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This study investigated the changes in the quality of doenjang (a fermented bean paste) with the addition of Sea tangle
Saccharina japonica powder fermented by lactic acid bacteria (FSP). Doenjang was prepared without or with FSP
and with various amounts of doenjang (0, 0.25, 0.5, 1 and 3% by volume), and fermented at 25C for 12 weeks. After
12 weeks, the antioxidant activity, microbiological characteristics, and physicochemical parameters were examined.
We detected no significant differences in the color profiles. However, following the addition of FSP to doenjang, the
amino nitrogen content and antioxidant properties were enhanced. Furthermore, the FSP-doenjang contained higher
levels of y-aminobutyric acid (297.55-300.03 mg/100 g), a biofunctional ingredient. These results suggest the poten-
tial for developing a traditional Korean fermented food with enhanced antioxidant activity and y-aminobutyric acid

content using FSP.
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Table 1. The mixture ratio of Doenjang containing fermented sea
tangle Saccharina japonica extract

. Treatment (g)'
Ingredients
Control  0.25%  0.5% 1% 3%

Meju 1,000 1,000 1,000 1,000 1,000
Salt 1,000 1,000 1,000 1,000 1,000
Water 3,000 29875 2975 2950 2,850
FSP2? 0 12.5 25 50 150
Total 5000 5,000 5,000 5,000 5,000

!Control, Doenjang added with 0% S. japonica; 0.25%, Doenjang
added with 0.25% S. japonica; 0.5% Doenjang added with 0.5% S.
Japonica; 1% Doenjang added with 1% S. japonica; 3% Doenjang
added with 3% S. japonica. *FSP, Fermented Saccharina japonica
powder.

7o) ol A E.0 AOAC (2005)% o] whe} 24 351ich. 4
A 105C AR 7HE AR, ol e A A Bjeh, =
o)A §Hke- semimicro Kjeldahl¥ 2.2 = 1)
shek o Soxhlet =24 0 2 Aeks}g) a1, eh4=31E glefo = 3
1000014 =&, 23], 2 gl 22y ob ks W gk
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2 UG, RE HAL 33] w8 2 et] HRgho U

ko] pH 2 FAME 242 Park et al. (2012)9] W o] w}
2}, ¥749] pHe A& 10 g 575 90 mL2 30+ &<t eyt
% pH meter (Orion Star A211, Thermo Scientific, USA)E ©]
§3te] ST, FAEE AR S git $74E 250 mLo]
Azetazio] A8 5 ALolx A A7) F o7 No. 2
(Advantec, Toyo Roshi Kaisha Ltd., Japan)=Z o]} -8-24 20
mLo] #2229l 845 2-37%-2 7H 5 0.1 NNaOHE 7+
3l 1027+ AZ-gA o] A2 w71#] 273t A= lactic
acid gFeFo=2 gHiksto] ALkt

A1od HekS Mohri(Oh et al., 2002)] wheh A|& 5
gt FH55 250 mL HjAEekA ol 83t F AoflA] 1
g A]7] 3 o]7}%] No. 2 (Advantec, Toyo Roshi Kaisha Ltd.,
Japan)& o] 2Hel g9l 10 mL& F3+ % 10% K,CrO, 5 1 mL
A7t % AgNO, = o-8-5to] 27313t

HA9] ofm] e A4 ek Formol ¥ (Shin et al., 1997) A}
§3t0] BABIGITE AR S g& FRAE 250 mL vl AETA
S1of) g 5 ALo|H g A7 T ofafo] 20 mLE Fs}od
0.1 NNaOH &0 2 pH 8.52 243t 7 20 mL2] formalin
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Hsto] ofvlie A4 G2 S5l
ME 53
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old= 24

A WA 7|7 5 25 M = ANbAlt S, Akt Kt
=, S 23313 AR 10 g2 B+% PBS (phosphate
buffer saline; 0.1 M, pH 7.0) 90 mL&} 317 Zejwo] 4 g
stomacher (BagMixer®400, interscience, Paris, France)= 2
B2FAststo] 349 1 mLE 9 mL PBSE ARt 103
3 4j]of w2} hAE 2 514391}, AHHAI#4s PCA (plate
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count agar; Difco Inc., Detroit, MI, USA), -4t MRS
(deMan rogosa sharpe medium; Difco Inc., Detroit, M1, USA)
agar B A 5 ARE-310] 35+ 1°C oA 24 £ 2417wl FsqiTt. 2
T+ 10% tartaric acidS 715t pHE 3.52 243t PDA
(potato dextrose agar; Difco Inc., MI, USA)E A3l 25T
oA 3-72 E<k HFSI T T4 3MT™ Petrifilm™ E.
coli/Coliform Count Plates (3M, Maplewood, MN, USA)E
ol-g:3fo] 273hct.
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o ioo| = Fe @ Ak} k) 24 A] Agaiolct.

ZF Z)9E T2 Folin-DenisH(Gutfinger, 1981)2 457
HEsko] B39 Al& 0.1 mLojl 1 N Folin & Ciocalteau
reagent (Sigma-Aldrich Co., St. Louis, MO, USA) 0.5 mL %
7¥sto] 327 2o W2 £ 7.5% Na,CO, 0.4 mLE 3 7}5}o
QFalof| A 3027F BHS- ot 5 760 nmof| A S =S S5
A7 9] & &8 & SIgE FF2 Gallic acid (Sigma-Aldrich
Co., St. Louis, MO, USA) & EFEA R slo] A& AFso
2 A4S

% ZotR 0|E kS Moreno et al. (2000)2] B2 &
 mgalo] ARk AlR 0.1 mLo| 2522503 mL 2 5%
NaNO, & HA7F & 55 7F =g H 10% AlCI, 0.03 mLE 7}
shar 2k 23k & Ao SEXF ARl 1 % 1 mM NaOH
0.2 mL 37} 3 2 2kt H 510 nmojl A F3=E 574513
ok A 29 F ZtE o] & k2 Quercetin (Sigma- Aldrich
Co., St. Louis, MO, USA) & EFEA R slo] A& sl
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Z17+o] ¥A+ Al 7 2] DPPH (2,2-diphenyl-1-picrylhydrazyl)
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Louis, MO, USA) 800 pL&} A& 200 pLE E3tate] gFAlo]|
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W slo] 4319} 2.4 mM potassium persulfateE- 3}
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ZFS- 0.700+0.005.0.2 X A3}o] A3 of| Al&5}2T) A= 20
uLet ABTS -89 980 L& &3 § ohaloflAf 651t 3 F
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HAkol felotn|icAl $HFS Song et al. (2006)2] 2o
upe} otu]icAl 25 E47] (Hitachi Amino Acid Analyzer
L-8900, Hitachi Ltd., Tokyo, Japan)E AR&-s}o] AYA|EAH
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uL st o, HEu4-2 proline®] 4-¢- 570 nm, THE ©F
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-9 H5S 18 EAHEA(ANNOVA)E A A 813laL o] &
P<0.05 <=%=°l|A] Duncan’s multiple range testS 23§35} ct.
HE A4 242 SPSS (v.23.0, SPSS Inc., USA) B4 Z& 71
HE o]-g-sto] A 25ttt

A4S ChAloF FE2(FSP)S A7tet &%l o

2 Aol A ARG FSP 7 5 E <4 7|7k w2
o] oA E WEH= Table 20 YeFN QT AR Q] 45
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= Ho|A] gt} kel gheko] 749 XA 8.71-10.76% [
A= Yepskom FSP M7 s 9 54 7|7t o2 #2121
Aol gl Ao & Yepyet. 2 A9 gk %A 3.99-5.48%
2 YERHIL FSP A7 s % 9 &4 7|7k mbE 5912 Q1 &} o]
£ §le Ao = Yepyth geskE gk A4 7.00-29.37%
2 gl om, FSP A7} 5ol w2 {9431 Zpo]= Ho|
A gkoktt. 1y A4 7|7ko] 7kl uheh foj A o8 Iha
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Eqlon 1252 o= o] vl 2k A o2 gl gict SA71700l| whet A ghgell 2 Wakt glokal Bk,
Park et al. (2000a; 2000b):> -] u2to| A Al AL Q= A& ol 2 A7 Aot FARSHA Lebtth T3 A E A E EEAT
;4B TR 49.5-58.9%, A FHko 11.8-16.8%, A(NAPQMS, 2016)0]| &J51H ko] =E3teko] 60.0% o]}

Z A} aeFe 7.1-8.6%2 Hilslgon], B olLo] Aol v o] 31 ofu] i A4 ko] 300.0 mg/100 go] Aol AL & uff 2
) B i o] A9 Al e AL Qs EE o e SR Aol Al 27 Tge] - pHS tha 52 A0 2 wrkEh

> o] Zohal 2] shekyl 2 2| vk 5leko] Ao A = e — o=
SIS e e BSR4 oup wa oot 252(FSP)2 A7KE 23 pH
T EREG N e TS 7 Ao R ERIE Qi Rt ol ZAE B3

Ku et al. (2014)°] 2J51H 9 9] <4717t 54t 8.4%2] & = -

Shero] 7k 4319 T, 3], ekl A @ 22|k $HES. 0.7-4.1% 2 Aqtol A ARS-RHFSP 37} 5% 9 <4 7171 E74e] pH

O ©| o
Z7}E|9lon 44 SEUHE SE gkefo] 7hast o2 gul 2 akEQ] WSk Table 3 o UrERU AT
RS 2 Aolg HolX| ghgkrta mastlet & o vt 271 FSP vl H7F o] pHe= 6,520, FSP 471] pH
£ oloh g 5 S AREE| A ghoL), TheE AR EE = 046-0.012 UERth S o= iqtek 2 Aot o
Qo 44 717ko] F7Hee] utet pHr - Ashe HEFE BA

2 gAlsE Ao & shelEgt}. e, Park (1987)2 HAS
th 53] <43 85=Atol| A pH7F A At Ao = vpepyton,

Table 2. Changes in physicochemical composition of Doenjang added fermented Saccharina japonica extract during ripening periods

Treatment' (%) Ripening periods (week)
0 4 8 12
Control 59.01+0.85* 64.38+1.02 58.09+2.932A 62.37+1.37%8
0.25 59.67+2.612A 61.741£1.07%A 60.95+0.70%A 60.360.18
Moisture (%) 0.5 61.7242.15%A 62.2610.404A 60.16+1.9824 60.89+0.2524
1 63.35+1.57°B 63.3740.430 59.8510.432A 59.76+0.86%
3 62.42+1.71%8 61.300.2728 59.37+0.23% 60.11+1.46%*
Control 17.12+0.3728 16.11£0.43% 16.74+0.430cA8 16.57+0.452048
0.25 17.28+0.21%* 19.1840.31°8 17.11£0.38% 17.03£0.47°*
Ash (%) 0.5 17.00+0.51208 17.00£0.40%8 15.97+0.22°A 16.44+0.4420A8
1 17.33+0.06°8 16.2910.75% 16.23+0.432A 16.18+0.19%
3 16.56+0.1928 14.39+.05%A 16.03+0.443208 16.75£0.112%8
Control 9.49+1.36% 8.83+0.34 9.31+0.23% 9.20+0.44%
0.25 10.54+0.84¢%5 8.71+0.34 9.810.63*" 10.16£0.37%8
Crude protein (%) 0.5 9.68+0.34% 9.69+0.42% 10.46+0.27°8 10.03£0.24%8
1 9.80+0.67% 10.20£0.338 10.76+0.19°8 10.73£0.33%®
3 10.30+0.43*A 10.03+0.66°* 10.650.97** 10.60+0.64%
Control 3.9941.19% 4.47+0.96% 4.98+0.243A 4.8610.17°A
0.25 5.48+0.81% 5.0740.78%A 4.57+0.46%A 4.4410.55%A
Crude lipid (%) 0.5 5.24+1.48% 4.6610.413A 4.5910.46%A 4.7840.393A
1 4.28+0.562* 4.6610.723A 5.36+0.27° 5.2740.57*
3 5.19+1.66% 4.75+0.80% 5.30+0.48* 3.9940.3234
Control 29.3740.73%¢ 14.26+2.078 10.89+2.728 7.00£2.13%A
0.25 28.11+2.9920¢ 14.88+2.1828 7.55+1.02% 8.001£0.413A
Carbohydrates (%) 0.5 25.72+2.978¢ 14.89+0.69%® 8.83+2.19% 7.8710.46%4
1 24.84+1.57%¢ 15.42+0.37%8 7.79+0.112A 8.06+1.35%
3 26.13+1.713¢ 16.73+1.52%8 8.65+1.33% 8.5542.15%

!Control, Doenjang added with 0% S. japonica; 0.25%, Doenjang added with 0.25% S. japonica; 0.5% Doenjang added with 0.5% S. ja-
ponica; 1% Doenjang added with 1% S. japonica; 3% Doenjang added with 3% S. japonica. **Means with different superscript in the same
column are significantly different at P<0.05. ~“Means with different superscript in the same row are significantly different at P<0.05.
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%79 12552 0| A 4.77-5.38 2 Lyttt o] 2fgt Axb= A=l |
2ol pH*H 917} 5.05-5.76 (Ahn and Bog, 2007)2] 23} 2 pH
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714ke ATl o]l whe} AEL 27, pHis gk v
Tk}, uebd, B ATolA AxE Hak) 44 71zl 2
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AR AR g A% T 0.24-032% W2 Sl
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. oJ Lol A AME-SEFSP W7 & W <4 71710 HAko] 4]
= Mok Table 400 ERi 3lct. d8<] A9 o7 A
A 15.80-17.66% #1912 Uepon, FSP 371 & 1 %4
712t whE o A1 Apol= gl Ao = Urelytth. Park etal.
(2000)2] Hi10] 2Ja}H A|ThEls HEA] FAo] Al ke
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Table 3. Change on pH and acid level of Doenjang added fermented Saccharina japonica extract during ripening periods

Ripening periods (week)

Treatment' (%)

0 4 8 12
Control 6.52+0.01°P 6.37+0.01°C 5.32+0.02°8 5.26+0.01%
0.25 6.61+0.02° 6.36+0.01°C 6.10+0.01¢8 5.38+0.01*
pH 0.5 6.53+0.02"° 6.32+0.014¢ 5.93+0.01 5.38+0.01*
1 6.57+0.01®° 6.33+0.01a¢ 5.01+0.01%8 4.77+0.03%
3 6.460.02%° 6.39+0.01<C 6.00+0.02¢® 5.28+0.03"
Control 0.24+0.03* 0.32+0.0528 0.62+0.07%C 0.40+0.04%®
0.25 0.250.0234 0.35£0.0128 0.56£0.074° 0.59+0.03C
Acidity (%) 0.5 0.26+0.03* 0.38+0.01° 0.59£0.05%° 0.37£0.07%8
1 0.29£0.02° 0.41£0.01<® 0.81£0.08° 0.64£0.03"C
3 0.32+0.03* 0.42+0.03°® 0.66+0.072° 0.89£0.03°

!Control, Doenjang added with 0% S. japonica; 0.25%, Doenjang added with 0.25% S. japonica; 0.5% Doenjang added with 0.5% S. ja-
ponica; 1% Doenjang added with 1% S. japonica; 3% Doenjang added with 3% S. japonica. ““Means with different superscript in the same
column are significantly different at P<0.05. ~°Means with different superscript in the same row are significantly different at P<0.05.

Table 4. Change on salinity of Doenjang added fermented Saccharina japonica extract during ripening periods

Ripening periods (week)
0 4 8 12

Treatment' (%)

Control 16.64+0.17°8 17.06£0.17°¢ 15.80+0.0** 17.03+0.17C
0.25 17.66+0.17<C 17.26+0.16 16.48+0.17 17.38+0.0%
Salinity (%) 0.5 16.67+0.17°8 16.4410.17%8 16.1520.17%A 16.830.34<
1 16.5410.172B 16.12+0.17%A 16.1520.17%A 15.930.17%A
3 16.28+0.1628 15.96+0.17%* 15.96+0.172A 16.34+0.16°°

!Control, Doenjang added with 0% S. japonica; 0.25%, Doenjang added with 0.25% S. japonica; 0.5% Doenjang added with 0.5% S. ja-
ponica; 1% Doenjang added with 1% S. japonica; 3% Doenjang added with 3% S. japonica. ““Means with different superscript in the same
column are significantly different at P<0.05. A~“Means with different superscript in the same row are significantly different at P<0.05.
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FEF2 15.80-17.66%2 2F 5% 712F o] =& 7
ol H ol tof| A HAF Al A] ARE-SH A U A 2]
T kS ARESE o] =l o2 wrtE )

oz uepgTh.  ERTh =3 FSP 3% 7} 5ol 4] 594.86 mg/100 g2 7
TFo] 20%2 2 gEFo® LhERtom, FSP0.25%2}0.5% H7F B
oJ2] 2fol & Ho|A| skt B2 <49 713bo] ool w2t
ofu| = A4 FlgFo] Z71eH= Ao & e oL} 424 7|7F
8FAI A E Ao A ofn|le M4 gHeFo] 7hadt Aoz
LrERd T, Z1E{ L o] & 1057212} 125540 A ThA] BL= A= 7}

2 Aol A ARG FSP 71 e | s34 7|1XHE o] of olu) gl A4 deFo| Zr5lgon E35] 125210 A 672.99-
w2 Bk WSk Table S of WER gt 755.17 mg/100 g T o 2 VrEpyiTh.

A7 o)l A FaFe 25 Mo ZA5c ¥ oA ofnl A PR oR 4 7]71o] dojA]
A Az 7] ohn|ie A4 gHge FSP u| A7 ¥3ko] 516.20 A &2 0 2 FIFSIER EAko KAk P AR ARE-E
mg/100 g, FSP 37F12] 7% 532.31-594.86 mg/100 g2 = o, 7)54 A WA} ok B 3Ele] 9)rkJun and Song,
AElo] 2ot H7t 7ol 2%l Apol 7} Q= Ao & 1 2012). E3F P40 AEAE 7|27 AL ol A Befol

Table 5. Change on amino nitrogen content of Doenjang added fermented Saccharina japonica extract during ripening periods

Treatment' Ripening periods (week)
(%) 0 2 4 6 8 10 12
Control 516.20+4.01%* 586.81+26.34%® 635.52+4.022C 643.02+1.95°C 585.67+14.57%8 665.00+7.00°° 672.99+4.03%
0.25  537.40+6.89* 608.80+4.012°5C 624.19+3.93%C 648.15+3.41° 592.67+8.08* 676.67+14.57°F 702.31£16.012F

Amino
nitrogen 0.5 532.31£3.48** 594.82+7.96%8 626.80+7.92% 671.65+10.65°¢ 590.20+6.86%® 657.37+3.89%° 718.40+2.02°"
(mg/100g) 1 566.08+18.26°* 617.10+4.03>8  621.49+6.93°C 685.08+6.78°° 615.36+3.96°® 676.67+10.69° 722.78+4.03%

3 594.86+20.75% 627.34+14.09® 670.7847.19°C 705.96+3.97%® 654.25+3.96°5C 711.67+14.57°° 755.17+34.14°
'Control, Doenjang added with 0% S. japonica; 0.25%, Doenjang added with 0.25% S. japonica; 0.5% Doenjang added with 0.5% S. ja-
ponica; 1% Doenjang added with 1% S. japonica; 3% Doenjang added with 3% S. japonica. “*Means with different superscript in the same
column are significantly different at P<0.05. ~EMeans with different superscript in the same row are significantly different at P<0.05.

Table 6. Change of color value of Doenjang added fermented Saccharina japonica extract during ripening periods

Ripening periods (week)

Value Treatment' (%)
0 4 8 12
Control 41.38+0.49°C 40.83+0.30¢ 38.75+0.17%® 38.02+0.23
0.25 39.48+0.40°¢ 41.46+0.69*° 35.87+0.28 37.02+0.38%®
L 0.5 41.86+0.60°C 43.14+0.24° 40.01£0.86°8 38.79+0.03%
1 38.75+0.3228 40.48+1.38° 37.12+0.29 38.20+0.17°8
3 38.03+0.12%° 36.98+0.49C 35.07+0.06%® 34.06+0.172
Control 5.95+0.30° 6.17+0.142A 6.98+0.08%® 5.90+0.07°
0.25 5.35+0.46* 5.90+0.40*8 6.02+0.04%® 6.22+0.14®
a 0.5 6.26+0.34< 6.55+0.18°8 7.38+0.40%° 6.94+0.13¢°EC
1 5.50+0.0230A 6.26+0.11208 7.35+0.09° 6.70+0.05%
3 6.10+0.21° 6.02+0.06% 6.11+0.06% 5.78+0.02%
Control 12.19+0.62%* 11.90+0.32%4 15.08+0.18® 12.17£0.13%
0.25 10.49+0.9234 11.77+0.46® 12.30+0.20%8 11.86+0.31%8
b 0.5 12.76+0.68> 13.35£0.40% 15.65+1.87¢5 13.47+0.16%
1 10.30+0.09>* 11.54+1.12% 14.43+0.18¢ 12.57+0.09%®
3 10.25+0.37%8 9.84+0.442/8 10.27+0.03%8 9.38+0.08*

!Control, Doenjang added with 0% S. japonica; 0.25%, Doenjang added with 0.25% S. japonica; 0.5% Doenjang added with 0.5% S. ja-
ponica; 1% Doenjang added with 1% S. japonica; 3% Doenjang added with 3% S. japonica. ““Means with different superscript in the same
column are significantly different at P<0.05. #PMeans with different superscript in the same row are significantly different at P<0.05.
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Fig. 1. Changes in total phenol contents of Doenjang added fermented Saccharina japonica extract during ripening periods. GAE, Gallic acid
equivalents. 0%, Doenjang added with 0% S. japonica; 0.25%, Doenjang added with 0.25% S. japonica; 0.5% Doenjang added with 0.5%
S. japonica; 1% Doenjang added with 1% S. japonica; 3% Doenjang added with 3% S. japonica. “*Means with different superscript in the
same column are significantly different at P<0.05. ~“Means with different superscript in the same row are significantly different at P<0.05.

300mg/100 g OO R B AT AT WE ARTbo] 271 ol kAo FE2| o] ofnlk A Fgel F2IH 9l
2§51 9190k Ohetal. (014)9] Hi1o] S3ha 4 60 £ 01X|%] Qkgtekan Wurs}glont, ofof el B Ao 4
Yof 898.21-921.90 mg/100 go] W= Yepom o2tk ) 852of obm|i A4 FheFo] 585.67-654.25 mg/100 g2 HE
chAll e, 12, 20%)9] ofulie Az G wlwstgle = TR WA S om, FSP A7} ol utet opuly: 4

Table 7. Change of cell counts of Doenjang added fermented Saccharina japonica extract during ripening periods

Ripening periods (week)

Treatment' (%)

0 2 4 6 8 10 12
Control 8.2240.04"  7.89+0.07% 7.13£0.04%® 7.50+0.06"C 7.75:0.07°° 6.9240.02"* 6.92+0.00%
Total 0.25 7.96£0.08%  7.45:0.02° 7.06£0.03° 7.01:0.03°C 7.38£0.09° 6.58£0.11% 6.80+0.05%
bacteria 05 8.49+0.04°  8.00£0.09° 7.46£0.00% 7.58+0.07%® 7.58:0.17® 6.84£0.00" 6.73£0.19%
(logFUig) 4 8.15:0.02  7.9840.11% 7.70£0.07¢C 7.85:0.01®°® 7.33:0.07® 6.77+0.07** 6.810.00%
3 8.03:0.04®°  7.33:0.07%® 7.30£0.10°® 7.56£0.01°C 7.99+0.12° 7.06£0.02 6.930.02%
Control 7.77£0.04°°  7.70£0.04°® 7.06£0.01%8C 7.13+0.08C 7.66:0.15 6.77:0.08* 6.89:0.07*°
Lacticacid ~ 0.25 7.68£0.03°  7.40£0.08° 7.05:0.03® 6.96+0.04® 7.28+0.06° 6.98£0.03® 6.83£0.07
aggte”a 05 8.34+0.10¢  7.85:0.05® 7.45+0.03°° 7.410.03C 7.23+0.00%® 7.14+0.01%® 7.05£0.09%
CFUIg) 1 7.93:0.09%  7.77+0.06°°F 7.6020.05C 7.40£0.00° 7.13:0.18® 6.85:0.08%* 6.770.11
3 7.80£0.09%C  7.3120.11%  7.170.02%"8 7.06£0.06°#8 7.81+0.14°C 7.75:0.01°C 6.95+0.23%
Control 4.69£0.080F 4.84+0.11F  4.61$0.09° 4.28+0.00°° 4.58£0.12°° 2.65:0.07%* 2.85+0.00°
Fungi 0.25 4913005  5060.08" 4.81:0.01°° 4.50:0.01® 4.63£0.02% 3.80£0.04° 3.72+0.04
(log 05 4.50£0.05C 4.79+0.05° 4.56+0.03°C 4.48+0.11%C 4.4.+0.03"® 3.33:0.04" 3.22+0.11
CFUlg) 1 48120170 554+0.04€ 4.87+0.08°° 4.89:0.04° 4.4240.01%C 3.81£0.09® 2.54+0.09%
3 4.58+0.02%%F  4.75:0.01€ 4.45:0.050 4.41:0.10°° 4.13:0.07° 3.94:0.14%® 3.420.08%

!Control, Doenjang added with 0% S. japonica; 0.25%, Doenjang added with 0.25% S. japonica; 0.5% Doenjang added with 0.5% S. ja-
ponica; 1% Doenjang added with 1% S. japonica; 3% Doenjang added with 3% S. japonica. ““Means with different superscript in the same
column are significantly different at P<0.05. ~*Means with different superscript in the same row are significantly different at P<0.05.
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Fig. 2. Changes in total flavonoid contents of Doenjang added fermented Saccharina japonica extract during ripening periods. 0%, Doenjang
added with 0% S. japonica; 0.25%, Doenjang added with 0.25% S. japonica; 0.5% Doenjang added with 0.5% S. japonica; 1% Doenjang
added with 1% S. japonica; 3% Doenjang added with 3% S. japonica. “*Means with different superscript in the same column are signifi-
cantly different at P<0.05. ~“Means with different superscript in the same row are significantly different at P<0.05.

2 FFE oA g A vehd 2 o= S1E QI o] 2t
AH= Oh et al. (20142 THAJI} 2258 47kt 24 5%
7H 4%, 2 ALY o) FEQ] 3% U] & FFo R o]
2f3k gh apolof &Jgt Ao & whetETh w3t &/d 7]t wh
2l ofo] e W o] 24k 97k Qlm, ol Be
3} gfe] uhaho] ofu]ieAto] ALgE|o] PaH o R AR
(Joetal., 2011).

Az 2g oot FES(FSP)2
T Hs}

2 Atoll A ARERFFSP H7E e E 4] 7|17 He A
W35 =745}] L (lightness), a (redness) 2 b (yellowness)
0 & FA|5}ko] Table. 6 o LEF AT}

B M= anfrie] 7| e Ao F23 2 lo|th(Pe-
terson and Barnes, 1991). LZF& FSP A7} 527t =2 &
T 579 7170 AojA s Hadhs Ao s Ueth AR
Az GA] 38.03-41.86. 22 24 = =t FSP v 7} |4t
FSP0.25 9 0.5% A7} AL G902 2fo]7F QLo FSP1 Y
3% H7h -2 oA o= WA Uepydth 1239 <4 7|17t
< A 34.06-38.79= 7F4-511 =0, FSP H|% 7} ©7, FSP
0.25%, 0.5% & 1%2] H7F €3-S 724 Zol7} glglom,
FSP 3% 7} ®lgoll Al o4 o= Wa 21 0 = Uiyl agh
I} bgke] B A 717to] AojA|m HHEA o2 F3to] L}
o o] LheRA) stk T FSP A7} SR T fo
o] 2fo] AA] gl= 7 o 7 FHelE]gic) Oh et al. (2014)2 o}
Alat 2555 A7 Fdo M= A% 7|7ko] S7Fgtl wt
o Lala} bahe AASIAL, aghe S715Re Aarom ek

ey

Hokst el

1z 40

!

rl

thal Buskgick. o] Aibe 2 Ate} Blas) Hoks u A%
7|13t whE Lkl Aashe ke AR 432 Hilo
B A= 2o agh W bk S AR A HolA Y=
Aoz gelE .

CtAlob =2=(FSP)2 &7t =89

o= Hs}
& Aol M ARSRE FSP 37} e W 4] 7I7HE e v

B A% AT 2ot 24 A} 7.96-8.49 log CFU/g o2 Lt
Efi o], FSP 37} 5ol uhE 214l Zpol= gllon, <
3 71Zko] oA A &H 0 8 Fot 47t At 4 125
o]l 6.75-6.93 log CFU/g2 A| % 23Kt} oF 12 log 5 14
g A0 2 e ou folH 3l 2tol= §iglt A= A
% 2|3 7.68-8.34 log CFU/g& ZA =gl on FSP A7} 5
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Fig. 3. Changes in the DPPH radical scavenging of Doenjang fermented Saccharina japonica extract during ripening periods. DPPH,
2,2'-diphenyl-1-picrylhydrazyl. 0%, Doenjang added with 0% S. japonica; 0.25%, Doenjang added with 0.25% S. japonica; 0.5% Doenjang
added with 0.5% S. japonica; 1% Doenjang added with 1% S. japonica; 3% Doenjang added with 3% S. japonica. **Means with different
superscript in the same column are significantly different at P<0.05. ~“Means with different superscript in the same row are significantly

different at P<0.05.
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Fig. 4. Changes in the ABTS radical scavenging of Doenjang added fermented Saccharina japonica extract during ripening periods. ABTS,
2, 2*-azinodi [3-ethlbenzthiazolne-6-sulfonic acid]. 0%, Doenjang added with 0% S. japonica; 0.25%, Doenjang added with 0.25% S. ja-
ponica; 0.5% Doenjang added with 0.5% S. japonica; 1% Doenjang added with 1% S. japonica; 3% Doenjang added with 3% S. japonica.
*Means with different superscript in the same column are significantly different at P<0.05. *“Means with different superscript in the same

row are significantly different at P<0.05.

o E X224 A4 457 S71sHe,
Basstel, 2 A7 Aol §ARPA ekt o 2 g
o mE AR A AZEA gtk

QMR 95 A0t RES(FSP)S A7t Hxtol &
Zalye 2 SapEolc Y wst

2 lpol A ALy

o] 74t

n

SHFSP A7F 5= Bl &4 717 98 &

Eoul= 4
Holet.
o] & ZejulE ek 54 A9 FSPu| A7 v 2%
W a4 7|l Ay §o0H 08 FTkeh= A 08 ek
th & EuE e BE AIRONA %4 837 2|&5to]
S7eFen, 12704 &Z gt Ao s SAEI 05
Z}FSP u] 71 ©4e] 5 Eejule Tk 141.58 mg GAE/g,

Zete o] & gheF H3l= Fig. 1 Y Fig. 20f| L&}
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FSP &7} ©74-2] 7% 133.76-151.32 mg GAE/g.2 0|
uje} g0l el 2ol7k glont, 1 o] 27) stk 44
45 W7 o] T Aolr Uehly] Asgon
FSP 3% 7} ©1%0] 191.96 mg GAE/gO.2 714 52 Ao =
SelE|9ct. o] F 44 8FHENE FSP o] 17} B3} 0.25%,
0.5% 2 1%2] 7} "3ro] 200.55~206.45 mg GAE/g2] ¥
912 o4 Aol7l gl L2 hehten, 3% 7} B0l
22465 mg GAE/gZ 7V =& W3S 71 A0 Salgg)
T}, 24 12500 189.65-220.68 mg GAE/g2] 9|2 051
o} 3| Z7tetglon 3% H7F "Ao] folHo R sp =l
Fon 2guglen, o] Asla tix AREL ol
Q1 Zfol & HolA| ¢¥ektt. Bae et al. (2012)= 4 1140H=
HVe wgo] Bealis ol 44 302AIA Z7181aL of
FHE Zaslh B asto] 2 Aok Aolah ) ek,

djxFe Syt 42 A2 245 o 35k
7%k RS} 2412 /A3 9lekat 5 nEof 9lek(Kim ot al,
2005). wkebA] & AFolA AT FSP 17} 7} ket
of wet & Ee]HlE T AA A STk Ao ® AlRE
o I w5y 2Ae AEA0 BEo] gl e o}
oFst 125 1At} 1 3 phenolic hydroxyl”7|7} &4k} &
A 7152 YAt Gramza et al., 2006, Oh and Kim, 2007).
o] A A B 5 s £42¢ isoflavone HIEA| 7}
B-glucosidaseol| 2]3} glycone2] Fe| = H3}E o] genistein}
daidzein®] gtefo] S715to] ARt E4S Ustli=sle2 &
24 2lth(Kwon and Shon, 2004, Ryu et al., 2007).

HAol & SetE o= ek 21.17-44.5 mg QUE/go.=
Urebsth 0] T Sehi ool & 3HF A HlE St A
g ARko g Uehow i d e s a4 7|t S7kehe o
A ggo] ok = e s eyt F Sehi o= ok
< FSP v 37k | e FSP 7 |7d9] 7ol ¥ &8ke
nj, 224 12720]] FSP 3% 7} ©4ko] 44.5 mg QUE/eO.2 7}
2 =A Jehyt o, 0.5% A7 9 A 44.5 mg QUE/gO & U
U 3 Eo)dls obre] Aakahs o= vebth 882 =
4 71710 Zdol o] wre} & sl o] £71Ehs AR ol

)

o, otz WhE B4 B ol aFeko] WgAt nluEA R A
shel Autolu], FAHo] 4417]1h] THE Zehrico|E ol
2350] TSP LehbA] ks A o] afehiio] ulugA)
2 A8 £} 2e)7] ghitoleka oel 4 QIrHOh etal.
2014). 23y = FSP 37} HAlo| 0] 7t HA R =2 ¢
28 7H A0 Lrebet.

Rt & ChAlOF 2ES(FSP)E F7fet @89
A

ol

eskeh AJolw Akl A1 AA| ollA BAE= E4d A
A~F(reactive oxygen species)of] 2|3t A0 2 B Elo] Qi
(Lee et al., 2003; Chung et al., 2006). o] gt A AbAF 24
of| Ttz B R ol 2] Mtst B0l FAEA 0l I &
& 0] Qlo] B4 AbaF o] A5 A AISH] BhA| 4, o A
B3 A% 5] 4oL okt 4 ITHKim et al, 2012).
wfeA FSP 7} Be] ahatel 4E 02 7158 Btk
a8l Akt S A5k

FSP %7} ®1742] DPPH radical 47 24 274 A= Fig. 3
off Lrebi et #178-9] DPPH radical 227 24> FSP 37} -5
T 9l & 7|7 wheh o)A o = STl eh Al & A% FSP
A7} E149] DPPH radical 24 42 16.09%= FSP %
7} E%(17.54-27.31%) 2} 524 2ol & Bl om, FSP3% 3
7h ol 7V =& A 45 Helth <4 855 EDPPH
radical ~7A o] F Z0 2 Aol oLt FSP ] H7F |
A3t 0.25 9 0.5%9] A7t ko] zfol7} nju]gh A0 =& vet
o, 1%k 3% H7F @2 foH o g & 2jolg HY
t}. %4 1230 .=DPPH radical 27 &/Jo] 8¢} v waj =
A B7H5H) o A0 ekt 7 w8 44 BHE B
ol A& 4] 1259 FSP 3% A7} E 0.2 52.61%= &Rl 5]
%At} Oh et al. (2014)0f] oJ5}H, thA|n} F2529] 7Fo] wt
2t DPPH radical 271 80| 2|4 0 2 o} gitet 530
2 0= Huglom, o]z & A At GA| FARRE AL
2 Uepd,

FSP 7} ©42] ABTS radical &7 &4 54 A3= Fig.

o

Table 8. Sensory characteristics of Doenjang added fermented Saccharina japonica extract

Sensory attribute

Treatment' (%)

Color Flavor Tasty Delicate taste Total acceptance
Control 2.60+£1.35° 3.15+1.35%® 3.35£1.392 2.1541.422 3.15£1.692
0.25 2.85+1.092 3.05+1.28% 2.85+1.232 2.65+1.42% 2.55£0.942
0.5 3.45+1.322 3.25¢1.21° 2.65+1.092 2.7541.07% 3.05£1.102
1 3.45£1.192 3.5041.40° 2.55+1.502 3.3041.22 3.10+1.292
3 3.00+1.722 2.30+1.422 3.35+1.572 3.85+1.57¢ 3.06+1.702

'Control, Doenjang added with 0% S. japonica; 0.25%, Doenjang added with 0.25% S. japonica; 0.5% Doenjang added with 0.5% S. ja-
ponica; 1% Doenjang added with 1% S. japonica; 3% Doenjang added with 3% S. japonica. “*Means with different superscript in the same

column are significantly different at P<0.05.
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Al w2 AT S Al 259} 1273 </ H 22 vl
WS} om, AR A= Table 89] .

EAO] ofpmficil £AAT, & fefobr| it e &4
717to] Z1ghol| mhet F7hek A 0 2 vElyit FSPu| 37

Fo] A9, A= 2% 870.63 mg/100 g& 2 713 e o)

249913, 3% F7} B4 1237.53 mg/100 g & kol
QIt}. 12 224 T FSP 0] 17} BA-2 2785.64 mg/100 g,
3% M7} F4-E 2937.24 mg/100 g 0.2 & G-2]ofu| AL 3
o] Z7Fsk 710 2 Bl w3t} Chang et al. (2010)0] &J5HH 4
171710] A3l ek Az BAe] Seloful Al ghepo] A
A0 2 F7hgh BIsh glof B A7 Ak 44 A
o2 Uehylth B o4 A2E e gelohueato 2
NH3, glutamic acid, urea, citrulline, leucine, lysines= 2.2 &
olEl o, &4 123F0f= glutamic acid, citrulline, leucine,
urea, lysine, aspartic acid <=2 2 H} 21t} Shin et al. (2008)
of oJshH HAFe] 9 ofn|le AL 2 glutamic acid, arginine,
leucine, isoleucineS H.113}9=d|, & A LoA AEE Se)
ofu| it Shdah= Zpo] 7} Gl Ao & Uyt

HA] frejotm|ieAl S| 54 717tol ThE AlolE HA|
=] urea, aspartic acid, glutamic acid, citrulline, leucine, ly-
sineo| %4717+ 52t 100 mg/100 g o) S715t Aoz 29l
EUek 21 2] gt Bt A2l glutamic acid @] ko]
Az 2350 Ao vlsf| 3-4uf 5751 2, aspartic acid g
o ]| thek 7falo] Hgo] Bu]S Saal WHE Hlo B
S}, ko 2 Eiape] gke falofulidlol ofs) 295
<l e 95, 54 25 W &4 7|3kl whet 2ol 7k e 4= 9l
t}. aspartic acid, cystine, glutamic acid= H74-9] 1423} gH-S-
Y= AR o2 o5 o, leucine} isoleucineS £ Hhof &

N A Bo] 1 S5dt, T
!

_,d
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o
ot
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7Pt Bl v 9 487

&S = 4= okal A FH o (No etal., 2008). & ¢l Aol u}
29, 54717 9 AHES] A7t el ek 374 fejot
eAbo] HAe] Fulof 2A Y¢S & Ao wHnh
y-Amino butyric acid (GABA)+= A A of] 3£ E| o] Q1= H]
chillel o leqke] AFolH F= THAIE A A AE=2
2 57l 57, Bt A g ok i 37 A5 o
&St A EAdE 7HA AL Q= AR BaE il §lth(Narayan
and Nair., 1990, Omori et al., 1987). FSP 3% %7} ©14-2] 4

Table 9. Changes of free amino acids of Doenjang added ferment-
ed Saccharina japonica extract.

(mg/100 g)
. . 0% Doenjang’ 3% Doenjang?
Amino acid

Oweek 12week 0 week 12 week

Phosphoserine 932 11.65 11.38  13.12
Phospho ethanolamin 0.00 0.00 0.00 1842
Urea 8544 191.65 98.99 205.77
Aspartic acid 42,69 174.40 55.23 195.89
Threonine 19.83 8347 2345 80.00
Serine 32.02 134.84 33.66 127.28
Glutamic acid 88.39 35559 11497 348.61
a-Amino adipic acid 9.08 30.20 8.63 24.64
Glycine 2147 67.10 2245 69.51
Alanine 42.66 131.06 50.87 122.90
Cystine 76.33 243.79 7541 194.20
Valine 25.03 119.36 26.06 116.61
Cystathionine 0.00 18.51 0.00 0.00
Methionine 714  29.83 530 2417
Isoleucine 2797 113.59 28.76 108.53
Leusine 52.01 206.46 54.74 193.81
Tyrosine 34.88 129.88 3342 115.03
Phenylalanine 4478 150.74 4491 141.09
B-alanine 452 2.18 4.69 2.57
B-amino isobutyric acid  10.72  13.79 1.21  10.09
y-aminobutyric acid 4.08 2.80 300.03 297.55
Ethanol amine 2.34 3.65 2.53 3.34
Ornithine 18.49 63.88 19.95 6237
Lysine 51.68 182.04 56.04 163.49
Histidine 8.88 57.10 1157 49.89
Anserine 9.63 9.73 8.85 5.45
Arginine 10.64 1.82 8.31 0.48
Prorine 28.71 114.59 31.98 107.37
Total 768.73 2643.7 1133.39 2802.18

0% Doenjang , Doenjang added with 0% S. japonica. *3% Doen-
Jjang, Doenjang added with 3% S. japonica.
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© GABA o] 297.55-300.03 mg/100 g ©.& FSP 1] ¥7}
H(2.80-4.08 mg/100 g)o] H]3 9 2 FE 7HA= 2
© & vhebyie} Jung etal. (1994)2] B 1of oJaha 14 44
9| GABA 33§0] 43.8 mg/100 g of ul3} & A4 4|2
3 B th 2 $E02 PEH L,

oloh o] EAe] Fuloh WA EAL 44 Foll AR @
WY R A ol iite] FEAOR Holstng
(Kim JK., 2004) A2 £1349] §-elob] it Fape] F74= 1
A} Ef0] BEI U G2 Fold A 0.2 ke of ek w3k
71%54 2749 GABA §ao] 53] & 7)%sA4lo] 74ote =
% o] 7Hs @ A0 AbREL,
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B Lo A AFRE FSP A7F B 9l 24 7)71hd
s AAF A= Table. 90f R It} 5 B7H= 58 A=
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o, ok, Rk ok, AR 7] S s sk
Hs B7t 2 AmEE, o] 49 FSP 0.5 Y 1.0% A7t
l40] 3457 0.2 7P 7] Uept o m, 3% 7} EA-S FSP
o] o 2 7| F ol S 1A= Aoz TekEr) F o4
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o] FSPY] & 7}o) oJalo] ure] M=7} oAl AL ek 2= 919
n} AAH 7)1 3= 2,553,158 2] W9 Uehton, g%
z}ow Qe Aoz ek,
Aol M= FSPE ol-g3t —‘?-7}7PXI7P T A X H—J 7N
nﬂg— okl &

o o

(

¢

o1 1m0 4 Aol ol
BE 4 29 A7t ol ket Z7kstol 448 wEA A
A0 Uehgteh & thlubrt ek gl e el o
2 s ol 218 ¢ g, Sk WA o
uh 2 EES WO R e SRS Wl

401 G 74 20 R § eloblieAle] THRe F71o13LS
% %1—_/,: 31 1:]- o]a—]zﬂ— 7:13_1]f': }_OL~H A=A [q1 FSPE 7<47]_61—o
2 Fge) T gk STMIA BeHoRE S5
A¥8} 7154 0] 74 shel B A 8 4 9k Ao Al T,
AL AL

o,

Z-$3p
References

Ahn SC and Bog HJ. 2007. Consumption pattern and sensory
evaluation of traditional Doenjang and commercial Doen-
jang. J Korean Soc Food Cult 22, 633-6443.

AOAC. 2005. Official methods of analysis. 18th ed. Association
of official analytical chemists, Washington D.C., U.S.A.
Bae JO, Lee KJ, Park JS, and Choi DS. 2012. Preperation of
sweet potato Doenjang using colored sweet potato. J Korean
Soc Food Sci Nutr 25, 529-537. https://doi.org/10.9799/ks-

fan.2012.25.3.529.

Chang M, Kim IC and Chang HC. 2010. Effect of solar salt
on the quality characteristics of Doenjang. J Korean
Soc Food Sci Nutr 39, 116-124. https://doi.org/10.3746/
jkfn.2010.39.1.116.

Choi JH, Rhim CH, Kim JY, Yang JS, Choi JS and Byun DS.
1986. Basic studies in the development of diet for the treat-
ment of obesity. 1. The inhibitory effect of alginic acid as a
dietary fiber on obesity. Fish Aquat Sci 19, 485-492.

Chung HY, Sung B, Jung KJ, Zou Y and Yu BP. 2006. The
molecular inflammatory process in aging. Antioxid Redox
Sign 8, 572-581. http://dx.doi.org/10.1089/ars.2006.8.572.

Colliec S, Fischer AM, Tapon-Bretaudiere H, Boisson C, Du-
rand P and Jozefonvicz. 1991. Anticoagulant properties of
a fucoidan fraction. Thromb Res 64, 143-147. https://doi.
org/10.1016/0049-3848(91)90114-C.

Ferial HB, Mostafai E, Corinne S and Catherine BV. 2000. Re-
lationship between sulfate goups and biological activities of
fucans. Thromb Res 100, 453-459. https://doi.org/10.1016/
S0049-3848(00)00338-8.

Gramza A, Khokhar S, Yoko S, Swiglo AG, Hes M and Korczak
J. 2006. Antioxidant activity of tea extracts in lipids and cor-
relation with polyphenol content. Eur J Lipid Sci Technol
108, 351-362. https://doi.org/10.1002/¢j1t.200500330.

Gutfinger T. 1981. Polyphenols in olive oil. ] Am Oil Chem Soc
58, 966-968. https://doi.org/10.1007/BF02659771.

Hiroyuki N, Hideomi A, Koichi A and Kazutosi N. 1990. Anti-
tumor activity of marine algae. Hydrobiologia 204, 577-584.

Hong HJ and Rhee HS. 1994. Characteristics of bitter peptides
from Doenjang. Kor J Food Cook Sci 10, 45-50.

Jo SJ, Hong CO, Yang SY, Choi KK, Kim HK, Yang H and
Lee KW. 2011. Changes in contents of y-aminobutyric Acid
(GABA) and isoflavones in traditional Korean Doenjang by
ripening periods. J Korean Soc Food Sci Nutr 40, 557-564.
https://doi.org/10.3746/jkfn.2011.40.4.557.

Jun HI and Song GS. 2012. Quality characteristics of Doenjang
added with Yam (Dioscorea batatas). J Agric Life Sci 43,
54-58.

Jung BM and Roh SB. 2004. Physicochemical quality com-
parison of commercial Doenjang and traditional green tea
Doenjang. J Korean Soc Food Sci Nutr 33,132-139.

Jung SW, Kwon DJ, Koo MS and Kim YS. 1994. Quality char-



Ak W ThAI} B

acteristics and acceptance for Doenjang prepared with rice.
Appl Biol Chem 37, 266-271.

Kim EJ, Choi JY, Yu MR, Kim MY, Lee SH and Lee BH. 2012.
Total polyphenols, total flavonoid contents, and antioxidant
activity of Korean natural and medicinal plants. Korean J
Food Sci Technol 44, 337-342. http://dx.doi.org/10.9721/
KJFSP2012.44.3.337.

Kim JK. 2004. Changes of components affecting organoleptic
quality during the ripening of traditional Korean soybean
paste. ] Food Hyg Saf 19, 31-37.

Kim S, Woo S, Yun H, Yum S, Choi E, Do JR, Jo JH, Kim D,
Lee S and Lee TK. 2005. Total phenolic contents and bio-
logical activities of Korean seaweed extracts. Food Sci Bio-
technol 14, 798-802.

Kim SH, Park HY and Park WK. 1988. Determination and
physical properties of dietary fiber in seaweed products. J
Korean Soc Food Sci Nutr 17, 320-325.

Ku KH, Park KM, Kim HJ, Kim YS and Koo MS. 2014. Qual-
ity characteristics of Doenjang by aging period. J Korean
Soc Food Sci Nutr 43, 720-728. https://doi.org/10.3746/
jkfn.2014.43.5.720.

Kwon SH and Shon MY. 2004. Antioxidant and anticarcinogen-
ic effects of rraditional Doenjang during maturation periods.
Korean J Food Preserv 11, 461-467.

Lee BK, Jang YS, Yi SY, Chung KS and Choi SY. 1997. Im-
munomodulators extracted from Korean-style fermented
soybean paste and their function: 1. Isolation of B cell mi-
togen from Korean-style fermented soybean paste. Korean J
Immunol 19, 559-569.

Lee IK and Kim JG. 2002. Effects of dietary supplementation of
Korean soybean paste (Doen-jang) on the lipid metabolism
in rats fed a high fat and/or a high cholesterol diet. J Kor
Public Health Assoc 28, 282-305.

Lee JH and Sung NJ. 1983. The content of minerals in algae. J
Korean Soc Food Sci Nutr 9, 51-58.

Lee JH, Kim MH, Im SS, Kim SH and Kim GE. 1994. Antioxi-
dative materials in domestic Meju and Doenjang: 3. Sepa-
ration of hydrophilic brown pigment and their antioxidant
activity. J Korean Soc Food Sci Nutr 23, 604-613.

Lee SH, Hong LJ, Park HG, Ju SS and Kim GT. 2003. Function-
al characteristics from the barley leaves and its antioxidant
mixture - Study on the nitrite scavenging effect -. Appl Biol
Chem 46, 333-337.

Lim SY, Rhee SH and Park KY. 2004. Inhibitory Effect of
methanol extract of Doenjang on growth and DNA synthe-
sis of human cancer cells. J Korean Soc Food Sci Nutr 33,
936-940.

MFDS (Ministry of Food and Drug Safety). 2016. Health Func-
tion food functional materials recognition status. MFDS,
Osong, Korea.

Moreno MIN, Isla MI, Sanpietro AR and Vattuone MA. 2000.
Comparison of the free radical scavenging activity of propo-

Z]

p=4

77 ARl nA = 9% 489

lis from several region of argentina. J Enthnopharmacol 71,
109-114. https://doi.org/10.1016/S0378-8741(99)00189-0.

NAPQMS (National Agricultural Products Quality Manage-
ment Service). 2016. Traditional food standards codex. Min-
istry of Agriculture and Forestry, Sejong, Korea.

Narayan YS and Nair PM. 1990. Metabolism, enzymology
and possible roles of y-aminobutyrate in higher plants.
Phytochemistry 29, 367-375. https://doi.org/10.1016/0031-
9422(90)85081-P,

Nishino T, Aizu Y and Nagumo T. 1991. The relationship be-
tween the molecular weight and the anticoagulant activity
of two types of fucan sulfates from the brown seaweed Eck-
lonia kurom. Agric Biol Chem 55, 791-797. https://doi.org/1
0.1080/00021369.1991.10870645.

No JD, Choi SY and Lee SJ. 2008. Quality characteristics of
soybean pastes (Doenjang) prepared using different types of
microorganisms and mixing ratios. Korean J Food Cook Sci
24,243-250.

Oh HJ and Kim CS. 2007. Antioxidant and nitrite scavenging
ability of fermented soybean foods (Chungkukjang, Doen-
Jjang). J Korean Soc Food Sci Nutr 36, 1503-1510. https://
doi.org/10.3746/jkfn.2007.36.12.1503.

OhJY, Kim YS and Shin DH. 2002. Changes in physicochemi-
cal characteristics of low-salted Kochujang with natural pre-
servatives during fermentation. Korean J Food Sci Technol
34, 835-841.

Oh SI, Sung JM and Lee KJ. 2014. Physicochemical char-
acteristics and antioxidative effects of barley soybean
paste (Doenjang) containing Kelp extracts. J Korean Soc
Food Sci Nutr 43, 1843-1851. https://doi.org/10.3746/
jkfn.2014.43.12.1843.

Oh SJ, Lee HJ, Lee SJ, Chung SH and Sung NJ. 2014. Evalua-
tion of quality characteristics and antioxidant activities from
Deonjang repemed for 30 years. ] Agri Life Sci 48, 253-271.
https://doi.org/10.14397/jals.201.48.4.253.

Omori MT, Tano J, Okamoto T, Tsushida T and Higuchi MM.
1987. Effect of anaerobically treated tea (Gabaron tea) on
blood pressure of spontaneously hypertensive rats. Food Sci
Ind 28, 39-42.

Park HS. 1987. Studies on Korean Doenjang manufacture with
Rhizopus oligosporus. Master's thesis, Sookmyung Women
University, Seoul, Korea.

Park JH, Kang KC, Baek SB, Lee YH and Rhee KS. 1991. Sep-
aration of antioxidant compounds from edible marine algae.
Korean J Food Sci Technol 23, 256-261.

Park KY, Hwang KM, Jung KO and Lee KB. 2002. Studies on
the standardization of Doenjang (Korean soybean paste) 1.
Standardization of manufacturing method of Doenjang by
literatures. J Korean Soc Food Sci Nutr 31, 343-350.

Park SE, Seo SH, Yoo SA, Na CS and Son HS. 2016. Qual-
ity characteristics of Doenjang prepared with fermented
Hwangchil (Dendropanax morbifera) extract. J Korean



490 Aeler - 7]

Soc Food Sci Nutr 45, 372-379. https://doi.org/10.3746/
jkfn.2016.45.3.372.

Park, SK, Seo KI, Choi SH, Moon JS and Lee YH. 2000a. Qual-
ity assessment of commercial Doenjang prepared by tradi-
tional method. J Korean Soc Food Sci Nutr 29, 211-217.

Park SK, Seo KI, Shon MY, Moon JS and Lee YH. 2000b. Qual-
ity characteristics of home-made Doenjang, a traditional
Korean soybean paste. Korean J Soc Food Sci 16, 121-127.

Park SY, Lim HK, Park SK and Cho MJ. 2012. Quality and
preference changes red sea cucumber (stichopus japonicas)
kimchi during storage period. J Appl Biol Chem 55, 135-
140. https://dx.doi.org/10.3839/jabc.2011.071.

Pellefrini N, Re R, Yang M and Rice-Evans C. 1999. Screening
of dietary carotenoids and carotenoid-rich fruit extracts for
antioxidant activities applying 2,2’-azinobis (3-ethylbenzo-
thiaz-oline-6-sulfonic acid) radical cation decolorization as-
say. Meth Enzymol 299, 379-389.

Peterson G and Barnes S. 1991. Genistein inhibition of the
growth of human breast cancer cells: independence from
estrogen receptors and the multi-drug resistance gene.
Biochem Biophys Res Commun 179, 661-667. https://doi.
org/10.1016/0006-291X(91)91423-A.

Pratt DE and Birac PM. 1979. Source of antioxidant activity of
soybeans and products. J Food Sci 44, 1720-1722.

Ryu BM, Sugiyama K, Kim JS, Park MH and Moon GS. 2007.
Studies on physiological and functional properties of Susi-
jang, fermented soybean paste. J Korean Soc Food Sci Nutr
36, 137-142. https://doi.org/10.3746/jkfn.2007.36.2.137.

Senba Y, Nishishita T, Saito K, Yoshioka H and Yoshioka H.
1999. Stopped-flow and spectrophotometric study on radi-
cal scavenging by tea catechins and model compounds.
Chem Pharm Bull 47, 1369-1374. https://doi.org/10.1248/
cpb.47.1369.

Shim JM, Lee KW, Kim HJ and Kim JH. 2016. Proteases and
antioxidant activities of Doenjang, prepared with different
types of salts, during fermentation. Microbiol Biotechnol
Lett 44, 303-310.

Shin AG, Lee YK, Jung YK and Kim SD. 2008. Quality and
storage characteristics of low salted onion and five cereals-
doenjang. Korean J Food Preserv 15, 174-184.

Shin DH, Kim DH, Choi U, Lim MS and An EY. 1997. Physico-
chemical characteristics of traditional Kochujang prepared
with various raw materials. Korean J Food Sci Technol 29,
907-912.

Shin JH, Choi DJ and Kwen OC. 2008. Quality characteristics
of Doenjang prepared with Yuza Juice. Korean J Food Cook
Sci 24, 198-205.

Song HS, Lee KT and Kang OJ. 2006. Effects of extraction
method on the carnosine, protein, and iron contents of eel
(Anguilla japonica) extracts. Fish Aquat Sci 39, 384-390.
https://doi.org/10.5657/kfas.2006.39.5.384.

Tashiro T. 1983. Analysis of nucleic acid related substances of

dried purple laver. Bull Japan Soc Sci Fish 49, 1121-1125.
Usui T, Asari K and Mizuno T. 1980. Isolation of highly puri-
fied “fucoidan” from Eisenia bicyclis and its anticoagulant
and antitumor activities. Agric Biol Chem 44, 1965-1970.
https://doi.org/10.1271/bbb1961.44.1965.



