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Abstract

The purpose of this study was to determine the effect of organic acid and ultraviolet (UV)-C treatment on the storage
stability and microbial quality of seasoned squid product. The overall preference score was lower in the 1.5 M
citric acid group than in the untreated group. Since the pH of the citric acid-treated product remained low during
storage, its viable cell count reduced 21.34% compared with that of the untreated group. Compared with the untreated
group, the samples treated with lemon concentrate showed a remarkably lower taste score but no significant difference
in the scores for color, overall smell, fishy smell, off-flavor, texture, and hardness. In addition, during storage, the
viable cell count in the lemon concentrate-treated group reduced to 7.42% compared to that of the untreated group.
On day 50 of storage, the viable cell count of the lemon concentrate-treated group reduced 28.16% more than that
of the untreated group. UV-C treatment of Bacillus subtilis and Aspergillus ruber isolated from seasoned squid
products inhibited growth after imadiation for 35 and 90 minutes, respectively. These findings indicate that UV-C,
citric acid, and lemon concentrate treatment during the product manufacturing process can improve the storage and
quality of seasoned squid products.

Key words : antimicrobial, organic acid, natural acid, ultraviolet-C, seasoned squid product
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o, 7H, &b, URiRE 59 7|8AE0E oSt Y
9] 4H|AZ H5 Qt(Choi 5, 2012). = A1kx|of|A]
e A% 712 8 720 dojmpo] tE 2] 9o]
ABO) %9, BERZA 28400] AHgo] 10 ghe oftE
S1QEIT QI Tt ZuloAolo] A9, eMzel oluE
QQIE} o), AEFHol BlelT RO % AWK
F71A] HRE 55902 o]0} 1 glof(Ham 5, 2010)
71 3% A -8 5 H8elE HIES vE 2%
ot e F4 Astet F4 F3} 5ol AFEH 9l
(Noh 5, 2004). E3F §-& I 59| s EA A5kt &4
o] Walel A2 F4 Aok= B[R] 41| 7|2 & Asfisk=
Hglo] =1L glom, ojet T2 AR QA EAl= &)
Q70] AlFe] thtzlel B2 Aljte] HiL Qlof {5 713k
A D A SRt AAAE 7 e A Aol 2t
291 TEieto] AlERt Aol

T AEC] mBES o A S 11E5lo] H
7tE9AY 7leo] S8+ =T, 1L F A7k W& pH
Ao updE LS AATIH, It B 7L e A
o7 AdFHA Qloj(Ingram 5, 1956; Luck 5, 1997; Macris,
1975), A1Z9] A Fd= flote] 7-851A L& Sl
FE AFEI Y= K EE SAURA F2H
ANcitric acid)Z} ZAHacetic acid)(Eustace, 1984; Hamby 5,
1987) & ZAllactic acid)(Smulders 5, 1985)0] L&A Uct.

UV(ultraviolety= 100400 nm HY 9] AR} |gt=2 A, UV-A
(315-400 nm), UV-B(280-315 nm) 2 UV-C(100-280 nm)&
11 PYo| FLEEo] UtHKeyser 5, 2008; Mok 5, 2008;
Perkins-Veazie 5, 2008). A= HHO| n|RYESHH oIS &
o= | F& H|I7IE AHAE7]E<] UV-CE ARESHL 312
™, £5] 253.7 nm 3 H]A3E2] DNA base] 4= 42
A ES AFBAI7 = AR d#A UTHAllende 5, 2003;
Keyser 5, 2008; Mok -5, 2008; Perkins-Veazie &, 2008).
7129 AARloly Zubd AL L vl ste] UV-C FA;
= AAA fls 840 gk AR} ARZo] A, $E
259] FFS A H9A] ghow, A7} 7hdshal, RAHIE-
o] AR S 7ML Qlo] TRl A1F9] ldE ¥
WA6l7] fleto] FEA A=Al AthAllende 5, 2003;
Keyser 5, 2008; Mok &, 2008; Perkins-Veazie &, 2008).

webA 2 Aol A= stehA A2 Wl {714k A2et
=24 A2 Rl AA(UV-C) £APE 7RG 2] 0F
of AFe] A FHo nA= FFE AR

ol

R

NEEZ
£ 7oA ALgE P Aedsow uje 2] 94

o] Algol\A B3t Bacillus subtilis®} Aspergillus rubero]tt.

HM= Y A%

£ dHoHe @Rl Ao RRE A T wiEdt o
ol o] AlFE 2] g0l AR ARESIAL A%
o 5 A oE RuflE AlEE Fu £0] 240 AlER
ARESI.

Z1] Q74ojo] SEBAILe} RIS AgHiety AE
nBEA Y E ARISHATAIE | ojFsteict. 11 A,
TR (Aw)= 0.620]H, PE9EZ 12.96%0] 31Tk

nYE HjRS 93t nutrient broth(NB):= Acumedia
(Acumedia, USA)S] AH|E-2, potato dextrose broth(PDB)%2}
plate count agar(PCA) ¥ A|+= Difco(BD Difco, New Jersey,
USA)9] AES ARSI Sucrose= Wako(Wako Pure
Chemical, Osaka, Japan) A& ARESIH AL, agar Y citric
acid monohydrate= Junsei(Junsei Chemical, Tokyo, Japan)
oA FUst] ARG AA F7IEC=A 100% =
STEUL @oloflA7leA T4 AES o85Sl

o|4=Ee 22| ¥ 54

Ao Bz Qs AEE vIAES eRlsl] Selel A
A& o7 HaflE] Zn] @ Ao} AFE H phosphate buffered
saline (PBS, pH 7.4)° @=fotqict. 108 sjayoz 7+ o
AE 84% 100 uL¥ NA HiZ|2} sucroseE F713%F PDA
v Z]o] =dste], 35T 9} 25T ollA] 22t vigetgict. virE
colony & A= tHE 2359 Al 252] F301E S
o7 BIslg o, ET% colony= streak methodof 2J5f
A&zsto] @ colonyE A3ITth

S0l Rejel 2F0] A5 SW-1, SW-22aL HHgste] ()
FAL A (Daejeon, Korea)ol] 2J&5}o] 16S rRNA sequence
A4S oIl S Rk 239 +g0] § ot 4SS
SY, 34 colonyE SGEfal HHsHe] ITS1(5-TCC GTA
GGT GAA CCT GCG G-3")3} ITS4(5'-TCC TCC GCT TAT
TGA TAT GC-3") primer set(Innis 5, 2012; Zhang G,
20005 AH31o] ITS Qo) A7IARAS sloin, 7o)
Z311= BLAST(basic local alignment search tool)E ©]-&5}
o] NCBI(national center for biotechnology information)2]
Genbank 587} H|o]Ele} H| I - £A415}]TH

=2 4] AHE LIt R7|4He] 2ASE 2
2|5t 450] 45 5 4ER1 B. subtilis®t A. ruberdF
O] ZAF, A4k, AL 9 TeEite] ZF {rl4bel it nldE
9] AL AA| AL SRISIHLE. B. subtilisS] @Y colonyS
= 5Co)A 241178 1, 23F HI9RS S19.Y,

=
A
=2
i)
op
ol
K
(98]
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0.025-2.5 MQ] Z} §7)ito] 3= NB HjjR|of 22} wfjoFoH
100 uLE 2+ 4Esto] 35C oA 24A7F vidatoict. 1
=, HiFA= 4,000 rpm, 4T 2704 1587 A&t
F5HE AASL, HHE 40 uLE Fo) NA vzl =gt
3 35COA 24417 viFSFRL.

Ba5t 4. ruber®] &Y colonyE sucrose’} A7l PDB
Hjz]of HEoka, 3-5U7F 25T oA BRI 5L 242
2 1, 272 ¥oF 7, 0025025 M 2t -R714%3} sucrose7} 3k
% PDB ufjR|of| 22} viFH A. ruber2] BiF 100 uLE
Sto] Z¥7 FFshaL, 25T oflA] 3-5YU 57t Hidsiait o] &
H|FHS 4,000 rpm, 4TOJA] 2087 HAlEelsto] 5=
AAsI, FAE 40 uLE 3} sucrose”} ESHE PDA 8jA]
of =gt & 3-5U7F 25T oflA vl

0 4E2 4] AHE st HAMO| 2|AE5E £

oF 10’-10° 0.2 vjoF=l B. subrilisQ] HJFNH 100 pLE 3.125,
12.5, 16.7, 25, 50, 100%2] 7+, &, ujAl & 92} ==of
o] X3 NB HlA|o]| &5}l 35CoflA] 24A17F v FsISiT
HQFORS 4,000 rpm, 4TOlA] 1583 YalEaslal, IHE
40 pLE NA #izjo]] =sto] 35Co|A] 24A17F vigs} Tk

oF 107-10° 0.2 wjFE 4. ruber] HIFR 100 uLE 5}
o] 3.125, 4.17, 6.23, 12.5, 16.7, 25, 50, 100%2] 7+, H&,
ujAl g {2} FE5HT} sucrose”t E3HE PDB s x|of| 242}
AEstal, 25T 3-59 BLF widstict. vl 4,000
rpm, 4C Z7A0NA 2087 YAlEEeka, HHE 40 pLEe
sucrose’} I 3H=E] PDA HjA|of] st & 3-527F 25T of|A]
st

UV-C A AjZHo| M2 A 4

NB 8iX|of| B. subtilissS AZE5ka1, 35T oA 24A17H4 1,
22} il 1 &, 22} wiF=E B. subtilis ¥iFH 100
uLE Foto] NA viAo] =Tatltt. UV-C(253.7 nm)& Hi
2|9} H1Lolo] ATl 6 cm, ZE= 19.5 W' R 5-408
7HA] 5B @2 ZH RARES DElste] RARRE &, 35T
oflA 24417t viFstTt. TERL, sucroseE 713t PDB HiX]
o A rubers &E3s}, 3-5U7F 25C oA Bistict. 1, 2
A wiF &, 22F viFE A, ruber ¥iFH 100 pLE 5t
sucrose”} Z3HE PDA Hjx]o]] oot 253.7 nm IO
2 "jx|et FBmolko] ATl 6 cm, ZFE= 19.5 WmE 30-
1002714] 108 T2 Z7F ZAAZRS DEfsto] AL,
25ColA] 3-5Y st

FHEMD YE 2N 2o T2 FFH =
714k Aol Hiet 28 s/ Eels

|0
3
1 0!
i{l
O

M FAA} 100% H& 5202 Zu] @ 4]o] A& Ho
A5ttt FAARS APt &u] @ Ao AR x| 24
F A% T, 1.5 MO] A4S AlE0] HHo|| A E]sto] Az
319, Y 5=AS At 2u| 9 Ao AlgE o] 3
%= AT B F, AE9] FHA 100% HE H=HS A2
sto] Az A} P& s At ZF AlgE
To] T fE 24 IS AR F 30T oA 5087 A
Aol 109 ZHA0 R nAE F4] ofiLE FRolstom,
DA ARE RFLoZ ARSsIYIch

rk
k

[ 4o 0

7t

A9 9 7S AR 2] 240 AFY A% F
2 W5E 2] Slste] RAYshL AEget 1Y
2 Hgete] £ Y] BR AR B A 5
7ol Hiet w5S AARE & ARSIl £0] 240 AR
A, %, 9, A R WA )5 tstel 78(1-0% v
o}, 7=o}% Eth HmHo] wel 245tk Ea T4
< AET), FOD), SIS A, oln) % AH(d)
o J=g FRoz Hyste] Brsigct 7|2y W 2
AL 71 el sl 591 We 5, AA5A
THApproval number: 1041386-202005-HR-30-02).

0

»—tr_‘
ol 0
2

1

pHSt ME =3

2] oAjof A9 pHi A9 ofe] RS0} NS
QeI oH, Yt AR 3 ¢S EF7S 30 mLet Egsto]
(1:10 v/v) 5,000 rpmOl|A] 457t A ASISIHTHAM-7, Ace
homogenizer, Nihonseiki, Japan). #33} &, TEHS pH
meter(DKK-TOA Corporation, Japan)g& AF&o}o] 335] WHE
olact

Zu] QAJo] AF0] A= AHZA|(JC801, Color Technosystem
Co., Tokyo, Japan)S AREo}o] T (lightness, L*), ZAx=
(redness, a*), A (yellowness, b*)E SA3IAH. A2
53] wHEsto]l SA51910, gy BEHAE FSHith
o] wj AREE HF WMAO] Z12 [*=93.26, a*=0.77, b*=
1.100]4ch

NEPSEE!

0] 9ol AR A2 Z4e] Fislo] 24 2
$7ko= Helet 20) Ao] A2 2 & FgH o At
o] HE PBS(pH 7.4) |9 18 mLE 35 £, 1,000 rpm
oA 187t A5 AM-7, Ace homogenizer, Nihonseiki,
Japan). o] @A 108 S]AHH O = 5]45Ho] PCA HjA|of
Saek, 35COIA] 24412 KT 3, colony AXSlel Lt
ERgic). A1 %9l Z0] 97o] AlRe] Fo] B4 fRE



Effect of organic acid and UV-C treatment on quality of seasoned squid product

SHA2|

H 1A 3k= SAS software(Statistical analytical system
V8.2, SAS Institute Inc., Cary, NC, USA)S o]85}o] BAl
BAg ANEgth o1 Aol S wEo] el
Duncan®] T A% (multiple range test) 2.2 p<0.05 4=
Fol folR 732 st

Za o 2y
ojgg 22| ¥ 5%
Aeixon Hujel zn) oo Almeld Eejst 4%50)

colony % ZM colonyS SW-13} SW-22k1 HHsko] 16S
rRNA sequence £41& o]-85to] 574513l o, Fgo| o5
2 24EE= 2 colonyE SY, S1A colonyES SGEHal
g5}o] ITS1 and ITS4 primer set sequence 42 0]-&5}0]
=451tk 1 Ak, SW-13}F SW-2 45 B, subtilisZ 8+
QA=A SY &5+ A. ruber, SG W= A. penicillioides
& gRIEtKTable 1).

B. subtilis’= 13 A, WA 2R JA #oz =23t
B0 & 2 dEA Qlok E3L W] o 9 RulE {Es
= YolFoz A JATKSorokulova 5, 2003), ©l=
FDA: AJZo] thgt B. subrilis®] S4Jo] thsiA Lutzog
orHsltty QA== EZ(generally recognized as safe,
GRAS)Z QI4J5lal UTHFDA, 2018).

Aspergillusi= 371/d0 2 A9 RLE Fo| ATt FH
SHgolA A=, dubyo g 7|29 IHo| &5t

581

o= YA Ut BE BRols BT U IR 2
ATt SRS 7oA Aok, Aspergillusi= o]
AApeF 42 Aol g AR o E4& dYA U+
(Bennett, 2010). A. penicillioidess= QHMA 072 AZA1E}
o] i GAdo] W AFoA F2 TAE, AR 4]
Zog A5 AE 9 F 5o] Qck(Machida, 2010).

T f

F714ke] A FEo] wE
Table 29} ZT}.

B. subtilis®] 3%, 27 M 3.5 M &AL 09 M FLHAE
0025 M AN o] AT E& A ruber]
B9, 0025 M 24% 025 M 24} 0.5 M T4 2 0,025
M ol Z4j0] SiAE A HI 2 UKk T
gt I 9 g AlFoA AdFH R EasEE A 229
714 AlEHi Beetol tisl et E/9= 7HAIAL
(Beuchat} Colden, 1989). 1=+ FDA= J7|4HS LubEA o
2 Pt AF H7HE(GRAS)E IFSIAL Rlow, vdE
AARAAA R 585t UtHCode of Federal Regulations,
1993; FDA, 1982). 5714k W& AlaEdkS Z5ff H] of
e EAZF A U2 FYE 1L, 023 @4 osf mldE
= APERITE B3 Al Wf pHE RAI5H] flsto] o4 o]
o] EEH, A2 §o] 4H] e Tid W DNATR
9 g4 GA49] Wy} w1 E fdsto] Alx o9k ohast
31(Mani-Lépez 5, 2012), Al22=9] E3l4d HslZ 74 o]

48 oA ZIE sela

24k

ZA}

Table 1. Identification of isolated microorganisms using 16S rRNA gene sequence and ITS1 and ITS4 primer set sequence analysis

16S rRNA sequencing and ITS1 and ITS4 primer set sequence

Strain Que
Related strain in NCBI Accession No. Ty o,y ldentity (%) Nomenclature
coverage (%)
ggé Bacillus subtilis strain soilG2B NR113265.1 100 100 Bacillus subtilis
SY Aspergillus ruber strain CBS 531.65 MH870343.1 100 100 Aspergillus ruber
SG Aspergillus penicillioides strain CBS 234.65 MHS870190.1 100 99.83 Aspergillus penicillioides
Table 2. Minimal inhibitory concentration (MIC) of organic acids on B. subtilis and A. ruber
Organic acid (M)
Strain
Acetic acid Lactic acid Citric acid Maleic acid
B. subtilis 2.7 35 0.9 0.025
A. ruber 0.025 0.25 0.5 0.025




= Yodtthal defA Sltk(Kong 5, 2001). & A+ 23
In 5(2013)2] Shigella®]] TH3F ZAY, A4 9 Z4k] 7
L8 AHolA F7l4to] AAGE AR sl ZFzke] &
S 7ML ltkal B gk Ae} fAbstot A4ko]
74t % &= 59 AlEel 7S Eol XH7tEof 9lom, 4t
g 9 HEAZ ARRET IR Qlo] 2 A= +
AARS ARESo] 714 xm] @A o] Al FAI AR/
T ATE At E3L AL SRR BE UE
W71 fste] 1.5 M AARE ARSI
DYES 4] AHIE fIst HAMO| 2AEE

A=, g, Uil 2 4 3= 5599 K] Hdditew
B. subtilis®} A. ruberc] T3t n]BE AA| §3E GolH 7]
Sslol 22 o} = HL WA, T ABE Table
35} on], 42 55 Pt} | 5% U 127 Yke)
50% H 25% S|A AL B. subtilis®] T4 AL 4 A=
<= SRISISITKTable 3). E3L, #l2 55 AN, A 50%
2 25% BB} ujA w5 AN, UM 12.5% BB
A. ruber®] SA& AL o SIGITKTable 3). FujE £n]
QAo AEFo2XE BIE B subtilisSt A. rubero] Thal
AT G2 m5Ho] S5t S Aol avtE Helow, &
# 0 YA o] S AE HEAZ 0}8F S5HS
slolstgieh. AAA] AL B subtilis@} A. ruberd] 41
SAISFe B W Fto] 4 Holstor, A st
AT AR AT BEE AREFAL ARSI

UV-C ZAL AlZto] 2 Op4E 45 A3
22} vjgRt B. subtilis Bl NA vljx]of] =dsto] vz

ARSI AsA AsE (2021)

o} A AJol9] 74 6 cm, 19.5 Wm’Q] =& 253.7 nm
TGOl UV-CE 54087t 58 1M 08 RAsto] 45 oA
BNE RIS A3}, 358 A 2, B subtilisQ] A5 A
A5 TS 4 QIUtH(Table 4). ESF 2% viASE A ruber
HiFHS sucrose”} = PDA HiZ|of =sto] vijx|e} I A}
0]9] 7k4 6 cm, 19.5 W/m’e] Z}&= = 253.7 nm 1] UV-
CE 30-100% B2 102 7HH 05 RAlsto] ERIg At 90
B A3, A ruber®] S A 23S ERISHTHTable
4). o|lgt Ah= n|BES HEF 7S 253.7 nm 1}
A9 UV-C(5 cm, 2.32 Wem)E RARIES o, AH4ars
LRt AH(Gwak <5, 2018) A2} UV-C ZZ(6 cm,
12 em, 20 kI/m’)7F A 5 42 Ao 2R70| ulBE S
= AR 9H(Kim 5, 2008) Ao} YA H
ESE Nam 5(2017)2 &S UV-CE RAIS 1), DNA
Hretal, Apejdwro] S7ietel wet 4] AJEE0]
Fagithal Husiginh ool ATE UV-C RA}

L5 M FRARE Hejet 28] 24o] AjEe] W %7 2
e Fig. 1A%} 2k AE0] 15 M 74 Hefat 5 s
7Kt 2, 9 A, g olu), A 9 Age] waks =4
QUL Algto] ZJSHA] Ve, ezte] wleizh LAz
o FRIALS AR AE) AAHS THEE BAHY AR
Boh vl Uehgon, 15 M Felike ARo] Heiie o,
Fete] e BER Qe Algte] Zek] LAA el
71557} dotArk Abmsich

Table 3. Minimal inhibitory concentration (MIC) of natural acids on B. subtilis and A. ruber

Strain Natural acid (%) 100 50 25 16.7 12.5 3.125
Mandarin oY 3 - - O O
Lemon x? O O O O @)
B. subtilis
Prunus mume x x X O O O
Citron O - - - 0O 0
Strain Natural acid (%) 100 50 25 16.7 12.5 6.23 4.17 3.125
Mandarin oY ) - - O - - @)
Lemon x? x x @) 9) - - 0
A. ruber
Prunus mume X - - - x O O O
Citron O - - - O - - O
UGrowth.
INo growth.

No data.
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Table 4. Inactivation of B. subtilis and A. ruber according to irradiation time of UV-C light-emitting diode

Irradiation time (min) 0 5 10 15 20 25 30 35 40
B. subtilis oY @) O O O O @) x?) x
Irradiation time (min) 0 30 40 50 60 70 80 90 100
A. ruber 0" O O O O ©) O x? x
DGrowth.
o growth.
(&) ®
Taste
6 Taste
Overall preference 5 A Color ‘
A "VH'M_A;N S A Overall preference _ "’\\ Color
“AD ~\ Z SN 4
| \ Ay
! A \ [ 4 A
: | ,
| B 5 \ | 3B AN
| A | B N
| AY < "\
Hardness N7 1 A ) Smell Hardness Al ; LA  Smell
/ | / A 3
| 0 | Y A
; " | 0
P /
| / . |
~B / [ 1A B~ Al
Texture A \\ ) / ~ \“-\\ ~a
\ /,r/ 1 A~ Fishy smell Texture \ A Fishy smell
\ A},‘z \. B 7
\W\ / ,‘"»" A
A A A
Abnormal taste Sour taste Abnormal taste Sour taste
~ Control - Treat (CL)

—=— Contro] === Treat (CA)

Fig. 1. Sensory evaluation of seasoned squid product according to 1.5 M citric acid (A) and lemon-concentrated solution (B) treatments.

YMeans in the same column (A-B) bearing different superscript are significantly different (p<0.05).

A 2ohe et xn] 94o] AEe] s ¥} A}
= Fig. 1B9} 2}, AEo] B2 52 Hafst 3 s
7}t A7, gho] @8] WolHar, A, WA, Hle, ola), &
7 9 Awe gojula Aol gt AT 3o XS
3 AEo] Algto] A8 et AAHR L e
520 A2 AERT WA Rty ol 725 =
2 oj=o] /I u Yol WolArki HE Yang 5
(2007)9] QA5 AT} fA81%T o] FE EZa) E5o)
74 Algko 2 Qla) MAIFQl B7HEs} WA WAL Ao
2 AR Hehd G2 200 Srg Ak Aol v
Fsih Az

Z0| 23y0j2| pH H3}

L5 M elttke 20| 270 A=l At &, 30T ol|A
5047t Aot pHE S5t Table 5). 71 23},
A2 Al=2] 271(0€ Zh pHE 6.470|1304L, FA4E A Al
29| 0¥ A} pHE 4.852 A28 pH7}F 74t A 2o] 2f5]

AAES SRIsILE FA2] Alge] 49, Al7to] Aol m
2} 30 2 6.352 FAok=s AFS Holoprt 508 A9
6.452 T7Foto] 0 Aot -8t Zpol7t YEhA] o3-S
ZRIgk 4= Uk A A Alg= 2174 502 2ol pH7}
4958 A% Al7to] Aojye] wet pH7F A7t F7Foke AR
S Ht} o]9} e Al= A7 FHo|| TAARS: A5k
pH7} Zas] Alte] S-S Asfigiths A+ 23kt g
< B3 (Park 5, 2004), & Ao FA 2] AR H]
off Fi4t A ARl 27 pH7F W2 A0 & ERIH Hf,
pHZ QI3 AE9] JuBE a3E 7T = & Zo=
et

A2 558 2o] 24o] Alg HHA| A3t 5 30T
A 5097t 7dstHA pHE &7g0t%al, 1 23S Table 6
of Yeroitt. H2 5N FAE 9 A7 A=) 0 2t
pHE 27} 640, 4742 12 559 Ao wet pH7F 4
e 2RI 4= At &7 55N T4 AR FE-, 50
A A7HA] pHY| A% AlZto] WE Alg 719] zjo|7} A9
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Table 5. Changes in pH value of seasoned squid product treated
with 1.5 M citric acid during storage

Storage time

(day) Control 1.5 M citric acid
0 6.47+0.00°" 4.85+0.01¢™
10 6.36+0.01° 5.22+0.01*"
20 6.35+0.01¢ 5.1120.01""
30 6.35+0.01% 4.94+0.00"
40 6.3140.01° 5.10+0.02"
50 6.45+0.01° 4.95+0.01"

YMeans in the same column (*°) bearing different superscript are
significantly different (p<0.05).

2)St;atistisgally significant value compared with control group data by
t-test (' p<0.05).

UEREA] ettt gl 55 AY] AR 4 ERF 209,
309, 40Y 9 50 X} pH7} 4.98, 4.96, 4.93 4 4830
A% 27| pHES oA =2 32 UE

ol= Hl& 5o Rrl4to] IRREO] 7] WER] AL
2 AlEEH, Kim(2006)3} Kwak ${(2002)29] H11o] whaw,
W2 f7l4to] g QURRE HIIRE AL dAtolA @
H|z} FH7tol| W pH T4 A}t FAFSHIH

SHH, Table 52} 69] 27t pH 312] Zpol= Adof| A}
|3 Zu| o] A7t AA| whfjots AlFo = JiE 24
H AEE 4 40197 WERl AR AlEEh

Z0| Yoo M s}

1.5 M A4 AJ2jste] 245t 20| @ 4Jo] AlE T
=g Z7SIATH(Table 7). FAI2] Al=0] Pt A=
02 z}of] 28.14, 14.01, 502 X}ol| 24.66, 10.072 A|7ko] A]

Table 6. Changes in pH value of seasoned squid product treated
with lemon-concentrated solution during storage

Storage time Lemon concentrated

Control

(day) solution
0 6.400.01°) 4.74+0.02°
20 6.45+0.01° 4.98+0.01*"
30 6.38+0.01° 4.96+0.01°"
40 6.38+0.01° 4.93+0.01°"
50 6.32£0.01¢ 4.83+0.01

ol w2t Fashe ARkl et FA9 AR A4
= 0% 2ol 20500 409 A7HA] F2Jgt 2ol7} QiH7t 50
A Aol 16.17=2 ATt RS A3t ARl P
0 2} 28.84, 50U 2} 26302 % F2J2Q1 M} LehtA]
okttt ALl A= 0 A} 12.57, 16.25, 502 A9
17.32, 21.442 Z7Vl= S UERRISE. Manolopoulou
9} Varyakas(2011)= A% 2% = AF A7 Alo]9] Als
Z-go] FiF] Hxol FYA FFe = AoE B
St AlEe TEAT 2 Aoz 20| Ao AF
A Al ol ARl S = A DAL 5 AN
o} E3h Kwak 5(2003)2 0.25% A4S Hgof| H7)st
A 2 FARS ARSI Busiolsd], £ doAs
RS H7IRE 2] @7do] AEY] HErt A AR F7F
of W2 FOJAQI Wsk= UERA] ek SRIRt Bf, Ak
7F 7ol gt 2r] @4of AlES] 2% A Bik= mv]

Table 7. Changes in color value of seasoned squid product treated
with 1.5 M citric acid during storage

Storage time

Color value (day) Control 1.5 M citric acid
0 28.14+0.60™)  28.84+1.40°
10 20.74+1.46° 25.77+1.90°2
L¥ 20 29.03+0.47 26.92+1.31¢"
(lightness) 30 25324117 33312058
40 26.97+1.68° 29.55+0.45"
50 24.66+0.99° 26.30+1.54°
0 14.01+1.06" 12.57+1.26"
10 13.33+0.77% 10.44+1.32¢"
¥ 20 13.00+£0.37% 11.39+1.42%
(redness) 30 11.811.18°  10.74+1.02%
40 12.81+1.90% 9.90+0.60°
50 10.07+0.63° 17.32+1.96"
0 20.50+1.21° 16.25+1.03"
10 16.33£0.97™ 13.3442.25%
b 20 20.33+0.24° 18.36+0.85""
(yellowness) 30 12.53£1.40°  21.84:0.72"
40 17.84+1.44° 18.81+0.89™
50 16.17+1.50° 21.44+1.67"

YMeans in the same column (*°) bearing different superscript are
significantly different (p<0.05).

IStatistically significant value compared with control group data by
t-test (¥p<0.05).

YMeans in the same column (*°) bearing different superscript are
significantly different (p<0.05).

2)Statistigally significant value compared with control group data by
t-test ('p<0.05).
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gt ZAoE AlgHTh

H= 5= A &, 30T AR FA £0] 240] A&
O] M E 243 Av= Table 87} 2t} 42| A|59]
Pl 09 2} 31.35, 509 2} 27.76°& A7to] Aol wt
Aasls A%E Uitk AArel gae= 0 A
10.50, 22.41, 5024 =} 11.64, 20.96°. 2 5-2J3} 2}o]7} A3
o} g2 H20S At A5 Hrl 0 Aol 24.67, 50
 zof 25,5002 AJ7to] Aol w2 ¥igh= mlu|gct. 3
A= 09 2} 15.02, 509 2] 8.012 A7 717t w1
o|H oz Fhavol= o] e, FHEE= 0Y A 14.14,
509 2} 14.042 391221 ¥igk= UEREA] Yttt Kim 5
(2018)9] AollA] HlE A2jst & oS AEo] FAE A
Fof| vlsto] A7 Aztol| T F4 HISkE Holx] gerial
Hgh vl 2 Ao E gl 55RS Aegh Z2u| 240
AlFo] FA2] AFe vl A% Azt mE P, FAEO]
P uEt Ao ARk

S Table 73} 89] tiRw7E M9 Xjoli= AF] ALE
St 2| eAo] Alg7t AA| Tfsls Aoz NE 2AgH

Table 8. Changes in color value of seasoned squid product treated
with lemon concentrated solution during storage

Characteristics Storage time Control corkzrrlllt?;lted
(day) solution

0 31.35£1.89°"  24.67+1.34%2

20 32.10£1.19°  24.75+1.06™

i gﬁ;;ess) 30 31.00£0.72°  21.704131%
40 28.09+2.41°  25.55+0.64°

50 27.76£0.40°  25.50+0.76“

0 10.50£0.92°  15.0240.64"

20 11.58+1.17° 8.1240.82°"

(re;;ess) 30 10.88+0.59*  11.31£0.87°
40 11.82+1.19° 8.15+0.59°

50 11.64+1.59° 8.01+1.04

0 2241£1.95°  14.14+1.12"

20 21.73+0.75° 9.61£1.92"

(yell(?\zness) 30 22624084 13.840.53"
40 19.69£1.58"  13.61£1.37"

50 20.96£1.26°  14.04+0.98"

ABE 247t 2419 el A0R AmEn:

Z0| 2Fojo| D|WEstY &

15 M 7:9UkE %] @40} AR Felo] Hjgt 7 30T
OlA] 509zt APt Sl s STt A, At
B2 Azt 2] Alze] ARt A 2702 2 22t
3.72 log CFU/mL%} 2.70 log CFU/mLO|ITKTable 9). &
o, A% AlRto] APol] whet ALt FAE] Az et
50 Ao 3.28 log CFU/MLE WERHRIAL, A4k A=]_t
A= 509 2]l 2.58 log CFU/MLE FA]2] Al&o] B|sf 44
T57F 21.34% AES ERIS 5 ASTE fUA] I &
AJ2 AFO] ZF(EL-Shenawy and Marth, 1989; EL-Shenawy
and Marth, 1992), A1Z9] pH @ 8714k sfj2]o] ule} o}
27 yepdtir g8 A QItHEL-Shenawyd}; Marth, 1989).
E3F 7140 Bt 712R2 sl A7t o] 23tE o] A
I pHE HIWR7IAY 9IS HAAA A o #]9f
1z, JFA o8 Wefictay, ARG AA0) oV =
2ol ofgtal A#A SUth(Freese 5, 1973). & AFolA=
TAAE Z2o]| T pH A4 AIE ZRIRH v, AAE A2
Az 9 TR AR 1] 27] Ao Aol A4t A2
of oJ3t ¥ pHE A 717F B9t §-AI51%7] whizol=t A
gt o|gt Adt= AL R HA|FE §Re-5o] FA T
wof| Hlsto] mBES] AAE HYtke A HiHLee 5,
1998)e} Fisto 2 HAAF] sl |B715 A 7hs
AL 213t 93 Z¥ManolopoulouX} Varyakas, 2011)2}¢
FARE 3k UEhict ol wet FALte] Aele 2r] @
ol AFS 5 FE4 AP SAANE & S AeR
T

Table 9. Antimicrobial activity of 1.5 M citric acid on seasoned
squid product during storage
(Unit: log CFU/mL)

Storage time

(day) Control 1.5 M citric acid
0 3.72+0.22*Y 2.70+0.10%2
10 3.61+0.38" 3.07£0.37*
20 3.28+0.08" 2.82:+0.39°
30 3.31+0.01° 2.69+0.22
40 3.300.09° 2.67+0.06"
50 3.2840.10° 2.58+0.04"

YMeans in the same column (*°) bearing different superscript are
significantly different (p<0.05).

2)St;atistigally significant value compared with control group data by
t-test (p<0.05).

YMeans in the same column (*°) bearing different superscript are
significantly different (p<0.05).

2)S*tatistically significant value compared with control group data by t-test
('p<0.05).
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g2 559 xn] 24oj9] IH| A3t F 30TA
50947 AsHHAl ARt BdE ST 2y, HE 559
FA2 Alget A9 AR 27| Bdee 242 337 log
CFU/mLS} 3.12 log CFU/MLE H& 2ZE 2] A] T4
Aol v|g] A7t 7.42% BAEJL, A4 A AR
(27.42%) Bt A Aol W2 Aoz ERIFHL
(Table 10). A7 Al7to] Ago] whet Hl& 554 FA g A
9] AL 50Y Z}of| 3.87 log CFU/MLE Z7}oF Ak,
AAAR] Aol foulet Zolg YehfA] Eot. HE &
Zol Z7] A2 AL, 502 2}of| 2.78 log CFU/mLE A|7F
o] Aol wet Fhaol= AFS Blom, FA2] Ao H]
5ff 28.16% S FRIT 4= QIUt. 1.5 M 34k A9
3% FAY A=) Hsto] A% 50U 2} Bt HAE0]
21.34%= gR1E vf, AR7|7to] ZAojdSE 100% H& &5
SA A7t AL AYETt AE T FeE
T E3L EE 5592 A AR 25 3807t
AEEA Lotk

Sh, Table 99+ 109] T2t Ad4=9] Rfol= Ao A
B3t 2n o] A&7t AR wfisk= AlEoE JNE 2%
H AEE 247 S786197] Wizl Ao= AtaEch

2 o

2 AFoME o] 240 AF9] F-871% A 2 A%
< SRt AiAE 71 e A fisl SehA A= Wil
714 Aot E24 A 9Pl A-JA(UV-C) 2APL 2E
A8 2| eAo] AEe] AT} 4 mAlE S &
Astgint. Ak Fafel o] @ 4Jo] AlFA nES &
St B. subtilis?t A. ruber L A. penicillioides=. 575},
ot 4350 R4 450 HMAARE o s S8E +<

Table 10. Antimicrobial activity of lemon concentrated solution
on seasoned squid product during storage

(Unit: log CFU/mL)

Storage time Lemon concentrated

(day) Control solution
0 3.37+0.09°Y 3.12+0.10%?
20 3.92+0.03° 2.91+0.09*"
30 3.35+0.01° 3.03+0.00™
40 3.4240.01° 2.90+0.03*"
50 3.87+0.03° 2.78+0.02¢"

YMeans in the same column (*°) bearing different superscript are
significantly different (p<0.05).

2)St;atistigally significant value compared with control group data by
t-test (p<0.05).

B. subtilis@} A. ruber]] TSt XA AA| =& 43S vEC
2 1.5 M 74} 100% B 559 ol8ste] 21| 04
of Al&o] At Fd ol wet AFE AYsIA
1.5 M 74k AE]gt 20| @ Ao] Al&9] s Hrt A,
=2 1A FEE Qlste] HMAA] ST Fr A
2 AlRE 2A Uetar, 2717 52t A A2 AlE
9] pH7} W& 082 fAHO| wet F412] A&l H]s)
A7} 2134% B Felet 5 Aotk B BRE
A2t A2 73, FA12 AEol Blste] gto] AA|s] Hof
Aar, A dA, v, ofm|, Az 3 H&o] fofn[et Ajo]
+ SISIEh TS A Alzto] Aol whet izt Hls A
7t 7.42% AAE QT A 509 Alof| HlE w5 A
9] At FAEFEET 28.16% Ak SISk,
A717r0] dojdes g 55 A7t it Aot
AAAo] =2 Ao 2 TWAEQT} B subtilisSt A. ruber]
gt UV-C A} A7l T2 S A 831 SRIgh 2t
B. subtilis®) 735 355 ZAF &, A ruber®] 73 908 XA}
ol S A anE ERIT 4= St T AlE Es
Az 34 T UV-CeF a4t 9 HliE 55K Z2of ofsj
ATt B8 A & e AR wHE, § Yot
7h 4k 2 FE 5599 e E AvRe] 7|5 9
ZWRehA AEC] 7154 TS FIAE & Sl A= A}
=23k

are =2
2 (A 2S5 AT AP A
A ot Y AR|SEE Aot e ATdiSHLINC) =
A9 AATIY
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