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Feasibility of Calcium Chloride Brine—Immersion
Freezing for Mackerel

Shyh Shiuan Chang

45 and 2 samples of local marketed fresh iced mackerel and striped bonito, respectively,
were immersed into -18 ~ -45°C calcium chloride (CaCl,) brine. Freezing velocity, body
breaking, and the permeant content of CaCl, in the dorsal muscle were used as indices of the
feasibility for freezing mackerel, as compared to —-42°C still air freezing. The results showed that
the freezing velocity of mackerel in CaCl, brine was two times more faster than that in still
air. Body breaking can be avoided when the fish was perfectly immersed into CaCl, brine.
It seemed that there was no relationship between body breaking and either the temperature
of CaCl, brine or the freshness, maturity, initial body temperature, freezing velocity, and
freezing time of the fish. The permeant contents of CaCl, in the dorsal muscle of 36 samples
were less than 0.5%, suggesting that those fro’zen .mackerel were safe for human consumption.
In order to prevent the permeance of CaCl, into the fish, it was necessary to wash the surface
of the fish either after-freezing or before-thawing. Furthermore, the fish must be frozen
immediately after catching without precooling or equaliziﬂg fish body temperature b :fore
freezing, Ac'oord'ing to the above results, it was concluded. that C'a'Cl2 brine immersion-freezing

method was feasible for mackerel.
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Plate 1 Still air feezing

BH2 RLESEXBERAMEZ—

Plate 2 CaCl: brine immersion-freezing (I).
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Table 1 'The maturity, freezing conditions, thawing time, permeant CaCl, content

B R B & R R HEER RERY
BXE # B HRE  HRHE EAZY

B £ B (RD) (2E) GR/AR) RZRE . E(C) SiECC)

No. of Name of Fork Body Maturity State when Freezing Initial Initial

sample sample - length weight sampling method temp. of temp. of
(cm) (. (kgm®) " freezer or fish body

brine (C) C

1  Mackerel* 52.0 511.76  11.7 Iecd  Still'air —42+1.5  16.0
2w 51.0 537.25  12.7 1 " " 15.2
3 7 37.7 669.98 12.5 " " " 15.0
4 1 37.5  642.91  12.2 " " " 16.5
5 " 38.6  700.43  12.2 " CaCl brine —36.0 6.5
6 " 34.0 484.08  12.3 " " -35.5 12.2
7 " 34.0 525.25  13.4 " " -35.4 12.4
8 " 32.4  447.27  13.1 " " -35.4 13.6
9 " 35.1  514.81  11.9 " " -32.5 6.8
10 " 38.1 686.35  12.4 " " —28.8 11.5
11 " 36.6 678.86  14.3 " " —28.4 6.6
12 " 32.1  412.01  12.5 " " —45.7 10.0
13 " 31.6  407.74  12.9 " " —45.5 5.0
14  Bonito® 46.5 1593.63  15.8 " " -33.8 11.0
15 " 44.0 1223.95 14.4 I " -39.5 10.2
16 Mackerel® 30.1  331.28  12.2 " " -19.0  13.0
17 " 30.8 375.15 12.8 " " -19.0 14.0
18 Mackerel® 34.0  471.21  12.0 " " -18.0 8.0
19 " 34.7  480.10 11.5 " " —18.0 5
20 " 30.7  321.60  11.1 " " ~18.0 —
21 " 29.9  311.19  11.6 " " -18.0 -
22 " 31.8  368.89 11.5 " " -18.0 —_
23 " 30.8 312.93 10.7 " " —18.0 -—
24 " 30.1 288.28 10.6 1 " —18.0 -
25 " 31.0  336.18 11.3 " " ~18.0 -
26 " 33.1  438.52 2.1 " " ~18.0 —
27 " 33.2  437.73  12.0 " " ~18.0 -
28 I 34.1 455.57 11.5 " " -18.0 -
29 " 32.5  421.31  12.3 " I -18.0 -
30 " 33.3 © 463.59  12.6 I " ~18.0 —
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immersing state, and body breaking of mackerel and striped bonito

b

aEEE 2WHEE RBEREEC RBREE RABGEZRE K18z ABEE ARHEHN
| Z-10CH%E 0CE-220CE0CHEN BEE APz@
RECC) HMG BE(H) FEFED H(H) (%) BERRE & F
Final Total Time for body Time for body Time for body Permeant Inmersing Body breaking
temp. of fréezing temp. of fish temp. of fish temp. of fish CaCl. state
fish body time fran 0°C to from 0°C to thawing up to content
(C)  (min) =10C (min) —20C (min) 0C (min) (%)

-31.3 410 180 220 — — - No
-31.1 410 200 . 235 — 0.094 - No
-31.0 480 205 240 190 - - No
-31.8 480 210 255 190 - - No
-31.0 395 .30 55 220 —  hperfect Two locations
—31.0 306 29 35 195 — 7 One location
-30.0 235 17 45 185 - o Five locations
-31.9 90 14 21 205 — “Perfect  No
—28.3 90 23 31 215 0.097 " No
-23.7 100 29 45 178 0.228 " No
~23.5 110 30 55 181 - " No
-38.0 82 10 16 157 0.119 " No
—36.1 125 18 26 . 162 - y © No
-27.2 250 67 85 321 - perfect Three locations
-30.5 180 48 66 290 - n o locations
~19.0 90 42 80¢ - 0.003  Perfect <~ No
-19.0 135 49 116¢ - 0.054 - n No
-18.0 75 28 594 = 0.068 " . No
—18.0 75 31 61 — 0.069 ” - No
—18.0 - - — - 0.198° " No
-18.0 - — — -_ 0.127* ” No
-18.0 - - — - 0.141* n No
-18.0 - - - - 0.2091 " No
-18.0 - — — - 0.215% " No
—18.0 - — - — 0.119° " No
-16.0 80 —~ - - 0.133" " ‘No
-16.0 80 - - - 0.138* No
-16.0 80 - - - 0.248" "o No
-16.0 80 — - - 0.193! " ~ No
-16.0 80 - - — 0.374} " No
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Table 1. The maturity, freezing conditions, thawing time, permeant CaCl. content

B & B @ N RRER HEER RERY
EXR 8 B KAE WeEHE EXZ®

BB &2 B (G (S GVAR) RZRE  B(CH  BEC

No. of Mame of Fork Body Maturity State when Freezing Initial Initial

sample sample length weight sampling. method temp. of temp. of
(cm) (g) (kgm) freezer or fish body

brine(’C) cH

31 Mackerel® 33.1 428.65 11.8 Iced CaCl: brine —18.0 -
32 " 32.5 339.33 9.9 " " -18.0 24.0
33 " 32.0 357.45 10.9 " " -18.0 -
34 1" 34.0 415.73 10.6 " " -18.0 18.0
35 " 32.5 417.45 12.2° " 1 -18.0 -
36 " 33.0 387.21 10.8 " " -18.0 5.0
37 " 32.0 373.51 11.4 " " -18.0 -
38 " 35.6 551.74  12.2 1 " -38.0 18.0
39 " 34.4 "485.24  11.9 " o —38.0 19.0
40 " 45.8 758.43 7.9 "o " -33.0 12.0
41 " 45.5 699.80 7.4 I " -33.0 13.0
42 " 38.2 642.44  11.5 " " -28.5 13.0
<3 " 39.5 769.32 12.5 " " —28.5 12.0
44 " 39.7 673.42  10.8 " 7 -39.0 11.7
45 " 38.5 615.50  10.8 " " -39.0 11.7
46 " 36.0 485.55  10.4 " " -24.0 19.5
47 " 35.0 458.82  10.7 " " -24.0 19.5

(L= N o« ]

:TEMifE © Scomber australasicus.
: BHEE o Striped bonito Sorda orientalis,

B o Scomber japonicus.

:RIBEREE—- 60°C o the final body temperature was —16°C.

P REBERBERCSEKP 2/ BEBOLE(ES o

the fish was further immersed in CaCl, brine for 2 hours after freezing and
the freezer was still operating.

CRBRRBERLBE KT 4N BB EED o

the fish was further immersed in CaCl, brine for 4 hours after freezing and
the freezer was still operating.

 RBRMB ERLSEKD 6 NG STREIIEER - :
the fish was further immersed in CaCl, brine for 6 hours after freezing and
the freezer was still operating.

P BWERE LD RBEEESLSEKT R 2 /N o

the freezer was stopped and the fish was further immersed in CaCl, brine for
2 hours.

DRI EEY - RESRMERILBE AT B 4 /N o

the freezer was stopped and the fish was further immersed in CaCl, brine for
4 hours.
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RO | | -
, immersing state, and body breaking of mackerel and striped bonito -

REREE 2RSS /AERERCC REMEE ABMSESR fLHZ REESE  ABRRER
Z-10CHE OCEWCEOCHERRER KIzB '
il (C) RE () BRE (5) FRRED B(S) - (%) ®’RAE w ¥
Final Total Time for body Time for body Time for body Permeant Immersing Body breaking
temp. of freezing teinp. of fish temp. of fish. temp. of fish CaCl; state
fishbody time  from 0°C to from 0°C to ‘thawing up to content
(‘C)  (min)  -10°C (min) —20C (min) 0°C Gmnin) (%)

—16.0 80 - - - — 0.149°  Perfect No
-16.0 70 28 . 55 — - 0.237¢ "o No

— - - — _ 0.264% " No
-16.0 68 28 52 — 0.133! " No

- - - — - 0.171' " No
-16.0 72 38 65 - 0.218" " No

—_ - -— - — 0.111" " No
-30.5 130 23 38 —_ 0.100 " No
-29.5 130 .23 36 — 0.095 " No
—25.5 120 39 " 58 - 0.102 " No ’
—-25.2 120 16 45 - '0.126 " No
-21.5 130 23 S 71 - 0.056 " No
-20.5 130 45 110 R 0.077 I No
-30.5 75 13 28 — 0.069 ° " No
-31.0 75 16 24 - 0.038  Imperfect One location
-18.5 100 35 70 - 0.047  Perfect No
—-18.2 100 30 75 - 0.154 " No

I B R - RSB L KRB 6 1\ o

the freezer was stopped and the fish was further immersed in CaCl, brine for
6 hours.

k: BRSHT RIBELE 30°C Bl 1K » '
the fish has been placed at 30°C for 1 day before freezing.

1 HENARBE220°CHELX : _
the fish has been placed at 20°C for 1 day before freezing.

m: BT R EAE S CHB 1K o _
the fish has been placed at.5°C for 1 day before freezing.
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Plate 3 CaCl; brine immersion-freczing (II).
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Fig. 1 Freezing and thawing curve of mackerel (Scomber australasicus) in still

air (—42°C) and at ambient temperature (25°C) respectively.
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Fig. 2 Freezing curve and thawing curve of mackerel (8. australasicus) in
CaCl: brine (—35°C). and at ambient temperature (25°C) respect-
ively, and the temperature curve of CaCl. brine during freezing.
@ : Freezing ; 0—0 . Thawing ; 0! Brine.

61



62

_uo i 1 1 1 L 1 5 1 1 . 1 1 1
0O 20 W 60 8 1 120 1h0 %0 180 200 220 240

()
TN
g
5
g
=8
E
[
.
_L‘C 1 L ] 3. 1 1 3 1 i N " "
0 20 Y0 60 B0 100 120 140 160 180 200 220 240
- 4ol 1 A 4 L ] 1 i 2 L L L
0 zo‘uo 60 80 100 120 140 160 180 200 220 240
RE (7))
Time (min) .
B3 RIS —30 'C |IL5E K P Z RS i » 25°C 1B P 2 AR R R 4558
BhE LSS XK BERE MG

Fig. 3 Freezing curve and thawing curve of mackerel (S. australasicus) in
CaCl. brine (—30°C) and at ambient temperature (25°C) respec-

tively, and the temperature curve of CaCl. brine during freezing.

—® . Freezing ; 0—O ! Thawing ;7 0. Brine.
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Fig. 4 Freezing curve and thawing curve of mackerel (S. australasicus) in
CaCl: brine (No.12:—45°C3 No.13:—42C) and at ambient tempera-
.ture (25°C) respectively, and the temperature curve of CaCl: brine
during freezing.
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Fig. 5 Freezing curve and théwing curve of striped bonito (Sarda orient-
alis) in CaCl: brine (No.14:—35CsNo.15:—40°C) and at ambient
temperature (25°C) respectively, and the temperature curve of

CaCl: brine during freezing.
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Fig. 6 Freezing curve of mackerel (S. jefonicus) in still air (Blank:—40
‘C) and in CaCl. brine (Nos.17 and 18Z-j19°C), and the tempera-

ture curve of CaCl. brine during freezing.
o—® . Blank ; #—4& : No.17 ; m—8 ; No.18 ; 0—0 [ Brine.
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Fig. 7 Freezing curve of mackerel (S. australasicus) in CaCl: brine (—18
‘C) and the temperature curve of CaCl: brine during freezing.
49 : No.18; &~  No.19 ; o0 : Brine.
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Fig. 8 Freezing curve of mackerel (S. au:trala.vz:cu:) with various pretr-
eatments (No.32:30°C/1 day ;No.34 :20°C/1 day s No.36:5C/1 day
) before immersing into CaCl: brine (—16°C), and the tempera-
.ture curve of CaCl. brine during freezing-
e—® :No:32 ; &4 :No.34 ; W4 [ No.36 ; o—o I Brine.
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Fig. 9 Freezing curves of mackerel (S. australasicus) in CaCl, brine (—38

‘C) and the temperature curve of. CaCl; brine during freezing.
oo : No.38 ; &4 No.39 ; o0 ! Brine.’
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Fig.IO Freezing curves of mackerel (S. australasicus) in CaCl: brine (-33
C). and the temperature curve of CaCl: brine during freezing.
&—6 [ No.40 ; &4—A": No.41 ; o—0© : Brine.
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- Fig.11 ‘Freezing curves of mackerel (S. australasicus) ‘in CaCl; brine ( _
—28.5C) and the temperature curve of CaCly brine during freezing.
&0 ! No.42 ; A2 [ No.43 ; 0—0 : Brine.
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Fig.12 Freezing curves of mackerel (S. australasicus) in CaCl: brine (-39
‘C) and the temperature curve of CaCl, brine during freezing.
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Fig.13 Freezing curves of mackere! (S. australasicus) in CaCl: brine (24
‘C) and the temperature curve of CaCl, brine during freezing.
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K2REBE-42CERRAM~18~—45SCRBILFEABRRA BT HEEE - RMPOEEE
BO~—10CHREEM » ZHKR 180 ~ 210 min » FABHEKXR10~49min » TR HEEZ
4.3~21f%5° 0~—-10CHEEF—HBR [EXAKEHELRT) » ERALBEFZHMBRE &%
BkERMNES  HRABRZYESERE/  RARTHRE  EESHEORRE S
FEEERREBELE L - BRELBEABRA T ZHE TR ARBRYE  REFEHEE
<% HEAHWREAEFREARNE - NARPOLEBEEFR0~-20C 2R ML B EEEEF 2
%X 220 ~ 225 min + EABEASI6~ 116 min » EBLLKB2.2~15.9 {0 QLA
DBEE—20C BEAR KRB E » AEMAANKEMNA > SLEEABRIMEERDERMELE
ALURE 2 5Ll R REY o R 2T | RALSE KB IR BUEE Bk - fIN—45°CK
H—18CER 2 5L E o '

£2 BRAEKBFLER (28)AFSHNELFEXRREEZHEEF LR
Table 2. Comparisons on the freezing velocity® of fish frozen by still air and

by CaCl, brine immersion

Ri8 SR Bl ERAnE . RSB EAUE

Body temperature Still air freezing CaCl: immersion-freezing .
of fish —~42°C —45C  —~40C -35C —30C -25C -18¢C
0~—10C 180-210"° min 10-18°  13-23°  14-39°  23-45  30-35¢ 28-49"

0~-20°C 220-235"® min 16-26°¢  24-38*  21-58¢  31-110f 70-75% 52-116*!

a  AEFERUARBBBIRBO~-10CH 220 CHEZREMERHAE -
the freezing velocity was estimated by the time of fish body temperature passing
through 0°C to ~10°C or —20°C.
b BMEEEL ~ 2 ~3F14 o
sample nos. 1,2,3, and 4.
c . BAmEEI2TI130
sample nos. 12 and 13.
d . B #HEEE38 ~ 39 ~ 447145 ¢
sample nos. 38,39,44, and 45.
e . BRMEIES ~ 6 ~ 7 ~ 8 ~40HH1 -
sample nos. 5,6,7,8,40, and 41.
f I BEREEE9 ~ 10~ 114271430
sample nos. 9,10,11,42, and 43.
g BRanFREE46 f147 o
sample nos. 46 and 47.
h DR FRSE16~ 1718+ 1932 ~34F136 ¢
sample nos. 16,17,18,19,32,34, and 36.
gil BRenfl g - (AAMKEFER-18C -
samples were the same as in g but the final body temperature of fish was —I8C.
hj: e h o (B RESBE RER 16T o '

samples were the same as in h but the final body temperature of fish was —16C.
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JETRAS s RES A5+ 1°C B IEZR R SRE OB B 2B - 220 SR sk
GEARERIRES (BF 3~ 4 K5 ~13) BAEMA (X 1) -

=3 103 0 '

MRTRT A > RICFHEAR WA TR B — SO o5 o BRI R BT
50— 45C S SR BEAS - EXSAUEH TN SRESBEWD > REVENE > BES
SEE @0 . '

BRERN 3 ~5 %RCEHRS » BN BRNENTRIER, HEL —BAGREZREE » T
LT B BR P RLBNBE o | ' |

% 1 FATERT EHE K6 BREANEGSFR > SRBER0.5 %, H 1 %0 AZEN
ERE $T ERBLEERUERE LR2HZME. -

% 3 RLIBM20~25% ~18°C MLBEAPBRIAES » B HBBEEN - K2 + 4 ~ 6/
B AR R A RIEEOBEE » HHB0.162 % ~ 0.175 %R 0.167 % » B K BT SRS
RITTRN o (B3 I EL AR EAREAMES  £5 CHRE1 X EAEEBEES RIS
0.450.% (FHME) - bt —RRET : HEERBROLO A ESERARTERBIAEZB A
R HEETRARS S B A OB 6K BB A48 R LU BT AL 58 A Ry o

K3 HBRE-18CESBEK P BRI LM EREKD 2 ~6 /B » DR EBE KK
BEMZE 5 CHE | REWAHRLHZBER '
Table 3  Permeant CaCl: contents in the dorsal muscle of mackerel after
immersion-freezing in -18C CaCl. brine and further standing in the
brine for 2-6 hours, and thereafter putting thern wi thout washing at

5°C for 1 day‘
B 2R RIEBER .
Treatment after Permeant CaCl: content
. freezing C EEE
No.200 No.21 No.22 No.23 No.24 No.25 Average
1* 0.198 0.127 0.162
2® 0.141 0.209 0.175
3e _ 0.215 0.119 0.167
4 0.450 0.448 0.446 0.451 0.451 0.451 0.450
FHHE : ,
Average (%) 0.449 0.449 -0.451

a ! BREREILGEKRD 2 /o
immersed further in CaCl, brine for 2 hours.
b ! BEBRREFTEKF 4/ ko
. immersed further in CaCl. brine for 4 hours.
c : BBENELFEEK S 6 /1B o -
immersed further in CaCl: brine for 6 hours.
d:B1~2-3FMAES REXKMES CHE1X -

same treatment as in 1,2 and 3, and nut them without washing at 5°C for 1 day.
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RBBRZEE > TTHRKEAEGMER  RERAAOKS B RKER - BREMXRE
» REABANKSFRRBKRE R ELRRE ) H—RRERRAX-EER  E0R0RES
ZEar (BB ) B RAURARCHTHA/WNE > AEKBHEA -

FeR 1WA > L—42CRILEE (ZRR) % RBETRERRA » BLIRIEEK N
EHOEBACS5 67 1 1545) IBERR(BH 4) » KT BERBAE - HRULS
E2RZER HESAZHSEERELSEXKABR (K 2) » MALSEXARRN 2R R
A RBZ2BABKFARED Y WK - AREEOTA  HERAREHPESEKS » B
RTHE O RABERRBURR  KRBRIBHASZMOL o WRIATR » KiEMLERRFELPIK
B BEES (REFSEARKKE) EEEEETRMERBER - ERA/ABUREZBAEKS
EWUERAEEREFE  MEERR—F > MERKZRARKER) » BTFRLERA K
TRLBECERSHLER GRS RISEEE ® FHEERRME > BRET -

T ———

M4 RREREY- L &FA; T 5BB-
Plate 4 Body breaking of fish.

Up: No breaking; Down: Serious breaking.

BeA R 1 RTBA  ABBEREROSE  DWE - D8 A2 - BaRMRELE

KB TRAE ARBA o
SELFEeEE: : )
mmﬁmﬁﬂﬁﬁkmﬁ%’DW%@E&R%@QE& @Eﬁﬁﬁ R P ARFFARINE
BIZHUT OO 4RAPEESSBER 1 %8RBT HERO o '

LR IE 515 A R R 48 < B WA RS RF - ﬁmtﬁmﬁmﬁﬁﬁﬂiﬁﬁﬁkﬁw E%ﬁ%
ERERAERN (FR HBEEERRAFIIME) » RXERSEERR/BES - HBRAFE
ER-ES A REROHERZ KB CRRBEBALES » EANSERBERL KRBT
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— 16 —15%— 14C » MABE RN ARLEBEREANEBMZER > FHH0.136 % >
0.220 % 0.262 % (£ 4 ) ° XIGBLEARS (26~31) MITR—HRBEBH » S CHE1K &

RECEBERIHBINT 0.397 7 ~ 0.461 % K 0.559 % » H— BRABWI R ZHR » IR
#4520 SR AR BT P S5 A K I8 B RIE » {H Ogawa CRIFUBHERA R AR B ABRE ZLE
o dhAt - BREHR Z RIS TTE R » BEKRBEE EREE 2 % HUH B o

4 ﬁﬁZE-—IS’Cﬁfb@ﬁfﬁzuhﬁﬁ‘&ﬁ%%Wﬂﬂﬁ%&ﬁ&ﬁ’ﬁﬁ&ﬂb&iﬁmﬁhﬁﬁﬁﬁ2
~6/NBE» DIRHBRBKIETAS CHE 1K RBENTELBZBER
Table 4 Permeant CaCl: contents in the dorsal muscle of mackerel after freez
-ing in —18'C CaCl: brine and stopping freezing while the fish still ‘
immersing in the brine for 2-6 hours, and thereafter putting them

wi thout washing at 5C for 1 day

g ks #LEBER

Treatment after , . Permeant CaCl. content %
freezing _ ' ' T
No.26 No.27 No.28 No.29 No.30 No.31 Average
1 ~0.133 . 0.138 0.136
2° 0.248 0.139 S 0.220
3¢ _ ’ v . 0.374 0.149 0.262
41 0.453  0.340 .0.461 0.461 0.672 0.445 0.472°
i1 | -
"Average 0.397 " 0.461 . 0.559

a I BRETREMES S REBIIBERLGEAT 2 /6> HEFRBRER=16C o
turned off the freezer"after freezit_xg and the fish were further‘inmersed in CaClz
_brine for 2 hours. Body temperature of fish were —16C. ) '
b HETREMES TS REDBESLFEEKF 4/DF HRABABER-15C -
turned off the freezer after freezing and the fish were further immersed in CaCl:
' br»ine for 4 hours. Body temperature of fish were —15C. ’
c I RETREMELHE  RRNBESLHGEKF 6 /NEF - HFEABRBER-147C -
Turned off the freezer after freezing and the fish were further immersed in CaCl.
-brine for 6 hours. Bosy temperature of fish were —14C.
d:sE1 2 3FRARES FEKKMES CHE1IX -
-same treatments as in 1,2 and 3 and further put them without washing at 5°C for

1 day.
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BEMRE RN N AR S B  RATELEBERESHER » HIFRA~
373 BIFE30C ~20°C & 5. °Chi M —F » BRI ST B AE (5 32+ 33) ~ MUK (K8 34
V35 ) BRE A C HR36 37) » RELI—18°C BALFEIE ABBIAL o % RMGeh LB E—16'CRIX
o WERNTELEZIBER  RETRE 5 HHB0.250 % ~ 0.152 %K 0.164 % » FARE
B RALEB AR ES » BYMEMTL N EWER - H—BRLTETRBRERERERG
BN LSER R AR EBEREEER KGR N ASFEETYSERARK -

E5 MRE-1SCRIESEXIBRELSN  FTRORENREAFFCEREIECEE
Table 5 Effect of different treatment on the permeant CaCl» content int the
dorsal muscle of mackere! before immersion-freezing in —18C CaCl.

brine
WAz R FLEBER "
Treatment before permeant CaCl;: brine %

‘freezing ' I 5{E
No.32 No.33 No.34 No.35 No.36 No.37 Average

1* 0.237 0.264 4 0.250

2°® : 0.133 0.171 0.152

3¢ 0.218 . 0.111 0.164

a’l RRAMSZFNIBRIEICCHE 1 X » LUEHAEREK
the samples were put at 30°C for 1 day and were estimated as putrid by organolep-
~ tic test. ;
b I B34 FI35RAE20C B 1 K » LT SENES TR -
the samples were put at 20°C for 1 day and were estimated as initially putrid by
organoleptic test. -
c I ERm36MIMRES CHBE 1K LITHNERHE - A
the ‘'samples were put at 5C for 1 day and were estimated as fresh by organoleptic

test.

] =

T & B AV RIBEMN —18~—45°C BALIBIEA P ORS » LIBEEE - ABBRRELERE
BIERETMEARZBE  LHEARBGHELE  HRNT : AEPOBETEO ~— 10CK 0
~20C IR RIEFBEXBRABKEDFREER ( —42C)HIEREEZ1 /43 ~1 21 1
/2.2~1/15.9 » BERREEEBRELRR 2 U E o QILHE KB RIEE RS EEBRK W
—ASCEBR-ISCERZBUL - AMRAEZLBARGHEAD - i REBER - REBZHEARK
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