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Abstract

In this study, the effect of supercooling (-2°C) on the preservation quality of hairtail (Trichiurus lepturus) was eval-
uated during a storage period up to 12 days. Quality factors such as appearance, color, drip loss, water holding
capacity (WHC), pH, trimethylamine (TMA), volatile basic nitrogen (VBN), and total viable count (TVC) of super-
cooled hairtail samples were evaluated and compared with those of refrigerated (3°C), and frozen (—18°C) samples.
As a result, the values of drip loss, VBN, TMA, and TVC of the supercooled sample after 12 days were 2.32%,
9.45 mg/100 g, 2.60 mg/100 g, and 4.89 log CFU/mL, which are significantly lower than those of the refrigerated
sample (p<0.05). Compared to freezing for 12 days, there are no significant differences with drip loss, pH, VBN,
and TMA (p>0.05). The WHC of the supercooled samples during 12 days of storage period was significantly higher
than that of the frozen sample (p<0.05). Based on this study, it could be suggested that supercooling is effective to
maintain fresh fish quality in accordance with minimizing microbial growth, and retarding deterioration.
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L2 (Trichiurus lepturus)y= 20201 715222 65,719%0]

AAkElo], 1 ke ) o) F AME F PR} wEol
olo] 3A R A= o] Sete] hEAR o F F st

o] Th(Statistics Korea, 2021). B3+ 2= Fe|E %3} of
Mgl F2 A2t A 54 wjiol ofrof FAY

oA £23 o]F F dh}o|tlSemedo et al., 2018). 24X
o= AW gfo] 3.12%=, i, i EYAta e o
o B3} Aate] thEF g-fEo] 2 th(Durmus, 2019).
SR F, BRI Fhego] ol ThE ulth of Fofl st
o gA F2 o] Asteth(Jo et al., 2021).

o] 7o AHMEE FASI=H oA 259 g Fa
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53l Yoz WA, Ws, superchilling®] AHE-E] 32
ok W Ao olfe= e Fol A &2
3L, v Ee] Aoy A g o = Qlste] A4 7%
o A7} AUtH(Luan et al., 2017). Y59 A-ole, A%
% Hshe 93 AAA s 2Ho) Z84 &4E F
of =Y &, Y U4 Fol ¥ T + ATkBing &
Sun, 2002). Superchilling 2% EH & 1
319 shell freezingolZtl e B2l *
2o 2 FAIAA Yzt
A7 A 2EE EFEAY A7
AR o] Z7|7F AXAM ZEH ol E4E F7] WEl 3
AstE = A7 B PrH(Yang et al, 2018). 712
o] 7Rl FAIAE sdstr] 918l 2Ee] A1
2 7t Aol AjtEH, B2 A7t T
(Wang et al., 2007, Fukuma et al, 2012; Luan et al.,
2017).
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SiA|RE, P zhe Q) F-o] FAo} 2= slel| FHofsla,
e uA AEe] A e dArEel A2 AAHAI A
AE $ F

Aol Ayt FEHE FA38H717F ofH h(Hong et
al, 2018; Lee, 2020). lﬂif:fl SHA| &3t7] S8 AL
QF, AN A e e ATHLee, 2020).
OW , Otero et al. (2016)01] mE2, [Azp7)1ge] A8-H
%514 W AlEFe] 4 el tig 237t o2 £3
oA EEEA da, o] B2 Aol ik ado] a7
= ok gHA, 2Fe] P2 Ao Ag AF=
717”20} 04771:401 QLE} I 5 o/ 7t Aol #
gk AFE Wol, gX|, v, X Pzt Ao A
A (Fukuma et al., 2012; Kobayashi et al., 2015)%5°] <
TFERSY, Ax| o] Pzt A7) mE FAwstel WA
9 kel vl #st ATe F5e A4 013}
webA, B AFox e HE7 A T d248A X
S 7] S8l AT FagES AL sk Ee
2°CE AR 3L, 547 7katct 1°cz AFLEE =
Pzt A 57 G2 BEE G ES vt A5k
ok ¥ (3°C), ¥5(-18°C), Y7k 2°C)°ﬂ Z}zt A 7gated
1295t AR AL, 39ttt FEH7HE AAlekdTh
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2 AFoA AR ZAX = AFAdA 2HE S Mg
o] P rtEA FYsAT A= &F 11em W= 4
@atAa, FAE oF 69g W AES ARSI ol&
17x11.5%x2em (PR x A2 x o)) Z7]9] Zg|AEe &
71(TY-30, TAEYANG INDUSTRIAL CO., Daegu, Korea)°ll
o} 8 £47](AP-400, ACE PACKAGING MACHINERY
CO., Pocheon, Korea)E ©]-83}o] 2]&-8 3 (Food Wrap,
SYC, Seoul, Korea)>. 2 23] 7ro}A 7] 2431t

X{&} e
AFEEo| mE ZA e FAWMSIE 17| S8 AlEe
W, ¥ 2 iz ;qﬂ@hi‘:} Wds d5 AlEe
Z+7F 3°Ce} -18°CE AAH WA 2L (R-F87SHBSW, LG
electronics, Seoul, Korea)"ﬂ’ﬂ A3t Adz AGe
24E AR E EY A gl 7R Y =) 7]
sl Z2gE A o] HEWel T-typed] WEAEFS
3t & Elojzg WEYTh F&E HEAZL data
er (MX100, YOKOGAWA, Tokyo, Japan)ol] 172 &}o]
L 7J7ﬁﬂ o2 ZA3 Holz= Wed =g g
& Fd7 daglsel AAE P (K418S11, LG
electronics, Seoul, Korea)oll A3ttt 3z dagl&
-1°COll A -2°C7HA] 18A17bulT} 0.5°C 7P 0.2 ATk
:6}5_ Wyzto] M x = Alo|Z R AT BE AlEe

_‘5‘—{!I_|}m1-
m_urulo

- upsE

Zed - A

Makg S

1297 AAstga, 3d 7 dow 4
-18°CE AR E YA

H, Y5 A5 A4 3(R- F875HBSW)
N A|g¢] F4 w7} 30co] =ed w7hA] &l 58kt
2|

=

ZHx] 9] %S AT A (CR-400, Konica Minolta Sensing,
Inc., Tokyo, Japan)& A3t S48t MEAE 5
A IHL'=96.06, a’=-0.38, b'=1.23)2. 2 HA3 I =A3s
%92 ™, CIE (Commission Internationale de I'Eclairage) 3%
AA ] wet CIE L' (F%), CIE a' (A=), CIE b" (3
AT )L 2 JeEPH AT AlEE R 53] jigste] 7835130
32, M X(total color difference, 4E)= T2 218 ©]&-3}
o AXFstAt.

AE=/(CIEL, - CIEL,)*>+ (CIEa, — CIEa,)? + (CIEb, — CIEb,)?

CIE L, CIE a, CIE b;: A% &
/\HI: 71

CIE L,, CIE a,, CIE b, A1X3 739 &, A= 3t
M 2k

Drip loss
Aol FRHE ZAX 9] drip loss= ZA W
A AL S8 Ax| o] FA S Aol Eol7tr
gk AAg Ax o] FAE o]&st] tho] Aol tiyst
Al kst .
(A8 Z=)o] FA(g)

Drip loss (%) = - A&o] 59 7 ]4 TA(g) 100

Ha

BPEL Lee (2020) o WHS o83t é?ﬁé}(}iu},
g9l AEE HdAZI F7 IYFE FHE 93, 94
2]7](LaboGene 1736R, GYROGEN, Daejeon, Korea)—E;:
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TE7F ¢EE AR FAE SAHEATE ZA 9 E-}F
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pH

AR 5gs Hsld TFF 20mLE 718 & EdYy
(MQ736, De’Longhi Romania SRL, Juc-Herghelie, Romania)
Z w8t pH-meter (Orion™ 3-star Benchtop pH Meter,
Thermo Scientific™, Waltham, MA, USA)Z 33 HhE =4
1051

e AV e B4 Bt (volitile basic nitrogen, VBN)

VBN Kuda et al. (2002)2] WS ¥y st 4315
th A8 5gS Fot B Y] Y3 /T 20mLE
7Fsk 3 A~ EnlF|(BKST-04C, Bio Konvision, Gwacheon,
Korea)Z 37} £33l Whatman 29 o 3}-X](GR 02,
GE Healthcare Life Sciences, Buckinghamshire, UK)2. =
o FsFATh NS Conway HA1Q A 1 mL FY
st Ao 0.0IN 54 & 1 mLe} Conway A1SF 0.1
mLE 7+t &, ZSRHEE &9 1 mLE oA T8t
3 EAoR WEEY 37°C £x29] &-27](103M, Vision
Lab & Instrument, Incheon, Korea)ollA] 2A]7F HH-S-A]Z] T},
HkS- % 0.02N 3F SN0 2 Conway A|2Fo] AgMoz
MAEE AR AP, oS FRHOE Fof the
ol thdhed gk ALY

14.007 x (a—b) xfx 100 x ¢

VBM(mg/100g) =

(ARE HA s AR E 3F] YH(mL)
CFANEE HAste AREH 3

: 814 wli4(5)

kel FE3F #470.02)

cAE9] Kg)

- o o

w

E2|HEo2] &2 (trimethylamine, TMA)

TMA+ Kang et al. (2021)9] WHo=z =439
AR 4g& F3t 4% EZZZZOMEA &9 16 mLE
718t 3 2En7)(BKST-040)2 387+ £33+ Whatman
42 o 3}X|(GR 42, GE Healthcare Life Sciences,
Buckinghamshire, UK)Z o #}&}At} XAk HEm g
g2 001g WE A= 0.02gS S 10mLol| &A1 7
T &S WS T FHTE I8t Az AR
F2937 10% EELHI= S
F 89 1 mLE o|H Fistal F4 o= Pgste 37°C
> 1A REEAIZTE REE &
] o

A A= G 257

sxﬁ +eprx 100
(o)

S

TMA(mg/100g) = (a—b) x (N x A)

s: AlR2 (g
M: Al 29| 2 (%)
e: N EFE0] AHEE 4% TCA £99] F3(mL)

AR 2g8 FHste] Ha O Y Ead A 2
A4 (NaCl 0.85%) 8 mLE 7}t & ZEn}7(BKST-04C)
2 387 £ate] AFsAnh AFH S 108 A 54
Mo g sl AlRRE A3 AC film (Petrifilm™
Aerobic Count Plate, 3M, Saint Paul, MN, USA)°l| 3]
A 1mLE T3 FEHALE FE T F7|dA
35+1°Co A 4842417 Wi 5 vix] W FAE HEe
£ Alo] ARkAlFTE ALkt

SA=A

A% A3= SPSS &7 EZE 13 (Statistical Package for
the Social Science, Ver. 24.0 IBM., Chicago, IL, USA)<
o] &3te] APujx]E4HEA F Duncan’s multiple range
testZ 214 A5 (p<0.05)S AA st

Pzt AL 2Fe] o] o7 olsle] 2=
g7 F2 FEHE A AFele o=, AF &
7171 v o3-S 7HItH(Hong
=8 0.6~-2.0°C (Chen & Pan,
1997), -1~-2.5°C (Sivertsvik et al, 2002)©. 2 X 3|37
AUTF. o]} 7o o Fo] o= oFHERE o7} 7],
Pzt AolA Ao et 2x=4A 0] F235 L, Luan
et al. (2017)°] =M, ZX]9] oJ=HE -1.9°CE HiL
ol o], & Ao HPzt AAolM A kgt 25
-2°CE ATt A% 717kl g 3zt A2 A|59
L=W3hE Fig. 1904 Yehleh 27 ¥ 25E -1°C
2 AAsle] 18717k} 0.5°CH AaATIE Al Wzt
S AMgEIR L, Y s L2 2°CE st %
2o =2 Al OA] 7] W7 252 ol NkEE =
AlolFoz ATt Yzt e g &

B2, o5 FA 2xstE F4% syt do
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Fig. 1. Temperature curves of target temperature and hairtail

ALY

- HvA
W3 (Hong et al, 2018), 3448 =& A, € W& d4
o2 2x7t wEA FSeAntrr oAl welA A "t
(Park et al., 2016). 12¥7+] A4 717F &<, stz <l
g 2ol HEAEA FUN BXE 25 WollA FAH
= A& g3

oft 5l M

21 Fo A A Au|z7E - U8 Q14 she SHoA
Fgolup gtuth Fad 5402 AXHATKOzkan et al,
2003). A% &%= 9 A 7|7k M2 Z2x] 9] 9]F-2 Fig.
2, ME = Table 1914 YRR Al4dg Z4x]2] CIE L
(B%), CIE a' (A %), CIE b' (B =) gh& zHz 81.78,
035, -1.762 A HAJTH. ¥F A8 A HrE 63t

stored with step-cooling program for 12 days. £ 7RISR FoHoRE AU (p<0.05), A=} &
Appearance
Storage Storage period (day)
temperature (°C) 0 3 6 9 12

Supercooling

-2)

Freezing

(-18)

Refrigeration

3)

Fig. 2. Appearance of hairtail with different storage temperature and storage period.

Table 1. Color of hairtail with different storage temperature and storage period

Storage Storage period (day)
Color o
temperature (°C) 0 3 6 9 12
Supercooling (-2) 81.78+2.98 79.6644.10 81.85+4.87% 8205424 82.55+3.43%
CIEL' Freezing (-18) 81.7842.98% 76.58+8.428 77.44+3.028 77.3244.12% 73.79+6.43®
Refrigeration (3) 81.78+2.98"%¢ 82.96+3.56™¢ 84.67+1.74*8 80.29+4.55%¢ 77.15£2.11°°
Supercooling (-2) -0.35+0.20* -0.63+0.18"8 -0.32+0.20* -0.42+0.23* -0.31£0.22%
CIEa’ Freezing (-18) -0.35+0.20*° -0.17+0.44** -0.33£0.30"" -0.55+0.26" -0.37+0.37*"
Refrigeration (3) -0.35+0.20%¢ -0.64+0.13" -0.73+0.12" -0.79+0.39" -0.84+0.20
Supercooling (-2) -1.76+0.46° -2.35+1.00™ -1.37+0.68° -0.83+0.78" -1.860.56"™¢
CIEb Freezing (-18) -1.76+0.46" -1.63+0.91*4 -1.8620.5948 -1.9441.01%8 -2.35+0.49°
Refrigeration (3) -1.76+0.46" -2.47+0.45 -2.06+0.79"8 -1.56+1.18™* -1.81£1.19%8
Supercooling (-2) 4.05+2.34 3.80+2.99*4 3.64+2.37*4 2.90+1.94
4E Freezing (-18) - 7.46+6.43* 4.48+2.86™ 5.08+3.43* 8.10+6.34*
Refrigeration (3) 3.51£1.37% 3.15+1.50% 3.93+2.89% 4.64+2.11%

*“*Means with different letters within the same storage period are significantly different (p<0.05).
APMeans with different letters within the same storage temperature are significantly different (p<0.05).
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A= A 717k 2 S HolA 3tth(p>0.05).
Y& g Af e A7 mE AFE HolA
A AUATHP>0.05), 1292} A Al Fo)F oz 7P e
ol S HATHP<0.05). F&d o7l A1, A% Fol
HHO FE E4% d5Z4H R dsto] HAE JE 2
Bol& freezer-bumo] WA 4 Utk= BT U
(Mills, 1975). o]¢} 7o) A4 Foll freezer-burn®] Lojrt
A oE AR HE] fFelFer v gk gho] 3%
ZAow Azttt Aol FAEE vV A| 2 A4717F

73

X

B, JAe, A BT 7|7kl mE FEe
o] A &k, Wi Y& Hlwate] 12U} 82.55%
S 71 B p>0.05). A=) A= BE A|FAA 717
of W AS Holx| A (p>0.05), AHHHOZ YE
E A9t BF e A =}
Hlwate] fojF oz Eogho] 24 53 th(p<0.05).

Drip loss

o] SO0 BRE FEHE driple thEe olni=ilo]
Seo] Sl o) wAES] S Hag I
H9)) 7} 271 ¥ th(Akhtar et al., 2013). E=3F drip2]
S THAS IYA AL YN A F- FA
JEFS v FHtKKaale et al., 2014). A% &%= 2L A7
43 2)9] drip lossE Fig. 314 YeR|ATH
3 L, 34 1.61%= SHEJ, 129
N 7.16%=E S =], YA F A2} HlaLsto] A
Z 717k wEt drip loss7t F-oldo® FUkete AEES

3 TH(p<0.05). Oyelese (2007)°] W=H, dripe] &2
i Mo QIS 28 Tl o] grofA] ofr]H L)

2orh o

2 o8 N o il B

O

2 3 day
aA B3 6 day
N T == 9 day
12 day

Drip loss (%)

0 i
Refrigeration (3)
Storage temperature('C)

Fig. 3. Drip loss of hairtail with different storage temperature
and storage period. *"Means with different letters within the same
storage period are significantly different (p<0.05). “Means with
different letters within the same storage temperature are signifi-
cantly different (p<0.05).

W Ame g, 27717kl Wt drip loss7t o] 3 S
2 Z7eATHp<0.05). WE A8 A9, 393k A% Al
FollA] drip loss7} 1.44%2 5o T3 A7 7|7
oA WA v|Szet =59] drip loss7t G Ao, A
& 717k mE oAl ¥ske HolA &%THp>0.05).
7t Algel A5 3dAtelA 0.54% = oE Aot
Hlwale] fejAo g vro kS W33 (p<0.05), 647t A
5 STkeke S BT v AgAAl 12¢
2p olMe ¥R, A7, 22al B £ drip loss7t
wokon, WEd Ay AE ele FoFd Zeol=
BolA LATH(p>0.05). Xu et al. (2018)0] W, AFF
o] o] FE 4°C8} -2°ColA AAgste] O v 2EolA 4]
Aol wld WS AAAZITAL gt oo wef, 3
W7 2 PE5Hn 58 oA A WA AlRe]
Wz Aol wEA dojut dripe] FrEol o @Wol A
st Zo 2 AE)

Hyge AFe] o 9 7184, 78, F2d AoA
F838ta, 59 pHell 93-S Wtk g A U oh(Choi
3z 24X Byge

Fig. 4o YeRSTE 218 Zx]9] B48LE 90.99%2
SR EAST W A5 B A 717k e el
2ol & HolA] YA THp>0.05), ZE A7
A2l ol Blste] folA o2 E2gho] S = ATH(p<0.05).
Park et al. (2002)9] WEWH A}F 9] pH} ES4E BE4E
2 frojAo g w4 AU, olof wet Wy A2+
o] pH7} A% 717ks}t T el Fal= sl AFE &
BYolejd A ¢ ofu|g] FOo= 3l F7Fet(Joo et

100

22 0 day
B 3 day
A |E=oday
19 day
3 12day

A\
AN}

Water holding capacity (%)

0
Refrigeration (3) Supercooling (-2) Freezing (-18)

Storage temperature('C)

Fig. 4. Water holding capacity of hairtail with different storage
temperature and storage period. “*“Means with different letters
within the same storage period are significantly different (p<0.05).
A“Means with different letters within the same storage temperature
are significantly different (p<0.05).
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al,, 2016) EFEo] =4 S4E o2 AZHETH(p<0.05).
W A5e] A, AlAMgh x| eF Hlawste] 3UR}F A
A 8333%E oA o 7HASH AL (p<0.05), 3UA} o] %
&= adhe AFS Atk gzt Ao A=
72 Q&3 v st 6Lx}F Ao A 87.17%E G F

A 2713 717ke Gele Z4x]9] pHe Fig 59 YE
WAtk AAE 229 pHE 6918 A4 E ATt ¥ A
=) =]

o072 ZUehe AES BATHp<0.05). o9 Ad= 1%
o], x|, 2715 4°C, 0°C & -19°Col|A] #73ste] A7 7]
Zholl whet iR Qe pH7F S7HIthE W] A8
T-9F A& HByun et al., 2003). Y& AF] A$ A
E3 vt A 717k mE o]0 Afo]E HolX]
A THP>0.05). HF7 ATl 7B, AG77e] e
oAl Wsls HolA] eth(p>0.05). Ao TREE
1293l M = 7t Ws AT 7] fe A2l Zfol 7t
NALH (p>0.05), ¥ XA 80302 FejHoz
=S 7S BATHp<0.05). Park et al. (2016)0] w=m,
WA o2 AN ALFe] o] 49 nAEe] ddS F
Hate] AAGE dEYolefd e} ofn e 2 213l pHe
foo] dojdtia Rustth wEbA, gzt A te
aael uAER e T Fa 7t WA vste] AA

of

o,

Freezing (-18)

0
Refrigeration (3)

Supercooling (-2)
Storage temperature('C)

Fig. 5. pH of hairtail with different storage temperature and
storage period. ““Means with different letters within the same
storage period are significantly different (p<0.05). ““Means with
different letters within the same storage temperature are signi-
ficantly different (p<0.05).

R BE

dofyirhar FetE ).

sled HY[EN E2(VBN)

VBNS oStz o] 49 niEo] o3 Ha|z A
AEu, dryole} olwlo g FAE 3FHEE, VBN =3
S &3l oHFe] AME AstE 1 FHE HFL
2AthJoo et al, 2016; Lee, 2020). ¥wrZ el 7|Fo =
VBN g&fo] 5-10 mg/100 g& 21413 A, 15-25mg/100 g
S BEO A% 30-40 mg/100 g 71T AE, 50 mg/
100 g o142 Fa7F gk el & YeEbd th(Song et al.,
2005). A= 9 717Hs thEA] A2 g Z4X€] VBN &
S Fig. 6] YERT 2148 Zx]2] VBN &3 6.77
mg/100 g2 2 S EJTE Y A5 A9 A 7171
wel §od oz S/ (p<0.05), 12U 2} A ol A
52.76 mg/100 g2 FA3HA S7Fsled 71 =2 VBN &
ZFo] YeElsth ol WEIE 5°C, 10°C, 15°C, 18]
20°CANA 22 AR W, A=t =555 VBN
ol FE5E 8 Z7Fsk 3 (Shim et al., 2010), A5 S
-1°C, -5°C, L] 3L -20°ColA] A Adetds o, A2 x9}
Hl#sted VBN o] Frigttes Aadet dA|sh=
AolthJoo et al., 2016). W AE= A Ak Fof
e E UEil= VBN o] 50mg/100 g& =33 S
n2, Rt Bo] XYE FeHE AdEnh WE AR
A A7 WE §H BEFS HolA] &skth
(>0.05). HY7+ A5 A 6LdA7HA] F-24<] WstE
Ho|A] kO (p>0.05), 9LAE freldoz F7FsA

thp<0.05). A% L= 7+e] Hlwo e 9Yx} o] FHE Y
4, Y7y, 183 W 402 VBN T3] B4 245
ATHp>0.05). Lee & Jang (2013)°]] WEH & 2 ofA]
60
an 2 0 day
% B9 3 day
B0 507 BE=6day
g 09 day
g 112 day
g 40+
=
5
g 30
2
2
_‘E 204 aB|
2
i; 07 bB\bA A DACADA
1@ _ =N

Refn'getion (©)) Supercooliﬁg (-2 Freeig (-18)

Storage temperature("C)

Fig 6. Volitile basic nitrogen of hairtail with different storage
temperature and storage period. **Means with different letters
within the same storage period are significantly different (p<0.05).
APMeans with different letters within the same storage temperature
are significantly different (p<0.05).



Step-cooling ¥E|F| o5 A==

o] 272 VBN 3Hgt=o] A3 A d tiAbg S oA
gkl Waskinh webA, gzt gl Ws ARE A E
A 7eFa S q] VBN §/]_UT—%O A A o] 1@7{]—_1_.—11‘]:]. 2o Ao
Z AztEd

E2|HEORI(TMA)

TMAE AAd] SHf¥ trimethylamine oxide (TMAO)
7F &4, vAE SOl o3 gHlEo] TMAR #35) = HA]
Aol FAHE AAsH, FiHE] AEE Hrtshe A
¥2ZM A2 ch(Serena et al., 2006; Yu et al, 2019).
Marrakchi et al. (1990)°] WZ2H, TMA ol W A
Ao AHAEE 1mg/100g ©l3td v 214, 1-3 mg
100 go] ™, A4, 3-5mg/100 go|H HE] Ar=z H7}st
3tk AR ex 2AS g2 A3 2x¢
TMA 382 Fig. 701 JepAT A4k Zx]¢] TMA
ShFS 1.62 mg/100 g2 SAH AT ¥4 A7 A
A 717k met frelHor Frtste AES HAXL
(p<0.05), VBN gtiFe] &} FAFeHAl 9dAF A% o] 5
HE FAs Frrste] 1293 o= 29.50 mg/100 g 2
A=A ol A7 wet 4 F mAER <
3 Thldo] Z3axo] VBNo|] A=, TMA, YR o}
5ol VBNol| x3=7] ufFoll(Lapa-Gumarars et al.,
2011), VBN Z 3¢} Tr/‘}f?_ Aol =H¥ Aoz Wy
o WE AR A, 1293l 229 mg/100 g & 7+
2] AEI} vt ‘IT-’]X ° 2 F7FFA 2 (p<0.05), A
7 717 wE ol WolA] okt izt AlEe] A
T 343kt 9d AN A ZHzE 1.92 mg/100 g3} 2.37mg/
100 ge 2 S7eke frelAl 2bolE& EATHp<0.05). =
T AFLE 7R HP7 4 WE AR A, 27

35

] A e 0 day
30 B8 3 day
] % E=6day
. 1 9 day
g’ 25 - 112 day
2 |
g 20
5
g
g
=
>
5
k51
E
-
=
C bB bBPADA g bAbABADA

04
Refrigeration (3) Supercooling (-2) Freezing (-18)

Storage temperature(‘C)

Fig 7. Trimethylamine of hairtail with different storage tem-
perature and storage period. “’Means with different letters within
the same storage period are significantly different (p<0.05). **Means
with different letters within the same storage temperature are
significantly different (p<0.05).
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Fig 8. Total viable count of hairtail with different storage
temperature and storage period. “*“Means with different letters
within the same storage period are significantly different (p<0.05).
AEMeans with different letters within the same storage temperature
are significantly different (p<0.05).
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