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Several quality parameters affecting Alaska pollack, Theragra chalcogramma, were measured and modeled
kinetically under storage at different temperatures: the K-value, trimethylamine (TMA), volatile basic nitrogen
(VBN), Torry meter, pH, acid value (AV), total viable cell count (TVC), and colony forming units (CFU)
of Pseudomonas spp. The off-flavor development time (ODT) was also measured using the R-index sensory
test and modeled kinetically. Among the quality parameters, the CFU of Pseudomonas spp. was an indicator
of the ODT according to a similarity in the Arrhenius temperature dependence, which was derived as
a criterion mathematically. The temperature dependence was represented by the Arrhenius’s activation energy
(Ea). On comparing the E, of the quality factors and the ODT, the similarity in the temperature dependence
was found to be high in the order Pseudomonas spp., pH, VBN, TVC, K-value, TMA, AV, and Torry
meter. Therefore, Pseudomonas spp. was identified as the primary indicator of ODT.
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putrefaciens®] V) AJEo] =2 WAF T} (Gram and Huss, 1996).

e, Alaska pollack (Theragra chalcogramma)= ¥t=r2] & 2L} o] H WAL u AR o5 WAEE AWl oy g}
sicto =g Hujelruol witel AA SEEY 2 TEl,  mne) 2y 0 AR o|Esie) Wl Be ey
L8238, WPel e dFggah 7 s el WA XSRS gz R obR Yol (ammoniacal), 4413 (fishy),
4774 o1 oItk (Tsuzi, 1978). Alaska pollacke M= WlM w02 (rotten), 318142223 (hydrogen sulfide)S} 2-& 1] 717
1990-1997 4415 M 3910 ST WF 2¥Fol B o ng e} (Gram and Huss, 1996). TE3F 0] 3 & 7] 4 %ol
0% (Lehrer et al., 2003)2.2 4] o]o] W2 syrimio] Y7 = F2 o] £HE SPME-GC-MSE ]88 17 (Iglesias et al.,
ol ARG el ATl e FER ofFst Hp09)01 o J7)RA B Aduidol J)Ew Tev}
of el Fej= 7he S SRR g e W AT T (Morita et al, 2003)% o] Fol A% o] Yol Ak S5
WA ek iAol ek 57h Aol 57]4 9l Reindex® 2 -8-3ko] o] F o] n|A| 3 Wale 713

Bl Fd BrkE AwetA, oldkeh 54 W S w 9)r} (Argaiz et al, 2007; Park and Lee, 2008).
hks |7F sl AIRE DAl XA AnfAte] vl gEfe] 71 At W Ejvle] FEAT Y S
= A42s 892 FHAR we A Bkl og Aol Y mmang A4gm Aed=o] 2 gd AT} gitkgeol )
wolth webA A Ads diiR gl ARl E4 (Velazquez et al., 2008; Jin et al., 2007; Weng et al., 2007,
AAE aEfsior & Lar) sl Shiku et al, 2004). 3-8 A% Wejalse A& g F

A o] A AA AFEEL T WS 98 2

b Axko] At} (Shewan, 1962). &7] 41 =3} g2

T A AAE A2 Pseudomonas spp.$t Shewanella
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A E8HH gl tfgk - (Cha et al., 2004), " EN 2] frame
protein 78 E 2 H-E] L2 A £ angiotensin-I converting
enzyme A3 FEFOI= AT (Je et al, 2004) S-0] Tk a}A| Rk
717182 0l W sH7FEA el WEje FA ARt gt

AFE AEE Hot gtk e AARAA g} AFEYE



196 Mg A -ohard ol

Aol w2 Aojg] e 38t A A, M EA Wl ot
AT (Ozogul et al, 2004)7F =3 E B} Ut} o] AT 3134
7Rl TVB-N, TMA, K-value 574, A&84 H7IQl TVC,
Histamine-forming bacteria (HFB) 7, ¥5 4 3 7}?1 demerit
scores ©]-8-%F H#H7HE Fa Aol b ]
gt spA R sekA], v AEA] AEE S5k
ARG EYN A5 Foto] 42 FHAJA WE
S AFe AL vn|Eglh
e 471 S 7IRkel A A& A5
2 2 El®) AT (Raatikainen et al., 2005)%= ©]E H.¢+
AdgE B4 FERste A4S N-mode
artial least squares & ©]-&-3fo] A1k v} Qi 1 A A5
7‘;_ Bq:g],oﬂ AMA) Jas F= o]g].al;(%, A&k ¥ 3}
& 2ol 4 Qe ST olo] AER Auk perhe
do] e wert = A skl #s A Al EAE
A= BN TR g o AEq & &
% At} (Park and Lee, 2008).
R-index™= M| 3] &5 Al 27] A9 A AIEE
S A0 AAEle] 7] Aele) Ass ek} Aok ek
A& B7Fske 543571 lth (Lee and Hout, 2009). w2}
X 5] o Bl ALE S| AJE W s} e b
g H71e & o] o] Y (Robinson et al., 2005). &
T} R-index 91-7AFE o= isoflavone2] %] 4] (Robinson
et al., 2004), guava %291 7}°d O|F A ALY B (Argaiz
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et al., 2005), 0]% SF =859 #AeH Ao] 4 (Villegas
et al., 2007), &= @_ 714 5 olF wAe] T4 A4
(Park and Lee, 2008) SOl At f9 AdFE BT g
AEE7) P A ANE S 5 AN, kA
H e Osteady A7F 59 o]F DAAANE EFAT7IHS
R-indexE 483l Hr} At 235 95 4 Ak oY
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(Scott and Heldman, 1990; Corradini and Peleg, 2007).
o} o] o|HWAL PAT 5+ 9l FAFHORA ] FA
AAE erolEHor BAFon oA LrolE

B
3} 7V Fbe LEYEAS 2 FAXRE G %&7}

AT

wpepA] Aol HEje] o] HAAS A o Z e
3o e FAJMAE B 2 T4 B edA
FEaAE wA stk WA, WElel steady 478 F 54
571 Q] R-indexol] o] o] HAHAAIFS A B AL, ©]
sh8tA, AESA FAAAE S48 Hﬁﬂ*lﬂ«l
2EoEA o] BA A 41 E]E (Byeon et al., 2009y o]-&3}
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olo] wtE o]FH A indicatore] A 2 AL F L&A}
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B Ao M B FemolA ojFd HeE o 1T AF

EE FAT A= Hd 9 oW whole fish®] Ao]/defel
B Fekoleh. Hee] A3 H 44.3 (+0.5) om,
B 4513 (£5.7) gS 7|F 02 AEsigi)

hole fish FEJZ 70 cm x 70 cm 7] 9]
BT 72 A 85 5, 10, 15, 20T
e} (SH-75B, Biofree Co., Korea)ol] X 33}
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o). s sl A Hojae % B9t 7k

o] FElE 70°CollA 4A17
Sk & 25Col 48A17F HEE o] o]FH 7} Al E HEQ signal
reference$} Ao] e 9] WElE WA 2290 1TCA H3E o]

Al X5 el <l noise reference® 243 4L o
04 A|Fsted, HE] Fro 485k ARIEHS HAAISHA

Ek APAEH & 2| AEHALE AAete Hide] 7 T
S A 83T (Robinson et al., 2004; Park and Lee, 2008).

R—index ¥ 7A}

A& 15 em®] 3l Aol ARE 10 g8 FH)8ta, F249)
Al Ak =A= F718k3A T sd e EH,] NEE 20C PSR
oA 1027 B3 e A gl HIA = g Fol7] glete]
33 A 3718 SelvhAAl stk 97 deks Az
g7rael 7178k

AT BT = AR S Ao uhe "aA w7}
signal?} s43al™ g2lgkth" signal sure (S), "A @A ST}
signal?} T L3RI RF 4l EE = §lv)" signal unsure (S?), "AH

A&7} noise9} B U3IARE FAle 4= §lT)" noise unsure (N?),
"AH A BT} noises} FL3FH 221" noise sure (N)] 47}
2 el g2 FrEskdth s AAF Sl = HEE] noise
reference?] A %7F Holx thA] Q1x]817| & L wjujr}
AFstoct A AR H F 53] wHEsie] SASsITH
(Robinson et al., 2004; Park and Lee, 2008).

R—index ¥ A7 & o|F =AY AX A7 threshold) 4H&

4% R-indexi= (Bi and O’mahony, 1995)° 4] H L% 2]
(HE At A= W) o HADAE FE3t
A7d 2] R-index#t-2 (Bi and O’mahony, 2007)l 2]3] 2] #
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g o] HEA| Zhe] uf

FARE &3] A&, f9 TS a=0.05 £ a

=0.019] FSHA (2 tails)S A&t o] HAAE St
= AA1EQ] Reindex= FAIEY] k9] 50%E vt H71sk3]
ok 21 ol BAIEY critical value ©]F 7 AAE A &2
Al 50%=5E duh Hoj [ =AE T geol7] wiEel
T} (Bi and O’mahony, 1995; Park and Lee, 2008).

_IIN‘

Signal sure [Signal unsure|Noise unsure | Noise sure
®) (87 (N?) )
Signal a b c d aIl?jracli d
Noise e f g h e;l;?f;lih
1
a(f+g+h)+blg+h)+clh)+ 5(ae+bf+cg+dh)
R=
(a+btctd)(e+f+g+h) M

AAFANLE A A7te) AEE @ BT

(Robinson et al., 2004). A3 WHE 314= 53]0| B2 F A Ko
[e;

n=5% thelste] AAAL AsAck AAAY we] R-indexS
A AR Lxo] o]F HrA|7Fo 7 6} U} (Park and Lee,
2008).

AEEA BA

Total Viable Cell Count (TVC) %

ANEE AA 42 £, 5 g& F3te] 50 mL 829 conical
tube (BD falcon 352070, USA)ol Hth dHod 34
bufferfield’s phosphate buffer (IDF phosphate buffer 0.0425 g/L
of KH,PO, adjusted to pH 7.2)& 20 mL 23l vortex mixer
(MS1 minishaker, IKA USA)E AF&-3o] 183+ 7dskAl &3
St %, bufferfield’s phosphate buffer 25 mLE 3 7}s}Ath AN
2 0.9% NaCl2 Ab&ate] s8] ste] dhuke sjajujq=
HEAT A AT A NS petri dish (SPL 10090, Korea)ol
2 5, ve] Alxs T2 wAE Fof a2 A2 F
23Tk PG sk vl A= 35C el A 48417 vl ekl T
(IB-600M, Jeio, Korea). ¥l A= Difco2] PCA (plate count agar)
= ALgstel Alzalelth. 38 W] 492 AP

A= AR g9 colony for unit (CFU)ZE 3}t

Pseudomonas spp. =73

ARqE 2 28 3 5 g2 F3le] 50 mL 22| conical
tube (BD falcon 352070, USA)°| H+th Bod 34
bufferfield’s phosphate buffer (IDF phosphate buffer 0.0425 g/L
of KH,PO, adjusted to pH 7.2)E 20 mL ¥ 3l vortex mixer
(MSI1 minishaker, IKA USA)S A}-&-3lo] 1837F #U3A &35
St & bufferfield’s phosphate buffer 25 mL & 3 7}3}5t}.
7]51014_0_ 0.9% NaCl'O— /\]__Q_—g],o;] /\1;< _‘4)&—5]_04 ol—tﬂ—_q 6]}\4 HHZ]:
2 wEAY. HA] HAS v petri dish (SPL 10090,
Korea)ol Z3 ¥ ul#A (MB-P1071
potassium sulfate, magnesium chloride, agar], Kisan Bio Korea)
of =% 3§, 30°ColA 48A1ZF vl %3kl T (BI-600M, Jeio,
Korea). WA= H 13l £-2 Pseudomonas A B} A] ol 2 mL2]

[peptone, casein,
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cephalosporin fucidin cetrimide (CFC) supplement (MB-C1849,
Kisan Bio Korea) HA71e 3 23y 33 HHESle] AdS
2yl a, JEgE AR g colony forming unit (CFU)E

o}%iﬁ}.
QEE RS

K-value &%

Hefe] &2 W nucleotides®] A%~ ¥M3}+= ATP (adenosine
triphospate) 2 - IMP (inosine monophosphate)”} A = =
g o] A=E Uehie ¢h& AFAME F47] (HF-1000,
Hutech Co., Korea)E ©|-83}lo] Z43}3t}. 5% Perchloric
Acid &9 600 WL7} AR & FE AR 200 mgs ¥
&, mhliskal, KOH 40~50 uLE Yol F3} (pH 4~6 A E)A A
FEHS AF3ATE A7)0 W7] ezl s AGF
(300 mL AE)S Y1, JE5Ad d5ds =

- S5 Tl dexdd FEAE APt
oﬂ 0 4 UL,EL OﬂEx]oﬂ UQOJU:E] x{7]oﬂ%%
FUH AL AxA73, FAFE 94 Holde 7}”1]‘:4
& o]&3ato] ARl #<d3tal, SPOT ANALYZER software S

ol gaA HeIF g FAse] Kahe AEHAh

TMA (Trimethyl amine)

Trimethyl amine< Murray and Gibson (1972) & o]&-3}
o] SAsTE wAsHA vhsk A 10 ¢S FH3l HRART
oA THFT F 10 mLE ¥ US A2 & o
S, 1A Al 10% trichloroacetic acid& < 20 mLE 7} 3l
SR Z2 F 307 FEI3TE = F 50 mLe] HAEE
230) o] ¥ar, A= trichloroacetic acid-& 90 2 A%
ko] AlAS ool A 50 mLE FEe & A §Ho=
AFESGITE i A2 AIRFEY 2 mL (TMA-NS.ZA] 2
ugelshs ot Alm&)E &% 15 mLe] "7} A=
Algd &) #H3 10% formalin €9 1 mLE 7}3] E£33s}a,
== toluene 10 mL ¢} K,CO;X381-8-9 3 mLE ¥il 54
oS ek 30Col A oF 10837 -8k a 177 e}

S

2
AGsh] FEs A LA oF 108 YA F 33

toluene%-2] F WHEFQl 5 mLE A Aslo] 05 g9 F A
Eo%= U}7H7} A= AlPAo R olF3sta % 5301 SHTA
Zith & toluene%"—’i«] 3 mLE HEQ Ax3 ’\] & 7ol
F 3l 0.02% picric acid-toluene solution®] 3 mLE & 3}5}¢]
410 nmoll A FFEE S48

Volatile basic nitrogen (VBN) =4

Uk 7] AAE AEFA (KFDA, 2002)«] Conway‘ﬂ—‘
o] g3t ZAATE whAE A5 5 goll /T 25 mLe
Ya g Alo] 30 3 AE F oFsta, A7) dode
ZIGAE 15 BHFA Aol 5% FAS ALgste
SR o FEAITl & GAb7] QA ofgiFel] 1 mLE %
o} 7] el 0.01 N BkS 1 mL 7Fet H, ko] 9

%o ALE Eo489 | mLE Y3 D Yol )49
FE EFste] FUk olu) U3 ] golo] B



198 Aae- Ay

A A Feftelof gt 25TCelA 60 B A
Brunswik A] %} (methyl red 0.2 g 2 methylene blue 0.1 g=

o BFS 300 mLoll so)a oJF}at A|eh S & W Wojrm )
o]o]A 0.01 N FABIUEF g0 7 A Aslo], ofefe] 2]
@F olgste] Faagc,

5 kg

VBN(mg/100 g) = 0.14 X

(b—a)xf
o 00 <a @)

o] 71M at= B oMol A (mL), b A HA
2] (mL), di= 8485, Wi A5 % (g), £ 0.01 N NaOHS)
A7HE om|t} (KFDA, 2002).

pH =4

Fillet A28 0% & F271% o gajel vl F AR
5 g2 AFS FFS 45 mLo A YAl e Y il vortex
mixerS )83t 3%~18 AL AojF F, ARl A
ZHS 100 mLE 745’“0}0% pH meter (Seven Multi, Mettler
Toledo. Co., Ltd., USA)Z 43} c}.

Acid value ¥4

A& AF 7] 2 AEE 5 g FEste] 250 mL A2}
flaskol]l 3]3}aL, ether-ethanol (2:1) £&4100 mLE 7}35l] Al
5 ¢43] 834171 ¥, 1% phenolphthalein *] A] 98- 2~31}
< "ol 0.1 N KOH-ethanol & o2 A&} )

Torry meter

A A RS S ARl Aol oAl ERel SA47E
g1 SA71E EA71H shdol YA E g2l exig2 Ay}
7} EA . o w) oA Ewo] Axd AEt Hw SHol
HA Fovm okl &5 oA k] AMETE g oA
16W W wAstel B ghe AnE mAh

A = ZFAW3E kinetic @ X9 &4 B4

574 R—indexol 23k o] FHHAXAIH

U4 oFAHAANE S 2= JEA LR Hlu EA57]
flste] ol HAAAE o] AFE Fsto] o] HAAG WS
T Mo 1+ drrhenius-like 218 483+ th (Byeon

et al., 2009).

1 _Ell..A)
tRA.eXp(R- T 3)

A7A tr
(1/hr),
(8.314x10” kJ/K,mol), T+

O] HHX A (hr), AT pre-exponential factor
ZAd 3lol Y A (kI/mol), RS o734

AL (©F a4 0

Ea“AJ‘:j

o 25 FHolo] A@E FE3HH oW drrhenius Ak
< AR AbEstEd ARGl
1) —E 4|1
In P 71nA+( v )(—T) “

Wz, ol FAAR
A% % 0 A% Al AR, 0|53 AN
MSEEAST ok A otdls Rk FAAA W
kineticst= o1& WHg2kF5 7FA = AN 03} F2 122
gFeplon, 02k wbEd A5 A (5), 12 v Ag- A
©F ol&snh
y=k-t+y )
Y =y -explk - 1) (©)

o714 k& W

%—/'\—E L
=%k, yoro 27136 o]t} li} t‘i%%] %] 09] 2] (6)=
exponential $<=0] 22 Ao A2 TE e 2 (5) I
o] 12} 2lo] ") ] Efe] Ay Ao R W
A (D3 2k
Iny = Inyo + k -t (7)

FAAATE 02F WHERIA] 12k Wk Q1A o ol ) A
(5) E= A (D& AHEskaleh 7 FdQdAke

2EEALE YEE Arrhenius? (8)2.2 XA ETH
k=B (7E”‘B) 8
:= B« exp T (8)

o714 ki WL AR (ool BE 4 3)9] A%t o]
pre-exponential factorE & F|tc}. 2] (8)9] YW 15 3
stod 2 (9E FE3HR 2 Arrhenius & EkE 374 81
A&k ARE ST

Eopl\l1
) ©
o]F A indicator?] A ez diadF
A F 2= U F ﬂro}?ﬂ olF7F A EH = A=
P AGe ks Hole FARIAE B8] fate] k-9
FAAA}F A g ol A& (Byeon et al, 2009)3F Th2-3} 722 I

Ink= 1nB+(

€52 AHBSATE o)A AN WA FAAA wsl
= 0% W] A (9 i 14 W] A4 (el A @)F Bels
of thest ol AAEL
—F
B exp( .G’U)
e S L2 (10)
A exp( 7 ";)
—F
Be exp( a.B)
lny—lny, =K » t,— ijT a1
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21(10)2 A (1DE FE o] H A A 7ke] EAslellYA] Eoa
o} ESHA L= o]8letd EFHelxte] EA s U] a7t
Mz Fom FANIE BA (€43 A5hHE AXkE ] o
HAAAAN AN E 229} diglo] 4 443 s HYS
4=tk Ao o] HIAAS YT & e H A9

= A QA o] H AR AT 2o EA T FAEoF dhrh
Qe

R =
psigl o, ofel wet 7 Aee FEJAAE A

g oE o e
ol

oft
X
1%

N
=~

e M
d

£

7Fe] R-index ko] 129101 thet S+t B EFAAE
a1, a=0.013} 0.05 4=l 4 2] R-index #LE2] Hl L
T ttestS E3M L oS AASEATE FAJAL kinetic
model <=8} Arrhenius 5= 3 A A 5] A& B
A TR WO E MS Excel 2007 3} SPSS 17 & AF&akit).

o
o
ol

a3 5 g

HE] o]FH o #gk gd e R—index

gdof Alme] gig IsEE FS flete] AAlE A
FAI 3 HAE A (signal reference), B (noise reference)
71e] Al &5 AAB, ABA, BAA, ABB, BAB, BBA % 67}4]
Hj x| Wb o 2 53] AA] 31Tt (Kim and Koo, 2003). L Z 3}
s 5 AYE 60%0]7S FHste] F7F ARHEA glol
2 A5 AAE AAESI

R-index #t-& O’mahony (1995)l <& Aald 2] ()& ©
sto] = gabalgiar, WEl A% = H A7kl o
R-index®] H1F3L-S Table 12 YEFHSITE R-index 3k F
2 (95%) = A L27F =2 20T oA 7 Agske] 724
15C ol A= 78A17, 10°Col A= 138A]7Fell 7153t A
Al7ro] o] A 4= signal reference® W3}sHS & = JATH
(Argaiz et al, 2005). ¥, 5Coll A+ H Il Reindex #toll =es}
Al S

)

Mot o

o [

Table 1. R-index vs. storage time for Alaska pollack stored
in an airtight container at 20°C, 15°C, 10C and 5C

Temperature Time(h) vs. R-index (%)
Tme 12 24 36 48 60 T 84
0C 5522 6895 80.27 87.26 89.26 9526 100.0
RieX 568" 456 526 653 £268 025 £0.23
Tme 12 24 3% 48 60 72 8
50 5000 50.00 51.69 66.69 7596 88.56 99.47
RN 012 +4.36 £6.32 5,88 3,69 +4.98 4368
Tme 12 24 3 48 60 72 8 138
0C 5000 50.00 5000 53.33 6538 78.87 83.98 9546
RINeX" 012 +4.56 3,98 389 £257 £241 £2.11 £025
Tme 12 24 3 48 60 72 8 138 162
5000 50.00 5000 50.00 5434 58.87 6268 6855 7253

+0.12 #4.52 +4.69 $4.99 +4.23 +3.56 £3.44 +385 #4.21

R-index

" Mean+standard deviation (n=12).

Table 2. Off-flavor development time for Alaska pollack
stored in an airtight container at R-index values of threshold
at a=0.05 and 0.01

Significance Off-flavor development time (h)

level 20C 15C 10C 5C
a=0.05  34.8915.16"° 63.10+3.69° 72.4242.35° ND?
a=0.01 42.424502° 68.05#355° 78.10+221° ND

YMean+standard deviation (n=12).
INot detected.

““Means with different superscripts in the same rows are
significantly different (P<0.05, n=12).

R—indexol| 2|3+ o]|FH AX A|ZF
o] F HA A 7+ Bi ¢ O’mahony (2007)°] ¢l&) HuH =
EE Ag3te] A A R-indexES A3t EA T 9
ol FFL a=0.05°14 29.22%, a=0.01°1*] 34.01%%}
Z} 50% (chance value)E T3lo] 79.22%%} 84.01%E
13 2A R-index AAIF = A3FA T g 7] &%
Ol HAAANZE Fatar, AA HA3 Ay Table 29+
L5 o] FHAAAZFE 20CA A= 0=0.05 F-9 55
] AAAS oF 34.894 %t a=0.01 fo|FFe] HAAHS
oF 424217k mEste] o] F7F AAFH YL, 15TAAM = a
=0.05 Fo)FFY AAHEES F 63.10A7tl| 0=0.01 5
o] AAHE <F 68.05A7k] do] o]FH 7} AX|FH Ao, 5T
e 0=0.05, a=0.01 5T AAHLSE BF =4
ST Reindex @2 ol HAAA LS L& Foll= A4
7tk A &5 ¥ 0=0.059} 0=0.01 59 7

¢}

.

A

o % X
ETg: A,

o

m
v

{o

A A& vlaEkE 20 oA BaE Aol
71 & ApolE YERIITE BT W &EY
ol AAE] dojuhar, Ay Ad GA] e FHE Bt
SHA|RE fref ol et AAHZA] EdskE AR 2fol=
F2 2504 B & Zpol7t vhi= Flo=m Hol &/9] o]FHAA
A= AFo)7F AT (Byeon et al., 2009). =24 HlaL
AL =001 FeJFEe] o] HAAAE o] &-st3lth

A T A=t Fdds
- H A% F W] TVC, Pseudomonas 522 =743t

&5 2 S 716k th Fernandez-Segovia et al. (2007)> ™HE]
FARES TS 4C 52N TVCd g s s T2
"] A& 2] mesophilic bacterias 5743 A3} ANFE A0
A= 1444 °F 6 log CFU/gell =2shqlar, X837 gz=7el A
= 2844 A9 6 log CFU/goll =318 2., MAP (modified
atmosphere packaging) Z 4= 7ol A= 42U 4] <F 6 log CFU/g
of Lysigivta Hagk ul Qlv}. $HH, Stamatis and
Arkoudelos (2007)% FolElE MA EA3AY &t
7% Pseudomonas’} Z+Z¢ °F 4.3, 6.5 log CFU/goll =&
o o] 7} o] HF7E ofHrkar Bty vk Utk =
20°CollA AZ 22.01217F, 15CAA A7 33.16A7F, 10°C ol A
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Fig. 1. Time course of the quality variables of Alaska pollack during storage at different temperatures. ¢ : 5C, @: 10C,
A: 15C, @: 20C. (a): Total viable cell count (TVC), (b): Pseudomonas spp., (c): K-value, (d): Torry meter, (e): Volatile
basic nitrogen (VBN), (f): Trimethyl amine (TMA), (g): pH, (h): Acid value (AV).



CEEITENES

2 60A17E, 5Tl A A7 7099412 & wl 2F 6 log CFU/goll
grajo] w7} AAEe S o 4 ek 1 FolE A%
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3
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F3E B TVCO Hl&l Pseudomonas®] T CFU/go]
& olfre A2 HAEC]7] welgt BZE T 25k
TVCHEY= Pseudomonas®) 20 AA| A2 A7 5 ol
Al Z1& Aol dthar o

c

A% & olststA FAwWst

WEe] AR ATPS] 23l AP ESAHS S8 4Gzl
2 K-value 9] &% W3} Fig. 1 (c)ol YERNATE 2717k
2 51.7057% ©1QAL AGFAIZE] A, AFLET EETFH
F43] S7Hth AAE 547 E 50%E A AR sl
T}FE K-value ## 915" (Hattula and Kiesvaara, 1996)°l 4 2]
FA T AolE B &, AR SAHV 2= oF 52-98%
o 2 HAAE B oA VE AT FA ] oF
2~48%2] Wl G == Aol

Torry meterat-> WH Q] ¥ HEAR AL E g5+
Zkol™ Fig. 1 (d)oll YEFTE 7] 32 oF 12.25+1.09 24
EHol Hado] gol gol i Alzke] il A% &%
7V el wet gaste AL & Ak

A7FAZell wE VBN 9 3] W3h+= Fig. 1 (e)°ll HHER
AT VBN 271752 2.10£0.99 mg/100 g o] ot A A 7k
A, ALt &7 E G455 S8kl VBN 9
gHFol 11~15 mg/100 g o]de] ¥ o] F7F Ay ghrhal Wil
(Vaz-Pires et al, 2008)% 3L, 2 218 iz wxE
e =l AEFFAANAE 985S 2 X2FS5LS 20 mg/100
golofol strha wastal glvh A% 27k 20T A9
12~24A17F, 15C Y 749 12~24213F, 10C Y 7% 24~3621 7,
5CY A% 24~36A17Fo A4 VBN 3to] 14 mg/100 g ©]/d o=
S7kete] RAE S-S & = ASTh 2 Aol Fg 7=
o] 2w TE olfr o] AIHE At THE Wslde] FE
3l kinetic 0.2 U] EFgalr] wjEo|t) S 15THA 724]
7+ w H X<l 67.33+2.43 mg/100 g& 7] =380

TMA®] ¥ sk Fig 1 (Dol HERIITE TMA 271342
1.00 mg/100 g ©| ot #gA1zre] A3, AFLE7 &5
= F7FekAth TMA ] §F&o] 25 ppm ©]%te] EW o]
dkAyo] AlZFskt}al WAl (Barbuzzi et al., 2009)% a2, A7
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2.50 mg% °|F o R Frtete] RAEHASS & F AL
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Za WolAurt nAEEL] Ao R Q8] AitE= 9714
slgkEol 9s) tha] S7pgkrhal Bars o} Qlt} (Simeonidou
et al.,, 1998). A% A|7to] w2 pH| W3} Y32 Fig. 1 (g)
Zow B A% 27] pH 6.86+0.04 ol A pH 7.59+0.04 7}+A]
Ak, 71E AT9 frAke 235 vE AT
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Fig. 2. Sample data fitting for one quality variable
(Pseudomonas spp.) of Alaska pollack stored in an airtight
container by regression analysis with kinetic Eq. (7) of 1%
order reaction.

Table 3. Kinetic constant (k) in Eq. (5) and (6), and goodness
of fit for Alaska pollack quality variables from regression
analysis with 0" and 1% order reactions

0™ order reaction

) ) Temperature 1st order reaction
Quality variables (0) k (1) e k(1) R2
5 - - 1.341x10% 0265

Total viable count 10 2.951x10%  0.679
(log CFUIg) 15 - - 5871x107  0.952
20 . - 5866x107 0.814

5 - - 1.957x10%  0.346

Pseudomonas spp. 10 41477107 0.915
(log CFU/g) 15 5.857x102  0.878
20 - - 5.963x10% 0.825

5 4714x10" 0873 6.231x10°  0.802

koalie (%) 10 4.795x10"1 0.845 6.269x10‘z 0.767
15 5.240x10-" 0.765 6.974x10° 0,691

20 8.039x10"  0.738  1.105x10° 0.688

5 1551102 0.304 -1.376x10° 0.300

Tory mefer {score 10 -2.255x10‘j 0.214 -2.136x10'§ 0213
15 -4538x107  0.708 -4.146x10° 0.711

20 2.410x10" 0,999 -2.662x107 0.997

5 5.808x10"  0.862 3.728x107 0.944

10 6.581x10"  0.889 3.714x10° 0.942

VBN (mg’%) 15 8.003x107  0.881 4.391x107 0.931
20 1169 0962 6.757x10% 0.873

5 7.837x102  0.967 2.492x107 0.933

, 10 8.016x10%  0.972 2.392x10% 0.876

THA. {mg’%) 15 1.000x10°  0.983 2.803x107 0.883
20 1.317x10" 0977 3.515x10%  0.884

5 -2.361x10°  0.697 -3.453x10° 0.699

H 10 -1.657x10°  0.394 -2.393x10% 0.395

P 15 4851x10°  0.706  6.871x10* 0708

20 3571x10° 0436 5.017x10%  0.140

5 2524x10%  0.950 7.320x10° 0.972

10 2792x10% 0.969  7.994x10° 0977

AV (mg-KOHIg) 15 3103x10% 0941 B740x10° 058
20 3505x102  0.910 9.736x10° 0.935

YDetermination coefficient (Rz).
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2bbe A% WEe] At S S4% 5o
W3l FAS Fig. 1 (h) o vEbdT %7] =2
mg-KOH/go| a1, AFAZe] A3}, AF2Trt 855

7Fetsieh

A7 5 Wl o] 324 indicatore] A%

olFA S AR YR FA/MAE FAE)
7] 9] 5} O]—ZH%L*@ indicator2] 8-74 9 2% o] EAS A3
Ak WA 2 FAAA kinetic S &S] 9181
Fed 02k gl A (5)sh 14 g A (g A&kl
A F 2 FAAAC] 54 HlolEE Fig 29} o] 3 ARA
A3}=Table 33+ 2t} WA w3245 274s7] flste] 24
A4 RHE Hlad|mnw 7|2 geinl of o] TveSh
Pseudomonas™ 12} 9H&-0] %) 21, K-value SA| 13} HH-g-0]¢]
U} Torry meter, VBN, TMA, pH, AV ¢ &% ®Wsl= 03
gkSel | 7R

/‘\ o] =
AR
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y =-5,963.162x + 17.713
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Fig. 3. Sample data fitting for one quality variable (Pseudomonas
spp.) of Alaska pollack stored in an airtight container by
regression analysis with Arrhenius equation Eq. (9).

Table 4. Arrhenius constants (A, B, and Ea) in Eq. (4) and
(9), and goodness of fit for Alaska pollack quality variables
from regression analysis with Arrhenius equation

Quality variables A (1/h) B (1/h) Ea(kJ/mol) R*"
Total viable count - 3.382x10" 71.003 (1°)? 0.888
Pseudomonas spp. - 4.928x10" 49.578 (1) 0.845
K-value - 5.139x10° 26.498 (1%) 0.776
Torry meter - 2.331x10%° 118.650 (0™)® 0.885
VBN - 3.543x10° 30.929 (0™) 0.932
TMA - 2.810x10° 24.414 (0™) 0.901

pH - 8.303x10* 40.668 (0™) 0.670

AV - 1.674x10" 15.044 (0™) 0.998

1R 2.318x10’ - 50.158 0.879

YDetermination coefficient (Rz).
D1 order reaction (1%).
D0™ order reaction (0™).
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y =-6033x + 16.969
R?=0.8791
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0.00340 0.00345 0.00350

11T (1/K)
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Fig. 4. Data fitting for reciprocals of off-flavor development
time (1/tr in Eq. (3)) based on R-index of Alaska pollack
stored in an airtight container by regression with Arrhenius
equation Eq. (4).

AR e FHAA] whEE T Al ik 2]
&4 ‘3’4 %“3 SN AR E X383t Arrhenius 530S 5171
A3ted 2 (10) == A (1) AH8-3ke] Fig 33 2ol 3734
3+ A 3}+= Table 49} 2t} Pseudomonas@r pHS] & s}l
A7} wl§- ARl o, el pHe| A5 A7 AT 0.670
o= Yo} FAJNARE A= H%—ELPE}. HEH o=
o] F A A 7k QE«]ZHE Aol AREE A (HE
AFE-3H, a=0.05 525 ol HHA TS 3 F A8
. 34 23 Fig 4JJr 29ko ™ Arrhenius 35wk
Table 49} s}ctoll YERNST. o] FH A indicator] 27121
2ro)ELE AYH O R Pseudomonas, pH, VBN, TVC,
K-value, TMA, AV, Torry meter =2 &4 3lol| | X|7} o]FHH
A A7kl gt A 9 fAFeE A WEFRTE o FH A A AIE
o] A3l A e FAlEttL dATEHE A 2FEQ
Pseudomonas, pH, VBN 59| A3 A& AT HH o]H7}
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Holm, 219} Aaglo] ol FAHAA T e -7 A% gE
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o] fAFeHS oujgtt), EEFF TVCS) Kovaluei= ©]F A A1 7F
o] At A|9} Aol T3 AER HrHE =T, o=
nAEe] 544 2% Xl wE EAo] TR AR A
ofsf wAE ATPES A4 wiol 188k A3E 43tk
HAZIt} o] Hhate] TMA, AV, Torry metere =59 &4 0]
SAVEA] Bh, W AR Holrleki ol A7 A Aol A 2]
ol Qerol glol, A% F WaksAT ol H Aol 4
Ao 48ap e AL FRE 5 AT
Ayd o2 gl o]F A indicator= o8] FEJA F
wate] bl FuSA b LmelEdel FAR
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