55" 8.24+1.45°
Tsoleucine 41.75+1.68° 98.59+0.68" 49.09+0.51° 445642214 33.97+1.10° 58.64+1.42°
Leucine 61.060.09° 90.000.12° 75.06+0.54° 55.17£1.05° 51471.07° 50.261.07°
Tryptophane 5.50£0.36° 10.49:0.41° 11.08+0.78 3084043 20.65+1.02° 11.33+0.69°
Phenylalanine 55.98+0.22° 64.1920,12° 35.23£7.06° 51.81£0.43% 68.35+1.04° 47.80+0.93°
TAA? 829.90 1,072.25 1,169.34 1,300.30 1,562.19 1,573.08
EAAY 22501 32559 234,65 2125 264.60 23112
DAll values are meantSD.
ZMeang in ;Ee same row followed by different uppercase letters are significantly different (p<0.05, a>b>c>d>e>f).
4’¥<())ttal ?;Zce[ amino acid.
Essential amino acid (Thr+Val+Met+Ile+Leu+Phe+Lys+Typ).
ABTS A% 2tz 2A €4 o] WF o] st G S FAFTE S ot AR

2,2’-azino-bis-3-ethylbenzo-thiazoline-6-sulfonic Shel = ATt
acid(ABTS+) 2t 2Ht]Zh &7 &d2 whE AR Ul 53]
Jed e 84S Z4st Wy 2o stz EEEI)
potassium persulfate2}2] WHS-0 2 A EH  ABTS+ A AR FFotx G FEE A7bd e HEF
gzt 27 2ol dlebde Ald FEEl o) AlAH o] #5597t A¥R= Table 67 At Alo] 7| == 2
o] Y2Mo] A= AL o] &3 2ol gpgo] 734 AT BFeE FEES 05% FH A RTY VEET}

mm=E 7B oA Bloju] wj Bl A|ge] Ao < 6172 7P 7 Yelon 8%E A7k AlgTel|A] 433

hul

3 7449 $E7F Ath42). 24 AAE TEskx I o= P e 7SS BAth W] 715 E Hrh= 1%
+%%% 718 T8 o] ABTS+ A 2z A 24 3% Al ETONA 60002 FUM w 7li‘:§— HYo
< Hg. 63} 2t} 553l% FE550] Boj7A] && x4 8ol 713 oM = 1%7] 598, 3%7} 6.08i Z3lx A
N 0R.60%2 71 Fo BHS By T332 25 FEEST 3% ARSI EE Y = 71@2 B
B9l Hrteo] 571 45 @40 FolAw vk e th 8% A7t AlETe W Pl = FL5H 4.000.2
oA ztel & HAow, 555t 55 8%E HUteh w75 s Btk SHAR VISR E 1%, 3%, 0.5%,
AETE 61.93%= 7Y 52 A4S 29t} DPPH A+ control, 5%, 8% <O E Eton 2% A &5

eila 27 9497 ABTS A4 etz 27 84 34 /1] npny woh Arr SR A,
i} SR AGS Mol AOR Mo BRoE $EE % B TRAUVIEE BE o] 2 ATEE By
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Table 6. Sensory evaluation of fermented milk containing water
extracts of Cordyceps militaris grown upon Tenebrio molitor

Sensory evaluation

Samples
color taste flavor overall preference

Control ~ 5.75:142%%  533:1.44®  525:1.14° 5331144
0.5% 6.17£0.72° 558:090°  5.58+1.00° 5.58+1.00"
1% 6.00£0.74° 6.00£1.13  5.9240.90° 6.2520.87°
3% 5.08+1.00™ 6.00+0.74* 6.08+0.67" 6.1740.72"
5% 4.83+0.94° 458+1.62%  458+1.62°  458+1.00®
8% 433107 4001176 4.00£1.54° 408+1.51

DAIl values are mean£SD.
OMeans in the same column followed by different uppercase letters are significantly
different (p<0.05, a>b>c).
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Fig. 6. ABTS radical scavenging activities of fermented milk
containing water extracts of Cordyceps militaris grown upon
Tenebrio molitor.

L-ascorbic acid (10 ppm).

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).

Z@;}Oﬂr/} RE AFZTe 7] AMEE 0650.78% % S
= B3, %73 1596de B AlET7t o4 wst
} = 0.72-0.79% = YEFTHFg. 7A). pHE| Wsts 574
3 A3}= Fig. 7BOlA] B vle} 2ol 120l A 4.60-4.69
2 Vel A7) 7}01] upe} BE o] pHE 97 1Ay
= A B9 Ed 1994 152 7FA] controlio] 4.66—
4.45, 27 2 2] 5%—'6}3 AFFEE 05%, 1%, 3%, 5%
2 8% A7} TE A 47 4.644.37, 4.66—4.32, 4.69—
4.31, 4,60—4.25, 4,65>4.31%2 A&7l wha} A 24
o]——— 7;]3}:0 Eoﬂljr o],;(]u]. 1501 o]_]_/] z;qg pH7Lo
A ETHE0)S A FR A FATE A A3t Aol
ok BEfo A7 Bt Ak 5% A3E Fg
7Ce} 2t} HE AEAM BRE A ETE 10.93-11.70
log CFU/mL2] L%F% B m A% 9Lzt A 9.35-10.65
log CFUmMLZ 7t 7Faskes F3S Balon, A4 159
A= BE A]E?ﬂ 9.29-9.46 log CFU/mLS] F+=
E"ﬂ\ﬂr A 194 159 74 friktae i oz
skl o A EFA @0yl A At TR F
Fraktg 7122191 107 CFU/mL o] dell F&3h= 2o 2

\1

bk ofeld A3t Bl 2AAAY FFE I
TrEES ﬂﬂ?ﬂ LA FE A 74717 15 E!ﬂ}zl DR

}:Tp
(o3
lo
il
O,
)
A%
i)
Jm
o,
i)
2
o
)
2
=
%
R
>
_O‘L
39

F AR

m\l
J

o\-[‘l—‘U-lkjL

4%, A%
PPH A Shtld 471 948 399 A3t &
M Ee 99

T = P
o
ol
P
e
&
o
e
m{n
LY
N
3
kol
Jo
o,
i
kol
>,
)
9,

¢
b
fr
offl
ofj
oS
e e
“ﬁéf h
& Mo
o
=0
N
ol
s
o|N
a?u
3
JFU
Lo,
Hl

‘} 1= 1101 1 °‘°‘D} ‘ITJ';'L
&7} 11.70 log CFU/mLL.2 7}79;
% 47} &7} 1063 log CFUMLE
—%—%}i a5 %%% A7Vl mE TEH
el £ Koz et e
% }_pjv‘:_'_ UE]: =3 71%“ ﬂx{ﬂ x47]_ak
Ut LE R T4
¥ Z K7} 302435 mg% 2 7P =2 S B9 Nagt
Ca7} 2.31-3.10 mg%<} 223249 mg% & A% YAt H&
o] A=S S A3 L g AR 5ot E
FEEY Tt 57 EE WAL, a @ b whe A

>,

il

-

i3
2 do B
N o

>,

rO

olje ~
_0|L
P
o
.o o

o
I
oft
ol
p‘L
P

o) ¥
by o &
= 1 o

ML 2 10 10 N Hi ol [ iﬁi-woku%&lmﬁé

o|\

il N

b o

o o)

o

Lo

R0

o,

e

T

&

_>i

N o



1076 S A E AR5 EE A A4 A8z (2017)

A
4.96
=
&
vt === Conirol
= —8—0.5%
= 070 e 1%
“ 3%
] —— 595
—— 5%
0.50 : . : '
| 3 6 9 i2 i3
Storage period (days)
B 500
e 2O EOE
m 450 ——0.5%
e e
3%%
—Hm 3%
—— 5%
4A00 1 1 1 1 J
1 3 6 Q 12 i3
Storage period (days)
C 12 r
—
g = 'onirol
& —8—0.5%%
. " e {05
f;; 3%
2 = 5%
— —8— 5%
8 1 1 1 1 J
I 3 15

6 e 12
Storage period (days)

Fig. 7. Changes in the quality according to storage period of fermented milk containing water extracts of Cordyceps militaris grown upon

Tenebrio molitor.
A, titratable acidity; B, pH; C, viable cell counts.
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