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The Biofunctional Activities and Shelf-life of Low-salt Squid Sikhae

Won 11 Cho and Sang Moo Kim*
Department of Marine Food Science and Technology, Gangneung-Wonju National University

Abstract Sikhae is a traditional Korean fermented seafood with a 7-10% salt concentration. Consumers have begun to
look for low-salt food because excess salt is known to cause hypertension and gastric cancer. The quality characteristics
of low-salt squid sikhae were investigated at different fermentation temperatures and periods, so as to determine its shelf-
life. The shelf-life of the low-salt (5%) squid sikhae at —1°C based on pH was 142 days. The functional activities of the
ethanol extract of squid sikhae such as its antioxidant activity and inhibitions on a-glucosidase, B-glucuronidase, and
elastase were stronger than those of the water extract. Based on the results of sensory evaluation, the low-salted squid
sikhae was very similar to fermented seafood. In conclusion, low-salt sikhae is commercially viable.

Keywords: fermented seafood, functional activity, shelf-life, sikhae, squid

M B
A= F
sz E}Tﬂ, DHA, EPA 5
2RE 3, Ax, zv], 32 2
ol gHe gtk 2 F Asl=
9] &3S 7hsle] o8l FRFe
AEE T3t SHAFSRE
A= v71*&oﬂ o]gt Foju

S AT oRIES] T8 A5Y F
g °ﬂ°e} 7F 53k (1), o
28 T oE 7 AF AR
5 ‘6‘/] F 48 7-10% WY
IV, Ak T 4 2] R
o2A FHAFS HES s A
e B2 280 Age Znje} %
Ahakg 2 Folth2). SHAITE Alse Uyt
St A= FeA G FEAR
91013% b gaFe FANAE %P %
Eg‘% °A?<1UP o] A7t 2 9l 488 IF
=9 Ago= Ho LEAIRl ALF = Ue AHolth
(3). As7t g e Ao ALFS} Solsh tE He
Foll FFEZE B 98), T4, UE 2 I3 59 FA
E5 o] AT SHAIA AA dEel st Artaslel
4 F vAEY %z‘i Feox =53¢ gu)x
EAoth4). 3L ]
=7] wiol 1

5o el Axeha A

4>

N

2

oL

mlo

>, ME
o 2
2 o o HE

koo
1>

%
O

1'01!
2,

flo

i)
of

*Corresponding author: Sang Moo Kim, Department of Marine
Food Science and Technology, Gangneung-Wonju National Univer-
sity, Gangneung, Gangwon 210-702, Korea

Tel: 82-33-640-2343

Fax: 82-33-640-2882

E-mail: smkim@gwnu.ac.kr

Received September 16, 2011; revised November 30, 2011;
accepted December 14, 2011

61

U A SReNE Be a3t 7 B3 2o A
ol Sof7ke HARSS A dtel, IR ¥ I T
o] o] EAEH ol5e] AL FAsk Hsie] 71
o] FYHU A HfEol FAsH] P Ao v

olel we} FejAel 4 T ArEEQR), eAf el 54 T
i sheb wsks), w7 wE 7] Ao ot
el Wske), 7HAkm Aeliell At A7), A 2] 4
sl ME(8-11) Tl Baseof glovh, 919 7S F2 A

Kol e A7 o],

W e APLEAE o8 dEnE el
AzsE, BE 2w 2 /R te FA5Y, WE A4 2
#8719 4%, A E Rl A5 ool Addel ATl
B 5e BMse] 2 ABAB U Ao AR AT
3} Aol AAY oAl As) At nel UE |EAEE
A3} Fasih

TE %

Mz A AsM=

LAY (Todarodes pacificus, T, “de)ye —25°CE A4H A
acAA et =, A, W, tEE AAS F59E Z 05-
lem HHo2 A3 o8 FJFF FHY 40% = 2 92 7}
20%), L7 7%, FA 5%, vFE 3%, A7 1% 2 ST EHF
1%5 &3 & 9FEEG, 5 2 %)E 2Elsted Hals Axst
ATk A3 Hale ALLE10, 20 2 30°C)0 wet 44717
o sle] wEEldon wg 77+ Eok] TAWMIE =H 3}

= E
ATHO).
QHIME BN
A E-S AOACY] W (12)0] wet B4t 8 4
QrraAzY, 23S AHI Y, ZPHE Micro-Kjeldahl'



6 AR EASEA A 44 AA 15 012)

FALE Soxhletd, sl 7RI E S F, T

BE B wHEG o S 2% 105°CoIA A9 1%
ANA 2 AaEE S FREOR she W, 22 AES
3]shg7]el W3 HF 550-600°Ce] i=ellx 3] BlsAz of

Re "ol FE] FE A= W, 22 Kjeldahl Sek=
3 AEE YW 1, TF, T3} A4 AR I F
< Aahild AT E Fete] e 42 SAse W
W, AL AE5E d5dA YA etherE 7100 Fof s
ARE F7l0) ARAIA 7MEE T FE2ENAM etherS 3TAR]

T O AxEe] FHE ol Al W, esES A
100°ColA oA AugRe] g Fale] e Pow =
Atk

pH

pHE A& 10gS RS SRTE 109 Ak & d4lR
2](10,000xg, 15 min)3t>] pH meter(Istek, Seoul, Korea)Z &7 3}
SATH12).

oo =& A (NH,-N)

ofu] =40 AL Adler-Nissen®] WH(13)0.2 =434t
=, Bl & SHFE A% AR 025 mLet 2mLe] 02125
M sodium phosphate buffer(pH 8.2)2} 0.01% trinitrobenzene sul-
fonic acid(TNBS) 1mLZ ¥ 50904 60%E7F ¥kg & 0N
HCl €9 4mLE H7slo] whe-2 SAAIZ 1027 wyiet 5
o 340 nmelA O.D. &S 5783t LleucineS ©]-&-3t EFF4
NN FEE 3Tt

Atk &, v AR 10 SFF 30mLS 718kal 304

g FdS HHAZ F 100mLE F-E313 FAEE](4,8000xg,

0.45 sylinge filter(Advantec, Tokyo, Japan)Z <3}
gt A S FHRFZ 108] 34 5FATE Conway unit 4ol 3]
Aol 1mL 2 E3} K,CO, 1mL, WAE 001N H,S0, &9
ImLE ZH7b 9l 37°CollA 1A7F ¥hg-3F o WAel Brum-
swisk(0.07% methyl red, 0.03% methylen blue) X|AIFS 129
A7¥8HAL 0.01 N NaOHZ A3t 3 d71d4zde 318
th FAEE AR thal 20% TCA €98 AMgslen, AR 5
o] I HrIHLFE v Aol ot ALttt

B A 71 A2 =0.14x(V,— V) xFxDx 100/S

Vi AlE9] 0.01 N NaOH &-919] 27 4m)e)

Vo 3182 0.01 N NaOH &4 ¢] 27 2|

F: 0.01 N NaOH®] <97}

D: 3]4uj

S: Al&e] ANFF

0.14: 0.01N H,SO, 1 mLdl k= 32 A71dae

4

3
fol
I

N

30 B

F
]

X RS7Ist MY
A 2 {5713k Arrhenius equation(15)S ©]-8-3}
10, 20 & 30°CoIA] amino-N©| 300 mg%7}

z
R
ch

o
ol
20

Wy FHAZRAE 4SS, pHZE 5.00]
5718 2FEsIAT

L e

ae e oo
it

> >

o

to tlo

NN

AN AN

o b

o

A waxos A AE 3,5 3 7% 24 s
:102] M &E Hrtste] A2
Aol 24X7F Feot &3 FEES 941EE](10,000xg, 15

S 55T A AERE S AERdS S8siit

shialEr
DPPH radical 2H&s

2,2-Diphenyl-1-picrylhydrazylDPPH) radical 4~75& Blois 5
ol W6y FAst SAsIT 5, sEER 2AT AR
0.05mLS 0.15mM DPPH €9 02mLE &3] A4 30
E7F 9k-8-3F T2 microplate reader(Biotek, Winooski, VT, USA)
2 515mmelN FHEE 343192 m, DPPH radical &7%S
th2lell olste] Alket

DPPH radical 227]%={C~(S-SB)}/Cx100

C(Control): A& w7}

S(Sample): A= H7H+-

SB(Sample blank): DPPH &3} 732 832 ethanolol] A&
A7

Hydrogen peroxide radical &M1&

Miiller®] HA7) wet S48tk & 0.1 M phosphate
buffer(pH 5.0)° &gt & 0.1 mLe} hydrogen peroxide 0.02

S 96 microwall platedll H7}et & 37004 587 WHE-EIST)
I % 125mM 2,2-azino-bis(3-ethylbenzothiazoline-6-sulfonic acid,
ABTS) 0.03mL%} peroxidase(l unimL) 0.03mLE 3 7}3}
37°Coll Al 1087+ HH8-3 TUhS microplate reader(Biotek)Z 405 nm
oAl THEE =732, hydrogen peroxide radical 427152

[¢)

TR Jstel A
Hydrogen peroxide radical £275={C—(S-SB)}/Cx100

C(Control): A& w7}
S(Sample): A& H7H*
SB(Sample blank): DPPH 843} ZH2 &89 SR AR

A7

Hydroxyl radical 271

Chung &< #H(18)° wat AlF&(18x150 mm)l| 1 mM
FeSO,/EDTA &9, 10 mM 2-deoxyribose 89, A|l&E Z}7} 0.2

£ 7Fete] 37°ColA IAZF WS th 2.8% TCAE 1mL
g 7¥elal WS AAEITE 23 v 1% TBA €9 1mLE
7¥ste] ThAl 100°CE 1025t 7FE s the F938te] 532 nmell
A FFEE =339 Hydroxyl radical 2752 tf2-2lo] £
st Ak

Hydroxyl radical 4~71"5={C—~(S—SB)}/Cx100

C(Control): A& w7}
S(Sample): A& H7H*
SB(Sample blank): DPPH &3} ZH2 &89 SR AR

A7

o-Glucosidase X3lEHM
o-Glucosidase2] #3|&4dS Kim 52 W19

=
T

o2

5o

flllo
AN



©74o] 2jsle] 4571 2 HelE 63
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Fig. 1. Changes in pH of squid sikhae at different fermentation temperatures and periods. (a), 10°C; (b), 20°C; (c), 30°C
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Fig. 2. Changes in Amino-N content of squid sikhae at different fermentation temperatures and periods. (a), 10°C; (b), 20°C; (c), 30°C
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Fig. 3. Changes in VBN content of squid sikhae at different fermentation temperatures and periods. (a), 10°C; (b), 20°C; (c), 30°C
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M= i d71dAe FRE FHoY A dslde o M= ‘@’\ FZ%9 DPPH Xﬁoﬁ% AR EYTE ol o
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F8% F4 AXZ AL U2 (25), olo we} ofw| A A4 FREHt Jdohal Bisglom, ol B dAtola A=zt
FE Ao Ao s AREE &t s 9 QAo Aa| FE2EQ] ksl A 7S Aew F4
9 250 &gk oo} A LrI F FEEEYS AT €}, ole)] wa}, Ala] &vl FEE A AXEA E8e o
A, Adss 3%e 99 st U ol Fairt w2, gt 7hsAde o BEdTrt Hasittar ddE

%Eﬂ Fedrs Tt Hﬂ}_EJ] o] -1°CE SAH=E A Hydrogen peroxide ¥ hydroxyl radical £27&
g3t oo wel #5713 2ESe 32191 Arreniousd] S 28] gull FZE2] hydrogen peroxide & hydroxyl radical 2~
o]&3led aminoNg 7|Fo=2 "‘}O]- Ak A3} 5% FEEe AE2 Table 29} 7t} Hydrogen peroxide ¥ hydroxyl radical-
HFE —1°CollA 53U7F HET Zg HHRAORE A3 BN Follx] WA ol At A Wi 2 2F 4 Alxe
(Table 1), ©]& ¢ Aol 83131t 9 }\P§}0ﬂ 88 AEE sh= Z10F dHA UTK32). 20 mg/
mL F51A hydrogen peroxide 2 hydroxyl radical 22452 Z+
RE7|8 7} 47.94+0.76-78.56+3.42 2 29.64+131-44.61+1.92%°] W=
oeket der 2 24 ofgk o] Asje] Wizt 5 pH Nehe FEE0] W FEERT &4o] =9k, positive control
o] WslEs E"/Hi Arthenius?] ol thiate] 7Hzte] 2ol ojgh

Table 1. The shelf-life of squid sikhae at different fermentation

[SR=A R Ne) 5 A= 1 Q) J o] Z=AlElg A
57125 ALER AAE Table 13 A}, 2 J_TL EJ_‘E‘L'] temperatures calculated using Arrhenius equation
F2pH 5 Ol sh7h =W b et Hao] Frlel e de vAIH .
FEH O] 917] WEA(26), pH 55 7|FOE SEIFS A& Salt ' . Shelf-life (days)
= , . concentration Shelf-life Index
7ﬂﬂr HEE 3% 240 Asll= -1, 4, 10 E 20°Ce] HaxAd (%) -1°C 4°C 10°C 20°C
oAl ZhzE 29, 19, 12 H 64 <L, 5% 2Asl= Zh7 142,

pH (5.0) 29 19 12 6
al ge) 0, = 7}z ) o]
11;432 - o2 °1% - tl 7 ;‘; EH;E:L* 4;5;42102 Z6 > quz 3 Amino-N (300mg%) 55 38 25 13
- 3 l—‘—f —1° R4 7 §_. = "_—\_T —
= Ovm&mr K = ° ~e pH (5.0) 142 71 32 9
Tee 5 Amino-N 300mg%) 53 38 25 13
StALSIEA VBN (40 mg%) 79 50 29 12
DPPH radical 2745 PH(5.0) 4752037616
X) —3H _Q_UH _7"-_%%9] DPPH radical /\74‘_:_ o Table 294_ 7]_]:]‘ 7 Amino-N (300 mg%) 67 46 30 15
VBN (40 mg%) 71 48 31 16

DPPHE -2 AL = H|wE QS free radical®]™ cystein,
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Table 2. Antioxidant activities of the water and ethanol extracts from the squid sikhae

IC,, (mg/mL) Inhibitory activities (%) at 20 mg/mL
Salt . Water extract Ethanol extract Water extract Ethanol extract
Sample  concentration
0,
(%) DPPH Hydrogen DPPH Hydrogen Hydrogen Hydorxyl Hydrogen Hydorxyl
peroxide peroxide peroxide peroxide
3 6.09 12.50 1.66 7.49 - 38.79+2.08 - 29.64+1.31
Sikhae 5 7.34 - 2.31 12.55 68.74+2.83  37.46%1.75 - 33.37+0.58
7 12.19 - 2.68 1517 5741144  44.61+£1.92 - 39.69+2.01
o-Tocopherol® (pg/mL) 19.67 177.29 19.67 177.29 177.29 131.45 177.29 13145

“positive control

Table 3. o-Glucosidase, B-glucuronidase and elastase inhibitory activities of the water and ehanol extracts from the squid sikhae

Inhibitory activities (%) 20 mg/mL

Salt
Sample concentration Water extract Ethanol extract
0,
0) a-Glucosidase  -Glucosidase Elastase o~Glucosidase  B-Glucosidase Elastase
3 12.83+0.38 13.97+0.50 7.2+0.25 38.22+0.93 29.45+0.81 44.74+1.10
Sikhae 5 14.11+0.68 10.76+0.12 12.69+1.42 33.85+0.38 48.47+1.70 31.76+1.13
7 12.52+0.51 14.98+0.74 5.77+0.31 36.27+0.48 33.04+1.31 48.25+1.64
Acabose? (ICs) 3.09 mg/mL - - 3.09 mg/mL - -
“positive control
1 a-tocopherolell Blslel= &do] Wtk Yu (292 WF F ©]3L(36), elastase AENA= W FE= NAdeke 2ES vERA
S=0 PPl B3 AFlN viFas FEE 2 UEA F th Ahn 537 &v AE FEEC] 1mgmLolA 70%9
ZE9] hydrogen peroxide 427152 100°C/mLe] F=oA Ztz} elastase &4 JA| @35 RI3 v} loy o] FXE AvF
60 B 72%°] AAEAES UEMIAT L B, ol £ Ao & I FE5 NS e o] F5 o 3
AT AFET FHojd dES YERSITE £ A= v]Ro] F aEAY] 7S AL JARE Aol W FEEe]
2w el v %59 hydrogen peroxide & hydroxyl radical elastase AL 20 mg/mLe] FEoNA 5.77+0.31-12.69+1.42%
27159 BAo] Wol 7154 AAEY FE JFeAS ta T ©] W elo|a, ethanol FEE-2 31.76+1.13-48.25+1.64%°] W=
oFstrta skt o] LR Yok 7154 SHEE B a2 Fge vv)s

a-Glucosidase Y B-glucuronidase X3sHgM

25| 8u) FEE9] a-glucosidase B B-glucuronidase #3l1 €
£ Table 33 2t} o-Glucosidaser 278 ATAM 2] brush-border
membrane®]] EATE GL8A o|FFU HIFRE BFsiE]
A3l FE7] g A dRE JEERsshe 98 s
o] 348 Asfe BrstE o] & FYES AT + A
g 2 SHHO T o] gHT(33). L3, B-glucuronidase= 7+
ol Al benzo(a)pyrenes] =4 E&°] glucuronic acid conjugate
2 F&3) Ho o= RHE o o] TS B Fof et
AE AT o2 Qlste] S dovty d#A Urk
(34). WA B-glucosidase 2 B-glucuronidase= = 2 i
& o] AuE ARR-EL A 80 FEES] a-glucosidase 2
B-glucuronidase A3 &L 20 mg/mLe] F=oA 7zt 12.52+
0.51-38.22+0.93 2 10.76+0.12-48.47+1.702] BHAZ 50%Z A3l
3= IC,, valuew AMMEA 94tTh Cho 5(35) vzt & F
ZEo] 200°0C/mLAlA 97.4%, ol|§HE FFE©] 200°C/mLoA
84.5%= 3 &S WSl W &AM s = 4 dus
FEE o] Yol 3 gl FEES Y= B Aot
A 7159 AARe] Gl sk BTt Desitiar v

Elastase XslgM
A8 g FEF2E9| elastase A3 TS Table 33 7t}
Elastase= ¥ FFEA40 2 olgh UjolA] 33 w3} dajel ol

thal AgkEn

T4 ¥ f[2(of0) =it

Qo] Aafe] oAt B Fjolr et 242 Table 4
o} Atk 5% 2ol FAotu sk leucine(11.58%), argin-
ine(9.52%), aspartic acid(9.36%), lysine(8.54%) =S 2 grao] &
gkom, ol5 opniit o] HA| opn|it 2] 39.0%F 2h
AT f28] opiAt 244 proline(22.75%), arginine(15.04%),
aspartic acid(12.63%), alanine(7.26%) <O2 o]& olu|izito] A
A ouiat 249 57.68%F TR, ol& Kim 5(9)°]
FEA el ool AdF Aol Harst fejobn| At g
3} fAFSHATH

el opr=Ake AR el 7Y Fash dFS vX=
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=
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L 206%= AA olm|:=ate] 56.3%7) uty AHES] YT
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Table 4. The compositional and free amino acids of the low-
salted squid sikhae

Compomﬂgnal Content (%) Free amino acid Content (%)
amino acid
Glycine 4.78 Glycine 2.81
Alanine 6.73 Alanine 7.26
Serine 6.53 Serine 2.85
Proline 4.66 Proline 22.75
Glutamic acid 1.29 Glutamic acid 4.85
Aspartic acid 9.36 Aspartic acid 12.63
Lysine 8.54 Lysine 3.10
Valine 6.64 Valine 5.58
Methionine 2.96 Methionine 2.50
Leucine 11.58 Leucine 4.77
Phenylalanine 4.79 Phenylalanine 2.74
Arginine 9.52 Arginine 15.04
Histidine 2.66 Histidine 2.92
Threonine 7.34 Threonine 2.53
Cystein 243 Cystein 3.63
Isoleucine 5.73 Isoleucine 241
Tyrosine 4.47 Tyrosine 1.63
Total 100.0 Total 100.00
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ot Aty o g T nAdE a4 e g olA Al

e 2ok A ohvlate] dhF AAZE l=HlQ2), Alx

| Aol Hafe] & obmate] S A ofm|mike]
EXN

T AR whe Az 0go] Hale wus RS e of
Hladte] g i ofmlwibich gob wold ulg stk

[= |

g HH 29K AZRS el BEHAE AAE e
Table 59} 2tk AE= 5% 24 28] 2dF ol& 7H54
< HE3P] Q8] Aol IiEE A9 7-8% 230 23,
7-8% 7Rk AEl] Bl 5% eAo] AAE tiERTE s o, &
A w AN 7| EeE vuEdh B5AA 23 9, A 9
o] MAHoZ 2H 7-8% 7EHAE 7 7P S48k, T-
8% 2o alE7E 2 HE ollom, B AoA A=z 5%
Aol A= olrth g HoARAIR 5% 2o bRt %
Tkt AAZAQL Bt Wl 2 AFolA Azg 2Ao] 4
= AEFA v FAREAEI E Aol7t Yo A
Ahrg2lge] By 9 g3 719 g BlolEial Ak

ol
T
=
S
be
l‘-?ﬂ HU
l“g o
oL, 3181
2 o
> B

q

i

]

b T g
)
"
Rl
rlo
tl
)
HiF
o
P
d
e
jan)
e "
zjl
i
9‘2’
X
oy
[N
ol
TR
2
o
=)

3Q
kJ
(o
(e}
N
o
rlo
2
off
il
W
X
Jo,
1>
:‘ﬂ,
il
|
-
a
=2
>
o
N
[\S]
o,
N
N,
2
O
¥ o O

2

Zo|tt. 2sl= DPPH As|&7do] Rl=o] diksl a37}
S}, hydrolxyl 2 hydrogen peroxide radical £~7%, 9%, &
et B FEAIA 4L sol 754 AR 8-S BE
A7t sttty A fEotv|iske] 24 Au| ol
Abo] am] opu|ieAbR T} ol BloA] 943819 o m, AlEel
02 e AR dsFoz F Aol ISl oo 4
£ 2T o -1°Ce A2olM A 5%z AsiE AF3 AR
the ddijle] A7) 5] Agst AFOR FIsH SHo A
A SHAAN F 25 E F IS Aol A

gl
ror

I.Hwang SH, Youn KS. Stability and quality characteristics of
squid liver oil during refining process. Food Eng. Prog. 12: 284-
288 (2008)

2.Cha YJ, Kim SJ, Jeong EJ, Kim H, Cho WJ, Yoo MY. Studies
on taste compounds in alaska pollack sikhae during fermentation.
J. Korean Soc. Food Sci. Nutr. 33: 1515-1521 (2004)

3. Choi C, Lee HD, Choi HJ. A study on quality characteristics and
establishment of fermentation process for traditional Kyungsando
squid sikhe. Korean J. Dietary Culture 16: 118-127 (2001)

4. Choi C, Lee HD, Choi HJ, Son JH, Kim S, Son GM, Cha WS.
Functional and volatile flavor compounds in traditional Kyung-
sando squid sikhae. Korean J. Food Technol. 33: 345-352 (2001)

5.Lee NH, Oh SW, Kim YM. Biochemical changes in muscle pro-
tein of squid sikhae during fermentation effects of temperature
and moisture content. Korean J. Food Sci. Technol. 28: 292-297
(1996)

6.Jung HS, Lee SH, Woo KL. Effect of salting levels on the
changes of taste constituents of domestic fermented flounder

Table 5. Sensory evaluation of the fermented seafoods at different salt concentrations

Fermented seafoods (salt content, %) Taste Odor Color Overall
Squid sikhae (5) 3.48+0.08° 3.50+0.05* 3.37£0.03° 3.58+0.03°
Squid sikhae (7-8) 3.5240.06° 3.62+0.08* 3.53£0.03%® 3.77+0.06*
Flatfish sikhae (7-8) 3.68+0.08" 3.62+0.08* 3.65+0.13* 3.68+0.03%
Squid jeotgal (5) 3.37+0.08" 3.45+0.05* 3.47+0.15% 3.30£0.10®

*The mean with different superscripts in the same column are significantly different (p<0.05).



68

=

10.

11.

12.

13.

14.

15.

19.

20.

21.

22.

AR EASEA A 44 AA 15 012)

sikhae of Hamgyeong-do. Korean J. Food Sci. Technol. 24: 59-64
(1992)

.Lee CH, Cho TS, Lim MH, Kang JW, Yang HC. Studies on the

sikhae fermentation made by flatfish. Korean J. Appl. Microbiol.
Bioeng. 11: 53-58 (1983)
Kim SM, Jeong IH, Cho YJ. The development of squid sikhae in
Kangnung district: 1. The effects of fermentation temperatures
and periods on the properties of squid sikhae. Bull. Korean Fish.
Soc. 27: 215-222 (1994)

.Kim SM, CHO Y], Lee KT. The development of squid sikhae in

Kangnung district: 2. The effects of fermentation temperatures
and periods on chemical and microbial changes, and the partial
purification of protease. Bull. Korean Fish. Soc. 27: 223-231
(1994)

Kim SM, Back OD, Lee KT. The development of squid (Zodar-
odes pacificus) sikhae in the Kangnung district: 3. The effects of
garlic concentrations on the properties of sikhae. Bull. Korean
Fish. Soc. 27: 357-365 (1994)

Kim SM, Back OD, Lee KT. The development of squid (Zodar-
odes pacificus) sikhae in the Kangnung district: 4. The effects of
red pepper and grain contents on the properties of squid sikhae.
Bull. Korean Fish. Soc. 27: 366-372 (1994)

AOAC. Official Methods of Analysis 11" ed. Association of Offi-
cial Analytical Chemists, Washington, DC, USA. p. 17 (2002)
Nissen JA. Determination of the degree of hydrolysis of food
protein hydrolysates by trinitrobenzenesulfonic acid. J. Agr. Food
Chem. 27: 1256-1262 (1979)

Chae SK. Standard food analysis. Jiju Publishing Co., Seoul,
Korea. pp. 637-640 (1998)

Kim YS. Analysis of plastics pyrolysis in a thermogravimetric
analyzer by an arrhenius-type rate equation including the effect of
transfer lag. J. Korean Inst. Chem. Eng. 29: 503-511 (1991)

. Blois MS. Antioxidant determination by the use of a stable free

radical. Nature 181: 1199-1200 (1958)

.Jeon YJ, Byun HG, Kim SK. Improvement of functional proper-

ties of cod frame protein hydrolysates using ultrafiltration mem-
branes. Process Biochem. 35: 471-478 (2000)

. Chung SK, Osawa T, Kawakishi S. Hydroxyl radical scavenging

effect of spices and scavengers from brown mustard. Biosci. Bio-
tech. Biochem. 61: 118-122 (1997)

Kim KY, Nam KA, Kurihara H, Kim SM. Potent o-glucosidase
inhibitors purified from the red alga Grateloupia elliptica. Phy-
tochemistry 69: 2820-2825 (2008)

Kim KY, Choi KS, Kurihara H, Kim SM. B-Glucuronidase inhibi-
tory activity of bromophenols purified from Grateloupia elliptica.
Food Sci. Biotechnol. 17: 1110-1114 (2008)

Hyun SH, Jung SK, Jwa MK, Song CK, Kim JH, Lim SB.
Screening of antioxidants and cosmeceuticals from natural plant
resources in Jeju Isaland. Korean J. Food Sci. Technol. 39: 200-
208 (2007)

Shinha R, Radha C, Prakash J, Kaul P. Whey protein hydrolysate:
Functional properties, nutritional qualities, nutritional quality, and

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

utilization in beverage formulation. Food Chem. 101: 1484-1491
(2007)

Kim WIJ, Kim SM. The chemical and microbial characteristics of
northern sand lance, ammodytes personatus, sauce manufactured
with fermentation acceleration agents. Korean J. Food Sci. Tech-
nol. 35: 447-454 (2003)

Lee WJ, Jung JK. Quality characteristics and preparation of noo-
dles from brown rice flour and colored rice flour. Korean J. Culi-
nary Res. 8: 267-278 (2002)

Park SM, Park CK, Lee KT, Kim SM. Changes in taste com-
pound of low salt fermented pollack tripe during controlled freez-
ing point aging. Korean J. Food Sci. Technol. 30: 49-53 (1998)

Park JH, Kim SM. Property changes of the salt-seasoned and fer-
mented the broken roes of Alaska pollock stuffed into cellulose
casing. Korean J. Food Sci. Technol. 34: 220-224 (2002)

Choi SH, Kim SM. Quality properties of fermented squid viscera
product with Aspergillus oryzae koji and its seasoning. J. Korean
Soc. Food Sci. Nutr. 40: 94-101 (2011)

Oh SC, Cho JS, Nam HY. Changes of the volatile basic nitrogen
and free amino acids according to the fermentation of low salt
fermented squid. Korean J. Soc. Food Sci. 16: 173-181 (2000)

Yu MH, Im HG, Lee HJ, Ji YJ, Lee IS. Components and their
antioxidative activities of methanol extracts from sarcocarp and
seed of Zizyphus jujuba var. inermis rehder. Korean J. Food Sci.
Technol. 38: 128-134 (2006)

Choi U, Shin, DH, Chang YS, Shin JI. Screening of natural anti-
oxidant from plant and their antioxidative effect. Korean J. Food
Sci. Technol. 24: 142-148 (1992)

Cheigh HS, Hwang JH. Antioxidative characteristics of kimchi.
Food Indus. Nutr. 5: 52-56 (2000)

Halliwell, B, Gutteridge, JM. Oxygen free radicals and iron in
relation to biology and medicine: Some problems and concepts.
Arch. Biophys. 246: 501-514 (1986)

Park JH, Baek MR, Lee BH, Yon GH, Ryu SY, Kim YS, Park
SU, Hong KS. a-Glucosidase and o-amylase inhibitory activity
of compounds from roots extract of Pueratia thunbergiana.
Korean J. Medicinal Crop. Sci. 17: 357-362 (2009)

Kim YS, Yin Y, Shim TH, Sa JH, Wang MH. Studies for compo-
nent analysis and biological evaluation in Picrasma quassioides
(D. Don) Benn. extracts. Korean J. Pharmacogn. 37: 37-41
(2006)

Cho YJ, Ju IS, Kim BC, Lee WS, Kim MIJ, Lee BG, An BI,
Kim JH, Kwon OJ. Biological activity of omija (schizandra chin-
ensis baillon) extracts. J. Korean Soc. Appl. Biol. Chem. 50: 198-
203 (2007)

Tsuji N, Moriwaki S, Suzuki Y, Takema Y, Imokawa G. The role
of elastases secreted by fibroblasts in wrinkle formation: Implica-
tion through selective inhibition of elastase activity. Photochem.
Photobiol. 74: 283-290 (2001)

Ahn JY, Bae JH. Evaluation of biological activities on the extrac-
tives of pinaceae. J. Soc. Cosmet. 31: 121-125 (2005)




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 1200
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 1200
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


