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Characteristics of Seasoning Soy Sauce with Added Saccharina japonica
Powder Fermented by Lactic Acid Bacteria

In-Seon Lee and Ho-Su Song'*

Department of Culinary Art Graduate School of Tourism, Youngsan University, Busan 48051, Korea
'Department of Western Cuisine, Youngsan University, Busan 48051, Korea

This study investigated changes in the quality and antioxidant activity of soy sauce with added Saccharina japonica
powder (FSP). Soy sauce was prepared with acid-hydrolyzed soy sauce, brewed soy sauce, honey, ginger, garlic,
dried red pepper, y-aminobutyric acid (GABA)-enriched sea tangle fermented in lactic acid, and 1% or 3% S. ja-
ponica powder by soy sauce volume. The color, pH, microbiology, amino nitrogen, free amino acids, antioxidant
activity, and sensory qualities of the soy sauce were evaluated. There were no significant differences in the general
characteristics or antioxidant activity. However, the addition of FSP to the soy sauce enhanced the delicate flavor.
Furthermore, soy sauce containing FSP had higher levels of GABA (50 mg/100 mL), a biofunctional ingredient.
Therefore, the development of seasoning soy sauce with enhanced functionality seems possible.
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2HES] Blo] FHistHA AZAES
2A] gkt A EAEol| thgh TAlo] soFA] AL QItHRyu et
al,, 2018). 3H=19] AFLFAE 52 shtel 72 4l
5 UE AF R F& FURE ARESto] Alxshs 2u]4]
Foltt. 1YL ofu|ieAte] Jr4el g, f-Ede] Tk, 5714k
O Aluk T1E] a1 A o] Ato] o] -] A 7] ukE Yo (Jang et
al., 2003), W& 72 thFst gt A=) A A L &
¢+ &37} 9)+= peptide  isoflavone 5 &2 #= sHetEat 1t
3| =21-8-9] methionine (Kataoka, 2005) 2 EwW A3} o} 2
8} 7hA19] lecithin (Oke et al., 2010)3} 22 o2 7|54
EAES Tk 9lo], 249 &u] A3HE oyt 7|54 &
A2 0] &g 7sAd o] BarE o] QIt(Kim et al., 2008). 3}-A] 1k
2ol tigl At 15, B Sk 2 ohE A e v
ato] W] oko wolu], A 749 At Ed = 2000 ©]

A7 A B AR 3% el gl vl
W EAAAS 913 A7 FA0I9L1, 20009 ol Fol 1%
o] 27 7154 Zol] that <1, 1g0] A A, thopat 2
A AEAEE 913 @771 A= GEKOh et al, 2012). E
3, ol 130 o) L 4 5 A FAPY L 4F =
2] 410 01§ 7R3t A2 2|7V AE Aol chat B
o] Fobx| 31 o0, Wig ule] eJsh £YLY, 7154 2
A B AVE RS 913 371, P, A 59 olgo] A
T 5I9T(Won et al. 2012), 71’54 7P S 913 o84
B 358 U7H0ge] g AL WanE} 9o k(Oh etal.
2012), ool ¥}, Zeulae] 8o F-g5He 7] 4o] meld

CHA|UK(Saccharina japonica)w 2350l &8l 272 A
o] An] R0l FFEKglutamic acid) & ofA1} 2 E Ak(as-
partic acid) 5 theFo] ofn] Ak $RG-5kL Qlo] of| HEE o
et AR 2 ARG o] gk, 3, ekl © v, S35
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A7} A= AL )2 (Lee et al., 2010a; 2010b), AkF gF
T A RS EL 71 5A% 7168 UE 1 Al &
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E Lo A AT afE A b BAF 7| R A
A 20179 7134 12 thAule 113k, 9AkE Bha o)
Alu} Eid(Fermented Saccharina japonica powder, FSP)-2 5
4k 717toll $1XIRE Embdnto] @ L2 A 2o A - Lactobacil-
lus brevis BJ20 (L. brevis BJ20)& ©]-8-5Fo] thA|uK81.7%),
iR A B( AR EZN 2%, ARG 1%)T AT o
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AAF OkE thA|oE £4)) 7] (Hanil FM700SS, Seoul, Korea) =
EH3E 540 mesh A Z o] §5o] 112 27| 2 FuId &, of
TR AR TIPS b TP AR 7HRS 50:500
MR 42 The, A% 200 mL, A9 200 g W B9 60 mL2
H7rek 3 A7 30 g, 1= 40 g, 55 10g, vHE 115 50 g &
W31 3087 OFFRA] Rol Aol 3, okio] X 3087 &
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Zn|7+4H2] pH= pH meter (HM 30P, DKK-TOA, Tokyo,
Japan) £ ©]-&-5to] Skt B HAE B i=A|(Refrac-
tometer RX-500, ATAGO Co., Tokyo, Japan) & A8-35}0] =
At AR = AR 5 mLE $574: 50 mLE 3]4/5ko] al
Hk 51 % 0.1 N NaOH= pH 8.30] & wj71%] 7}5}o] 4 Q% oF
S lactic acid &EF 0 2 ZAIERS 2459 ]

=
Aol o ool Ta Bt £F

Zu|7He] Al¢] sheke. Mohr(Oh et al., 2002)& AR8-3}0]
AT 20 1 mLE SFFE 1004 3]4sto] A2
1

3
ofu| -2 4 al2ke §HFL Formol ¥ (Shin et al., 1997)2 A}
BA59ch AR 1 mLoll 574 10 mLE ¥ 0.1 N
NaOH &2 ARg-3to] pH 8.52 =4 &, 20 mL formalin-§-
51 5] 0.1 N NaOH 891 © & pH 8.5% 2 A 5}o] ofu] i

Osaka, Japan)& ©|-8-5}0] Lk(Lightness), agt(Redness) 2 b
Z(Yellowness)S =431t 2T += Park et al. (2017)9]
o] whet 420 nme} 294 nmol|A 9] E3F =S spectropho-
tometer (BioSpec-mini, Shimadzy Corp., Kuoto, Japan)& ©]
golo] ST BYw v &S 2O HE R AT,

2olzPe] vAE BAE diEs, SRS, A 2

I mLE #s}o] Eatd 9mLPBS
(phosphate buffer saline; 0.1 M, pH 7.0)5 o|-8-35}o] 10%] 3]
Ao 2 tAH 3143130 tE YU+ PCA (plate count
agar; Difco Inc., Detroit, MI, USA), -AHt<—= MRS (deMan
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Rogosa Sharpe medium; Difco Inc., Detroit, MI, USA) agar
12 ALSF0] 35+ 1004 24+ 212 jeFakslcy, A
+= 10% tartaric acidE 3 7}slo] pHE 3.52 24 PDA (po-
tato dextrose agar; Difco Inc., MI, USA)E AM-5}o] 25°C of| A]
3-79 F uieksk it th b at = 3M™ Petrifilm™ E. coli/
Coliform Count Plates (3M, Maplewood, MN, USA)E o]-&
stol 24tect.

3 oz ¥ S0/

% 945 -2 Folin-Denis'¥(Shetty et al., 1995)2 5
ool 24 P‘)’iq- Zyzvol zu|7HhS FUst FE2 A3

2 A]& 0.1 mLe]| 1 N Folin & Ciocalteau reagent (Sigma-
Aldrich Co., St. Louis, MO, USA) & 0.5 mL d7}5}aL 429
A 3827 AIAIZD F 7.5% Na,CO, 0.4 mLE 37lsto] o4

of| A 30427F HES-AI T 0] 760 nmol| A S3 =5 S5k
o} Al 29 F )&= 33HE S Gallic acid (Sigma- Aldrich
Co., St. Louis, MO, USA)E EFE2 &2 5lo] A& Ao
= ALk

Z ZtR0o|E $HFS Moreno et al. (2000)2] HHS o
R e sto] AT AR 0.1 mLo] 25403 mL % 5%
NaNO, £ 7} & 5% Z7H 18k 5 10% AIC, 0.03 mLS 7}
ohar 2 &3l 5 Aleof 5EZF ]S 1 3 1 mM NaOH
02mL &7} & & 52—?36 F 510 nmof| A FF=E 545131

ALl

o} A2 9] F Z8kH o] = gF2 Quercetin (Sigma- Aldrich
Co., St. Louis, MO, USA)S ZFE2 2 3l0] A2 HIFAL
2 Al4lseict.

zZ}yzko }_U] 4 A =.9] DPPH radical 2~7-5-2 Senba et al.
(1999)9] S QX HFYPsto] BA59Ich 0.2 mM DPPH
4-l1(2,2"-diphenyl-1-picrylhydrazyl, Sigma- Aldrich Co., St.
Louis, MO, USA)150 uL2} 3] 49K 50 L2 &3}5}o] 304
& 5 2= 517 nmojl A S 6t

ABTS radical 22752 Pellefiini et al. (1999)2] B2 o1

=
HEsto] BA519 T 2.4 mM potassium persulfateS E35}
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+= 7 mM9] 2,2'-azino-bis (3-ethylbenzothiazoline-6-sulphon-
ic acid (ABTS, Sigma- Aldrich Co., St. Louis, MO, USA) &
Alz7t 5 P A 16417 BES-AIZ] T 734 nmojl A S8
7 0.700+0.0050.2 AL} Aol AT AR 20
uLe} B A3 ABTS -89 980 uLS &3 5 oM of| A 6271 vt
A% F 734 nm oA =S S

Az} haE 2017132 20-294]9] Y 207 2] S -
of 5 yAskich 5% e Agstel, 14
OIS U 21 18 31 5, 4 5 9 51 ol $hen
gk o, TR, ATk, 29¢ 2 A7) 7] £

H
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Salotn| At B4

zu|71e] g oAl $HF2 Song et al. (2006)2] WUH

of whg} o] At AE H4 7] (Hitachi Amino Acid Analyzer
L-8900, Hitachi Ltd., Tokyo, Japan)& ©]-8-3}o] 4314t}
0.22 um membrane filter2 o] 7}3+ M-S 20 uL F+YsFF o™,
AZ 32 proline?] 73-5- 570 nm, Th2 o] A0 73-9- 440
nmof| 4] 41513

SAXE

& ol A AARE &
AE BE ZAnie 3

= AT 33] kg AAsiglon, &2

g+ mRAe tehielc 49 Auel
Fod AEE Yl BAHLA(ANNOVA)S AAJEH3 AL o] &
P<0.05 <=%=0l|A] Duncan’s multiple range testS 23§35} ct.
E EA A2 SPSS (v.23.0, SPSS Inc., USA) B4 L2711
He of-gsto] A 25kt

J

FAR s CHAOF FES(FSP)2 &7bet =0I7HY
gl QlHIAMEH I:I=|§|-

H Lol A AFR-3HFSP W WST 7} =of b2 zn|7H4

Table 1. Physicochemical composition of seasoning soy sauce added fermented Saccharina japonica extract

Seasoning soy sauce' Moisture (%) Ash (%) Crude fat (%) Crude protein %) Carbohydrate (%) Total nitrogen (%)
Control 61.16+1.40° 7.20+0.332 0.42+0.122 3.07+0.032 28.14+1.75° 0.54+0.002
FSP 1% 59.55+1.42° 7.51%0.142 0.46+0.092 3.26+0.00° 29.22+1.55% 0.57+0.00°
FSP 3% 59.10+1.85° 7.53+0.29° 0.40+0.092 3.43+0.02¢ 29.53+2.15% 0.60£0.00¢
WST 1% 58.71+1.02° 7.71£0.522 0.50+0.242 3.35+0.01°¢ 29.73+1.43» 0.59£0.00°
WST 3% 54.74+2.842 8.70+0.35° 0.54+0.042 3.5540.02¢ 32.48+3.13° 0.62+0.00°

!Control, regular tasty soy sauce; FSP 1%, seasoning soy sauce with 1% Saccharina japonica powder fermented by lactic acid bacteria; FSP

3%, seasoning soy sauce with 3% Saccharina japonica powder fermented by lactic acid bacteria; WST 1%, seasoning soy sauce with 1%

dried sea tangle water extract; WST 3%, seasoning soy sauce with 3% dried sea tangle water extract. **Means values with different letters

on the column are significantly different at P<0.05.
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ARHgE H3H= Table 1] Urepwle}, 2}2H9] Zmjgbgo] 4=
RS- 54.74-61.16%2] M= =4 = Ik t) 2791 FSP
WST ] 27} 20)|7H39] 45 3ho] 61.16% 2 7HE =7
UrERE O, FSP 371 2m|7bo] 739 v 2+tof] vlsl WA &
AEQ o Fo5t 2fol= Gl A0 R SR1IEGITE WST 37}
ZUIZPRL] - 1% H7F 2uR2 523t 2tol7t ¢lele
U, 3% A7} 207 54.74% 8 Z0] 718o) vl 522 o
= 57 54 =1tk Kim et al. (2017)0f] 2J5hH 2] ' A4
2k Al AN A 7 B A of| A i sheFo] A4l 1o
68.73%, /NeFA] 7H40] 73.33%2 7MekA] 7o) A Vbt
ohal B glon, 2 Ao SAH 2u|7o] R
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Al 7FE R QIR S A4 w2el Ao & dekE T

Zn|7H30] 318 HEL- 7.20-8.70%2] H & vrelyton 4
ek fARR 3o 2 ettt ti 2] v thE HE
Aol 3l ol A SAHE oY Fo3k Aol = gl
© & yepytth. Kim et al. (2017)= Af 4] 7580] 21.51%,
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, 7L 3HF 9A] 0.40-0.54%2 vl 2hQhe), 2k gty
o] AL 3.07-3.55%2] HY= Vebgon, FSP 4 WST 7}
Feof et f9H<l 2olE Het ti21o - 3.07%
&2 71 9 ZA =91, FSP 3% 7H80] 3.43%& 1% 714
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Table 2. Change of pH, acidity and brix contents of seasoning soy
sauce added fermented Saccharina japonica extract

T

Ak, o= thAImzE el Fhpekar A ekl gheko] gk
© 2 AEHC) Kim et al. (2017)2 A4 7Ho] 6.26%, 7H
FA 0] 6.42%= Al W of whE #-2) 2 ¢l Aol F Hoj
A Fokon, Als 7t gk Aol 7k & Aoz HuskGitk3.1
9.92%). ZL A1Z A Apolof mpE dE = Y A
zolof| o]t n]AYEo] A} T1 2 QIjE el 40| Zfo]
o8 \Wuskgleh

Z0|7Ho) ghshE ok o] 73-9-28.14-32.48%2] R 91 = ot
Efgton 277 7P 2 28.14%, WST 3% 7 74|
TP =0 3248%E GoH o7 =2 Ao Ve, U
A A &z0] 72 2Rl Aol 7} gl= A ez S4E Sleh. 21
e & dae s S e 9 Al Agor Fo| o

ol EeEHA fref = o] S7Fsh, 1

ok Sl A

9] F4 AEE AMEEI Qltk(Jang et al., 2003). 20|79
T A T DA 0.54-0.62% = et o Als 7k 2t
SEETEE

= CiAoE 2E=(FSP)E &7Iet 2189l pH,
gr H3t
Aol A A8 FSP 9 WST 37} eof wh2 v|7bg
pH, G 9 Ak MSH= Table 20 LR lck
20|79 pH 9 F At A H 02 2 Aol gls A
2 LR pHE 4.62-4.729] M $) 2 LFERE O FSP 3% 3
7} 9k 74014722 714 27 LreRgeh Kim etal. (1996)2 A
4] A7l pH7E 5.11-6.98 2 Katsto] 2 A o] 2wt
A2 A H APE Ae & Slrk 2] Fake
£ 0.77-0.93%2 LFERg O™ pHOR= th2 A WST 3% 47} 3t
gl 7V 7 S ek, Z2ulie] 49 0.77%3 7t
A A S = e, WST 3% 37F 2ui71o] 0.93%%2 7t
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Table 3. Change of salinity and amino nitrogen contents of season-
ing soy sauce added fermented Saccharina japonica extract

Seasoning soy pH Acidity (%) Brix

Seasoning soy Amino-type nitrogen

Salinity (%)

sauce' sauce' (mg/100g)
Control 4.62+0.022 0.77+0.00*  54.00+2.00° Control 7.56+0.502 355.07+3.98°
FSP 1% 4.66+0.02° 0.83+0.01°  56.00+3.46° FSP 1% 7.83+0.292 381.10+1.25%
FSP 3% 4.72+0.02° 0.82+0.01°  56.00£2.002 FSP 3% 7.63+0.002 395.50+14.14¢b¢
WST 1% 4.6610.04®>  0.88+0.02°  57.33%3.06° WST 1% 7.90£0.292 408.64+22.24¢
WST 3% 4.67+0.01° 0.93+0.03¢  66.00+2.00° WST 3% 8.94+0.28° 371.41+16.15%®

!Control, regular tasty seasoning sauce; FSP 1%, seasoning soy
sauce with 1% Saccharina japonica powder fermented by lactic
acid bacteria; FSP 3%, seasoning soy sauce with 3% Saccharina
Japonica powder fermented by lactic acid bacteria; WST 1%, sea-
soning soy sauce with 1% dried sea tangle water extract; WST
3%, seasoning soy sauce with 3% dried sea tangle water extract.*
‘Means values with different letters on the column are significantly
different at P<0.05.

!Control, regular seasoning soy sauce; FSP 1%, seasoning soy
sauce with 1% Saccharina japonica powder fermented by lactic
acid bacteria; FSP 3%, seasoning soy sauce with 3% Saccharina
Japonica powder fermented by lactic acid bacteria; WST 1%, sea-
soning soy sauce with 1% dried sea tangle water extract; WST
3%, seasoning soy sauce with 3% dried sea tangle water extract. *
‘Means values with different letters on the column are significantly
different at P<0.05.
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FrEasto] obuliARS 4SOl Ure: ] Het,
A5 oh L s o] B 0.2 945tk a
31 GJch(Kim, 2004). £ AF o] 4] AH8-EF 2017 of
4 3k 355.07-408.64 mg/100 g& T2} 7w
355.07 mg/100 g2 =# =] 9l.on, FSP 2 WST A7} 2]
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FSP 7} 20|79 3% zu]7H4ko] 395.50 mg/100 g2 1%
Zv1] 7H4(381.10 mg/100 g)ell vlal| §-28kA) s=gket. T2t
WST 37} 2=u|7H42] 742 3% 271 kel vis) 1% 7 49
opn|ieZaghgo] A UEbt ol WST 7F -9 A%
z0) 714 A% A] o]u] £40] Rl Aukzu7Hgo] e o}
AlUE 7Fsto] Alxgte 24 544717 9 A7) seo uE
ofn| = 4 0] e Sl UELEA] & A 0= AR W, Ko
et al. (2013)2] X a10] oJabH A|gh 7H3k0] ofn| - A A 0] Bk
2-254.98-756.54 mg/100 g2 A Zof| wte} & &8k 2fo] S Lye}
Wi 2 asket

AP W5 CAIDE RES(FSPIZ &K o ZHR)
= 9 ZME s}

TrollAl AHE-RE FSP 9! WST 37} sl o gk 1+
A = = Table 4] e AT 7H-S maillard BF
elanoidine®] A/d &= ZAZL7} o] o= Z &
1 O ™ (Lertsiri et al., 2001), 7F3-2] Al == 71419
of & TS vA= AR Bk o] QIrkKim,
25.13-25.58 M9|2 ZA4=]9lom AR 7k 89
Ao 2 Ut T agtdt bak JA] F22 <l
2ol 7} gl A 0 & vpeldrl, Kim et al. (2017 A2) 4] 713
O] L, a, bgfo] Z+7} 34.03 +2.48, 12.84+3.50, -2.41 +3.789]
I 7R ERA] 7] L, a, bgko] ZH2F 33.27+1.38,14.66 +3.48,
2.28+1.670|2k3 B 1153t} Jeon et al. (2002)2 HE v
T8 A% 7o) Lgto] mom, AEA] vk} JHeFA] b
FE AREoto] A2 7ol aghat bto] ot vl FRet
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Table 4. Color parameters and absorbance at 294 nm and 420 nm of seasoning soy sauce added fermented Saccharina japonica extract

Seasoning soy sauce’ L a b 420 nm 294 nm

Control 25.40+0.46° 0.22+0.01¢ 0.11£0.07° 0.28+0.00° 1.05£0.03%°
FSP 1% 25.45+0.312 0.07+0.01° 0.03+0.07% 0.25+0.002 0.99+0.03=
FSP 3% 25.23+0.60° 0.03+0.02° 0.01£0.032 0.32+0.02° 1.09+0.04°
WST 1% 25.58+0.11° 0.16+0.02¢ -0.01£0.05? 0.24+0.002 0.97+0.032
WST 3% 25.13+0.412 0.01£0.012 0.02+0.04% 0.3240.02° 1.05+0.03%

!Control, regular seasoning soy sauce; FSP 1%, seasoning soy sauce with 1% Saccharina japonica powder fermented by lactic acid bacteria,

FSP 3%, seasoning soy sauce with 3% Saccharina japonica powder fermented by lactic acid bacteria; WST 1%, seasoning soy sauce with

1% dried sea tangle water extract; WST 3%, seasoning soy sauce with 3% dried sea tangle water extract. **Means values with different let-

ters on the column are significantly different at P<0.05.
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dart Agdes FFE g QA S7Reohar B askgla
7 8027 290 nmol A 1.07-1.26.0.8 Z4 €|l on] o] Auj=
£ ATl BYE Skt AR 2L BHeIe 5 Lol

A EE CAOF FE2E2(FSP)E Vet 2Heel 0

B orof A Ag-3H FSP W WST 7} sof wh2 Zo|7hg
o] mAYE ¥5h= Table Sofl YeR Itk thaT9] LRbAlat
L 3.75 log CFU/MLE 714 =7 Yelgta, FSP 1% d7F 7+
2@ WST 1% 7} 7532 2+2F 1,51, 2.29 log CFU/MLE ¢
Bk 2] ZHo]] B3l oF 1-2 log <5< WA vrebgeh FSP 3% %
7F27 2 WST 3% 371 1H89] -9 dnbAllato] A=A ¢
Atk FAktE dubAlateek o] dut 0] 7-4(3.66 log
CFU/mL), FSP 1% 7F3(1.47 log CFU/mL), WST 1% 7H%
(2.36 log CFU/mL)°I A Z1x]o] AxbAlatat 22 ko
Vb T Xt 9 o2 BE Al RO A FEEA] ¢kttt o
2ok Aibe 207 Al Al 7FE 2 o] Qlof o] g el &
o] APEE A o & AetETh E Alato] HEH 2] 4
- 3] AFESHA] 9B ol &S] Qo HEE Ao s o
Fch Ohetal. (1998)9] A-FollA] thAlnf offghE 552

subtilis®} E. coliol] thsto] 3teHgd-& Hehdrhal 1 a1she]
o, Kim et al. (2002)2] A-LollA] = ThAJu} F2E0] F2|+to]
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Table 5. Microbial assay of seasoning soy sauce added fermented
Saccharina japonica extract

) Total Lactic acid unai Coliform
Seasoning soy  bacteria bacteria 9" group
sauce'

log CFU/mL
Control 3.75£0.06  3.66+0.03 ND* ND
FSP 1% 1.4910.14 1.47+0.05 ND ND
FSP 3% ND ND ND ND
WST 1% 2.23+0.06  2.34+0.06 ND ND
WST 3% ND ND ND ND

Control, regular seasoning soy sauce; FSP 1%, seasoning soy
sauce with 1% Saccharina japonica powder fermented by lactic
acid bacteria; FSP 3%, seasoning soy sauce with 3% Saccharina
Japonica powder fermented by lactic acid bacteria; WST 1%, sea-
soning soy sauce with 1% dried sea tangle water extract; WST 3%,
seasoning soy sauce with 3% dried sea tangle water extract. CFU,
colony forming unit. *ND, Not detective.
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Fig. 1. Total phenolic and total flavonoid contents of seasoning soy
sauce added fermented Saccharina japonica extract. Control, regu-
lar seasoning soy sauce; FSP 1%, seasoning soy sauce with 1%
Saccharina japonica powder fermented by lactic acid bacteria; FSP
3%, seasoning soy sauce with 3% Saccharina japonica powder fer-
mented by lactic acid bacteria; WST 1%, seasoning soy sauce with
1% dried sea tangle water extract; WST 3%, seasoning soy sauce
with 3% dried sea tangle water extract. *‘Means values with dif-
ferent letters on the column are significantly different at P<0.05.
GAE, gallic acid equivalent; QUE, quecetin equivalent.
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Fig. 2. DPPH radical scavenging of seasoning soy sauce added
fermented Saccharina japonica extract. Control, regular seasoning
soy sauce; FSP 1%, seasoning soy sauce with 1% Saccharina ja-
ponica powder fermented by lactic acid bacteria; FSP 3%, season-
ing soy sauce with 3% Saccharina japonica powder fermented by
lactic acid bacteria; WST 1%, seasoning soy sauce with 1% dried
sea tangle water extract; WST 3%, seasoning soy sauce with 3%
dried sea tangle water extract. ““Means values with different let-
ters on the column are significantly different at P<0.05. DPPH,
2,2-diphenyl-1-picrylhydra-zyl.

Zu|7H4] Z9) % $Hke 59.27-74.91 mg GAE (gallic acid
equivalent)/g®] H¢l= UERYTE tj279] A9 59.27 mg
GAE/ge 2 714 9 24 % %] .o, FSP 1% 1 3% H7F =

u] 7HAR2 27k 64.78 W 73.88 mg GAE/ge|™, WST 1% %
3% F7F 2u] 782 70.29 4 7491 mg GAE/g_.E FEE
o) 0] nje} §o|H o7 A ZHEY
o W Aol X g Ao L}Ewu} S5 e
E59] W5 RS 243 Lee (2013)= ThAuke] Fu) ¢ ﬂ
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Fig. 3. ABTS radical scavenging of seasoning soy sauce added
fermented Saccharina japonica extract. Control, regular season-
ing soy sauce; FSP 1%, seasoning soy sauce with 1% Saccharina
Japonica powder fermented by lactic acid bacteria; FSP 3%, sea-
soning soy sauce with 3% Saccharina japonica powder fermented
by lactic acid bacteria; WST 1%, seasoning soy sauce with 1%
dried sea tangle water extract; WST 3%, seasoning soy sauce with
3% dried sea tangle water extract. ‘Means values with different
letters on the column are significantly different at P<0.05. ABTS,
2,2'-azino-bis-3-ethylbenzothiazoline-6-sulfonic acid.
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Table 6. Sensory characteristics of seasoning soy sauce added fermented Saccharina japonica extract

Seasoning Sensory attribute

soy sauce' Color Flavor Salty taste Umami  Sweettaste Sourtaste Bitter taste Total acceptance
Control 3.75£1.372  2.70+1.722 2.80+1.64® 2.60+1.312 3.70+1.59° 2.10+1.65° 2.10+£1.332 3.104£1.592
FSP 1% 3.25+1.45% 2.90+0.79° 2.75+1.022 2.85+1.397 3.0541.39% 2.40+1.14%® 2.90+1.12% 3.25+1.022
FSP 3% 3.1041.29 3.35+1.312 3.00+1.218 2.90+1.297 2.80+0.95° 3.40+1.10° 3.50+0.89° 3.45+1.232
WST 1% 2.95+1.572 3.20+1.24° 2.85+1.46° 2.95+1.192 2.40+1.14*> 3.60+0.88° 2.85+1.39% 2.80+1.282
WST 3% 3.30£1.492 3.10+1.68° 3.05+1.70° 3.0541.76% 2.70+1.59% 3.10+1.59 2.90+1.74% 2.65+1.572

!Control, regular seasoning soy sauce; FSP 1%, seasoning soy sauce with 1% Saccharina japonica powder fermented by lactic acid bacteria,

FSP 3%, seasoning soy sauce with 3% Saccharina japonica powder fermented by lactic acid bacteria; WST 1%, seasoning soy sauce with

1% dried sea tangle water extract; WST 3%, seasoning soy sauce with 3% dried sea tangle water extract. “*Means values with different let-

ters on the column are significantly different at P<0.05.
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Table 7. Free amino acids contents of seasoning soy sauce added
fermented Saccharina japonica extract

(mg/100 mL)
) ) Samples’
Amino acids
Control FSP 3%

Phosphoserine 1.8 2.8
Phospho ethanolamin 1.4 15.2
Aspartic acid 24.7 274
Threonine 9.7 9.7
Serine 20.3 19.8
Glutamic acid 137.4 136.7
a-Amino adipic acid 0.9 0.8
Glycine 12.8 12.7
Alanine 18.9 22.7
Citrulline 6.4 0
Valine 14.7 14.8
Methionine 4.4 4.1
Isoleucine 124 12.3
Leucine 28.1 27.8
Tyrosine 8.5 8.1
Phenylalanine 17.7 174
B-alanine 1.6 1.5
-amino isobutyric acid 2.6 3
y-aminobutyric acid 5.7 50
Ornithine 2.8 2.6
Lysine 12.9 12.6
Histidine 3.2 3
Arginine 1.4 10.9
Proline 39.8 39.7
Total 410.1 455.6

!Control, regular seasoning soy sauce; FSP 3%, seasoning soy
sauce with 3% Saccharina japonica powder fermented by lactic
acid bacteria.
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