Bulletin of Taiwan Fisheries Research Institute No.50, 1991

EEtESEEABYRBHNREE — 1

el

Surveys on the Freezing Points of Some
Important Fishes in Taiwan— |

Huey-Jine Chai, Shyh-Shivan Chang, Shwu-Yun Gau and Wen-Ling Wang

The freezing points of 11 important fishes in Taiwan were detected at
—16°C by digital thermometers which can display the center temperature of
fishes to a level of one hundredth of 1°C. The effects of fish species, individual
sample, maturity, freezing times and muscle type on the freezing points were
studied. The purpose of this survey was to supply the freezing points of different
fish species for preserving them at temperatures near the freezing point.

The freezing points were different among fish species, being the lowest in
small abalone (—1.81°C), somewhat higher in kuruma prawn (—1.63°C), and the
highest in 9 fishes (—0.57 ~—1.15°C). Among the fishes, their freezing points
were also different according to their living waters. The freezing points of
freshwater fish such as tilapia (—0.57 ~ —0.59°C) were higher than those of sea-
water fishes. Furthermore, the freezing points of seawater fishes, migratory
(horse mackerel, spotted mackerel and bointo) were lower than those of benthic
(big-eye and red horsehead).

The freezing points of tail muscles of black sea-bream, horse mackerel.
spotted mackerel, grey mullet, bonito and red horsehead were lower than those
of dorsal muscles. Milkfish and tilapia were contrary to the above fishes.

The correlation coefficient between maturity and freezing point was negative
for bonito, positive for black sea-bream, and not apparent for other fishes.

The freezing points were different apparently in individual samples of black
sea-bream, horse mackerel, big-eye, grey mullet, spotted mackerel, tilapia, kuruma
prawn and small abalone. No apparent differences existed in those of milk-
fish, bonito and red horsehead.

Different freezing points were obtained from different detecting locations
of dorsal muscles of bonito. On the contrary, those of red horsehead were very
consistent.

The freezing points detected at different freezing times had no apparent
difference in most fishes, although the freezing points of individual sample de-
tected at three freezing times might be different mutually.
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Table ]| The spucies of tested fishes (10O

Mandarin Native name Scientific name Common name
& BoR B-® 8 Acanthopagrus schiegeli Black porgy ;
b 3247 BLEEKER Black sea-bream

mE B &F Megaluspis cordyla Horse meckerel ;
LINNAEUS Finlet ted mackerel scad

A R 8§ KBS &K  Princanthus macracanthus Red bullseye ;
CUVIER & VALENCIENNES Big-eye

B HA REBRA~-BEA Chanos chanos Milkfish ; Gient herring ;

TBEE -~ FEAH FORSKAL White mullet

g A RA Mugil cephalus Striped mullet ;
LINNAEUS Grey mullet

it & TER-HFR Scomber tapeinocephalus Spotted mackerel ;
BLEEKER Spotted chub mackerel

i B ORFR -~ R Katsuwonus pelamis Bonito ;
LINNAEUS Skipjack tuna

B3 @ BRI WHEF Tilapia sp,  Tilepis

Mozambique mouthbreeder

ALESER AEE~~F Branchiostegus japonicus Red horsehead ;
Japonicus Branquillos ;
HOUTTUYN Tilefish

BARYUR &k ~ 1LEI8 Paneaus japomicus iruma prawn / shr?
BATE

I B AL Sulculus diversicolor Abalone ;
aqualilis Small abalone ;
REEVE Tokobushi

ZBRBRAEES : — M E » BKAEES MM E A aERY ) MEEEEXRERE  BARE
—0.6~—2CY® - EBEEHNEZER  OBEZERRE ; Q%% ; OB RGBERAELED
SR OV BHAMI BB ABEES TR (KE2Z L7 ) ~ it 828 URRAKS 2 V8
TR iimE gk -
() B & A
MEIRERBHZEARK TS B RBINAHREE (F4 ~FS5 ) » thKASH T : OFHEF
PIERREA » K& REAMTNAEENEZER (a=0.05) ; QRTHEMS » BAZBEED (—1.02
CYEREARE (—0.79°C) ; ORBZEEME- BIF 1 ~ 2 ~ 3 RZHEE » HRAKBEERZY
WA YR rhURS OB RS B 2 B R BRI 2 L 2 IEARRE - L 2 S A
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Table 2 The body length, body weight, maturity, and production quantity, value and price

of the fishes used for the survey of their freezing points,

Average Average Average ~Production in 1989¢

No, of body weight body length maturity Quantity Value Price

Fish species sample (g) (em) (kg/ m*) ( y (thousand (N.T.$
ton

(n) Mean Mesan Mean N.T.$) 7kg)

Order Order

Black sea-bream 10 118.05 18.69 16.65 634 119,358 188
80.08. 3.66 0.89 88 71

Borse mackerasl 9 179.12 25.40 10.91 180 8,255 46
23.51 1.32 0.78 104 110

Big-eye 10 99.98 20.02 12.68 6,109 310,043 51
15.83 1.64 1.52 39 44

Milk fish 6 707.71 35.27 16.07 21,159 1,000,169 47
93.28 1.35 0.77 12 16

Grey mullet 8 674.10 38.38 11.92 2,193 467,987 213
73.72 1.46 0.93 66 34

Spo. . ... o 10 438.56 33.14 11.58 33,016 753,727 23
158.38 2.83 1.15 9 22

Bonito 3 1,439.11 47.80 13.20 52,014 1,342,572 22
45.59 1.25 0.85 4 13

Tilapia 7 666.21 31.93 20.32 47,089 1,520,669 32
123.51 2.05 1.55 5 10

Red hotschead 4 699.07 39.12 11.57 382 30,685 80
122.00 2.15 0.36 100 98

Kuruma prawn 18 19.14 15.63 5.52 11,935 3,990,307 334
4.11 2.12 2.03 24 4

Small abalone 9 12.69* 4.33° 7.36° 1,034 554,635 536
1.96 0.38 2.32 78 28

a : The average of total weight ().
b : The average of shell weight (g).
c : The average of meat weight (g).
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" Table 3 The reported freezing points of some fishes.

- R & 1 ks 2 F XK
' Fish species Freezing point (°C) Reference
i 3] Fish meat —0.6~—2.0 15
2 58 & Tilapia —0.8~—20.9 14
# g Carp — 1.3 6
: — 0.84 13
— 0.7 16
B -8 Pike eel — 1.95 6
- 2.0. 16
i — 0.96 13
D KEEER -Bigmouth conger e —=1.32 13
- T Cod co T -~ 1.0 6.16
v BEAREA Fat greenling : - 0.90 13
LEE A ==Sardine - o T =13 6,16
#H & Yellow tail - - = It oo —1.2 . 6
[I=1 i3 Horse mackerel —1.17 13
[i=1 4 Common mackerel —1.23 13
o ’% Bonito / Skipjack tuna —2.0 6,16
% & Tuna S N ~1.3 6,16
® 7] & Pacific saury ’ —1.33 13
HHX A Sea raven — 0.86 13
XKk Bf& Flounder / Halibut — 0.9 6
H B & Japanese flounder ‘ —1.12 13
. 3 pi:l Sole . ~—~1.95 6
T ¥R Red barracuda —1.12 13
"B B & Sand gurnard —1.18 13
B OB /& Surgeon-tish — 1.09 13
: | R Sea bass oo —1.16 13
s Crab * - s : ' V2.0 e e i
il b A freshwater shrimp —2.0 6
S i Oyster — 2.0 16
i A WWhale meat — 1.0 17
( Average — 1.0 ).
B 55 Shellfishes —1.0 17
( Average — 1.0 )
SEBEERAE Hypertonic fishes 17
KEFERKER Most freshwater fishes 1.0~—1.0
( Average — 0.5 ) 17
ZBRFEEAIR Isotonic fishes
EENEKE Benthoic seawater fishes —1.5~—2.5
( Average — 2.0 ) 17

E@ERAH Hypotonic fishes
LS XA Migratory seawater fishes —0.5~—1.5
( Average — 1.0 )
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Table 8 The freezing point of big-eye ( Princant™ - macracanthus ) depending on the nu-

mber of sample,

No. of Significance Correlation
Code of sample sample Freezing times Average (a=10.05) coefficient
( mean+S.D,)
(n) n=10 (r)
Dorsal muscle
1 1 3 — 0.78+0.07 d 1.0000
2 1 3 —0.63+0.06 ab 0.9673
3 1 3 —0.72+0.02 cd — 0.6547
4 1 3 — 0.591%0.01 a 0.8660
5 1 3 —0.76 1+ 0.01 b — 0.5000
6 1 3 —0.74 % 0.07 cd 0.5379
7 1 3 —0.76 £ 0.04 d 0.9608
8 1 3 — 0.68%0.00 be —
9 1 3 — 0.77 £ 0.05 d 0.7559
10 1 3 —0.76 £0.02 d — 0.6547
Average 10 3 —0.721+0.07 0.2630

£ ALBHEZ RS ——KEZARBES

Table 9 The freezing point of big-eye ( Princanthus macracanthus ) depending on freezing

times,

No, of sample Average Significance  Correlation coefficient
Freezing time )
(n) (mean £SD, ) (a=20.05) (r)
Dorsal muscle
1 10 — 0.74 £ 0.08 a —0.1154
2 10 —0.71 +0.¢ a —0.2240
3 10 — 0.70 = 0.07 a —0.4712

Average 10 —0.72 £ 0.07 —0.2559
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B s (OVFAZHRERRERMAERNER  ARAZERMRY » RE 6 BRESNS - K
fit 6 RIE\EEEMHER ; QBB S » AEBEREARTRE - ¥ANBALFHRNES » BK
BRHEEESBMEHEREM (r =—0.4875 71— 0.4701 ) » B 1 RESBFHERNH2 ~ 3K
WERPHEMAHENER B8 2 » 3ARALTHLENRSEEREE  QBEM S » WAEE
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Table 18 The freezing point of tilapia ( 7ilapia sp.) depending on the number of sample,
Significance ) Correlation
Code of No. of Freezing Average ( a=10.05) Cor re'lat.xon coefficient
sample sample times (‘mean+SD,) coefficient between dorsal
(n) n=7 n=7+7 Ce) & tail muscles
Dorsal muscle
1 1 3 —0.554+0.09 ab — 0.8660 0.9966
2 1 3 —0.51X0.06 a — 0.9078 0.8816
3 1 3 —0.773+0.06 ¢ — 0.7680 0.8620
4 1 3 —0.651+0.07 bec bed — 0.9762 0.9997
5 1 3 —0.571+0.08 ab — 0.9209 0.2649
6 1 3 —0.53+0.05 a — 0.8660 0.9966
7 1 3 —0.58+0.06 ab — 0.9387 0.9869
Average 7 3 ~0.59+0.10 — 0.4875 0.3583
Tail muscle
1 1 3 ~—0.54+0.06 b b — (0.8220
2 1 3 —0.61+0.25 b bed — 0.9983
3 1 3 —0.59+0.07 b bec — 0.9867
4 1 3 —0.57%+0.07 b b — 0.9707
5 1 3 —0.753+0.04 b cd —0.1321
6 1 3 —0.32+0.12 = a — 0.8220
7 1 3 —0.63+0.09 b bed — 0.9820
Average 7 3 -—0.57 +0.16 — 0.4701
Dorsal muscle + Tail muscle
Average 7+7 3 —0.58%+0.13 0.0666 — 0.4701
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Table 19 The freezing point of tilapia ( Tilapia sp.) depending on freezing times,

: Significance . Correlation
No, of Correlation
Average (a=0.05) o coefficient
Freezing times sample coefficient
( mean +=S5.D,) between dorsal
(n) (r) .
n=7 n=7+7 & tail muscles

Dorsal muscle

1 7 —0.521+0.09 a 0.0951
2 7 —0.63+0.09 0.0873
3 7 — 0.64 +0.09 b 0.4251
Average 7 — 0.59%+0.10 0.2108
Tail muscle
1 7 —0.47 £ 0.17 a —0.0092
2‘ 7 —0.60%0.11 ab — 0.0134
3 7 — 0.65+%0.15 b 0.2443
Average 7 — 0.57+0.16 ‘ 0.0666 -
Dorsal muscle + Tail muscle
1 7+7 —0,49+0.09 0.1727 0.2067
2 7+7 —0.611+0.05 0.1475 0.1571
3 7+7 —0.64%0.09 0.0537 0.0330
Average 7+7 —0.5810.08 0.1087 0.3583
(AT FE BB 2 DA B

A4 RAEGRANYRN 2 BRENREA 1 BB HRER (%20 ~ %21 ) » afidt oA :
OWARBEFAREA BB ERLHNAEEFNER (AHERRER) ; QEBME » HEKEAR
ghEran , Rz BA N ER » HEEENER AR5 JIB—0.67 ~—0.68 F1— 0.80°C » HHH
MEFAEE (T =0.0296 - 0.0537 F10.0406 ) ; QKA RABESFA—RENTFAZEL » 2 (T Bz WA
AR AZ R » 43 B2 (Fms 1 (B2 r = 0.5000 » 0,3925 71 0.8660 ) HAE 2L
B (r=0.9449 ~ 0.9928 %1 0.8660) » BF 1 RAIZAAMM(E1 > 2L B#Zr =—0.8660
) > (BRI > HAABMEEE ( r =0.0357 ) » FA 2 BB BUEESSEM ( r = 0.6892
) > R A MBI RIFA® ( ¢ {E5 PS5 0.0316 10,0401 ) ©
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BEZHER ; ORETS » BHESRBE—1.63°C BiRARZERMNERS - B18RH3 QL L
B 4 fE (— 1.56 ~ — 1.64 F1— 1.68°C ) MY EHEHZER (r=0.1745.0.0946 0.1532
) o
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Table 22 The freezing point of kuruma prawn ( Paneaus japonicus ) depending on the’

number of sample,

No. of Correlation
Code of sample sample Freezing times Average _“—Significance coefficient
(mean+S.D.) (a«=10.05)

(n) (r)
1 1 3 —1.63 £ 0.07 efg 0.4271
2 1 3 —1.98+0.14 i - 0.8660
3 1 3 —1.74+0.01 fghi — 1.0000
4 1 3 —1.74+0.04 fghi 0.1321
5 1 3 —1.86+0.09 hij — 0.9686
6 1 3 —1.89£0.10 ij — 0.8660
7 1 3 —1.454+0.05 cd — 0.7406
8 1 3 — 1.6210.30 ef — 0.9484
9 1 3 —1.2910.06 ab — 0.9954
10 1 3 —~1.2240.02 a ‘ — 0.9608
11 1 3 —1.25+0.02 a — 0.3974
12 1 3 — 1.56 £0.04 de — 0.7206
13 1 3 —~1.384+0.06 abe — 0.8220
14 1 3 - 1.44%0.06 becd — 0.9878
15 1 3 —1.79%+0.10 ghi — 0.9333
16 1 3 —1.7140.05 efgh — 0.9934
17 1 3 —1.90+0.05 ij — 0.9123
18 1 3 —1.80+0.04 hi — 0.7924
Average 18 3 —1.631+0.25 — 0.1916

%23 HEHEBRZEEE ——EKEEKBES
Table 23 The freezing point of luruma prawn ( Paneaus japonicus ) depending on freez-

ing times,
No, of sample Average Significance Correlation coefficient
Freezing times
(n) (mean+SD,) (a=0.05) (r)
1 18 —1.56 + 0.23 a 0.1745
2 18 —1.64 +0.25 a 0.0946
3 18 —1.68 +0.26 a 0.1532

Average 18 —1.63+0.25 0.1372
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Table 24 The freezing point of small abalone ( Sulculus diversicolor aqualilis ) depending

on the number of sample.

No, of Correlation
Average Significance
Code of sample  sample Freezing times coefficient
(mean+S.D.) (a=0.05)
(n) (r)
1 1 3 —1.8540.05 d — 0.4435
2 1 3 —2.12%0.08 efg 0.6186
3 1 3 —1.26 x0.07 be —0.2035
4 1 3 —2.04+0.02 ef — 0.8660
5 1 3 —2.23%+0.03 ghi ~— 0.9449
6 1 3 —1.10%0.06 a 0.2638
7 1 3 —2.01+0.09 e 0.8368
8 1 3 —2.2240.02 gh — 0.8660
9 1 3 ~—1.10%0.07 a 0.8660
10 1 3 —2.1330.03 fg — 0.8462
11 1 3 —2.034+0.06 ef — (0-9386
12 1 3 —1.321+0.03 c — 0.6546
13 1 3 —2.14+0.11 fg 0.1890
14 1 3 —2.30%0.09 ih — 0.9563
15 1 3 —1.15+0.08 ab — 0.4663
16 1 3 -—~2.0510.02 ef 0.0000
17 1 3 —2.33%0.05 i — 0.5960
18 1 3 —~1.111+0.05 a — 0.6820
Average 18 3 —~1.773+0.46 — 0.0234

£ NAZHEEE——ERBEEABES
Table 25 The freezing point of small abalone ( Sulculus diversicolor aqualilis ) depending
on freezing times, T

No. of sample Average - Significance Correlation coefficient
Freezing times
. (n) (mean+8D,)) (a=0.05) (r)
1 18 —1.78+0.47 a 0.0766
2 18 —1.833+0.47 a 0.0480
3 18 —1.81%£0.50 a 0.0122

Average 18 —~1.81+0.47 0.0451
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