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Saccharina japonica is a type of seaweed rich in dietary fiber, iodine, calcium, and selenium. We investigated the
quality characteristics and antioxidant activities of gruel made with S. japonica powder, and identified the best
ratio of powder to gruel to maximize its health effects. The gruel was prepared with rice, glutinous rice, GABA
(y-aminobutyric acid)-enriched sea tangle fermented in lactic acid (0.3%), and various amounts (0-10% gruel vol-
ume) of S. japonica powder. The pH, color, viscosity, spreadability, antioxidant activities, and sensory evaluation of
the gruel were investigated. Spreadability and pH decreased, whereas viscosity and antioxidant activities increased,
with increasing powder content. In addition, color lightness decreased significantly, whereas redness and yellowness
increased. In sensory tests, color, aroma, and texture were rated highest for gruel with 5% powder. On the other hand,
flavor and overall acceptability were considered optimal in gruel with 7% powder.
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2016). thA|uk(Sea tangle Saccharina japonica)= ©}A ot st
oA ol #ixsh= ARAET F thAnkte] Lo, -2t

= UAAZ 20| At 4| F-20] Igsh vhfe), 7hEst ko] o= ol otol wol AAlskaL k. = of thAjuk Al
2 A (well-being) F-All o whe} chefet Aejghd& 7Hd sAt AFEEL. 1980 of] 940E0] 4] 2016\ ol i= 414,605 E-2 AYAkst
2 9 Sy E 52 o] 83k AZ AT o] 7}A] A 11 Jch(Statistics Korea, 2017). YRFA S 2 thAJok= A A

ZIfebol| Tt A7) Ebs] MsY% 3 QJek(Kim and Kwak, u] A 8el olu]=Ak(glutamic acid, aspartic acid)¥} Z-&, UHE
2011; Kwon and Youn, 2012; Park et al., 2015). &3], |+ 1} 2, e nlalg S A1A19) e tiAtel Holsls 7] A o]
o170 ol whet s EANE Y S 9 eFAlo] Bolsf TR gz AF o gl A St Fo] Bito| A= et
A ot 2R 7 At 2 A7 715484 sto] AlAe] A wolsal, ol Ee] v FXIeh, oL
= 7ol hrs] X)L Qi A= A FollA e sz A, sWA), S, Aol aaprt 9l Wk ohy et
T vt AgkollA 75000F0] AAlskar glom, 1% 30 A FAE AL, k35 dWshs ATAlEe R

S AR AH|EA, A% H7HeolU AR 52 U= 71 & 5] o] 9l th(Baek, 2007; Kim et al., 2011). thA|a}ol] T
2 o]g3ta Qi) B 2 FE thlst S A B AS v FUHATFRE TAF G220 w2 A S 7HKim
TR Gl A o' gl o] A1E, S W o|okRo] A etal., 2011), ChAJa} o] et o] ddat A 25t 9
NS 2Ieh 483 A F shE 7] Qltk(Lee et al., AksE f 47 o] 1] 2]+ 93K(Cho and Bang, 2004), G-AMES
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ChAju} BFE Z0] ¢h3-8 Bl &4(Kang et al., 2010)
5ol Bl Fo| Qe thAnkE o83t 7Hg-Al ol ek At
SIS et v 9 ohA e e ake] £ 9 ket &
A(Kwon and Youn, 2012), ThA|u} E2k-8- H7)s 7] 52k0] &
Z5/4J(Choi et al,, 2011), Aw|e} TAMEELE] H7bpEs
ol S o] F2AEA(Lee and Lee, 2016) 0] o™,
+ AR RE AN B8 E 59l GABAS FE5t= 1A
7o) 7N E| o] o] & S8t 7 7154 Al A Y A H
AZo] FkslA 23 =1z 9lth(Lee, 2013; Ryu et al., 2016).

Fo|gh YubH o 8 R5o 55 6-7Tol7 e Bl e FoA
TE=YARA A AL =go] 9P S| =71A] 29 gt
£ =4 A o] S4lo]thJune et al., 1998). & - 4-3}5}
7] 51 W 23 A1 7] el w7 ofl Fgo] §laL, R =9
A7tol| whet g, A, vlewl, 714 5 9
T 5 e 54 7HAAL Qdek(Lee, 2013). 2 oFRl A,
QIA] frobal 9 Sxjpa| 0 7 S r Tt =om 53] 7hH Ao
87} S STkl Qlo] oY FR70] Fol HdE o] FxH
ojuf HlE2E A1EZ =02 A|9kE] 1 §JtHZhang et al., 2002;
Lee, 2013). oA @At o19] 72l gt BAilo] S =L,
HHSHA 9 4= oA FFA Q] SHoA 43He §olst
I Az E opoFstA U T = Q= S22 7 7 Aol 2 4
Zolg} & 4= QJuh(Park et al., 2003; Kim and Kwak, 2011). wh
2hA] 2 Ao A= s 2 th R SRSkl WYY S U o
4beh 3t o] L3k 7154 AL ohAek B 37t
ek =2 Jdstar o] o] FAEA 9 A} A S BA5ke]
FerAom Lt U7 & N E oA vk =57
ofl 7]o5kaLA} st
= o
A=

B oALo| A AN8-St thAluk(Saccharina japonica, Wando,
Korea)= 5 w-AF 7)) Aol A 20154 Al A% thAut
£ YA, SARFE AT -2 (utiHto] @ 2 A
2~(Gijang, Korea) = F-H A|gito} ARE-33ITh = A 25 913t
A= QL A, A, HA| S-8-E W 9 g 52 S AR A

A WP urE A st ARSI oM, 718 iE Ao

43 EFAk A8

L T

CAloF 225 F7fet 59 Mz

A A A% thAElE Ba)7](Hanil FM700SS, Seoul, Ko-
rea)= w4|$F ¥, 40 mesh A& o]-§3to] 1LE 7|2 FH]st
R, S EA] SE-E WS ARSHTE S = B2 Lo
P2 $59-El |72 Wil 57 2B 2ol T g
AABAL, FARPEECAAE B2 6 g (0.3%)S Eol ofsh &
2 5E7FE HojA] F2h]EH ) & Al 2E 5 2100 2) 3
3] AL Aol A 3087 FAEE &7 A3} = 500 mLE

A - ozl - A

A7 o] g8f 2t A@ A Rubtt 22 2708 x]of ARE-
SEATh A, A g g

aff thaat o] AAstelt. &, 3 aa o] vlE-2 80:20
B ASRIL, ThAut 7 b A W] F S T
0%, 3.0%, 5.0%, 7.0%, 10.0%= 33Tt 22 HH(100 g), S5
(600 mL) 9! AAJ=Fe] thAju} BE-E Win|of Wil FEoA 3
B YREFA 02 & A O HA 7FEsHTE o]ofA Fo] Fo
EA YEE FA 07 A OHA TR Y 7FEsto] A 25kt
o

Hako] AUk RO AOACH(AOAC, 1990)0] uwhet
TS 105T AP 2®, 2R Soxhlet =51, 23]
Bo 5S0T A43IBhE 0 2 B Ashgich ZEEL Kieldahl
WS NS Rl SAkell gt fmyol 2N, 24HR=
Henneberg stogmann® 2] 7ol whel Haksisic). eheat
= TS AP T &, B, A, AR o
2 W gho 2 Urhjglch BE BALL 33] vhE Z45ke] B
Zro. Uepit,
pH &H

chAlu} 28 7heE o] pHi A|R 15 g3 574 100mL
£ Y 4]7|(Magic MCH-308, Tongyang/Magic, Korea)o| ¥ ¢
287 SIS 3057 R0 A AT F A% 0] pHE pH
meter (SevenCompact™pH/lonmeter S220, Mettler Toledo,
Greifensee, Switzerland)E ARE-5l0] 33] WhHE A 5lo] o
gho ey et

Mz =7

ot

e

7k A7) A= MAA (JC801, Color Techno System Co.,
Ltd., Tokyo, Japan)E A8-3}0] L (), a (AM ) 9 b (3]
B)aS S Aslerh AR § 3% wastel 25 5 1 Wt
= UEHH ST 578 Al ARE-SE 355 Wi A ik Calibration plate)
L L7k0] 96.5, a7k -0.13, b7k -0.050] Tt
AE 2%

9] A == Brookfiled viscometer (DV-2, Middleboro, MA,
USA)Z A& 200 mLE 250 mL H]o]# o] Y o] spindle No.6
2 Ageto] SH4E 60 pmoll 4 24elsitt. 7 AlRe] L5
= 60T 2 FA3kL HEA 9] spindle 6027+ 2F5-A171 &
3] 9hE S sto] Ptk o 2 UEh ot
o
29| WAL line spread test B (Park et al., 2009) 0.2 =
Atieh. 00 o) AR 35 g& Folkel 2ejlEls (IS
40 mm X 3£°] 30 mm)°]l i, 15| At F H5-S 501 &
212 W0) W T, 42ele] W ZolE Aol B

s,



Total polyphenol &&f % &itst 2ty =9

o

CRAJT} 2540 gofl 80% ol EHe- 360 mLE: 715lo] 25°C oA 24
A7+ 5t shaking incubator (120 rpm)fl A 525 3t the U4
£21(3,000 rpm, 15 min)3 7 45013 5|55}k 0] 45
& 550 80mLE 113} 55 al0] chAlo) %] 28 Al
= Ag3tet.

% polyphenol g=F =72 Shetty 5(Shetty et al., 1995)2]
ol ko] 35ttt 2 55 1 mLoj| 95% oflgh2- &
N mLI} 254 5mLE 9o] £33 2 1 N Folin-Ciocalteu
reagent (Sigma-Aldrich Co., St. Louis, USA) 0.5 mLE Y115
B2 9ES A7k ©719] 5% Na,CO, §4 | mLS 7k 5 ¢
2204 TAIZE 5%F REGAIZD 3 725 nmof| A 35 S5}
k. o EEHFFAL REEAR gallic acidE AHE-51o]
FUSHPHOR 45 B2 FHO2RE % polyphenol 3
2Fo 2 FHlelgr).

ABTS [2,2"-azino-bis(3-ethylbenzothiazoline-6-sulfonic acid)
diammonium salt, Sigma-Aldrich Co.]radical &7 5-2>ABTS*
radical decolorization assay (Re et al., 1999) ¥ 0] 835
o] Z213}%tt 7.4 mM2] ABTS%} 2.6 mM potassium persul-
fateE E9}oto] A2 ofavof A 24417 57t WA| 5} radical
& A7 ThS A1F Z 7ol ABTS £ 734 nmoll 4 5%
=7} 1.000 £ 0.030 (mean + SD)7} & =& phosphate-buffered
saline (pH 7.4)C.= 3lA4sto] ARESIRILh 55 50 uloj
ABTS ) 950 uLE H7ksto] kol A] 10871 Wg-A17] ¥
734 nmol| A T EE &AJ51o] A4, ABTS' radical scav-
enging ability(%)=[(Control ,,- Sample.,,)/Control_,,] X 100
of ofstel EL AESHgict:

DPPH radical 2424 2] 72 Blois (1958)2] ®H-& ¥
ko] A3kt olekgol §3141%1 0.4 mM DPPH (w.o-
diphenyl-B-picrylhydrazyl, Sigma-Aldrich Co.) £ 1.5 mL
o Zr &% 1.5 mLE Y1 £35t0] 37004 3027wk
2171 % 516 nmol A S 24510 #4L4], DPPH radical
)/Contrl,, ] < 100

734]

scavenging ability (%0)=[(Contrl, _-Sample
of &Jsto] B2 ArEskAATh

HsdAt

517 517

Table 1. Proximate composition of sea tangle Saccharina japonica

X 8 Fast A 709

St L ehgo] HEA) B QIokS W F 7 EE AALE AN
skolth. 713 AR B7FHE-2 A(color), WA (aroma), B
(flavor), 22 ZH(texture), AHF2] Q1 7] 5 = (overall acceptance)
o]aL, Z} g0 tsle] 94 713 % 2 % (hedonic scale)= H7}
shlth 7125 F7F Al 138 tieks] JrkolA 94 thds] &
7 M HolshE S a9t

Sz

A3 A= SPSS 12.0 package program (SPSS Inc., Chi-
cago, IL, USA)2.& 5 %|2| stof 33] 43t ¢ro] Hat +
FEHAR YRR SUT ZF A= 7He] 7o) A7 ARHEA]
(ANOVA)Z 3t & P<0.05 4=&°] 4] Duncan’s multiple range
testo]l whet £A510] A2 7} 3024 Ho| S AF3I AT

Aol A AR ThAITE] NP 4] 2= Table 1
3} ek thAJuke] 2ESRERS 6.29+0.01%, £3]E-2 21.61
+0.03%, AL 16.77+0.30%, ZA-2 4.26 +0.22%,
ERRFHEEL- 51.06+0.47%, 2AF+= 4.18+£0.20%= UERG
ok 7184 At A ohajuke] B H A e 24
(Choi et al., 2008)°]] ¥Rt Aol A LAt ThA[uRe] URHY
A5t A3l ESRES 10.21%, 2322 21.10%, 25
25%, ZAE 0.53%, T3 60.91% Sitt. ©f
A Aute] 23% FFS AA oUW, 21, 2
A Y ghepolE ol A A o Ao e
SIE AT} o]9F 22 ARbgR 9 ok Afol= thAlmt
7] B 715 230 upet A A2 o) Aol 7} i Ayst

flo e

o Y i X o
o
~J

-

A lo oy 1% e 12 Mo

paLI)
lo
1
oZ
N
i
o

u]

F

M1

CEAIOF 3710l 2 =2l pH et

ChAJo 2 371t 59] pHE 5743 2k Table 29]
ERfSich 2t 240 M= Al 23 9] pHE S4T A3t thAup
S H7IBHA] o2 5(S10)2] pH7F 7452 7MY 2 A2
2 btk gh ol ThAE S 3% 71 S(ST1) 9] pH=
7.20, 5% A7F5E 2(S12)2] pH= 6.88, 7% A7F3t 2(S13)2)
pH= 6.74, 10% H7Fet 5(S14)©] pH= 6.66 25 ThAJu} 22
O] J7hego] S7VEE 5o pHYH ks S Halom,
2} 7V bl oA AfolS LERHTH(P<0.05). & A 2
e o IRt dERese Az 9 FE54 A (Lee
etal, 2016) % o) 2U-E 7ot Sofl B3t AH(Lee et al,,

HI
If
i

Sample Moisture Ash

Crude protein

Crude lipid Carbohydrate Crude fiber

Saccharina Japonica 6.29+0.01" 21.61+0.03

16.77+0.30

4.26x0.22 51.06x0.47 4.18+0.20

Value are mean+SD (n=3).
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Table 2. pH of the gruel with different concentration of sea tangle
Saccharina japonica

Sample’ pH

SJo 7.45%0.0422°
SJ1 7.200.05°
SJ2 6.88+0.01°
SJ3 6.74+0.00¢
SJ4 6.66+0.01°

1SJO, Gruel added with 0% S. japonica; SJ1, Gruel added with
3.0% S. japonica; SJ2, Gruel added with 5.0% S. japonica; SJ3,
Gruel added with 7.0% S. japonica; SJ4, Gruel added with 10% S.
Japonica. * Value are meantSD (n=3). *Means with different let-
ters in a column are significantly different at P<0.05 by Duncan's
multiple range test.

2010)914 £ 3 el 22| Hrhgo] F7184% Zo| pHrt
TSk Zatsh dAstsinh
CHAIDH 22 2720l T2 0| M #3

ChAoF BS 3718 9] M 54 ATH= Table 30 U
Rl ity s Uehll= SEkel A9 SJ02 65.67, ST
55.79, SJ2= 49.690] 11, SJ31= 47.55, SJ4= 4546 O THA]
np Bik H7keke] S7kshAA frold o askylal, 7F 3
7Fg Zboll fro14] Aol & UeRHTH(P<0.05). A =5 LEh
aghZ thAlak s H7ksHA] 982 %(8J0)o] -0.12% 7}
orot, SJ1S -2.82, SI2%= -2.58, SI3-2 -2.300] 1L, SJ4
212 thA|uf 29 X 7heEo] F7tol| whE A A == ThA|nt
o] o] STl whet HArA oz Fbshe A EA
o}, 3 P =S e = bk thAnE Bs H7EskA] o
2 2(SJ0)0] 13.71 2 714 W3kaL, 10% chA uf Eake: 2713t
Z5(SJ4)°] 263622 71 =Qkh. ThAlup 2 7kl U
$E FY HAE gl e = FIsEaL, 7 7 7ol #
ofA 2ol 5 HATHP<0.05). o]2|7t k= o A7Ist 9%
AR e Az W FAEA A(Lee etal., 2016)0]4] & &

Hi

N

Az e o rlr

il

Table 3. Hunter’s color value of the gruel with different concentra-
tion of sea tangle Saccharina japonica

Hunter Value

A - olujal - AR -

wo] £7134% WE L3ko] 74011 HAE agha} GHE b
W STt At A ate dx|skieh B3t Fo M=
o] T5, AF 9 2% Foll 9ste] & FS etk Aol
ol AdS Bl BarE o] QIti(Park and Cho, 2009; Jeong,
2012). 2 AF Av= 22790 thAlubof= chlorophyll A &
C, B-carotene ¥ fucoxanthin 5 o2} AA50] - F o] §lof
742 2] A chalote] 4 So] §5E]0] Zo| At tha of
A e o Az,

CtAloF 2HE2 &oist Ho| M ¥ HEM

ChAlUE 23S F7IRE 29 M= 54 Z3H= Table 4] 1
EFH QAT SRS 37EsHA] 982 25(SJ0)9] == 2,805 cp
2 7P wken, 10% thalrt e H7keE 5(S14)9] He
= 8,428 cpE 7HE wUTh M AF A} ohAnk 2e] 47t
Fol S7HdrE £ Hewe HAA ez FrhskAL, thAlut
A 7EE 2ol 11214 Aol & HATH(P<0.05). o] 2|7k & ¢
T Aih= 2 2EE H7EeE S(Leeetal, 2010), F= H7ERE
S E |5 (Lee et al., 2016) 9 F-of -2 715 5(Kim
and Cho, 2008)¥} o] Az o] H7ko| S7Fes =7t
HRA o7 F7Vel= A dAskieh o= 9§64 &
3 TEY JR=7), 1Y E I, =ML £ 25 5
osf JFe wron, e a3 154 SR A Y &
o H7 =kt wiigtalo] ofsto] Fafe e Ao ® A A Stk
(June et al., 1998). & A3 o] Au}e} o] thA|u} 22 471
S7Hl whE $9 HE F7h= thAlvke] & Yl 522 57t

o5 TekEch

ChAJuE 22 71 %0 334 A 2H= Table 40f LEf
AT ThAJUE 2 H7FsHA] 952 S5(SJ0)9] 3 3/4d2- 8.41
em= 7P 4L, 10% ThAUF 22 3719 <5(SJ4) <] 313
8% 6.34 cm= 7P A LRt ohAek 2 gk 5
7FeE ol Hy Aol fofAlor Fastglon, 7 Hrk
7ol §-014 z}o] S B ¢ rh(P<0.05). Kim et al. (2004)-2 23
SollA A7EE 7] S7F 9] YA o] ARA
felolgkal Huskgl on, Lee et al. (2016)9] £ 713k 3

jat)

Table 4. Viscosity and spreadability of the gruel with different con-
centration of sea tangle Saccharina japonica

Sample’ - - —

L a b Sample’ Viscosity (cp) Spreadability (cm)
SJO 5.67+0.00223  -0.12+0.00° 13.71£0.00¢ SJO 2805.33+236.00°23 8.41+0.19%2
SJ1 55.79+1.24> -2.82+0.10¢ 23.5510.43¢ SJ1 4794.33+233.20¢ 8.0410.072
SJ2 49.69+0.04° -2.58+0.00° 24.73+0.01° SJ2 5938.66+129.40° 7.04+0.47°
SJ3 47.55+0.11¢ -2.30+0.01® 24.77+0.06° SJ3 7561.00+452.60° 6.70+0.43
SJ4 45.46+0.03° -2.2140.00° 26.36+0.022 SJ4 8428.00+180.752 6.3440.07°

Refer to Table 2. ?Values are mean+SD (n=3). *Means with dif-
ferent letters in a column are significantly different at P<0.05 by
Duncan's multiple range test.

Refer to Table 2. ?Values are mean+SD (n=3). *Means with dif-
ferent letters in a column are significantly different at P<0.05 by
Duncan's multiple range test.



A|up=9] 22 EA] W AMSL g3t -

AR RS W3 AT Ao A= E EEE] kel St
S5 w0l gadhs B3 Hol 2 AY Ayt dAst
L A0z gholx|girt. 12ju} Zhang et al. (2002)2] &1Lo]| 4]
BEe] A7keke] S71 5 w0l S7tsk ik Aok A
o5 Bt ol M7F A= el 54 Atoletal Az h

-

CAlOF 22 HI7IeF 52 & polyphenol &2t &

iR

ChAlu 28-S 3 7FeE 59 - polyphenol 93 ARG
= Table 5 9F k. chAul Bire] HrheEs dejate] Al
3} 29| Z polyphenol 32 SJ0, 3.27; SJ1, 3.65; SJ2, 3.99;
SJ3, 5.52; SJ4, 5.88 mg/100 g2 A ThA|u} Hak Hrek
o] S7F&= & polyphenol 3Fo] o402 ZF7skoict
(P<0.05). Oh et al.(2014)2] thA|u} =55 AH71et He|e4
o] Auka EA 3} akst gato] st Lol A ThAlut X7
o] W45 F polyphenol o] F716k= A aFa Hel 4+
Aib= 2 AN Autel dXsh= A o &2 1w it theFsl 4]
& 4 o272 Salkst EAdol ek Aol A Hl=shEe] 3
gk AR 2o et A o] EjlE o] w2 AFAE|
H =3l 5512 Qlth(Liu et al., 2000; Tedesco et al.,
2000; Kim et al., 2006; 2012a). £3| 3[|2F+= polyphenolZ
= A Edo] b T E o Qlo] 7t Ak S 7t
231 gkl B %o QJtHKim et al., 2012b).

ChAl £ho] H7FRRS et 52 ABTS gft]zd 24
/3 9 DPPH 2}t]Zh 2A2/d& 5743 A7}+= Table 59 1
ERi ATt ThAluE S H7EsE S59] ABTS' 2ht]zr A2

of glo] ERAlu} BERE A7HSA ke Z(SI0)S 24.38%z 7
A SISEAL, 10% ThAlmh R2HS Bk S(SH)IAE 54.25%

2 78 = et ohAmE o) v STk E &
o] ABTS" ehe] 2 2 A2 WA 0 2 Z7}ehe, chAjo}
Bk 71k 7ol 9914 Apo]E 2. ri(P<0.05). Kwon and
Youn (2012)°] F=ZH-& Delgt v 9 oA AL &
A A kst 4ol 3t Aol A G =T oA uE T A
2l 2QF S vhAIrF RS ABTS 2]z 22A 242 of
98%= 2 AY Avtiot =2 gr|d AASYS Bt o]
FrE o Afol= 27 FF, M, FEEY FEYY 5
of oJ3t ABTS" eht]zh 2724 o] 2o = At

ChAlal 292 71gE 59 DPPH 2|z A2 thA
uh e A7FHA] o2 S(8J0)°] 24.24 %= 7MY W2 gt
S YERY L, chAluf 22835, 7 2 10% 71k 2] 24
2 7}+7} 31.03, 32.85, 42.27 X 45.89%0 & thA|n} Eo] A
712k 7ho] ) Afo] 2 LERHCHP<0.05). ol 2fgt 2 ¢ 2
FH=Kim et al., (2011)0] B3 chA|np 4S50 AR U
AR & S of] et A Auket Zo] Mgt thA|uh E e
7} EoHdE DPPH etz A2 o] F7tel= At o
A8ttt ket 8442 a1 =72 polyphenol et WAt
TA7E Qlom, Az o] wheh w2 to| 7} Sl A 02 U
A ek dRbA o g si2fo] dx o AR A
Z, 452 9 1Yz £ 0 & gl /o] =4 Yehdtt
1L B3 o] QIe(Kim et al., 2004; Choi et al., 2008). ©]A4+2]
A= E F polyphenol 3Hga} FHitelsihs A= At
A7F Jlow kel 8 S HEdtEel der B

¢

Table 5. Antioxidant activities of the gruel with different concentration of sea tangle Saccharina japonica

Sample’ Total polyphenol contents(mg/100g)  ABTS* radical scavenging ctivity (%) DPPH radical scavenging activity (%)
SJO 3.27+0.05¢%23 24.38+4.40° 24.24+1.00¢
SJ1 3.65+0.09¢ 27.91+1.71° 31.03+1.24¢
SJ2 3.9910.14¢ 33.56+1.04° 32.85+1.81°¢
SJ3 5.52+0.19° 53.55+1.702 42.27+1.40°
SJ4 5.88+0.062 54.25+0.372 45.89+2.10°

Refer to Table 2. 2Values are mean+SD (n=3). *Means with different letters in a column are significantly different at P<0.05 by Duncan's

multiple range test.

Table 6. Sensory preference of the gruel with different concentration of sea tangle Saccharina japonica

Sample’ Color Aroma Flavor Texture Overall acceptability
SJO 6.1342.282023 6.13+1.812 5.2612.42 6.20+1.74 6.26+1.982
SJ1 4.73£2.21° 4.33+1.88° 4.13+1.92¢ 5.93+1.68 4.13+1.92°
SJ2 6.4012.422 6.20£2.132 6.13+2.56% 6.80+£1.93 6.334£1.952
SJ3 5.0042.25 5.1342.28% 6.93+1.722 6.06+2.11 6.60+£1.732
SJ4 4.93+2.14bc 4.06+2.04° 4.00+2.57¢ 5.80+1.97 4.26+2.42°

IRefer to Table 2. ?Values are mean+SD (n=20). Means with different letters in a column are significantly different at P<0.05 by Duncan's

multiple range test.



712 ole1z] - 7

e

gk vt glo] Fof| thAlnt HES A7 & A dAksksol &
712 4 & AL 2 AZHETHGheldof and Engeseth, 2002;
Kim et al., 2012).
ChAlof 222 &7kt 29 7|3 Fot

ChAJuE Bho] 7S dejgh 0] #5475 % AA 4
<= Table 63 e}, thA[wpE2] A (Color)ofl thgt 7] &= A
A} 3% thAlup Bake H7Eek 2(SI)2 4.732 7P Wk,
5% TRAIUF BS H71EE 3(S12)0] 6,402 ThE FEo] 7}
wof| Hlel oA o R =2 7|T =5 YR YIth(P<0.05). Tk
Aluk=o] s E49] aroma)oll HiFt 7|1 HAF Ao
A= 5% thAEE 28 F7IRE S(S12)2 6.209] TR 3%
2 7% ThAIE S H7ERE S(ST1 E SI3)e]l vl folA L
2 52 71255 YR ATH(P<0.05). thAmkS 2] 2 S+t
O &g tk(flavor) 9] 7] S = 7% ThAIOF BES e =
(S13)0] 6.933k o8 7P A vgtow, thAjut 25 37}
SHA] 2 Z(SJ0) 5.26, 3% ThAIuf Bke 71t Z(SI1)
& 4.13, 5% thAIRF S H7RRE 5(S12) 6.13, 10% THA]
2S5 H71eE 2(S14)S 4.009] I5E7 A4S Aok
Zutg gol thAjul B Hriego] wpE gto] 7|3 %
Alut B3] H7Feko] %7 gl tigh 7|3 %7t =
o] Yept o, 10% thA|uk 28-S H 7 S0l 4]

] 7|5 w7t FoH o Wt 7|5 s YERiT
& = Adeh. =& Fh(texture)] 7| T == ThAOF &
5% A7t 2(SI2)0] 6.800.F 71AF =9k o, 7% THA]
ob 228 H7FE S(SI3)2 6.06, 10% ThAIaF HES d7het
S(SJ4y2 5.80% 0= YERTh ThAuEo] HAHQ] 7| S
(Overall acceptability)2] 73-9-= 7% ThA 0 B2 7ok =
(813)0] 6.602.2 71 7] 3 =7} qkom, thAlnf =S 37}
512 2 %(SJ0)2 6.26, 3% ThA|u} H-& H 715 (ST
4.13, 5% CRA|IF 22 A 7FeE 5(S12)2 6.33, 10% TRA| I £
1S H7Lel 2(SJ4)2 4.26 0 2 HrbE|Q)Th, uhaka] thA|al &
2] 7ol 7% A= ThAlut 9] 7tof| wheh A A A Q1
71357} wotAl= A3 HY o, thAlnE 22 10% X7t
gt FollA= 23] 7|37t BojA|= Ao R HrtEg o,
A& 7Fo] 1014 Zpol & B it o]t 7| 5= Al Atol A
A, BB R Q1 7] 5 el A= Al ZE -9 A A}
olE W o, 2AZe| i3t 7| 5% Aol A= thAuh
O A7t 5= F7toll W2 AlEAE] §-9 4 Q1 Apol= Kol x| ¢F
UATE 7% TRAI RS H 7 Fo] AREA Q] 71 S ol A 4
< B7H= el

2 Aol A= ThATHEE ] H7kES EeEl g thAnkE S A
Zofo] 1 FAEA 9 kst ks SISkt thAlnkE T
& 71740,3,5,7 2 10% 2713t ChA|nf=2] pH 3h-S 7.45-6.66
HI9IE ohAul W7ol S71EE fold o' asteitt
ChAuEES] M5 A5 A AnRED ] Fert S7H

=]
=)
M

o] 7k

N

O

flo

Al
)

ol rir
o,

o

= | = g
il

o sy

A - olujal - AR -

5 Peg YehfE ek a2 o2 7has vk, AAle
S UEh= agtah A =S Yehl= bk 242} thAvhE T
9] ‘sio] Hlgste] Z7tetlct. thAlulE 9] M thAlukE:
o] Hrlefo] S71sEE vt At o &2 Zokeh uhd,
/32 ThAIRE T O] 7hge] vl slo] o)A o' Zhastel
t}. thAlulE2] % polyphenol Eafa} GFAHEIEA(ABTS &
DPPH 2ht]Z 427 E4)2 chajot Bk A 7)eko] whet §-014]
o7 Z7ketlct thAlukE o] Ts AL Axk A, A Bl 22
7He- 5% thAlubEo] 217} 6.40, 6.20, 6.80°0.% 71 =2 7|5
5 B o gtk AREAR] 7] F ol A= 7% thA|ukE ol A
¥716.93, 6.600.2 =2 ATS 1 gIr). o|Aky} o] ThA|ufs
HS A7letel S5 A2 8 49, 29 4 54 9 ks
P Bk ohuet 9] 7] 5% oA Myt o g g
Bl A FRlskleth ol2dt 2 A7 AnE EY R s
£ o] &3t theket 7|5 4S 7HR AAIE i 9 A =19 B
=7

=N
o J

ook

> o
> O

N Tt o

T I%’Q%C’ﬂ gt Q14 7 Adel ol 2 A o2 7| e,
A AL

o] l=fo 2016 TEHIME H<4A1H](16A16537481)
2201749 = FR (SR Y02 ST A o] 1] g
o} =3l 91 7AR QU th(17B17239671).

References

AOAC. 1990. Official Method of Analysis. In: Association
of Official Analytical Chemists, 15th ed. Arlington, VA,
U.S.A., 777-788.

Baek JM. 2007. Present state and prospect in seaweed farm-
ing industry. In: J East Asian Soc Dietary Life 32th Annual
Meeting of the Seaweed and Food. Baek JM, eds. Dankook
University, Yongin, Korea, 15-22.

Blois MS. 1958. Antioxidant determination by the use of a
stable free radical. Nature 181, 1199-1200. http://dx.doi.
org/10.1038/1811199a0.

Cho YJ and Bang MA. 2004. Effects of dietary sea tangle on
blood glucose, lipid and glutathione enzymes in streptozoto-
cin-induced diabetic rats. Korean J Food Culture 19, 419-
428.

Choi HM, Sim CH, Shin TS, Bing DJ and Chun SS. 2011. Qual-
ity characteristics of Kimbugak with sea tangle powder. Ko-
rean J Food & Nutr 24, 434-441. http://dx.doi.org/10.9799/
ksfan.2011.24.3.434.

Choi JS, Shin SH, Ha YM, Kim YC, Kim TB, Park SM, Choi
IS, Song HJ and Choi YJ. 2008. Mineral contents and physi-
ological activities of dried sea tangle (Laminaria japonica)
collected from gijang and wando in Korea. J Life Sci 18,
474-481. http://dx.doi.org/10.5352/JL.S.2008.18.4.474.

Gheldof N and Engeseth NJ. 2002. Antioxidants capacity of
honeys from various flora sources based on the determina-



A|up=9] 22 EA] W AMSL g3t A

tion of oxygen radical absorbance capacity and inhibition of
vitro lipoprotein oxidation in human serum samples. J Agric
Food Chem 50, 3050-3055.

Jeong ES. 2012. Quality characteristics of white bread added
with hizikia hydrolysate and effect of its lipid metabolism
in rats. Ph.D. Thesis, Chonnam National University, Yeosu,
Korea.

June JH, Yoon JY and Kim HS. 1998. A study on the develop-
ment of 'Hodojook'. Korean J Dietary Culture 13, 509-518.

Kang YM, Lee BJ and Kim JS. 2010. Alcohol metabolizing ac-
tivity of fermented sea tangle juice. Korean J Fish Aquat Sci
43, 1-5. http://dx.doi.org/10.5657/kfas.2010.43.1.001.

Kim BM, Jun JY, Park YB and Jeong IH. 2006. Antioxidative
activity of methanolic extracts from seaweeds. J Korean Soc
Food Sci Nutr 35, 1097-1101. http://dx.doi.org/10.3746/
jkfn.2006.35.8.1097.

Kim JM, Suh DS, Kim YS and Kim KO. 2004. Physical and
sensory properties of rice gruels and cakes containing differ-
ent levels of ginkgo nut powder. Korean J Food Sci Technol
36,410-415.

Kim JS and Kwak EJ. 2011. Quality characteristics of gruel with
added yam. Korean J Food Culture 26, 184-189.

Kim JS, Kim JY and Chang YE. 2012a. Physiological activi-
ties of saccharified cherry tomato gruel containing different
levels of cherry tomato puree. Korean J Food Cook Sci 28,
773-779. http://dx.doi.org/10.9724/kfcs.2012.28.6.773.

Kim JW, Kwon YR and Youn KS. 2012b. Quality characteristics
and antioxidant properties in spray-dried and freeze-dried
powder prepared with powdered seaweed extracts. Korean
J Food Sci Technol 44, 716-721. http://dx.doi.org/10.9721/
KJFST.2012.44.6.716.

Kim KH and Cho HS. 2008. The physicochemical and sen-
sory characteristics of jook containing different levels of
skate(Raja kenojei) flour. J East Asian Soc Dietary Life 18,
207-213.

Kim Y, Kang CO, Kim MH, Cha WS and Shin HJ. 2011. Con-
tents of water extract for Laminaria japonica and its anti-
oxidant activity. KSBB Journal 26, 112-118. http://dx.doi.
org/10.7841/ksbb;j.2011.26.2.112.

Kwon YR and Youn KS. 2012. Quality and antioxidant charac-
teristics of granule tea prepared with sea tangle (Laminaria
japonica) and sea mustard (Undaria pinnatifida) powder as
affected by extraction method. Korean J Food Preserv 19,
525-531. http://dx.doi.org/10.11002/kjfp.2012.19.4.525.

Lee BJ. 2013. Development of functional food using fermented
marine organism. Food Indust Nutrition 18, 8-12.

Lee JM, Kim JA. 2004. The change of biologically functional
compounds and antioxidant activities in hizikia fusiformis
with drying methods. Korean J Food Culture 19, 200-208.

Lee MK, Choi SH, Lim HS and Ahn JS. 2010. Quality charac-
teristics of jook prepared with green laver powder. Korean J
Food Cook Sci 26, 552-558.

Lee MW and Lee IS. 2016. Quality characteristics of jeungpyun
prepared with brown rice and sea tangle powder. Korean
J Food Cook Sci 32, 178-187. http://dx.doi.org/10.9724/
kfcs.2016.32.2.178.

Lee YJ, Lim SY, Kim WS and Kim YT. 2016. Processing and
quality characteristics of glutinous barley gruel containing
Hizikia fusiformis. Korean J Fish Aquat Sci 49, 310-316.
http://dx.doi.org/10.5657/KFAS.2016.0310.

Liu Z, Ma LP, Zhou B, Yang L and Liu ZL. 2000. Antioxida-
tive effects of green tea polyphenols on free radical initi-
ated and photosensitized peroxidation of human low density
lipoprotein. Chem Phys Lipids 106, 53-63. http:/dx.doi.
org/10.1016/S0009-3084(00)00133-X.

Park BH and Cho HS. 2009. Quality characteristics of jook pre-
pared with lotus root powder. Family Enviro Res 47, 79-85.

Park BH, Cho HS, Jeon ER and Kim SD. 2009. Quality char-
acteristics of jook prepared with lotus leaf powder. Korean J
Food Cook Sci 25, 55-61.

Park BH, Ko GM and Jeon ER. 2015. Quality characteristics
of jook prepared with hericium erinaceum powder. Ko-
rean J Food Culture 30, 227-232. http://dx.doi.org/10.7318/
kjfc/2015.30.2.227.

Park JL, Kim JM and Kim JG. 2003. A study on the optimum ra-
tio of the ingredients in preparation of black sesame gruels.
Korean J Food Cook Sci 19, 685-693.

ReR, Pellegrini N, Proteggente A, Pannala A, Yang M and Rice-
Evans C. 1999. Antioxidant activity applying an improved
ABTS radical cation decolorization assay. Free Radic
Biol Med 26, 1231-1237. https://doi.org/10.1016/S0891-
5849(98)00315-3.

Ryu JK, Jo YH, Chang SJ and Lee BJ. 2016. Memory-improv-
ing effects of fermented sea tangle saccharina japonica in
normal mice. Korean J Fish Aquat Sci 49, 131-136. http://
dx.doi.org/10.5657/KFAS.2016.0131.

Shetty K, Curtis OF, Levin RE, Witkowsky R and Ang V. 1995.
Prevention of vitrification aociated with in vitro shoot cul-
ture of oregano. (Origanum vulgare) by pseudomonas spp. J
Plant Physiol 147, 447-451. https://doi.org/10.1016/S0176-
1617(11)82181-4.

Statistics Korea.2017. Fishery Production Survey. Retrieved from
http://kosis.kr/statHtml/statHtml.do?orgld=101&tblld=
DT 1EW0004&vw_cd=MT_ ZTITLE&list id=F37
&seqNo=&lang mode=ko&language=kor&obj var id=
&itm_id=&conn_path=E1&path on Feb 18, 2017.

Tedesco I, Russo M, Russo P, lacomino G, Russo GL, Carraturo
A, Faruolo C, Moio L and Palumbo R. 2000. Antioxidant
effect of red wine polyphenols on red blood cells. J Nutr
Biochem 11, 114-119. http://dx.doi.org/10.1016/S0955-
2863(99)00080-7.

Zhang X, Lee FZ, Kum JS and Eun JB. 2002. The effect of pro-
cessing condition on physicochemical characteristics in pine
nut gruel. Korean J Food Sci Technol 34, 225-231.



