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Changes of Antioxidant Activities of Yulmoo Mool-Kimchi Supplemented
with Fermented Saccarina japonica Powder by Lactic Acid Bacteria

According to Storage Periods
Jung-Mi Choi, Sang-Im Kim and Ho-su Song*

School of Culiraly Arts, Young-san University, Busan 48015, Republic of Korea

This study aimed to enhance the quality characteristics and antioxidant activities of Yulmoo (Raphanus sativus L.)
Kimchi by adding fermented Saccharina japonica powder by lactic acid bacteria (FSP), a healthy functional mate-
rial, without affecting its quality. The addition rate of FSP was set at 2% in a preliminary study based on the sensory
evaluation of the effect of FSP supplementation on Yulmoo Mool-Kimchi. Both control and 2% FSP-supplemented
Yulmoo Mool-Kimchi were analyzed every two days during storage at 10°C for 13 days. FSP addition significantly
increased the antioxidant activity and phenolic content of Yulmoo Mool-Kimchi immediately after storage(P<0.05).
However, during storage, the antioxidant activities and phenolic contents of all test groups showed different patterns
depending on the storage period and the antioxidant activity measurement method. These results indicate that FSP
addition improved the antioxidant activity of Yulmoo Mool-Kimchi without affecting its quality. The results of this
study should provide new insights into the development of different FSP-supplemented Kimchi.
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CHA| 0K Saccharina japonicay= 7+ZF(Phacophyceae)o] <
Sk sl2F2 HlERl, udd, ntadls, 4E, o= 9
5 57140 slego] kon, Ss] A%l Au] ARl FREHA
(glutamic acid) ¥ o}AT}2 E XK aspartic acid)2 tFF T35}
a1 Qo] £ M e 2 AREE o] ghth(Lee and Song, 2018). E
S, ThAotofli= &71 4K alginic acid), &F.o|TH(fucoidan) 2 2}
f]ute (laminarin) & ©HaF7F S50k $27F H m2579
H 3l =& beks2 Uehlle Zo= ko] Qlrk(Ko et
al., 2023). thAlv= B, S, ke, A4S 2 aet 5 of
&t e Zdo] Harwof glof o] & o] 83t 7} 75 A
A A1E0] 7ol o]o] x| AL QIEK(Nie et al., 2022). -2zt
Ae HAIRRE #= 5ol Yol S5 WAY 1157 (Bae and
Choi, 2001), B12H(Cui et al., 2002), 7 (Ham et al., 2008) 2!
H(Cho and Hong, 2006) 5 2130l H7tste] S| @ FFas
=0]7] Y3l AR Ith(Lee et al., 2023). A ThA RS
o183 AEe| A chlal S49] 7, Eu] W 2x7t0] 24
7} == o] & s 2stal 7|58 ekl g A=
At dha opAjup o] e Stk (Lee et al., 2010a). fikat
.2 WA chAa o) chak A2 Sl dhat <t
HIEo] Qlom(Lee et al., 2010a, 2010b; Kang et al., 2012),
A7 64F 2R A= A7 AR 71678 dR <l
g Aol 555 o] ATHMEDS, 2016). E3E, Ak Ha of
Alap BES 2 7ske] A 235 E A (Seo et al., 2018), 7 (Lee
and Song, 2018), 2137 (Ryu et al., 2018), -2} A 2](Choi
et al,, 2022) 9 A (Hwang et al., 2019)0] B3 A7k &
arEof glek
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frabdt BFE chAjop Bake Gupldto] @ = 2 A A (Busan,
Korea)oll Al Lactobacillus brevis BJ20-& ARE-5}o] ThA|ok
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A AlES Y7HF= CIA Y AE (Seoul, Korea)oll A Al 23t %
¥ Wk A ES Fofeto] AgSHc.

3,5-Dinitrosalicylic acid , fluorescein, Folin & Ciocalteu’s
phenol reagent, gallic acid, phenol, potassium persulfate, quer-
cetin, 2,2’-azino-bis(3-ethylbenzothiazoline-6-sulfonic acid)
diammonium salt (ABTS), 2,2’-azobis(2-methylpropionam-
idine) dihydrochloride (AAPH), 2,2-diphenyl-1-picrylhydra-
zyl (DPPH) ¥ (+)-6-hydroxy-2,5,7,8-tetramethylchromane-
2-carboxylic acid (trolox)= Sigma-Aldrich (St. Louis, MO,
USA)o| A T£15}3ith. Glucose, potassium sodium tartarate,
sodium carbonate, sodium hydroxide %! sodium nitrite-= Jun-
sei Chemical Co. (Tokyo, Japan)ol| 4 -1+ T Aluminium
(TIT) chloride, bromocresol purple solution % hydrochloric
acid= Duksan Chemical Co. (Ansan, Korea)ol| A G-¢131%1
t}. Sodium metabisulfite 2 trichloroacetic acid= Samchum
Chemical Co. (Pyeongtaek, Korea)ol| 4] 4-¢13} %1t} Phenol-
phthalein solution> OCI Company Ltd. (Seoul, Korea)o]| 4]
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Table 1. Preparation of Yulmoo Mool-kimchi supplemented with
Saccharnia japonica powder fermented by lactic acid

Ingredients (%) 0! 12 28 34 45 56
Yulmoo 1,000 1,000 1,000 1,000 1,000 1,000
Garlic 30 30 30 30 30 30
Green onion 60 60 60 60 60 60
Ginger 60 60 60 60 60 60
Ségggfhi" &red 423 123 123 123 123 123
Flour 30 30 30 30 30 30
Salt 105 105 105 105 105 105
Water 2,092 2,057 2,022 1,987 1,952 1,917
Ze;;“peor;}f;‘; souder 3 70 105 140 175
Total 3,500 3,500 3,500 3,500 3,500 3,500

'Control. ? Yulmoo kimchi supplemented with 1% fermented S. ja-
ponica powder. * Yulmoo kimchi supplemented with 2% fermented
S. japonica powder. *Yulmoo kimchi supplemented with 3% fer-
mented S. japonica powder. ° Yulmoo kimchi supplemented with
4% fermented S. japonica powder. ® Yulmoo kimchi supplemented
with 5% fermented S. japonica powder.

F a5 =2 o] Fiteks wst 17

readerE AFE5FO] 734 nmol| A S4%= Zko] 0.700+0.0057}
HEE SRR 3Aste] ARSI AR 1 mLol ABTS
stock 891 1 mLE 7}5to] 6527F AR22] oFalof A w-g-A|7]
% 96 well plateo]] 200 uLE #335}0] microplate reader=
734 nmol| A FEE=E SASIIT b ol AR i
ABTS 2tz A& AMEstel o, Agauk= 7]ef Al
st A FUsHA S5 27gsto] Aakgte] AfolE H]
W Bt

ABTS radical scavenging activity (%)=

Absorbance of control-Absorbance of test o
Absorbance of control

100

DPPH radical A7 &4

AFE712]9] DPPH 2ht]Z A75-2 Ryu et al. (2020)2] 1
W AR HPslo] S B4 A7 GRELA] ZE
2 SRR 100 84510 Aol ARg-sFATE. A& 0.5 mLo]
0.15 mM DPPH 1 mL5 7}5ted 3023+ /g=2-2] gradof A whks-
A7 396 well plateol] 200 uLE F-5-5}¢] microplate reader
2 517 nmo| A FHFEE A5k Ak ofe] 4oz
¥ DPPH 2tz £AG-& ARSI o, 718 apike AF
I} 5UBHA S AulrE 24 sto] gkl 2o vlal B4

shoict.

DPPH radical scavenging activity (%)=

Absorbance of control-Absorbance of test
Absorbance of control

%100

GEE7%2] ORAC (oxygen radical absorbance capacity)
42 Zulueta etal. (2009)9] -3 21 MFsto] 24515

B4 ARG GREY) L ZRR 200 341510 A
o] ARl Al= 40 pLeof 78 nM fluorescein 360 uLE
71ste] 1587 37°Cofl A BE3-A171 & 96 well plateo]] 100 uL
&5t 221 mM AAPH 25 uLo} Hh-g-A Z{th. Hhg-8-f o
A F3E4 9] A A =5 microplate reader= 37°Cof| 4] 482
nmoj| A A27F 7] 21 535 nmof| A AR & A 248t
o] 120:2 &<k Sl o H4 S4stoinh 2E=2 = trolox s
A1 5125 20 B S140510] EERAL AL,
AHA = 7)e st At st S5 2748t
o] A3}gho] ZFol & H] 1l B-415}¢] trolox equivalents (WM TE/

mL)2 e gich
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o 571 %] 2] superoxide dismutase (SOD) G-AFHI-2 Oxi-
TEC™ SOD Assay Kit (BO-SOD-250; Biomax, Seoul, Ko-
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Fig. 1. Changes in ABTS radical scavenging of Yulmoo Mool-
kimchi supplemented with fermented Saccharnia japonica powder
according to storage time. ABTS, 2,2'-azino-bis(3-ethylbenzothi-
azoline-6-sulfonic acid) diammonium salt; o, Control; m, Yulmoo
Mulkimchi supplemented with 2% fermented S. japonica powder.
Different letters (a—d) in the same line are significantly different
(P<0.05). *P<0.05; an independent t-test comparison of different
two samples (0%, 2%). Each value is mean+SD (N=3).
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Table 2. Changes in sensory characteristics of Yulmoo Mool-kimchi according to storage time and amount of fermented Saccharnia japonica

powder added

Sensory Storage Sample (%)

characteristics day 0! 12 23 3¢ 45 56
1 6.83+0.4147 7.00£0.002 7.00£0.002 517+1.17° 4.83+1.17° 4.3340.52°
2 6.67+0.522 6.67+0.522 6.67+0.522 5.33+0.52° 5.33+0.52° 5.67+0.52°
3 7.00£0.002 7.00£0.002 7.00£0.002 6.33£0.52° 6.33+0.52° 6.33+0.52°
4 7.00£0.00° 7.00£0002 7.00£0.002 6.67+0.522 6.67+0.522 6.67+0.522
5 6.67+0.522 7.00£0.002 7.00£0.002 5.67+0.52° 5.50+0.55° 5.5+0.55°
6 7.00£0.002 6.67+0.522 7.00£0.002 6.67+0.522 6.17£0.41° 6.00£0.00°
7 6.8310.412 6.831£0.412 6.831£0.412 5.67+0.52° 5.67+0.52° 5.33+0.52°

Appearance 8 7.00+0.00° 7.00+0.002 6.67+0.522 5.67+0.52° 5.67+0.52° 5.67+0.52°
9 7.00+0.00° 7.00£0.002 7.00£0.002 6.67+0.522 5.67+0.52° 6.00£0.00°
10 6.5010.557 6.5040.552 6.67+0.522 5.00£0.00° 5.67+0.52° 5.67+0.52°
11 6.3340.522 6.3340.522 6.50£0.55% 4.6740.52° 5.00+£0.89° 4.6740.52°
12 6.67+0.522 6.8310.412 7.00£0.002 4.6740.52° 4.67+1.03° 5.00£0.89°
13 6.67+0.522 6.67+0.522 7.00£0.002 5.1740.75° 5.00+0.89° 5.00+0.89°
14 7.00+0.00° 7.00£0.002 6.8310.412 4.67+1.03° 4.3340.52° 4.67+1.03°
15 6.67+0.522 6.50+0.55° 6.33+0.522 4.50+0.55° 4.83+0.41° 4.33+0.52°
1 6.83+0.41%7 7.00+0.002 7.00+0.002 5.50+0.84° 4.83+1.17% 4.00+0.89°
2 7.00£0.00? 6.67+0.522 6.67+0.522 5.3340.52° 5.3340.52° 5.33+0.52°
3 7.00£0.00? 6.67+0.522 6.67+0.522 5.67+0.52° 5.67+0.52° 5.67+0.52°
4 7.00£0.00? 7.00+0.002 7.00+0.002 5.33+0.52° 5.33+0.52° 5.33+0.52°
5 7.00£0.00? 7.00+0.002 7.00+0.002 5.83+0.41° 5.83+0.41° 5.67+0.82°
6 7.00£0.00? 6.67+0.52% 7.00+0.002 6.33+0.52% 6.00+0.00< 5.67+0.52°
7 6.83+0.412 6.83+0.412 6.83+0.412 5.33+0.52° 5.00+0.00° 5.33+0.52°

Color 8 7.00£0.00? 6.67+0.522 6.67+0.522 6.00+0.00° 5.67+0.52 5.33+0.52°
9 7.00£0.00? 7.00+0.002 7.00+0.002 6.67+0.522 5.67+0.52° 6.00+0.00°
10 6.50+0.55° 6.50+0.55° 6.67+0.522 5.00+0.00° 5.67+0.52° 5.67+0.52°
11 6.33+0.522 6.33+0.522 6.50+0.55° 5.00+0.00° 5.00+0.89° 5.00+0.00°
12 6.83+0.412 6.50+0.55° 7.00+0.002 4.67+0.52° 4.67+1.03° 5.00+0.89°
13 7.00£0.002 6.67+0.522 7.00+0.002 4.83+0.41° 5.00+0.89° 4.67+0.52°
14 7.00£0.002 6.67+0.522 6.83+0.412 4.67+1.03° 3.33+0.52° 4.33+0.52°
15 6.67+0.522 6.17+0.41° 6.33+0.52% 4.00+0.00° 4.17+0.41° 4.00+0.00°

'Control. > Yulmoo Mool-kimchi supplemented with 1% fermented S. japonica powder. * Yulmoo Mool-kimchi supplemented with 2% fer-

mented S. japonica powder. *Yulmoo Mool-kimchi supplemented with 3% fermented S. japonica powder. * Yulmoo Mool-kimchi supple-

mented with 4% fermented S. japonica powder. ¢ Yulmoo Mool-kimchi supplemented with 5% fermented S. japonica powder. "Different
letters (a—d) in the same column are significantly different (P<0.05). Each value is mean+SD (N=6).
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Table 2. Continued

Sensory Storage Sample (%)

characteristics day 0! 12 23 3¢ 45 56
1 6.17+1.1747 5.8340.982 5.8340.982 6.00+1.102 4.8341.332 5.3341.372
2 7.00£0.00? 5.67+1.03° 6.331£1.03% 6.00£0.89% 5.67+£1.03° 5.33+1.37°
3 4.67+0.522 5.00£0.892 5.33+£1.032 5.33+1.032 5.33+1.032 5.33+£1.032
4 5.67+1.372 5.33%1.372 5.67+1.372 5.67+0.522 5.33+0.522 5.67+0.522
5 6.00+1.552 6.00+1.552 6.00£0.892 6.17£0.75% 5.67+1.212 5.83+0.982
6 6.17+0.98% 6.00£0.89%° 6.33+0.822 5.67+.03%° 5.17+0.75 5.00£0.00¢
7 6.00£0.892 5.67+1.37% 6.00£0.002 6.00£0.892 5.00+0.89% 4.67+0.52°

Flavor 8 5.33+1.372 5.83+0.982 4.67+0.522 6.00+1.55% 5.33+£1.032 4.67+0.522
9 6.67+0.52% 7.00£0.002 6.00+0.89° 5.00£0.89° 5.00+0.89° 4.67+0.52°
10 6.00+1.10% 5.8341.17% 6.334£1.032 5.0040.00° 5.33+0.52% 5.174£0.41°
11 6.3340.522 6.00+1.102 5.67+1.372 6.33+0.522 6.00+£0.892 5.33+1.372
12 5.67+1.372 5.67+1.512 5.50+1.642 5.334£1.032 4.67+1.032 4.67+1.032
13 7.00+0.00° 6.00£0.89° 7.00£0.002 4.8310.41° 5.00£0.89° 5.00£0.89°
14 5.67+0.522 5.334+1.372 4.67+0.822 4.67+0.82 3.67+£1.03° 5.00£0.002
15 5.00£0.89° 5.83+0.412 5.00£0.89° 4.00+0.00° 4.00£0.00° 4.00£0.00°
1 5.83+0.98% 5.33+1.032 6.00£0.632 5.33+0.822 5.00£1.102 6.33+0.522
2 6.3310.522 6.3310.522 6.3310.522 5.00£0.89° 5.00£0.89° 5.00+0.89°
3 6.33£0.522 6.67+0.522 6.67+0.522 5.67+0.52° 4.6740.52° 5.00£0.00¢
4 6.33£0.522 7.00£0.002 6.3310.522 5.334£1.03° 5.334£1.03° 5.00£0.89°
5 6.67+0.522 6.3310.522 6.67+0.522 4.8310.98° 4.50+1.05° 4.50+1.05°
6 6.33+1.212 6.00£0.892 6.3310.522 5.00£0.89° 4.8310.41° 5.00£0.00°
7 6.50£0.55% 6.67+0.52% 6.831£0.412 5.3310.52° 6.00+0.89 5.33+0.52¢

Taste 8 6.33£1.032 6.33+£1.032 6.67+0.522 4.33£1.03° 4.33+1.03° 4.33+1.37°
9 6.3310.822 6.3310.522 6.67+0.522 4.67£0.52° 5.00+1.55° 4.67+£1.03°
10 6.33+0.822 6.50£0.55° 6.67+0.522 4.67+0.52° 5.17+0.98° 5.17+0.98°
11 6.20£0.82° 6.17+0.98% 6.67+0.522 4.3310.52° 4.330.52° 4.00£0.00°
12 6.00£0.63? 6.50£0.55% 6.50£0.55% 3.67+0.52° 3.33+0.52° 3.67+0.52°
13 5.67+1.032 5.67+1.372 6.3340.522 4.3340.82° 3.3340.52° 4.00£0.89°
14 6.00£0.002 5.67+1.372 6.3340.822 4.00+1.10° 3.334£0.52° 3.00£0.00°
15 5.8310.757 5.3340.822 6.00£0.892 3.5040.55° 4.00+1.26° 3.33+0.52°

'Control. > Yulmoo Mool-kimchi supplemented with 1% fermented S. japonica powder. * Yulmoo Mool-kimchi supplemented with 2% fer-
mented S. japonica powder. * Yulmoo Mool-kimchi supplemented with 3% fermented S. japonica powder. * Yulmoo Mool-kimchi supple-
mented with 4% fermented S. japonica powder. ® Yulmoo Mool-kimchi supplemented with 5% fermented S. japonica powder. "Different

letters (a—d) in the same column are significantly different (P<0.05). Each value is mean+SD (N=0).
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Table 2. Continued

F a5 =2 o] Fiteks wst 21

Sensory Storage Sample (%)

characteristics day 0! 12 23 3¢ 45 56
1 6.33:0.827  6.00£0.89°  6.33:0.82°  5.17+1.17°  6.00:1.10°  5.67+1.03°
2 6.67:0.52°  7.00£0.00°  7.00£0.00°  7.00:0.00°  7.00:0.00°  7.0040.00°
3 7.0060.00°  7.00£0.00°  7.00£0.00°  7.00:0.00°  7.00#0.00°  7.00£0.00°
4 7.00¢60.00°  7.00£0.00°  7.00£0.00°  6.67:0.52°  6.67+0.52°  6.67+0.52°
5 7.00£0.00°  6.67£¢0.52>  7.00t0.00°  7.00£0.00°  7.00#0.00°  7.00£0.00°
6 7.0060.00°  7.00£0.00°  7.00£0.00°  7.00:0.00°  7.00#0.00°  7.00£0.00°
7 7.00£60.00°  7.00£0.00°  7.00£0.00°  6.67+0.52¢  7.00£0.00°  6.67+0.52

Texture 8 6.67:0.52¢  6.83t0.41°  6.33:1.03"  7.00:0.00°  7.00:0.00°  6.50+0.84°
9 7.00£60.00°  7.00£0.00°  7.00£0.00°  7.00£0.00°  7.00£0.00°  7.00£0.00°
10 6.33:0.52°  6.33#0.52°  6.67¢0.52°  6.67:0.52°  6.50:0.55°  6.50+0.55°
1 6.00:0.00°  6.33+0.52%  6.50£0.55°  6.00:0.00°  6.33:0.52®  6.00£0.00°
12 6.67:0.52°  6.67+0.52°  6.50£0.55°  6.67:0.52°  6.33:0.52°  6.67+0.52°
13 6.67:0.52°  6.33+0.52®  6.00£0.00°  6.83:t0.41°  6.33:0.52®  6.67+0.52°
14 6.67:0.52° 6670522  6.17:041°  6.17:0.75®  533:052°  6.33+0.52°
15 567+121°  550£1.64°  567+1.03  500:0.00°  4.83t0.41°  5.00£0.00°
1 6.50£0.557  6.470.75®  6.50£0.55°  500:0.89°  5.33+1.21%  4.67+0.52°
2 6.67:0.52¢ 633052  6.33:0.52%  567:0.52°  567:0.52  5.67+0.52°
3 6.67:0.52¢  6.67+0.52°  6.67¢0.52°  533:0.52°  533:0.52°  5.33+0.52°
4 7.0060.00°  7.00£0.00°  6.67+0.52°  533:0.52°  567+0.52°  5.33£0.52°
5 6.67:0.52¢  6.67£0.52°  6.67£¢0.522  500:0.63*  517:041°  4.5040.55°
6 6.33:0.82°  6.33£1.03°  6.83:0.41°  500:0.89°  5.00:0.89°  5.000.89
7 6.67¢0.52¢  6.83t0.41°  6.83:0.41°  567:0.52°  6.00:0.89°  5.00£0.00°

Sc"fergt"abmty 8 6.33:1.03°  6.33£1.03°  6.33:0522  533:1.03®  500:0.89°  5.000.89
9 6.67:0.82¢  7.00£0.00°  6.33:0.522  500:0.89°  5.00:0.89°  4.67+1.03"
10 6.50£0.55°  6.50£0.55°  6.67¢0.522  567:0.52°  567:0.52 5504055
1 6.33t0.52¢  6.00£0.89°  6.50:0.55°  4.33:0.52°  4.33:0.52°  4.00£0.00°
12 6.50£0.55°  6.83t0.41°  6.50£0.55°  4.00:0.00°  4.33:0.52°  4.33+0.52b
13 6.33:0.52°  6.33+0.52°  6.33:0.52°  4.83:041°  4.33:0.52°  5.000.89°
14 6.67:0.52°  6.33+1.03°  6.50:0.55°  4.33:0.52  3.33:0.52°  3.67+1.03>
15 6.33:1.03°  6.00£0.00°  6.00£0.89°  4.00:0.00°  4.33:0.52°  4.000.00°

'Control. > Yulmoo Mool-kimchi supplemented with 1% fermented S. japonica powder. * Yulmoo Mool-kimchi supplemented with 2% fer-
mented S. japonica powder. * Yulmoo Mool-kimchi supplemented with 3% fermented S. japonica powder. * Yulmoo Mool-kimchi supple-
mented with 4% fermented S. japonica powder. ® Yulmoo Mool-kimchi supplemented with 5% fermented S. japonica powder. "Different
letters (a—d) in the same column are significantly different (P<0.05). Each value is mean+SD (N=0).

91202 Z71819ITH(P<0.05). 2 17 Aol w2 4
25 Ak W hAI B 7k 9 $397kze] DPPH
erjg 2752 ABTS ehojd 47% Aot fARE AakS
Crehwgie. oL A% 119 %9 139 Xjo) 4| DPPH et
2 2752 Ak W ThAlt B o] thzte] Hla
S Uehtes] ol 4k W chauh 2 7} 3ol

DPPH 2ht] 2 2:7)%50] S 7)ol vla] %7 Urehseis 2
Tho} ey o] S LR Q{ThRyu et al., 2018). o= Tii-E
o) sl BAo] 2] B LS HIH o A A el
7ko] 7 Ao] whak Aela o g ga)7) o] Akt ThAj]
Hulo 27}l J5 E71%] 2] DPPH radical 2753} ABTS
radical 4:7)%-2] Z7}o] o] 7} Lt A 0.2 AlsEth(o et
al., 2014).
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Fig. 2. Changes in DPPH radical scavenging of Yulmoo Mool-
kimchi supplemented with fermented Saccharnia japonica powder
according to storage time. DPPH, 2,2-diphenyl-1-picrylhydrazyl;
o, Control; m, Yulmoo Mulkimchi supplemented with 2% fer-
mented S. japonica powder. Different letters (a—d) in the same
line are significantly different (P<0.05). *P<0.05; an independent
t-test comparison of different two samples (0%, 2%). Each value
is mean=SD (N=3).

ORAC ztt|Z A7 s =2l

ORAC 248 peroxyl gtt]zo] thgt Al & W o] gt =4
o Aells= Sk HelE o83t (Zulueta et al., 2009).
Akt UE thAuh £ Y7 AREGAY ARt 9RE
2] 2] #7%7]7te]] w2 ORAC 22 Fig. 3] UehiSict. A
1Y Y] fARE Ea oA 28 47 AR EhA 2 A
Bk JEE712) 9] ORAC 22 7+ 38.88+1.84 uM TE/mL,
35.70+0.56 uM TE/mLZ G-Akt W& chajup 29 Z7jt
o] thztol Hlsl FolH & A veh Akt WA oAt
Ero] H7ke 52722 ORAC 4o 93-S F= Ao
Z YERHTHP<0.05). ZLeuh A% 3 Ak 9 AR 79 AHEE
O] frAkt IE vpAnF 2 M7 B i 2ate] ORAC 24
& FYAQL Aol UERA] §ATh(P>0.05). A1 1 ZH-
E] A4 13U A7HA] fAkE a ohA|op 2 3 7HE9] ORAC
S H 9] 38.88+1.84-72.98 +2.34 uM TE/mL, )27+
35.70+0.56-73.80+2.09 uM TE/mLE Akt & chAJu}
Bk 7 9 ) 2749 ORAC B2 AA7| ko] o dd:
5 7oA o2 S7IBHATHP<0.05). o 23t A¥k= vt 5
SES 7R 71548 AA7E 37l HIsl & ORAC
DS vehd Ak Ak 4 eks vrehd $ick(Ha and Kang,
2018). TE3F, A% 99 AF, 119 & 9 13 Aol A ERE714]
O] ORAC /2 Akt WA thAjut 24 H7to] 37t
of Bl FA vebt=d o] $+-9] DPPH 2t 4%
Aot FARE A ES Uebl Slet
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Fig. 3. Changes in ORAC activity of Yulmoo Mool-kimchi sup-
plemented with fermented Saccharnia japonica powder according
to storage time. ORAC, Oxygen radical absorbance capacity; O,
control; m, Yulmoo Mulkimchi supplemented with 2% fermented
S. japonica powder. Different letters (a—d) in the same line are
significantly different (P<0.05). *P<0.05; an independent t-test
comparison of different two samples (0%, 2%). Each value is
mean+SD (N=3).

Superoxide dismutase AN E4

SOD -§-AF 842 pyrogallol©] superoxide 2}t]Zho] o) A
steHA ZAaE-Ho] AAEE dElE o] §3thKim et al,
1995). fraket a ohAut 28 J7F =402 9 det &
FEA 9] AA7|7te] M2 SOD #-AF &4 Fig. 49] Lpe}
Wl A4 1Y 2}9] gANE Era thAnp 238 7F 477
A 9 vt S 2) 9] SOD A 2482 7t 27.45 £4.42%,
19.63+0.97%2 §AFE WHaL ChAlul Sk 27}2o] o 2o
vl FolA o s A U ikt HaE ohAnE 28]
7he GEEA9 SOD A 240 93 = AR Y
EPSETH(P<0.05). o2t Ak ohAlut Aol =2 SOD
Ao 71218t Ao 2 TehEcH(Jung et al., 2019). S-ARE 2
& chAuF B H715E0] SOD A 248 A% 7 A7
39.25+0.69% 0-0)H 02 Z7Tt} A4k 991 AEE 7+
A3 RS A 5Y A7HA] 37.30+0.86% 2 24
° 8 Z7HIo7F A% 7Y AEE 248 eh(P<0.05). #1739
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Fig. 4. Changes in SOD-like activity of Yulmoo Mool-kimchi sup-
plemented with fermented Saccharnia japonica powder according
to storage time. O, control; m, Yulmoo Mulkimchi supplemented
with 2% fermented S. japonica powder. Different letters (a—d) in
the same line are significantly different (P<0.05). *P<0.05; an in-
dependent t-test comparison of different two samples (0%, 2%).
Each value is mean+SD (N=3).
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Fig. 5. Changes in total phenolic content (TPC) of Yulmoo Mool-
kimchi supplemented with fermented Saccharnia japonica pow-
der according to storage time. O, control; m, Yulmoo Mulkimchi
supplemented with 2% fermented S. japonica powder. Different
letters (a—d) in the same line are significantly different (P<0.05).
*P<0.05; an independent t-test comparison of different two sam-
ples (0%, 2%). Each value is mean+SD (N=3).
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Fig. 6. Changes in total flavonoid content (TFC) of Yulmoo Mool-
kimchi supplemented with fermented Saccharnia japonica pow-
der according to storage time. 0O; control. m; Yulmoo Mulkimchi
supplemented with 2% fermented S. japonica powder. Different
letters (a—d) in the same line are significantly different (P<0.05).
*P<0.05; an independent t-test comparison of different two sam-
ples (0%, 2%). Each value is mean+SD (N=3).
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