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Quality Properties of Fermented Squid Seasoning Manufactured with
Fermentation Accelerator

Seung Hwa Choi and Sang Moo Kim*

Department of Marine Food Science and Technology, Gangneung-Wonju National University

Abstract Squid was fermented with fermentation accelerators to develop a natural complex seasoning. The quality
properties of fermented squid were determined at different fermentation periods. Squid fermented with 10% Aspergillus
oryzae koji for 10 days had the highest amino-N, acidity, and total viable cell content during fermentation periods, whereas
volatile basic nitrogen content and pH were the lowest. Based on the amino-N content, squid with 10% koji fermented
for 10 days was selected for further analyses. The inosine and glutamic acid contents of the fermented squid were highest
innucleotide composition, their related compounds, and free amino acids, respectively. The IC,, values of the fermented
squid on DPPH (2,2-diphenyl-1-picrylhydrazyl) radical scavenging and o-glucosidase inhibitory activities were 6.20 and
4.41 mg/mL, respectively. Based on the results of a sensory evaluation, the fermented squid seasoning was similar to other
natural complex seasonings such as anchovy, cowmeat, and fisheries seasonings.

Keywords: accelerator, Aspergillus oryzae koji, fermentation, natural seasoning, squid
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oryzae koji= 524 (Busan, Korea)ollX] 743l ARE-3IA T
L-Leucine trinitrobenzene(TNBS),  adenosine-triphosphate(ATP),
adenosine-diphosphate(ADP), adenosine-monophosphate(AMP),
inosine-monophosphate(IMP), inosine, hypoxanthine, 2,2-diphenyl-
1-picrylhydrazyl, p-nitrophenyl-o-D-glucopyranoside(pNPG),  Sac-
charomyces cerevisiaze o-glucosidase, acarbose, a-tocopherol-=
Sigma AKSt. Louis, MO, USA)NA, o =l A&-3k plate
count agar 52| WA= Difco AH(Detroit, MI, USA)IA i3

=
20| o) wazy

2 3o & o3 7o 5AAE
QANE 4°C ol5lollM BRI H WS AASIL 1587 A
AgFedct &4 9ol §& Z 05-1.0cm (HHAoE He H

FHFF(wiw) 50%2] =& FH7Fsted blender(Waring, Torrington,
CT, USA)ZE 287+ vtk vl 2o Sl FHZ(wiw)
Ad 5% D & 50%S HIVSIAL Asp. oryzae koji2.5, 5, 10%)
2 Ao WAQ2S, %S 27t £ § ARE QRS Y
B3 8718 ARE3lo] 2043°Col A 2597 wra st

oto|=ZE 4 (amino-N)

ofn|:=F Ao B2 Adler-Nissen2] W' (20y2 o] &3l =4
SIAth &, SHSE olgdte] FEERE 3 9o § 23
A 250 uL2F 2mLe] 0.2125M sodium phosphate buffer(pH 8.2)
9} 0.01% trinitrobenzene(TNBS) 1 mLE Y3l 50°Col|A 60
W335k o] & 0.1N HCl €9 4mLE H7iste] -2
A 1027 gk FHoll 340nmolA 3= e A3}
L-leucines ©]§3t ZFFANA FEE FIATh

4
o:
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3|ekM 47|E A (Volatile Basic Nitrogen, VBN)
324 A7 " AFLE Microdilution method2D)E 4431 =
Atk &, 24 & 28 109 ST/ 30mLe 7Fskal

e stk o] & 100 mLE 83l YRS (4°C,
8000xg, 10 min)dte] “FZNS 0.45um syringe filter(ADVATEC,
Tokyo, Japan)Z 33} th Conway 9ol o) 1 mLe} E
3} K,CO, 1 mL, W4l 001N H,S0, £ 1mLE 2tz ¥x
37°Coll A 1217F W3 thE Wdoll Brumswisk(0.07% methyl
red, 0.03% methylen blue) XA 1288 7} 3 H 001N
NaOH=E A ste] iy d712d48s #3813t Blanks A&
o2l 20% TCA &S ARSI O™, A8 59 3y |74
AT v 2ol ot} ARt

3 A7) A2 F=0.14x(V =V )xFxDx100/S

2

V,: A1E9] 0.01N NaOH §9e] #HAn|F

V,: Blank®] 0.01N NaOH &<¢] 2% 4u]&F

F: 0.01 N NaOH2| <7}

D: 3]4uj<

S: Alge AMHAF

0.14: 0.01N H,SO, 1 mLll k= 3aAd A71das

pH H M=

pH= AR 10 g2 233t pH meter(stek, Seoul, Korea)2 =
Al teE 9o & UFA 5S¢ THRT 45mLE BL
A4 #2(10,000xg, 15 min)g & 10mLE FHste] ez

o] Waldol pH 839 =¥ wj7kx] 0.1N NaOH §do2 %
Asle] oju]e] NaOH 2832 lactic acid(mg%) Fo2 A4S

-

Ol

e 2zke] 2o & HIAE 1031 FAHS ARE-3St
SA 345} plate count agar(DifcoyS AFE-3F] pour platedt F
35+0.5°CoNl A 483 h Wiget v vk Fehe Alst] T
FE A3 F 4= colony forming unit(CFU/g)SZ 3

Al SFATHR23).

o) =F e At g A F o] e} wlg- Zle FHo] ¢l
=] Z AT Ut} Asp. oryzae koji

10%e] 1097 SRAZ 4o & TR A9 o inggo] 7}
A Eokon, o]F 100°ColM 1087 A3sle] s 2 g4

Ht

GRS AOAC(2002)2] Wl w} #4515 th22). =, &
S ArtEazy, 23RS A3, 2E9WS Micro-
kjeldahl®], ZA %8 Soxhletd, ©r3E2 7S ARSI

BEAAE T AAEELL Ryu 5(24)2 BHE 783
233100 =, TaAAE 10go] 10% perchloric acid 25
< 5000 rpmellA] 1027+ A4l ste]

e 2 e o R 33 Aelste] T
3ttt g3k 429 5N KOH 899 pH 658 2F
Stal 10,000 rpmolA 1027+ A4lE2]g ¥ perchloric acidE ©]
435l 100mLZ g-83}3L 045 um syringe filter(ADVATEC)Z
]335k} o] oJ7klS- high-performance liquid chromatography
(HPLC, Agilent 1100 HPLC Chemstation, Agilent, Santa Clara,
CA. USAE EAsilen E4x7e ts3 2o 2"
bondapak C,g(¢ 39x300 mm)S A3 0 o]F4L 1% trieth-
ylamine/phosphate(pH, 6.5} AFE-3}13L flow rate= 0.8 mL/min,
O.D. 254 nmollA AE3IAL, 0.001-1.0M F=¢] HNAHEEH
(ATP, ADP, AMP, IMP, inosine, hypoxanthinee)2 X5 7S
AL o5 B4t} 7 AFEN peak WHE Fhiksle] A
E 7o A EATS AESSh

T ¥ /2| ool

T4 op=At 2448 vt o] AT HEAAE 100
mgoll 6N HCEE 20 mL 71314 105°C 272710014 2447+ 2
Tt ®3ls Al 5EE U FE7I(R-114, Biichi, Flawil, Swit-
zerland)2 5% o T3 25mLE 83} amino acid ana-
lyzer(L-8800, Hitachi, Tokyo, Japan)2 #4313t} §2] ofn]=At
2 AF 1g9l 75% ethanol 40 mL& 7}8te] 24417+ bk

AAE2](10,000xg, 15 min)dte] AEd 1FES e o
240 7F Rkt 5 A4EE(10,000%g, 15 minydte] 5l 219
B2 s, 3EANE S 1A B9E g d4Ee 3
< Edo] T JA W7tA] wEEh S
F%7]Bich)® &53te] 32 /S 25mLE 483 F amino

acid analyzer(L-8800)2 213} th(19).
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gHMsl gHM(DPPH radical scavenging activity)

2,2-Diphenyl-1-picrylhydrazyl(DPPH) radical 42752 Blois(25)
o WS FHst SAEITE &, vEEE 23 2aAd
& 50puLSt 0.15mM DPPH €9 200 uL& &E33te] A2ojA
30%7F WHS-3F T4 microplate reader(Biotek, Winooski, VT,
USAE 515mmolld 352 24891, Pzt s A
gt a-tocopherol ethanole AH8-3td 0.01-0.1 mgmLE =&
ZA3tod AHEEFl 2™, DPPH radical 427152 thH2lol st
ARt

DPPH radical scavenging activity=(C-(S-SB))/Cx100

C (Control): A& w7}

S (Sample): A& 7+

SB (Sample blank): DPPH §-13} 7+ 839 ethanolo]l
A& A7

a-Glucosidase Xslis

a-Glucosidase #1352 Kim 5(26)2] WHS thih A3k A
43149tk &, 0.01 M phosphate buffer(pH 7.0) 2.2 mLel| F=¥
2 2R3 $FAANE 0.1 mLet 22 bufferel %91 3mM pNPG
0.1 mL ¥ o-glucosidase 0.1 mLE 7t 5 37°Colx] 6087+ 1t
$39th 0.1 M Na,CO, 1.5mLE 7Fete] whe-S AX3 th
405 nmellX] S S4sIAN, FINEFOE AN acarbose
= SHTE AREE] 0.1-1.0mgmlLE TS s =435
A2, o-glucosidase?] A5 ThS 2o o]ste] AT

o-Glucosidase inhibitory activity=(C-(S-SB))/Cx100

-

C (Control): Al& v H 7}

S (Sample): A& 7+

SB (Sample blank): 3.9 mLe] 10 mM phosphate bufferell
Alg 7

23of =0|go| M=
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g "FEEY g FAEY 158 EFsl] Ax3ATHR).

ZHsHA

A4 E B 70mLo] 240 ZWEE 30g H7lete] &
ol zelgk 7 ARgElen AFSS HAFshe tE
SHRA F 200 EAE 691, AAF 491 F 10919] HEd

rr

1L
5
1

o
il

fo ox
5

1

to

gl B, WAL, A 2 AR S5 a7 3%
of SeA FRWEHE: e Erh, 43: Foh, 38: BFo)
24 vhch, 18: whsumcho = Sgsilnhe). hETE
SREEHELEREEELERE RS R
= zejale] MaBrksigon, BE 488 33 yEsel 4
shnt.

rot

R

S 2zl

> o fr

S

=
AxpAFe] gk AR fod 4782 Statistical Packages
for Social Science(SPSS, Chicago, IL, USA)E ©]&3}4] Dun-
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Fig. 1. Changes in amino-N and volatile basic nitrogen contents
of squid at different fermentation periods. The ratio of Asp.
oryzae koji/squid viscera concentrations (w/w): -@-, 0/0% (control);
-l-, 5/0%; -A-, 10/0%; -@-, 2.5/2.5%; - X -, 0/5%
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st MA8] aston, HaEIA A7 F W 5%
7R SUTA, Asp. oryzae koji HFE R U EF HAvREe
10970 71ttt M) Zasiitt. Kim 529y b
F2F st A7 4 107K o =d o] F7
Sl F7Fsle7 109 o] ¢edl= $vbet S/ ERe HRlthal 3
om, Cha 530y WEIE o83 FahZasFo] et A+
oA otui=dAigS 1097HA] B4 Frteithvl o3& ¢
WA Frletvi Bysiled B AFAdet AR
HgEA AV 5 W7 BYk Asp. oryzae koji 374
o olu|:ed A FFo]l EYTE ole oFe A7l HEstar 9l
£ B4o] && whilE B E4E trypsin 2 chymotrypsin -AF
BAEA AlgEdge] 2rkaste] 7P & %S m A=Y
trypsin 2 chymotrypsin® 24 pH7} 891 ©@hld Hajjgihz B
2o & WA ES pH FH(pH 5-6.5°] & pHel Aolst
o trypsin®] E8l50] "ol Aoz FAHETH17). wEkA Asp.
oryzae koji7t 10% 718 2740 §& 10897 HaA7l e
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Fig. 2. Changes in pH and acidity of squid at different
fermentation periods. The ratio of Asp. oryzae koji/squid viscera
concentrations (w/w): -€@-, 0/0% (control); -l-, 5/0%; - A-, 10/0%;
-@-,2.5/2.5%; - X -, 0/5%
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Falchar s, 3 97 ZA @ 7
el AEE BFAF7 BashH, H‘Q"é %371?;‘5:%}01 Pl
Fo BAY Fdolt Aol vIXe JPoll stz ok B
T¥ Aol rk28). Oh 5(31) ¥ Cha 532y AY #ada
A Fof Bet ApoA] A FAFEAE] Hudd s A ATe
A7717ke] Zdel] wEt Wz dAsA Frkeke APdelde
b ole & Aot AT Wil M7t 9o & 2aA
Z7] kg Gr|dAhgo] i 2 Asp. oryzae
2l M3 F7jsiser] ol FUFE A% B
Fulolsl 4spgrel wet sstel 4slEol th

om, o|Z Qlsle] A Fr1dige] T8I IIH
IHAETH(33).
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Fig. 3. Changes in total viable cell counts of fermented squid at
different time points. The ratio of Asp. oryzae koji/squid viscera
concentrations (w/w): -@-, 0/0% (control); -Hl-, 5/0%; - A-, 10/0%;
-@-,2.5/2.5%; - X -, 0/5%
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7};@ sttt AA s Z7kekeint. VA, dsp. orvzae koji A
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™, Lee9} Lee(34)= soybean yogurt?] THlEs]gse] 3k A
7 RS g4 Aol HIXE
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a7k k= Fig. 337 2t
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Table 1. Proximate composition of fermented squid

Proximate composition (%)
Moisture 6.8+£0.2
Crude protein 56.1£0.1
Crude lipid 6.0+£0.4
Crude ash 11.2+0.3
Carbohydrate 19.9+0.4

Table 2. The contents of compositional and free amino acid of
fermented squid

Compositional amino acid Content (%)Free amino acid Content (%)
Aspartic acid 9.5 Aspartic acid 9.3
Threonine 3.5 Threonine 4.7
Serine 23 Serine 35
Glutamic acid 3.0 Glutamic acid 16.3
Glycine 5.4 Glycine 9.9
Alanine 11.1 Alanine 8.2
Valine 7.7 Valine 6.6
Cystein 0.6 Cystein 0.7
Methionine 72 Methionine 4.0
Isoleucine 9.1 Isoleucine 6.5
Leucine 18.6 Leucine 10.8
Tyrosine 0.3 Tyrosine 24
Phenylalanine 9.2 Phenylalanine 5.0
Lysine 8.7 Lysine 54
Histidine 3.6 Histidine 3.0
Arginine 0.2 Arginine 3.8
Total 100.0 Total 100.0

Table 3. Nucleotides and their related compounds of fermented
squid

Compound (umol/g)
ATP -
ADP -
AMP -
IMP 13.40

Inosine 19.41
Hypoxanthine 4.85

ZF gt Aol TP e ZleE dd
AAZzs ] 2 Aol ARSI 2] 2
Hg R B3 crude protein®] 56.1+0.1%% 7HE =kom,
carbohydrate, crude ash, moisture % crude lipid <=¢I, S
Z}z} 19.9+04, 112403, 6.8+02 2 6.0£0.4%°] A THTable 1).

7o ¥ folo|est =M

S HEAGES] 74 2 F obvxAk 242 Table

2o & LEAES] 74 ofu| AR leucineo]| 7F

7 E9t3L alanine, aspartic acid, phenylalanine & isoleucine =2

2 o] Bgtom, o5 ofm|iite] HA| opw|iit 29

484%5 TSI, TS Z47) 186, 111, 95,92 B 9.1% N
L ArE] oAk Ae] e Y Fa% FEE A=

1=
Rom fg olui=2t ZF threonine, serine, glycine, alanine 2

lysineS T3S, aspartic acid, glutamic acid % cysteinS 712

B2

<, methionine, isoleucine, leucine, valine % histidines} 7+
T4 oAk ube] Fogit(39). 2] & TEAdE
FElopr| At 2L glutamic acid’b 7P B leucine, glycine
2 aspartic acid SO 2 ShFo] Eglkon o]E ofm|izito] A
frel obiegt 249 463%E TSI 2o & A
£ HA oAt F 58.0%7F v dEEte] Eaiglon, &
gt FAEE AP opr|Ak FERe oF 30.8%= Uk et
S HXR] gkl wEbA 2 AFAde] wEk ALE 2

3 1
Jol & WEAYEL AF A 2AZA AHgH10] Al

5 AEEde] FFS Table 33 2
oh ANAEED F IMPE= Foll WA FHSIAL nucleotide F
gt JRos AR glew, 53| ofrAt F glutamic acidet
& o Zhek 7HAue Jeflle Zle=® ¥
Ao S YA &
A5t glutamic acid?t FEE W a2 AE LERATHA0). 2]
5 TR ECIM ATP, ADP B AMPE= HZEEA| 93kom IMP,
inosine ¥ hypoxanthine?t A& ==l olE9 I 7Hzt
1340, 1941 ¥ 485 umol/ge]Utt. 240 & LaBdES]
AFHEEE L inosinee] 7P BUEHl, ol 2ot akdd
B2 5 ATPIA inosine”7HAl= E8& =7} v]$- W= inosine
9 hypoxanthine®] tH-E& 2pA|st= oFe]7] wj&o|rt. &gl
AZ2FES 2§ ATPE  ATP-ADP-AMP-IMP-HxR(inosine)-Hx
(hypoxanthine)®] 2= Fal|=vl, FHF5=2 thE 4= ATP-
ADP-AMP-AdR (adenosine ribose)-HxR-Hx2| A2 = &% 7] uf
ol IMP7F YRR erethal BarEe] 9Jouh(32) 2o &
B EANA IMP7E HEHJEY, ole 2409 &=
IMP7} §lou) Zh&ellA] mEro 2 HE 7] wj#o]w Nakamura
5@ ooje] A AFolAl 2ol & UloA] mEe
IMPE: A&ty Rusiied 2 d73437e) fABATh w
A, 2 AFeA AET 2o & IAHES %S e
hypoxanthine 2T} IMP9] §5fo] Eol 21F Au| LAI=ZH AR
sh7lel Agsiviar s

sHitst 2M(DPPH radical scavenging activity) % a-glu-
cosidase Xafigy

2o & LaA=2 DPPH radical scavenging activity 2
a-glucosidase A3/ Table 49} 7Tl DPPHE #iIsEd=
FH AR 45 ol BVl o= Hge BAE J435e
AR E4do] Aot olefdt SEHL free radicalell A
At FAE FAst ERAE TEL, AT Alsd o
o aksl 2Hgo] AR gEA Aok BEAHES] DPPH &
4L 2-10mgmLe] FEAA = oEHoR FIletH ot
positive control2 ARS8 a-tocopherol HU= 4] Wit o]
o] RS 2k wilE EEibe2 A4t peptide
! histidine, methionine, proline 52 &4/ olv|:=ite g oA

S dEAAES AEAE AAE 240] oflH {7 ofr
Ab F g opu|igke] Jhepo] uigry] wfiEe] gdo] e
o7 FETtH42). o-Glucosidases Aol HH|EE B3}
B g a82M, BhrstE-e A4olA a-glucosidaseol] 2]3le]
7 2 dger FaEHo FrEHe e xe] A
a-glucosidaseE A FOEZH PG Fo 2P FF5 A

SR A A - R = A

oft
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Table 4. The DPPH radical scavenging and o-glucosidase inhibitory activities of the fermented squid

Concentration DPPH radical 1C,, Concentration o-Glucosidase 1C,,
(mg/mL) scavenging activity(%) (mg/mL) (mg/mL) inhibitory activity(%) (mg/mL)
2 20.17+0.54 2.0 8.20+0.91
4 35.36+0.25 3.0 11.68+1.48
6 50.42+0.71 6.20 3.5 24.4442.36 4.14
8 64.00+0.60 4.0 46.04+2.38
10 73.28+1.56 5.0 98.04+0.09
o-Tocopherol - 0.06 Acarbose - 0.42
Table 5. Sensory evaluation of the fermented squid complex Au| AR o]ga7]ol At kst H o-glucosidase A
seasoning AEA S s= JTH R FUteIlem, it 5 adelA o
Complex gl AEE AAst %3%” w$E £ ode 7kl e 7l
seasoning Taste Odor Color Overall LA adEale BesFsAE 9oy Halxith 9o wEA
Squid 324117 34£1.0°  29+0.7° 32407 el FAREE H7leke] 5“1»% AxF A Al Az
Cowmeat  3.6£0.8°  32+0.6°  3.0+£0.9°  3.3+03° 59} vlatste] dsH o F Ao|7t fldith o] AiE X
Anchovy  3.0£1.0°  29+0.7°  33+0.7°  3.1+0.4° A v oo & YAMAEES 7S LR ZEd tist
Seafood ~ 3.3+1.1° 29412 3505 32405 ol F7HAT7E BaskA, AdxnE § AF Qv 2A4=H4
YMeans with the same letter within row are not significantly different Z8o] 7hssiral Aeten.

(p<0.05)
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