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Owing to the lack of a cold-chain distribution system, most seafood is generally distributed under room temperature
conditions. However the degradation of freshness during the distribution process can lead to disputes between sell-
ers and consumers. The most widely used method for low-temperature distribution for seafood includes packaging it
with styrofoam boxes and cold packs. In this study, vacuum-packed frozen fillets of four fish species of [white meat
(Paralichthys olivaceus and Sebastes schlegelii) and red meat (Scomber japonicus and Scomberomorus niphonius)]
were placed in styrofoam boxes with cold packs. Thereafter, changes in chemical (including pH, volatile basic ni-
trogen, and trimethylamine), physical (odor intensity, hardness, and chewiness), and microbial (viable cell count)
characteristics of the fillets were measured during storage at 25°C. To identify the suitable method of determining
freshness during the room-temperature distribution, several factors were considered, which included significant dif-
ference verification, correlation coefficients, and economic efficiency (experimental cost and time). Volatile basic
nitrogen, pH, odor intensity, and viable cell count are the most rapid and accurate freshness indicators for determining

freshness of frozen fish fillets during.
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al, 2003). 5:4H29] o]& B4 0 2 Qlsfo] | £u|AEE %
AVE QYA AR (46.9%)5 714 S8 8 42 71} 9
OB(KREL 2021, 74 A58l 7A1E ofof 8 A 0& 44k

& Fa- v M= 3(26.1%) E fre- il S A=
#](20.4%) 52 AASFHEHKMI, 2021). A4S SiE21E,
A2, S, A7E a5t 9 R o] o2 ARSRSH A E
AXH, AF AE7b W= 25t = 5448 280 Ath(Lee,
2020). of2]gt AR S| Huff S0 g Qlsto] Hitshe= 2=
L AIZRo] 4 AR 0] =8 g axoln, AhE =] 7 ule-
% Q3}ck(Prabhakar et al., 2020). AFES SSAME K} oF
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2] Qlo] AHE -8l Slo] ALEFAAY Yol Hast
o} T35k 2149 o5 v|fH 22kl Aulvt FH sk &
o] eul S w23yt 24 AR 2 W(Gavilan et al.,
2021), 753 4275 A F502 sl -5 5 A AH
AT E5F 59 AH|7F A5 AEEAL Qlo] AlE-R-5 A
AH|ZHE B A o] WAL = gt
AEFAe 2 Yy, WAAE & 35
YA F2 AT 225 AT 5 9= ¥F B PR
o] AL o]} F5gt AEo] Ql= WO R 2RI ES 1
1 9JOoJ(MFDS, 2021b) SAHET} 72+ o
o= 7HHo A AEE o' gl A
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ol o |
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S By 5o A o] H A 4-8-% 5 Jlth(Margeirs-
n et al., 2011; Lee and Cho, 2020). 2E] 2% dlA = W7}
3L 7] 32 Fo] Wol A ukEE| AL, o] 2 sl Sl A
< QAo = Falgt vl &Rt E o] Ho] A7t e @ H&
e} o= gl o, - v g H ot A 2 A4Sz vlg-o] T A
o] AbE- & & WAL Q= HHE 7HA AL I thRyu et al.,
2019). ol #AIR S 7iAdsE7] flste] 202178 3
A= AR AAR-E ATFE 7] EAY S 218k 9l
oo, AFY e F SHEA AERE A 24 9 A2
By sl o] Al 11 gtk 22 NUAE] 55 B
el @olAet FUgt 2N A= FAsS BHT
T Sl BEAQ A X9 A o] Fasltt &, 4H4]79]
A 7]E dutske A R HES =
P 0] o2 AH|Rpol|A| L3t FA Q) AMES Al
7|gro] & 4= Qlo}. 3, 4he o] FES WUkt A=
o A= o] FAI} QAR P SHolA FestA A
of shm, M=o 2| 5 A5}
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o] ArubgH o g 2857 §) o LK(Kim et al., 1998; Ozogul
etal., 2005; Shim et al., 2010), FH o] Wil thoFslo] tf 54 9]
AA-E Wl 2F 2 v Bl Bl G B Al A o
gk A\ EE SAH 02 ET ast

AF7HA e AR A E A% 5 #4 Hah o o
TR AEEE AT S8 A 2 O HAE B
A& ¢J3t radio frequency identification &= XU €] = (Trebar
et al,, 2015), Y& A% 2&7} 15019 A%/l vA]=
HJoo et al., 2016), YA A ZF 115-9|(Scomber japonicus)
O] M= 7fE-S- 93t #2 E4 H7K(Park et al., 2016), of
&t A 2= 9 23 20 A 9 sibE Fuf wdE 2
A 3k 7] 89 (Odeyemi et al., 2018), Z-*|( Trichiurus
lepturus)®] A% H78-E 913t B 7 L 3heh] fA o e
Z4 H7KYu et al,, 2019), 1150 AHE §A = 93 afj4=9}
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T 59 A AT (Lee, 2020), TAME AN E HYE"HS
91t WA A7 F o] REgoh= A=A A FshA| o] A
(Ma et al., 2021) 5 thefgt A7} o] Fo| FHARE =] 4~4he
O A2 f-5A 71 wol 8- H e (AR YA Y
Hug)of tfgt &-&2Ql Aw=A| i A1 B E A= o4
7HA] 2124 v it

2 Ao A= AR, 2 9t QIR =T =2 W
A8 o]0l 3Fo](Paralichthys olivaceus) ¥ =2}(Sebastes
schlegeli T A4S olEel 1E50\(S. japonicus) 2 4]
(Scomberomorus niphonius)S Q== sto] Y5 Zal =
AFEA T F AERE A U BYHS o §3 AL250)
o Ao] ARHAIE ALEHEE Adste] £EH0 AR S
eI see AR Wiom SehpH, 54
714, Egugotl, vio] Al ofyl), 2 A(HMEE,

H 02 AT U ARl Wolx v BFHel e 24l
of ol Bhe: RS M= A 0.2 el WA B7PYH (Chai

.

etal., 1994)2 AgFs}qict.
R
M=

Aol L85 f=ojel Fof, 92 W Mo
Aol A FAHE Ae 9 A
Aol A8t Qli= YAl A 2021d 9L 2+
o} 439 Zolg vjz, 12 @ e

2t A3-327](FM2080-071; Food Saver, Oklahoma City,
OK, USA)E AR&sto] Zaxast 5 Ai=oeha si¢f
stfisl A WA (Unit cooler; Kyungdong Co.,
Paju, Korea)ol| A -18°C= 12417} W5 Hsto] A9 of] A8}
ot E=3h A= 9 B 3l(Cold pack; Kkong kkong Ice Pack,
Tongyeong, Korea)S Hsl= A% 47|2 70| 26 cm, &
26 cm, Z10] 20 cm (W=, Z0] 22 cm, & 22 cm, Z10] 15 cm)
U 27 oF 105 g9 AE]2& gA(EPS box; Samil Co., Ltd.,
Hwaseong, Korea)S AMHE-5F3101, HAGE S A of 47
st gl A= Tstnh mysel 49 48 4%
ol L5 AIE YRz T AIE(Eol 19 em, HH] 14 cm,
A 2 cm W 57 356 )2 ARESIR o, HAANEE FA Ao
Ak Qe PA =EE YT

Zlo] REQHHA Bt

7k BAHoR o
OO STt Z, W ofF Wa(oE T vhel F 1A, oF
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150 gy AE|2E dpof Bujsl) 279} §h7A) W2 Th o]
B e T 25205 CE §A == ALl 60-84A417F B
Hato] Eluet o 54 58I fARE 2 A Am
35 SA5HT

pH

pHI 7} A 2.8 o8 2712 AH8 319 T, 453 (MFDS,
2021c)0llA] g2t Wiell whet & 2]t & pH meter (Starter
3100; Ohaus, Parsippany, NJ, USA)=2 Z7J5}%]ct.
Bty g7IEA

kA A7) &A= Kapute et al. (2012)0|4] o5t v]=kg}
o S 97180 24 95 AR
F= A& 2 g9l 20% (v/v) trichloroacetic acid €94 2 mLE
ol 2 Hol 4L, S5 16mLS $31 2 A o] 4jo] 308
2 A skan olaksto] Azshick ool A TR A7) A B
T 542 9lsto] Conway unit®] &4 o] AAje] Al
LA 1 mLE, LEZF &3} eibdE | mLE, W4l 0.01
N H,SO, 1 mLe} Ao 23888 77} 713t ok ZEA]
2g ulE o Walsh 2AATA E50] 21, 20°C
oAl 12027 WA Z T ] A7) A gk vkgol &
1 Conway unit A1) 0.01 N =ARRRIEF O & 2 sto] A
Arsteieh
Ez|oEotal

E gy g o} (trimethylamine, TMA)S AOAC (2000)5 7+
Shim et al. (2010)] WS Hl@ato] Z5atol). 2t ofF2)
-8 B5lo] 5 g AFITE B 7.5% trichloroacetic acid 25 mL
£ 78t 3087t &3t 592 5,000 rpmof| A 155
(HFZHo] Fraid wi7bx] diEefsto], A4S & 4 mL
£ sfol ARl oR AHEsHct. Tl Sl Al A
gl 4 mLE F5}aL 10% formalin 228 1 mL, €<= toluene
10 mL, K,CO, 23+8-9 3 mLE 7}5to] 1471 voltexings} 3l
o}, SotlS Aol A 1027 A3 & £2] 4 toluene -5
HE 7-9mL F3}o] 0.1 g FSHAERO] S01%= AlEH
of @i &50] D4=51¢lrt. &4 toluene & 5 mLE F5}
a1 o]9 0.02% picric acid £ 5 mLE S50 437
(UV-1800; Shimadzu, Kyoto, Japan)Z 410 nmoj| 4| I3 =E
L
HIO| X< Of2l

Hpo] @AY olWl(biogenic amines)> A5 (MFDS,
2021a)0ll 4 At o2 AFatict. vroleAd oyl &
A18- 95lo] FF%E(histamine; Sigma-Aldrich Inc., St. Louis,
MO, USA) 4 #3254 (1,7-diaminoheptane; Sigma-Al-
drich Inc.y2 0.1 N HCIo] 1 1,000 mg/kgo] %2 3t 2-&
EE 02 AT, BEF) 5] 10 mekeo] HE
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Dansyl chlorideE ©]-83t F=A8h= EEE&H 7 A&
O] Z7H 1 mLE vl 2 fre| Al g aol] F7E ohs e 8
N 100 uLE 713t & 3ttt EE-8-9 0.5 mL e} 1% dansyl
chloride oFA| E-8- 0.8 mLE 7}sto] £t & npfE & o}
o, BH8(45°C, 1A17hyske] AA8EIaL, f =43t A7 58
N gl A g 10% ZEHEN 0.5 mLE 7isto] 7)o
dansyl chlorideZ A 75}t o014 Al ] ofE|= 5 mL
5 7k3ko] oF 1087t Meslal A5 s F3te] M 55
H oM EYEHZ 1 mLE 7|51 membrane filter (Whatman
International, Maidstone, Kent, UK)Z o] 2}3t Z1-& A| &8l
©° 2 3Fgch

Hlo| @AY oful o] B0 (18 (Agilent Eclipse XDB-C18,
25 cm X 4.6 mm, 5 um; Agilent Technologies, CA, USA)o] &+
2+l HPLC-UV (Series 1200; Agilent Technologies)E A5}
o] AAIEFGIE. Hio] 2. A obl o] £41& 913t dansyl chloride
G741 9] o] FAF 2L 55% acetonitrileS % 1037F -4
T 152714 65%, 202714 80%: 3ho] 557+ £ -, 308
THA] 90%2 stof 527 A A FH L o] off, 452 1 mL/min=
3}al, UV detector®] b2 254 nm s} c}.

278 Seo ctal. (2014)0] et ol ufe} 24 elsi.
A =4S A3l Aol(length) 2 0] (height)7} 2.0+0.1
cm®] ARE ARSI, 42 Zol(length) 6.0 cm, Z o]
(depth) 3.0 cm X #(width) 0.3 cm@] probe (TA-7 knife edge
probe)E 213t texture analyzer (CT 1.9; AMETEK Brook-
field Inc., Middleborough, MA, USA)E AR5t} Texture
Profile Analysis (TPA)ZA], probe?] trigger load+= 10 g, test
speed= 1.0 mmy/sec 2 7383101, Al =] Fo] 7haf| A= AR
oA Al& W (deformation) 70%71A] $42Fst A2 HE] 7
Lo R gk Skl e 34 53] vk 4519l
o, =4 A Eo](Texture Pro CT 1.9; AMETEK Brook-
field Inc.)& AFE-5to] TPAR =35 AR gkt 24
e Al Qlgt 33 Ftgre 2 e Sl

HAE =

YA == vhafet HAIE ARESEe] Kang et al. (2014)0] ¢
et Wl wet Sttt &, WA = U {FE(S0
mL conical tube, 30 X 150 mm; SPL LIfe Science Co. Ltd.,
Pocheon, Korea)ol| upjjgt 84 A| & oF 5§ g& @1, WA E
7](Concentration meter, XP-329R; New Cosmos Electric Co.
Ltd., Osaka, Japan)2] S5 92 o, WAHZF =7 ¢
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7 ot S(parafilm, 4 inch X 125 feet; Curwood, WI, USA)
© g2 dgste] YA =7 2 54513} oo, mode= batch
2 AAstkalar, ©ele WA A (level) = e LT

ol Y1, Al=2] 9uli(v/w) 7} El= Hat 2] 4 94+(0.85%) 5
7}8te] stomacher (BagMixer 400; Interscience, Saint Nom La
Breteche, France)= 14 3027t #4313 9, A 2o-& thA| 4
o= sjAste] Alzstty. ARbAldt S AA e A=
£ #EZ3HA 8 R (plate count agar)ol| &5}, vHA(35+1°C,
48 +2A17hst & 5 Al=3 th2 colony forming unit
(CFUYg2-& Uehjgic.

SAz

tlof o] EEHAF 2 7217 H (5% +9)45)> SPSS &
Al5h7] X (SPSS for window, release 18)°] 2J3F ANOVA test
£ o]-g-3to] BAHEAEE 5 Duncan®| th5- 44 AAska, Al
A3 AAE Qe Ay A ] we/ A 4=(Pearson’s
correlation coefficient) 412 A A| 3141t}

Zo Y DA
A2 9E Al A 25 X5
A

E 24 A BYE AL AR E ua 25 34
2 FA1E temperature logger (EBI 11; Ebro Co., Ingolstadt,

Table 1. Temperature changes of samples stored in a styrofoam
box at 25°C with different number of cold packs

Temperature
" 1 cold pack 2 cold packs
0 8.25 6.89
1 8.70 6.99
2 9.27 7.14
3 9.93 7.36
4 10.62 7.69
5 11.36 8.04
6 12.41 8.48
7 13.46 9.04
8 14.36 9.77
9 15.20 10.26
10 16.06 10.98
1 16.96 12.14

FEA AR A=A A 673
7.30
--m--VPO' —o—VSS 7.11%
710 |} m
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L
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Fig. 1. Change in pH of vacuum-packed frozen fish fillets stored
in styrofoam boxes with cold packs at 25°C. 'VPO, Vacuum-
packed Paralichthys olivaceus; VSS, Vacuum-packed Sebastes
schlegelii; VSJ, Vacuum-packed Scomber japonicus; VSN,
Vacuum-packed Scomberomorus niphonius. *Difference letters on
the data in the row in the row indicate a significant difference at
P>0.05.

Germany)E AHSSIITH AE|2F OA Yo 2= =
Byg e AFMES Y2 o & g
31 9F 25°C AFato]] Bkt A 1AIZE 7E
3t A= Table 13} it

AE|RE HA Y 25 A7ho] Aukete] wet By sf4e
o TAglo] F7Iok= A UEhiglen, 4554 (MFDS,
2021b)ollA] AFH Y 2= 7521 0-10°CE FAlSH= =
AL Buie 1749 A 3A17E Hwye 27)9] 79 8AIZI7HA]
B 2R QI

MEAZE sfety M= ot

0

AbE 0] BFeh M2 A A|stE 2ol A/ A=
O] GFf chulA o) B A, s 8] 9 pH & A|#E Sh=
PO 2=, ol A Q == AlZo] ZhaL, A do] S5ttt
o] Qltt. whHo|| ofFol wE g 7]Eo] ThFstaL, &
o] BRlsto] <7 B Qg ik ofu e} a17ke) Au|vt 3
T} P o] 2lth(Kim and Kang, 2021).

3}

RAL AFE A A o whel B pH 5.5-6.5 9] ] eFAMAg o]
1 (Park et al., 1981), o152 pHe sidat-&o] @72z 2
Fx|of ZAto] A= o] 2t AstE ¢ A7t 43t 9 |71
EHO AR thA] AFsto] Hafjol] mEgtch(Park et al,
2016). YRHH 0 2 WAl of 7o Bl 7|53 pH 6.7-6.8 §
9], AL 0] F 0] Ao = pH 6.2-6.4 ¥ 9]0 o] Er}ar o
A} Qltk(Park et al., 1997). 21527 Y ol o] Hillw

o

oL

o N
S tg e
ol
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Fig. 2. Change in VBN of vacuum-packed frozen fish fillets
stored in styrofoam boxes with cold packs at 25°C. 'VPO, Vac-
uum-packed Paralichthys olivaceus; VSS, Vacuum-packed Se-
bastes schlegelii; VSJ, Vacuum-packed Scomber japonicus; VSN,
Vacuum-packed Scomberomorus niphonius. *Difference letters on
the data in the row in the row indicate a significant difference at
P>0.05.

2 AL G 5(25°C) % pH He}E 243 A=
Z}7} Fig. 101] UrEHH‘zi :

4AZHA] 6.57-7.11 H9]%lom, 364]
ZbolSkE] UubA o & oA Kl 7|20 6.7 ii}ﬁ}‘i‘i
t}. -2 o] pH: A% 84A1717H4] 6.60-7.03 #9501, 244]
THEE faf 7)ol meekgleh a0l 9] pH 84*11}7’“1
5.96-6.48 HL S om, 36A17HEE] Bl 7|55 Ao mEa)
gtk AF2] 9] pH= A% 8441 7H7HA] 6.00-6.45 #1191 91.0.1, 36

AZHEE] Rl 7]zof] o] 28]}

HAA|Z 0.2 AFAIE Aol whet kgt pH 571 UEky
AL, o} FHE A BAAII7HA] O] ATk 101 0 & Ao
7t = A2 ZAEIEHP<0.05). ?H, & pHE| A= o]
9] A2l Wi A 50 Ax Hslol| tfgt AE(Joo et al.,

2016), ¥ A1 T aLsole] #d S0 dieh AH(Park et
al,, 2016) % W A4 5 23] o] F4 Wt Bt A (Yuet
al,, 2019)9}= o] W Az79] 2po|7} Qg ot AukA o

A ey e,
3t H71AVBN) 3t

ALY WIEYE Yol FALOR TVA LR}
W 502 T4 43 mdoln, o2 A9 of ol
A

J Ao M Aatet tlEo] F7hetet AR H‘.ﬂg
3 G714 gl gk AwEvhge 414 5-10 mg/100 g, &2
E A% 15-25 mg/100 g, %7] 53] 30-40 mg/100 g, £-5) 50

mg/100 g o]AF0.2 A& A rh(Song et al., 2005). YHk2 o
A AR 2 A Awo] A% 20 mg/100 g ©|8F= A

- oA

15.0

--m--VPO' ——VSS 1.3"12
----VSJ —aA—VSN

TMA (mg/100 g)

Storage period (h)

Fig. 3. Change in TMA of vacuum-packed frozen fish fillets
stored in styrofoam boxes with cold packs at 25°C. 'VPO, Vac-
uum-packed Paralichthys olivaceus; VSS, Vacuum-packed Se-
bastes schlegelii; VSJ, Vacuum-packed Scomber japonicus; VSN,
Vacuum-packed Scomberomorus niphonius. *Difference letters on
the data in the row in the row indicate a significant difference at
P>0.05.

23} 917 wol|(Yu et al.,, 2019) 71 o]Are] YEi ofH ¥
EHEE ARE3IA] b= Alo) vi A sheka st g Es
e o]F dalo] Hyul 9l AE|RE ulA AL 0B ()5°C) 2
VBN (volatile basic nitrogen) g 91315 =43t A= Fig.
29} 7t

34019 VBN &R A4 60A17H7H4] 12.66-60.38 mg/100 g
He1gom, 12417 E 7R 7152491 20 mg/100 gof| =
gatgle}. E3h, 922 43 6047 5<t 11.72-58.02 mg/100

g H9glom, A% 124]7+2] VBN ko] 18.89 mg/100 g©.
2 A% A EA o o] 25t). alg o] E 4| 9] VBN geF
& A% 60A17F SoF Z+2F 12.09-50.57 mg/100 g Z 11.16-
46.22 mg/100 g HLIHom, 250 W Dol HF A% 124]
Zrols A 3 7183 Ee A ol EEshT)

VBN 3H& 7|50 2 & uff, S o] Rt} 45 o] 77}

o] W] Rafdiths 2SO 4 lom], A A o' AAITE
Tof| whz} VBN g 7htE Z7He Bl o FHE A%
60A17H71A] &] Axgrolli= -2 4 Q1 2o 7} L tH(P<0.05).

Shim etal. (2010)-2 He o] ¥ 24| 71of| ufe} VBN gHko] =
7bstlehar B 118153 0.1, Joo et al. (2016)% W% A& & 11
5019 VBN §hgo] Hz1d o & F7behs A e Bkl
B I

EE2|HEOIU(TMA) Het

TMA+= AIA1SE ARE o= A 9] EA161A] o, T1gof g
F5o] &= trimethylamine N-oxide”} AR Aot 3HAA-8-
O 2 FUEHA YA B = FAZA, FAHEC] TMA g5 9
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Fig. 4. Change in putrescine of vacuum-packed frozen fish fil-
lets stored in styrofoam boxes with cold packs at 25°C. 'VPO,
Vacuum-packed Paralichthys olivaceus; VSS, Vacuum-packed
Sebastes schlegelii; VSJ, Vacuum-packed Scomber japonicus,
VSN, Vacuum-packed Scomberomorus niphonius.

B A=A 2 sljofof] Y EH, S0l o] 27] Full= URt
Ao =2 3-4mg/100 g2 LA QItk(Song et al., 2005).
AT YF ol T3 wyn 9 AERE U pog
F(25°C) = TMA gt Wisls =4 ot A= Fig. 337} 2} 33
012 TMA &2 #1784 A171714] 0.9-12.1 mg/100 g I
on], 020 24 84471717 0.6-12.1 mg/100 g €)%k 11
Zol d ALX],4 TMA 3152 ZAF 84X 7Hz2F 7H21 0.6-10.9

mg/100 g 2 1.1-13.3 mg/100 g WY gon, 4%2] Yk o
= umu TMAE 48A17HE] B 71221 3 mg/100 g 23]
o =gstqich

ZF 25 W5 ol L TMAE A% 36417 7hA] 2 1
sz} iglow, e o] Hata|7tol| w2 Z2] W] T3k ol
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Fig. 5. Change in cadaverine of vacuum-packed frozen fish fil-
lets stored in styrofoam boxes with cold packs at 25°C. 'VPO,
Vacuum-packed Paralichthys olivaceus; VSS, Vacuum-packed
Sebastes schlegelii; VSJ, Vacuum-packed Scomber japonicus,
VSN, Vacuum-packed Scomberomorus niphonius.
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Fig. 6. Change in histamine of vacuum-packed frozen fish fil-
lets stored in styrofoam boxes with cold packs at 25°C. 'VPO,
Vacuum-packed Paralichthys olivaceus; VSS, Vacuum-packed
Sebastes schlegelii; VSJ, Vacuum-packed Scomber japonicus;
VSN, Vacuum-packed Scomberomorus niphonius.
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Fig. 7. Change in hardness of vacuum-packed frozen fish fillets
stored in styrofoam boxes with cold packs at 25°C. 'VPO, Vac-
uum-packed Paralichthys olivaceus; VSS, Vacuum-packed Se-
bastes schlegelii; VSJ, Vacuum-packed Scomber japonicus; VSN,
Vacuum-packed Scomberomorus niphonius. *Difference letters on
the data in the row in the row indicate a significant difference at
P>0.05.
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Fig. 8. Change in chewiness of vacuum-packed frozen fish fillets
stored in styrofoam boxes with cold packs at 25°C. 'VPO, Vac-
uum-packed Paralichthys olivaceus; VSS, Vacuum-packed Se-
bastes schlegelii; VSJ, Vacuum-packed Scomber japonicus; VSN,
Vacuum-packed Scomberomorus niphonius. *Difference letters on
the data in the row in the row indicate a significant difference at
P>0.05.
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Fig. 9. Change in VCI (volatile component intensity) of vacuum-
packed frozen fish fillets stored in styrofoam boxes with cold
packs at 25°C. 'VPO, Vacuum-packed Paralichthys olivaceus;
VSS, Vacuum-packed Sebastes schlegelii; VSJ, Vacuum-packed
Scomber japonicus; VSN, Vacuum-packed Scomberomorus ni-
phonius. *Difference letters on the data in the row in the row indi-
cate a significant difference at P>0.05.
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Fig. 10. Change in viable cell count of vacuum-packed frozen fish
fillets stored in styrofoam boxes with cold packs at 25°C. 'VPO,
Vacuum-packed Paralichthys olivaceus; VSS, Vacuum-packed Se-
bastes schlegelii; VSJ, Vacuum-packed Scomber japonicus; VSN,
Vacuum-packed Scomberomorus niphonius. *Difference letters on
the data in the row in the row indicate a significant difference at
P>0.05.
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Table 2. Correlation coefficients (r) for vacuum-packed frozen mackerel fillets stored in a styrofoam box with 2 cold packs at 25°C

Experiments pH VBN TMA Putrescine Cadaverine Histamine Hardness Chewiness VCI
VBN 0.98**"

TMA 0.87** 0.88**

Putrescine 0.90** 0.90** 0.98**

Cadaverine 0.90** 0.84** 0.78* 0.80%

Histamine 0.78* 0.80* 0.98** 0.96** 0.69

Hardness -0.98** -0.98** -0.82* -0.86** -0.90* -0.73*

Chewiness -0.95** -0.98** -0.80* -0.80* -0.79* -0.69 0.96**

VCI 0.98** 0.96** 0.93** 0.95** 0.92** 0.87** -0.96** -0.89**

Viable cell count 0.96** 0.95** 0.79* 0.86** 0.82* 0.72* -0.96** -0.92** 0.93*

ISignificant at P<0.01. *Significant at P<0.05. VBN, Volatile basic nitrogen; TMA, Trimethyl amine; VCI, Volatile component intensity.
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