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Quality Changes in Low-Salted Squid Jeot-gal during
Fermentation and Determination of Shelf-life

Kyoung Gook Lee and Sang Moo Kim'

Dept. of Marine Food Science and Technology, Gangneung-Wonju National University,
Gangwon—-do 210-702, Korea

Abstract

Jeot—gal is a traditional Korean fermented seafood with a salt concentration of 15~20%. However, today’s
consumers prefer low-salted foods as they have become aware that high levels of salt cause hypertension and
diabetes. In this study, the quality characteristics and shelf-life of low-salted squid Jeot-gal were investigated
at different fermentation temperatures and salt concentrations. The shelf-lives of 3%-salted squid Jeot-gal
fermented at -1, 4, and 10°C were 45, 31, and 23 days, respectively, whereas those of 5%-salted squid Jeot-gal
were 52, 36, and 25 days. The DPPH radical scavenging activity of the ethanol extract of squid Jeot-gal was
stronger than that of the water extract. However, the other antioxidative activities, such as hydrogen peroxide
and hydrogen peroxide radical scavenging activities, as well as enzyme inhibitory activities were very low at
20 mg/mL of water and ethanol extracts. Based on the results of the sensory evaluation, the quality of low-salted
fermented squid Jeot-gal was almost similar to that of commercial squid Jeot-gal with a high salt concentration.
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-25 C°ﬂ AGH 3N 5AF o]F A Ao (Todarodes
pacificus, &9, 4%, F=)F 4°C A2 - x
g, e, AE AAS S8 &
FAR(HAE THT 157
3%, &1 8%)E E37
Azstgom, 24713 ¢

32 SAsHAT1D).

Alg 10 g& Ak 108 3438 3 10,000
rpmol Al 1583 #4712 vl$ o3 pH meter(Istek,
Seoul, Korea)E pHE =743} tH(12).

ol .= A A(NHp-N): ofv =2 4-2] £244-2 Adler-Nissen
o] WH(13)el wet S43IA . F, 0.2125 M sodium phos—
phate buffer(pH 8.2) 2 mL, 0.01% trinitrobenzenesulfonic
acid(TNBS) 1 mL ¥ /52 343 =8 A8 025

E A FA15x150 mm)ell E7Fsted 50°Cell A 602 |t
SA1Z1 & 01 N HCl €94 4 mLE H#7lste] ¥kg-& £4A4]
&

713 10%3} Vortex mixer® wyHsF ok 340 nmoll A &%
TE 3438t L-leucines |83 EFFHA =5 +
3T

A A71d A 3R E7124FHe Conway 7 HE
A (14)E A3t F48AT. F, F/HTF 0 mLs AR

10 goll 7Fatar 1023t vk & 5 @il dS 44717 98
20% trichloroacetic acid(TCA) &% 20 mL< 7}3F 3 100
mLE &3 oS FAEF(4°C, 8000x g, 10 min)Z 3}%
a1, 0.45 pm syringe filter(ADVATEC, Tokyo, Japan)Z ¢
sl FFAS FHRSE 104 A3 Conway unit
Ael= 001 N H,SOs €9 1 mL, )20 A8 34 1
mL ¥ X3} KiCO3 1 mLE Z}7 ¥ a1 37°Coll A 1A 7F w8
3k o2 WA Brumswisk(0.07% methyl red, 0.03% meth-
vlene blue) A|A1¢F 1~2 &S H7}3 b2 0.01 N NaOH
2 &]lxéo}oq _'41:11—/\4 Oﬂﬂ7]zbk&£ 31_93\1;]_ 51)\]643 A]g_
4l 2096 TCA &H& AME3F o™, A5 Fo 3 4
ZAAHE O ﬁ.ii Al 4kst .
A F71d & (meg/100 g)=0.14x
(V1= Vo) xFxDx100/S

Vii A2 001 N NaOH &9 9] 27 4n]

Vo A1) 001 N NaOH &4 9] 24 sn

F: 0.01 N NaOH®] 97}

D: & Au)

St AR AAH

0.14: 0.01 N HSO4 1 mLoll A 33le 384 dr1das

Arrhenius equationg ©]-8-3le] AA3H

37
(15). ©h2 AFolAE pH 50~70& 71E 02 247 v
71EE A4 }%1014(1 2), AHE M= pH 5.0+ 7]%—2;

FE71S Ao, B Aol AE pH 508 71E
A7 A THO),

f 5
o
offt
N
o,
mlo i

&0 HZ $*% S [En
2 110% A2 300 g 20°CA A 7kt 6, 16
& 9 R g9, viv) EFEWE
o “lfﬂ g, 4°C AeAol A 2477
39t FE2=58 94 E2(10,000x g, 15 min)3ste] &
Ag SEUZ FEsel 4IBY AR Aseldch

OIN'

ShALS|EA

DPPH radical 4 A% 1,1-Diphenyl-2-picrylhydrazyl
(DPPH) radical 4% Nanjo 52 HH(16)2 #7435}
=489tk =, 015 mM DPPH €9 02 mL ¥ A& 0.05
mLE &3t Heox 3087 W3 & microplate
reader(Biotek, Winooski, VT, USA)E 515 nmol A &3 =
£ &3t DPPH radical &% L 2o 9]3le A
Asrelet.

DPPH radical 4% (%)=[{C—(S—SB)}/CIx100

C(control): A& w7}

S(sample): A1E A7}

SB(sample blank): DPPH &3} 7+-8 £-2F9] ethanol®l
g A7

Hydrogen peroxide radical 27 %: Halliwell 5(17)¢]
W o] whel =339tk &, hydrogen peroxide 0.02 mL,
0.1 M phosphate buffer(pH 5.0) 0.1 mL % Z} ¥ A&
£ 0.1 mLE 96 micro wall plateol] % 7}3F 3 37°Coll A

B2+ ¥k8-3t o 1 3 peroxidase(l unit/mL) 0.03 mL$}
1.25 mM 2 2-azino-bis(3-ethylbenzothiazoline-6-sulfonic
acid)(ABTS) 0.03 mLE #7}ste] 37°Col A 1087 w53t
t}2 ELISA reader(EL-800, Biotek) 2 405 nmol| A &3
£ =7A3} At} Hydrogen peroxide radical 2752 o
2lof oJate] Akt

Hydrogen peroxide radical & 7% (%)=
[{C—(S—SB)}/ CIx100

C(control): A& w7}

S(sample): A1E A7}

SB(sample blank): DPPH & 3} 32 889 F R0l
AR HAF

Hydroxyl radical £A%: Joung 5(18)¢] WS tih
FAs SAsAT S, AFAHA8x150 mm)ol 10 mM
2- deoxyribose € 02 mL, A& 02 mL ¥ 1 mM FeSOy/
EDTA €9 02 mLE #7}3le] 37°Coll A 1413 WH&-31 3
ok 1 F 28% TCA & 1 mLE 7}8le] wH&-2 A3
i1, 1% TBA €9 1 mLE 7}8kal, 100°C §==ol A 102 &<t
7143e g5 S8ty 532 nmolA FF=E SASAT

o [—rl
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Hydroxyl radical &A% o2l ol3le] A4t}
Hydroxyl radical 27%5(%)=[{C—(S—SB)}/ CIx100
C(control): A& "W H7}M+
S(sample): A|E A7}

SB(sample blank): DPPH &3 22 &9 FH5
A5 H
a-Glucosidase A3 &FA: a-Glucosidase A3 &AL

Kim 5199 ¥HS F43te] 439t &, s 55

9] A8 0.1 mL¢ 0.01 M phosphate buffero] =<l 0

U/mL a-glucosidase 0.1 mLE 0.01 M phosphate buffer(pH

7.0) 22 mLol 713 F 37°Coll A 5% Tt vH-g-S S Th

& bufferel] 3 mM pNPG 01 mLE 7}staz, 37°Col A 30%

ZF W3 O 0.1 M NaxCOs €9 15 mLE 718t ¥hs-&

AR, 400 nmAl A FF =5 S43A T a-Glucosi-

dase A5 k2o ot ALt
a-Glucosidase A3 &4(%)=[{C—(S—SB)}/ C]x100
C(control): A& w7}

S(sample): A& H7h

SB(sample blank): 3.9 mL2] 10 mM phosphate bufferol
A5 A7

B-Glucuronidase A3 &4: B-Glucuronidase A 3l&

42 Vitha(20)9] W& A3t AFESEA T 3, 10 mM

phosphate buffer(pH 7.0) 2.2 mL 2 20 U/mL E. coli B~

glucuronidase 0.1 mLo] T=EHZ ZA3 A8 01 mLS
7hate] 37°Cell A 57 ¥h--3tth 28 T3 40 mM p-ni-

trophenyl-B-D-glucuronide 0.1 mLE 7}3Fe] 37°Coll 4] 30

ZF HkgE e, 0.25 M NapCOs €9 1.5 mLE 71314

Z 83 L 405 nmol A &3 =S A3 AY. B-

Glucuronidase A3l Tha 2ol ot ALbstAtt
B-Glucuronidase #3184 (%)=[{C—(S—SB)}/ C]x100

= A
ﬂ.‘lO rn:

KR
o

C(control): A& W A7}

S(sample): A& 7}

SB(sample blank): 3.9 mL2] 10 mM phosphate bufferol|

A5 A7

A MAUSTAH MF

AATE 3%0NAME 99 w27} Yol Ro&Er) w2
1, 10% FFoll X Ade v5rt 1Y) i HAFAEE
EE 5%E AAERA, 257 e rE Ry S W
HAEZ -1CE SAXEE HA3I3TE £ HH 9} o]
Arrenious equation®| A pH7} 5.00] E€38l= A1 AS 7F
22 -1°CollA 53¥& HA&AA7Ite R HAsta 3o}
Z2 #Ho] Qe o =ALTF HIXE V|FLE TR

HAxAS AR,

SIEECRC
RS AOACE2) we} EASAT 5, 953

2 =
S T, SRS AUt AR, ZAWS SoxhletH, =

FAWE 2 HA f518 43 689
IR A-Is Y, I AL Micro-Kjeldahld 22 =
A3t Ak

T4 3 Relotd| At

HABE AN A= AZY FAov =4t 24
E23149 . 6 N HCI 20 mLell A]& 100 mgS
o 105°C A-2AZ7)d A 24217 B3l st} &)k
NEE 24955 7](R-114, BUCHI, Flawil, Swiss) & %3
g U5 25 mLE A-&3le ofn| AR E A 7] (L-8800,
Hitachi, Tokyo, Japan)Z #213}Gth G2johu =

75% ethanol 40 mLol| AlE 1 g& FH7}ste 24’\]{}
2 9AEZ(10,000xg, 15 min)dle] A= &
3 o)E 33 HHESIY T 33 A RE = G5 Ho] A
AA A7bA] 1217 D= wnk A4 R 39S 6k
o} A=l e Flele x| e
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HAEEA7IE A8 TH23).
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BSAL

AwaEANN A2 290 ALL B
2 AHgatg. - }% stea 3 o
207 208 o3} 8%, 200) WA 129).
Al B, WA, A R A ﬂzu 4R G2
1ol 5 BRUGH: % Foh, 43 $1, 39wl
27: vk, 140: o) 5 vwrho 2 Z3s9nt1). B
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SAEH

[ |

EAZAH F94 BALS Statistical Packages for Social
Science(ver. 10.0, SPSS, Chicago, IL, USA)S o] &3}
Duncan’s multiple range test® 2] 5% ©|W(p<0.05)
2 247y kel tigk 94 Aolg 2AEIAY AF 4
e AR gy TTHEZ e SITH(24).

08%°]th. 7tz Y%= 3 5 9 10% Az xﬂz&*lfﬂ T2
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Zang, 24 % 23R FFE
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Table 1. Changes of proximate composition of raw squid and squid Jeot-gal of different fermentation periods (%)
Sample Moisture Crude protein Crude fat Ash Carbohydrate
Raw squid 79.2+1.3 17.3+05 1.0+0.0 1.7+£0.0 0.8+0.0
3% (0 week) 71.34+14 16.81+0.4 1.52+0.2 3.85+0.3 6.48+0.2
5% (0 week) 70.36+1.2 16.25+0.6 1.34+0.1 5.51+0.2 6.54+0.1
10% (0 week) 67.07+0.8 15.73+£0.8 0.84+0.1 9.10+£0.2 7.26+0.1
5% (6 weeks) 68.49+1.5 15.61+0.7 1.994+0.0 5.65+0.4 8.26+0.2
(a) 70 - (b) 7.0 (c) 70
65 | 10e 6.5 20°C 6.5 1 30°C
6.0 60
6.0 4 55 55 |
I 55 Z s0 T s0
5o | 45 45 |
3% 40 { 3% 40 | e 3%
45 | W5% -2 5% —&-5%
-4 10% 35 4 4 10% 35 4 - 10%
40 : : : : : : : 30 : : 30 ‘ ‘ ‘ ‘ ‘
0 3 6 9 12 15 18 21 0 2 4 6 8 10 0 1 2 3 4 5

Fermentation period (days)

Fermentation peroid (days)

Fermentation period (days)

Fig. 1. Changes in pH of squid fermented products at different fermentation temperature and period. (a) fermented Jeot-gai
at 10°C; (b) fermented Jeot-gal at 20°C; (c) fermented Jeot-gal at 30°C.
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Table 2. The shelf-life of squid Jeot-gal at different fermen-
tation temperatures determined by Arrhenius equation

Salt concentration Shelf-life (days)

(%) -1°C 4°C 10°C 20°C
3 45 31 23 6
5 52 36 25 16
10 67 51 37 22
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Fig. 2. Changes in Amino-N of squid fermented products at different fermentation temperature and period. (a) fermented Jeot-ga
at 10°C; (b) fermented Jeot—gal at 20°C; (c) fermented Jeot-gal at 30°C.
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Fig. 3. Changes in VBN of squid fermented products at different fermentation temperature and period. (a) fermented Jeot-ga:
at 10°C; (b) fermented Jeot-gal at 20°C; (c) fermented Jeot-gal at 30°C.

basic nitrogen)= TEXE7t #&55, AFe] vt ¥ Zo] 1.75~1.98 mg/mL M E 6.09~9.08 mg/mL2] Hw
S5 G4 S o= A9 FETF SopAa & Zte WFFEE vt 4953 2tk ol giEe
2ETt S TE A EC 9% duld gl opuiegle] £ #d AFolA {718 FEEC] YFFEE v 0}04 3
3 7h kA HEA A7 A F] SFs] WEol Ao 2 & DPPH £ASS Hole 3 e Aajoln
", 0h 5 Ad 240 A2 54 AT AZLE]  Lee S®S 20 go) ZAFE GuA o So] Y
upeh F A71d ] 27t B skAl vebstar, At AL E A TEA HAES] Gild B ga zgo
o7 AFLTI} &5 A 471249 Yol ST o3 Ao]S Gl Ao| peptide B olm=Ato 2 Ea|7}
s A4S Bgvn stged, ol B A3 ey Hokar sk, ol F A A/ peptide B obr|=4to] &4
t}. Kim 5(26) ?%‘Oé Zﬂé‘ﬂ BRI Aol A Fal Ag A o] o)A e DPPH &40 719E dtvtal o), w3t

= 40 mg/100 golvt & F71o FoH AR 40 mg/100  Choigl Kim(27)& LEZAAES Hrtste] Axg Ao
gs olv] 2= *LEJ} ol m, BEAFAME F zugo TAEAN AP 5 o= 02 DPPH & A
B @r1dLs BEE F2 3 A0l Bake] oA A o] Z7}3tg ot gZT2Q a-tocopherolRTH= A o]
Hug Aol glglen, old g BEAT7E dasiva woly, 9Ao] Zu 89 DPPH 42452 wohy 349t
e, ol TR GAHBHL 2 B A BNBL histi-

DPPH radical &= dine, proline 9] 2574 ofv]=4t 81 AE4} peptide= A

Ao AL v 3552 DPPH radical &7 Table 219 QAo AL MRARE HAE EFo] oy fEo}
33 2} 50%2 As)sS HolE ICy ge ethanol 5% HxAt T A oprl gt FheFo] Wk wiiel &40l

Table 3. Antioxidant activities of the water and ethanol extracts from squid Jeot-gal

1C5 (mg/mL)

Inhibitory activities (%)

Salt cor(léoe)n tration DPPH Hydrogen peroxide radical Hydroxyl radical
Water extract Ethanol extract ~ Water extract Ethanol extract Water extract Ethanol extract
3 6.9+0.2 1.75+0.4 94.6+2.3 12.0+0.7 224404 25.2+0.8
5 8.25+0.5 1.98+0.2 88.3+3.4 25.7+1.1 19.24+0.9 229418
10 9.08+0.6 1.95+0.4 79.6+1.5 40.3+£1.7 16.1+04 20.4+1.1
a-Tocopherol” (ng/mL) 19.7 131.5 4439

1 ..
"Positive control.

YAt 20 mg/mL.
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Table 4. a-Glucosidase and B-Glucuronidase activities of the water and ethanol extracts from squid Jeot-gal

Inhibitory activities (%)

Salt concentration 4 Glucosidase

B-Glucuronidase

o)

(%) Water extract Ethanol extract Water extract Ethanol extract
3 14.0+0.5 31.2+0.7 41.3+£0.9 40.0+0.9

5 10.8+0.4 279+0.6 41.6+£1.7 349+1.1

10 14.0+0.4 20.94+0.4 39.7+£0.9 37.2+0.9

Acarbose” (ICs) 3.1 mg/mL

Upositive control. At 20 mg/mlL.

S Ao g FATHETH2).
Hydrogen peroxide radica 2! hydroxyl radical A~
Hs

QAo A &1 FZEE 9] hydrogen peroxide radical
2 hydroxyl radical &A%< Table 3% Zt}. Hydrogen
peroxide ¥ hydroxyl /\7-1 T2 I A Foll A HEgAd o)
st AA W g 22 9@ AxT 5o 4hsl Fagh

&g sle AR °L34?q ATH27). 20 mg/mL FXE A
2 o gte FZE 9 hydrogen peroxide radical
79.64+15~94.64+23 % 16.140.4~22.440.4%,
hydroxyl radical A2A%<S 27 12.04+0.7~403+1.7 2
204+1.1~252+0.8%< M= * S A Hydro-
gen peroxide radical &7 %-& benzene ring®] &% &3} o]
93t stability =7 2 radical scavenging Z-& 5o 23|
2H4do] 73 A UEhd™(29,30), Song 5 (31)& Fatd E

of ogt & FEqo] gitsl A4 AT 05 F 1.0 mg/
mL9 FxolA Z+zt 41.27 E 44.36% 2] hydroxyl radical
AAGE BYon, B AFRY w52 £2AFS Y
T AR A=(9) 20 mg/mL &=l A hydrogen per-
oxide radical ¥ hydroxyl radical 2~75-2 Z+7}+ 47.940.8
~756434 2 296+1.3~446+1.9%2 HAE E AFZ
e} v ARE WY ol T dE T AudA
7F dvhal #eE, e o] A FEE AA Idatks &
AZA 9 o] & 7H5/dL thad vvsitiar Bt

s

a~Glucosidase X afj&HA

AL & FEE9] a-glucosidase A8 &A1& Table 49}
2t a-Glucosidase= &% A X2 brush-border
membrane®]] EAEHE EAZA o|F{HY dPFRE B3
Eo| &3t F4H7] Ag el BEFE IR o
&5 3l o] 49 Ade BFEE Ao § YT S
AAE F Slo] FF=dY SAYPSRE 01*9“5“:}(32) 20
mg/mLe F=olA AAE 2o AL W 4 oe
=5 9] a-glucosidase A3 &4 z+7}F 10.76+0.39~14. 11
+0.68 % 20.88+0.37~38.22+0.93%< HHAYH. Kim &
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Table 5. The compositional and free amino acids of the squid
Jeot-gal

Amino acid Content Free amino Content
compositional (%) acid (%)

Asp 9.1 Asp 59
Thr 75 Thr 25
Ser 6.0 Ser 2.7
Glu 4.1 Glu 6.4
Gly 5.9 Gly 35
Val 5.8 Val 4.7
Cys 35

Cys 2.1
Met 3.3

Met 2.3
1 55 Ile 2.6
€ ’ Leu 6.2
Leu 100 Tyr 22
Tyr 4.0 Phe 37
Phe 45 Lys 0.8
Lys 9.6 Try 4.0
His 2.8 His 3.6
Arg 9.7 Arg 14.6
Pro 4.8 Pro 21.2
Total 100.0 Total 100.0
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Table 6. Sensory evaluation of squid Jeot—-gal at different salt concentrations
Complex seasoning (salt content, %) Taste Odor Color Overall
Squid Jeot-gal (10) 3.37+0.08° 3.4540.05" 3.47+0.15° 3.30+0.10°
Octopus Jeot-gal (7~8) 3.40+0.10" 3.47+0.16" 3.50+0.10° 3.334+0.12°
Squid Jeot-gal (5) 3.18+0.08" 3.08+0.03" 3.12+0.08" 3.10+0.13

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

2 EAEH, g T oy Bt R E Vgt
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