Bulletin of Taiwan Fisheries Research Institute No. 45, 1988.

BEesEARRBERRARRE
&?}Tﬁ%‘l&%ﬂ FES

FNF B%H,.,Jfﬁx . i‘ﬁkm

Comparisons on the Qoality between Raw and
Frozen Flying Squid and Effectiveness of =~~~ =

Cryoprotection Treah_nent 'in Minced Product.

Wen-L iang Wang, Tsong-Song Chen and Chiu-Yen Lo

Insplte of many efforts made since the late 1940's, problems still exist in the development of .

minced squid products as a result of species specificity. The quality of squid products are qu1te

“different due to different species. For example, squid balls made of cuttlefish (Sepia esculenta

Hoyle) have been well developed in Taiwan for many years, while that ‘of other species of squids
are not. Dur to the problems the loeal manufacturers have of using ﬂle frozen: flying squid as
raw material, and the unstability and difficulty of controlling product quality, a series of ’
experiments were carrled out. ) o ) A

Though the viscosity of the mantle muscle paste of flying squid was high and the'aotivity‘
of Ca?* -ATPase was stronger than fish, the rheological quality of its "KAMABOKO'"' product
was not as good_ as fish. Due to high viscosity, gas foam was easily formed Quring chopping and

kneading, hence caused the "KAMABOKO" product to float on the surface of the cooling water.

~This phenomenon was quite different from those of fishes.

The paste will turn transparent just the same as living squid when degas process is applied
after kneading, and it may raise the rtheological quality. However, it still cannot reach the same
rheological quality of fish.

The paste stored at -40°C was not only more stable but also better than that stored at -20°C
in both of proteinical and rheological quahtles, and the difference between these two sto_rage
tefnheratures was highly significant (p < 0.001). Among the cryoprotectant treatments, compareﬂ
with frozen and raw material at p = 0.05 level, got significant difference. 2D polyphosphate mixed
with applied carbohydrates or M.S.G. was more effective than the other single cryoprotectants

at -20°C, while those of higher conCentrations of single carbohydrate or M.S.G. and those of

2D polyphosphate mixed with glucose or M.S.G. got good results at -40°C for about 6 months

Metapolyphosphate was the only ineffective cryoprotectant because of its low pH.

Since deep freezmg was more effective than cryoprotectant’ treatment as shown in this
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paper, for minced squid products, storing the squid fillet at —40°C and reducing the temperature
fluctuation are suggested from both economic profit and quality viewpoints. However, the

other processing problems must be resolved before developing this industry.
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Table 1 Factorial anova design

A % A Factor A . B % B Faczor R
W WB E . S hEBEEE
Temperatures in Oc* ' Cryoprotectant Treatments
T1 -20°C o Bl  Control
T2 -40°C - ' B2 5% Sucrese

B3 10% SucTose
B4 . 5% Gluccse
B5 10% Glucose

WX C Factor C

i OH OB : )
Quality indicators . Bé6 3% Sorbizol
M1 Salt soluble protein B7 5% Sorbizol
M2 Relative viscosity B8 0.5% MSG
M3 Ca 2"+A-ATPasé activity B9 1.0% MSG
M4 Gel strength . o .B10 0.25% 2D Polyphosphate**
~ M5 Organoleptic score B11  0.25% Pyrophosphate
H¥ED Factor D B12  0.25% Metapolyphosphété
o R B13  0.25% Tripolyphosphate
Storage petiods B14  0.25% 2D + 5% Sucrose
(days) - » - B15 0.25% 2D + 5%, Glucose

f D1 116 + 13
D2 147 =11
D3 180 £ 10

B16 0.25% 2D -+ 3% Sorbitol
B17  0.25% .2D + 0.5% MSG

* Temperature variation were +° 10 'C for T1 and * 5°C for T2 When
stored on research vessel during the. early 70 days and 50 days
, respectively, and were + 3°C for T1 while+1 OC for T2 in lab
: incubator after 70 days and 50 days respectlvely- '
++ Contains 50% sodium pyrophosphate and 50% sodlum tripoly phosphate.

s | R RABBEEEAS mjm; 1 REB» ﬂﬁﬁﬁ@ﬂﬁki&ﬁ%ﬁtﬂﬁ%ti@
HEtH o - .
uﬁ?ﬁwﬁ S BIFEE 116 + 13 K~ 147 £ 11 KR 180 £ 10X iﬂﬂ’ﬁzﬁﬁaﬁﬁﬁfméunﬁﬁﬂ
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kst H % | EREET 554 ( factorial anova ) ™ Hoigpr ﬁ&%‘ﬁ‘ MEBER R EDRE
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SRR B © AN 2 2R > GRS TR b B o
CHBE B 20ml 06 M KCl THZEMER (ZEX ) » L Kjeldahl BEERE o
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WHANKE LRV BEERRN 2/ 10mIERE0CEZ 06 MKC THEBHER 1 BEA
Ostawald it * ZE 30 £ 0.2 CABARE (LER ) B 1 BRIV EXTERETE kT
REH
e =

W, T,
x ——
W.  Te

DARSREEE - Wa 0 10m] REEIBESKE (2) . We © 10ml 06M KCI BHKE ()
’ ’I‘. P HRBEELEBL T_ﬁm%ﬁ “Ts: 06M KCLEBE ~ T BT B2 R o
(B)Ca® + ATPase 15t : K" Fride SMBERIER (X2 ) RIE » 7 8> S s fl
#% FISKE—SUBBA—ROW'S B:HI5E o
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Frozen minced squid

Weigh out 3g precisely.. . . . : weigh out 1 ~1.5¢g

: | Lo S precisely(triplicate)
. Lt - . ) . - PHL

Wash with 250ml 5°C distilled ‘ ‘ - " Total N

water to remove cryoprotectant T

Stir 10min in 4°C cool, room

BEO
Centrifuge(at 4°C, 15,000 rpm X 20')

X

Precipitate . ‘ . ' - BHER
L‘ » : ‘Decantate
% % N N . . o L'. )
Wash with 50ml 5°C, 0.6MKC1 (pH7.0) % R
- Discard
BE

Homogenize in 0-5°C, water bath for 1 min

ek ' :

Wash the crush head with 10ml 5°C, 0.6M KCl (pH 7.0)
B

Centrxfuge (at 4 C, 10,000 rme 10')

WE - |  BEE
Precipitate Decantate
|
EE S B &
Discard Final volume making up to 100ml

with 5°C 06M KC1. (pH 7.0)
Stored at 5°C
0.6 M KCl soluble protem soln.

Determmatlon within 5 hours

HJﬁE  HER ;Eﬁg%& .
) o HEREHE .
Relative viscosity Salt soluble—N Ca?*—ATPase activity

B2 #igEaERENERE
Fi'g.‘ 2 The test scheme for protein quality
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%2 SRR AL A7 AR S VR DU R B W LR
Table 2 The composition of high salt reaction mixture*.for

determining the activity of Ca’*-ATPase.

B 7B B O™
Constituents Volume (ml) Final conc. (mM)

0.5 M Tris-Maleate, pH 7.0 0.5 ’ 25

0.1 M CaCl. ‘ 0.5 5

2.0 M KCl, pH 7.0 . 2.2 500
Sample solution (ab. 3%) : 0.5 -

H: O 5.3 _

40 mM ATP, pH 7.0 1.0 4

Total volume -~ 10.0

* The enzymatic reaction mixture was incubation at 25°C prior

to adding sample and ATP solution.

5 =iBA 2 K » LIISEERZ o
4 =1E8 1 K> DIFBERTEH o
3=1E8 1K » LUBEEEH—2L ko
2 =R K LERER R
1 =R EEAR LB BAED B o
%%7—6§T3—4#%ﬁ7'%1—2ﬁ%ﬁ6 ﬁﬁ% e—7§3—4ﬁﬁﬁe’1
4mm7ummo
wxs
U OBEEREL.5 — 2g ZIEREEE - 105 2 Ctaiﬂi#ﬁ?s%ﬁ 2 /J\B%&ﬁi' REFEE
ERAL . & (g

AR e

(@) pH : B 5.0 g MEIEELE » 1 45 ml MK » LUSEBISE 1 S8 - BREET 20— %
434 » M pHEH ( BASIC,Mode! 321, TAIWAN,R. 0. C. ) BIEZ o

ﬁE%ﬁEﬁﬁﬁ

—RER I IR
T S BT ) B B DB 4 Kﬁ&&@%%ﬁ#ﬁ%ﬁzm%ﬁ# 1 3 Fime 70 -
C LT 8y & pn#ebi e » Eﬂm%*b%&ﬁiﬁ% HE B BB RE o 85°C I 50 548 LT
© R MT¥ﬁ¢uﬂgﬁﬂ k%" BT B ( modori ) BEERY 50 — 70 °C B2 REAIA
EFTE ; MR Sakai &% EHAARZ RAFZNRESD ( myosin ) BHE O 5 FERFTwH
» EERBENRHRESEHERESRER ; Stanley % RIBHALEER G ( 1llex
illecebrosus ) Z BV 43577 TEHEROMS t SUARYETE 3 53 RS SR 5 38 00 1 S 7 0 100V E TR W0 EE B
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~Table 3 'E‘,flfectv of hééting condition on minced flying . squid¥

B HhRE B0 B R
Heating condition - Organo- Heating. condition Organo-
g __ EM lPie TRE & . leptic
Temp. ("C) Time (min.) _ 'Temp.(OC) Time (min.) score
40 -3 40 6
60 50 4 -3 85 50 6 -
60 4 -3 60 7 -6
» 40 4 -3 _ 30 7 -6
70 50 4 -3 90 40 7 -6
60 4 -3 ' 50 7 -6
40° 5 - 4 - 30 7-6 -
75 50 5 -4 95 40 6
60 -5 50 6
40 5 -4 . 30 6
80 50 5 100 40 6 -5
-5

60 6 -5 , : 50 6

*'quformance on research vessel. .

e FIT BB T BE RS - 90 CzHATEFRERARE  naS" MEEABEHRANR
B 5l 90 °C I sE R AR 15 5B % LB 5 87 C LA » 23 5 BT EEISAS R il A
o WELT BT BRISHR 90 °C HIA 40 SHZHEA: o 95 'C LLERUMAY B HEFBEX SR » ENT
EEEE TR RS REE B RRBERKGEEDERARARS ¥ - REXSRRMEUS
A B ESEAE  HEE—BAENSERRIE EABEATE  BRHENRRBETFRS -
=sREt8E2 B 1L ( Setting phenomenon ) R !
sl aasnEBLRL & K%m‘ﬁ%W(Swweuwmm)EFngm ' 2

U9 oo BRI o % S LU RRE M EENRBISR « ik 4 TARREMIEE2C THE

BRI R » R HEEME ; £5 CT » @8 20 NERBEE BTSSR LB AL - Wi #
EREAER > FEEBLTE  EREAETURMA > THER 5 CLUTURRETE -
SEREEZBR ( degas ) FOR _

F A B E IR RE B B S 0E Z L E H K - HEBUR RV 7 R M AR AT B0 SR A R 22
RoMRft o 130 — 50 mHg ZSEZERRL S8 > RAGEERIML - MAERITREZ RE
BRENE 5P 0 ERE MRS TN 60 g AUREZLTT » TIHEHEE R FTAIN 110 g » BARTER MR
RISl » RAKKE X » Kb BE AT A& » ﬁ@tﬁ‘iﬂﬁﬁ LB ; R ERYERD
MERTHIBR » HeB 7T B 6R TR BAPS LRI o

D St ROz B R %ﬁ(%ﬁéﬁZ%ﬁ%ﬁ?ﬁiKﬁ“ﬁZ{A s AR ATIERE

A+ LA TR R A 2 R B AT o o A2 M B A ST E R TRERE » BB #

&Q&nnZﬁJﬁ?ﬁﬁ%iﬁ?@ ’ %{Eﬁﬁﬁmﬁﬁﬂﬁiﬁiﬁmiﬁﬁﬁ¢E&Tﬁffééﬂiﬁﬁbﬂz}( B
KEnEwEBLt BTEERBCAAGRERBETH -
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F4 FUMEEBHRBLCHEREN
Table 4 Effect of setting on minced flying squid*.

BE - RR EREFFRE B B ] BHFH
Tempe- . Organo- Temp- . Organo-
ration : Time leptic rature Time leptic

(hour) ) (hour)
) score (-c) score

(o) .

0. 7 <6 0 7 -

4 7 -6 0.5 7 -

8 7-6 1 6

5 - 12 7 -6 22 2 -
16 7-6 3 -5

20 4 5
6 5 -4

24

* performance on research vessel.

£5 HEMEIRIBR

Table- 5 Effect of degas process* on minced flying .

. - squid. .
o w BRI B B E BHAE
I " Breaking  Deformation | Gel Organoleptic - .
© Treatment force. T strength score
: g mm .. . ge-mm
_ Control - . 406 68 2761 6-5
. Degas before : ' jnn- - 6.6 3102 : 7.6
kneadmg , : 7 '
Degas after 516 ' 6.8 3509 ' . .47
kneading .‘ ) ‘ C )
Sl *730 - SO'mmHg-:dégas for 2 min.
EﬁﬁZﬁ%ﬁEEnuEﬁiﬁﬁ%ﬁEBﬁ{% :
e 0

 §iP9 ATPase T Ca®* RMg* 11t » ﬁﬁ%ﬁ(&m cvw%«mma@%@% v X
Caer E%%(&E—l\u 25 Czwﬁﬁﬂﬁﬁ% ’ Kﬁgﬁﬁfﬁm%{%# ( flﬂﬁ 2 ) BREMELZ
Ca+— ATPase Eﬁ*ﬁ'@é’;—% » #6116 + 13 KJUER ﬁf&.miﬁ 72.32 unit(unit = gmoles/min
/ mg salt soluble protein ) ° B HAIZE 132.9 unit (%6 ) Eﬂfiﬂfﬁiﬁ 180 + 1095% s B

8.
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Table 6 Some protem qualities of frozen minced flying squid treated

with cryoprotectants after stored for 116+ 13 days

R%EB EEA W HE o R =@HBIRE
REB WRA- gy ogmy ERE g F ok
Factor Factor Storage  Salt ‘Relative . Salt soluble—N Ca?+—ATPase
soluble ]
B* .~ A** days - " protein viscosity Total=N activity
No. °C % 7; % unit ***
1 - 20 120 5.20  1.0212 . 26.69 72.32
— 40 109 5.52  1.0198 27.67 97.72
2 — 20 129 6.93 1.0522 - 35.54 1 76.69
— 40 106 9.46  1.0922 48.39 123.22
3 — 20 122 10.98  1.0773. 58.06 92.93
— 40 109 10.94 1.1361 '58.98 . 157.31
. - 20 110 6.72  1.0463 33.42 78.07
— 40 105 9.57 1.0945 49.43 128.03
5 — 20 117 9.08 1.0672 . 49.43 92.14
S 40 105  11.06 1.1141 - 59.18 137.79
6 — 20 118 7.61  1.0747 . 37.47 86.72
° — 40 112 9.98 1.1136 - " 50.08 112.36
7. —20 126 9.85 1.1092 53.33 97.68
o~ 107 10.78 1.1140 58.14 129.09
e . ' ’ . .
g  —20 111 9.95 1.0688 . 46.45 80.72
— 40 113 10.45 1.1086 - 50.22 129.52
9 — 20 110 11.81 1.0714 51.17 97.73
— 40 106 12.20 1.1160 56.80 131.23
10 — 20 116 9.40  1.0666 44.78 81.62
— 40 112 10.26 1.1895 51.66 127.04
1 —~ 20 116 9.82 1.0758 46.56 80.05
_ — 40 109 9.61 1.1381 47.48 125.65
12 — 20 116 .5.02 1.0124 24.10 61.05
v — 40 110 7.17 - 1.0432 35.50 120.56
13 — 20 116 9.55  1.0724 46.59 81.34
v — 40 114 9.60  1.0884 48.07 131.56
u —20 125 8.81  1.1231 41.83 92.01
— 40 102 10.73  1.1125  54.80 129.43
15 — 20 125 7.69 ° 1.0882 38.60 90.35
— 40 102 10.61 1.1156 55.75 153.73
16 — 20 116 8.15 1.0867 38.77 88.72
— 40 102 10.23 1.1062 . 50.67 - 123.84
17 — 20 116 10.80 1.1001 50.33 94.91
. 107 1.1878 60.31 132.90

— 40

12,34

* As shown‘ in Table 1, factor B.
** Ags shown in Table 1, factor A,
***Unit as Pi g moleS/mln/mg salt soluble protein.
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27 NHOREEER 147 + 1 RAMIEZ ~EEAHRIRE
Table 7 Some'protein qualities of frozen minced flyingVSQuid treated
with cryoprotectants after 'stored for 147+ 11 days.

mxs mEa  TH HE aape T =@HBRE

. B8 EQB T HFREREHE
Factor Factor Storage Salt Relative Salt soluble—N Ca?*—ATPase
soluble . .
B* A ** days protein viscosity Total N activity
No. °C _ % 7, % unit ***
1 - 20 151 5.31 1.0128 26.04 70.18
— 40 140 6.82 1.0191 28.01 : 96 .27
9 — 20 158 7.03 1.0604 35.66 75.48
— 40 137 9.50 . 1.0896 " '47.30 122.03
3 —~ 20 153 9.81 1.0844 50.14 94.15
- — 40 140 10.90 1.1273 58.87 148.62
4 - 20 141 7.01 1.0385 33.78 79.01
— 40 136 9.88 1.0894 52.40 124.73
g — 20 148 9.14  1.0741 50.03 90.05
— 40 136 10.78 1.1200 57.46 138.41
6 — 20 149 7.43 1.0611 36.90 80.47
— 40 143 9.93 1.1084 49.48 - 114.42
. — 200 157 9.76 1.1076 52.27 19.33
— 40 138 10.63 1.1217 56.85 132.97
8 — 29 142 9.46 10758 44.34 78.65
— 40 144 10.31 - 1.1044 49.48 130.10
9 - 20 141 10.43 1.1101 50.64 98.17
— 40 137 11.17 1.1364 54.96 142.86
0 2~ 2 147 10.00  1.0685 46.94 76. 40
- 40 ‘143 10.20 1.1494 51.43 129.26
11 - 20 147 9.78  1.0849. 46.51 81.14 .
— 40 140 9.84 1.1017 47.50 . 124.32
12 — 20 147 5.49 1.0120 25.49 58.35
. — 40 - 141 7.04 1.0548 34.17 134.81
3~ 2 146 9.40  1.0776 44.35 - 73.54
— 40 139 9.76 1.0949 49.10 138.07
14 - 20 155 8.41 1.0837 40.02 89.94
— . 40 138 9.98 1.1244. 51.69 140.23
15 — 20 155  7.01 1.0673 38.05 84.60
— 40 138 10.68 1.1146 55.91 © 149.69
6. — 20 147 7.64 . 1.0804 36.41 .84.81
\ — 40 136 10.14 1.1038 50.02 ©134.28
- 20 . 147 10.70 1.1196 . 50.35- 90.77
1

17 _ 40 - 139 11.86 ~1570 58.44 134.15

* As shown in Table 1, factor B.

*#* Ag shown in Table 1, factor A.

***Upnit as Pi # moles/min/mg protein.
Based on salt soluble protein.



ﬁ%%%%ﬁm24mu(%8%ﬁf%ﬁﬁ%%’ﬁﬁﬁﬂﬁZﬁﬁﬁgﬁi%;ﬁﬁ%%%
E%&ﬁﬁé%%éﬁmﬁ’wﬁﬁﬁévﬁﬁ@%%ﬁﬁmﬁﬁﬁﬁﬂ’@ﬂﬁﬁ%%ﬁ(§9
—1nwﬁmm@ﬁ,@ﬁ%ﬁ%m%(m@s)%@mﬁmmtﬁﬁ,&M@Tm@ﬁgam%
%ﬂ,zgﬂﬁﬁw¢ﬁﬁm§aﬁ%@%m”,Eﬁﬁmﬁ#Tm@%ﬁwmwm’ﬁﬁﬁﬁﬁ
R B 5 T (TR o |
Emaﬁ¢§aﬁﬁﬁﬁmﬁéﬁﬁ@(n:wz)zmﬁﬁ%milﬂwﬁu@u4wmw
'ﬁﬁﬁ%ﬁgzmﬁﬁﬁg<r:mmu>;ﬁ§aﬁﬁgm§’u@ﬁgaﬁﬁw%ﬁEZﬁ
BRpEEA ( r = 0.8474 ) + (BT Ca* - ATPase [tk AARIE - S FIER 0.6454 K 0.6895
ma,ﬁ%ﬁ~maﬁ$@;Emﬁ%&ﬁ@ﬁgﬁﬁﬁﬁﬁz@%@@,ﬂﬁﬁﬁmg 0.9443
'%%u%ﬁwﬁ%wﬁ’%%ﬁ%AﬁmE@v&%%%’ﬁmtﬁ&ﬁﬁ%&mﬁ%ﬁ’ﬁﬁ
mL AR » AR RIFRERETEZ -
FRrE R - PO R E 2B - e -
m%w%%’@ﬁ@%ﬁﬁﬁﬁm%%’ﬁﬁﬁﬁﬁ%EEEZ§@vﬁﬂﬁﬁﬁﬁ%@(

DD, D ) + BB (p<0.001 )« RERMEL R ¢ TEEREAH

’R(%—WT@)’%%Em¥w%&m¥Wuﬁ%%ﬁéﬁ%(%%%&%éﬁ)&%ﬁ%
m(%%ﬁ)’ﬁgﬁﬁgm@%ﬁﬁﬁ;mﬁﬂiBﬁﬁﬁﬁEﬁE$CﬁE%EZ§@(ﬁw
)’EﬁiDzn%%émﬁﬁgﬁ(p>m%>vEDJﬂ%%jﬁﬁ@%ﬁ(om5>p>
Oﬂl)%?TR%E%E%E%&ﬂ’mimﬁﬁﬂ;(@—NCEJE§EEmﬁE$’Q
WD, * WRAEYE ( 0.05>P >0.01 ) » #&H " D, HD: ” HE %N ( 0.01>P > 0_.00'1
);W%ﬁ%&ﬁﬁ%&'&%ﬂh”%%E%ﬁv%gﬂm¥ﬂumﬂﬁﬁ%ﬁo
ﬁm%mﬁﬁ%ﬁﬁxﬁﬁ(SWMfURt)ﬁ%ﬁﬁﬁﬁ%’u—zvcﬁiﬁ%%v@m
ﬁm—lfc’ﬁﬁur-w%%%%ﬂum%ﬁﬂﬁﬁﬂ’@éﬁﬁZﬁE@ﬁﬁﬁEﬁZﬁMn
m$mﬁwﬂﬁﬁﬁaﬁwmﬁamf@%ﬁw;I@mi%”m%maxﬁzmﬁmazac
actomyosin ) * #E— 20C TR 40 K H ATPase EYgHEE W#ﬁﬁﬁ*ﬁiﬁﬁ?ﬁ@—m@
T*ﬁ@4@ﬂ££ﬁ'ﬁﬁﬁﬂﬁﬁﬁéﬁﬁﬁﬁﬁﬁéﬁﬁ'ﬁﬁ%m—4NCTEEE§m
ﬁ%%%v@%m—wt%’m%u%@ﬁﬁ%&ﬁﬁﬁ%%ﬁ%%ﬁﬁ@%ﬁﬁ'ﬁﬁ@ﬁ%
T - , . ; .
< R 2 R ' |
%E%maﬁ%ﬁ%ﬁﬁﬁﬁﬁ%ﬁZ”E”(ami)%M&ﬁ%r%ﬁ%%@ﬁﬁi%ﬁ
@@m%ﬁﬂ:mﬁ%Wqu%z%ﬁ&gﬁamﬁﬁﬁmﬁmmaxmmﬁa%ﬁ;ﬁ@%“
%ﬁ%@mﬁz%w@@%sﬁew~%ﬁﬁ~ﬁﬁmmmEKMﬁvu—mtztgﬁﬁg&
mﬁ%ﬁm@ﬁgz#ﬁm¢oﬁﬁsﬁﬁﬁﬁgﬁwmm@ﬁﬁﬁsz%'ﬁﬁs%tﬁﬁﬁ
_06%%%WMQEEHmﬁ%;Iwﬁi%w%%&%MVMA%%@@(@ﬁ%E)'ﬂ%
tEKﬁ%MEM&%EE—mtﬁﬁ*%ﬁﬁ°mmﬁﬁﬁﬁﬁu&5@ﬁﬁﬁﬁ’EAu4
%%ﬁ&4%Mﬂﬁ%Wﬁﬁﬂ’u&ﬁ%ﬁmﬂﬁ%ﬁﬁ%ﬁ%’m%éW@QEOJ&Wa%
RAFRAR B © | |
ﬁﬁ%ﬁﬁtﬁimﬁﬂ’u&ﬁmﬁﬁﬁﬁﬁﬁﬁﬁmmmmiﬁ%ﬁﬁ¢'m%ﬁﬁﬁﬁ
ﬂﬁ%@mﬂm§1@$3o§w¢wﬂ§z’ﬁ—mtﬁﬁ@%ﬁﬁﬁﬁ%@ﬁ@@Zﬁﬁ%

 RBRRETEDRE 6 (B A PO A BIFHBCR oA R AR R E st QHEEEF - BEP=

0.05 =¥ LRARENE ?ﬁ%%@@%ﬂ&iaﬁﬁqﬂﬁitﬁ#%ﬁ% , WgEsEst pHB MR
B o ZE— 40 'C HERIE 4 P 0 L5 o R SR AR B 4 L AR » fEP = 0.05 2k HEEE

225



%8 LIIORMR IME O 180 + 10 RoREIEZ —~RAEGERE
Table 8 Some protein qualities of frozen minced flying squid treated
' with cryoprotectants ‘after stored for 180+ 10 days.

S TTUE. e BBE SERRE
R®B. EX Al mm ASRE s T A
Factor Factor Storage Salt Relative Salt soluble=N Ca?*—ATPase
. soluble :
B* A - days protein viscosity Total—N activity
NO. OC % ,7[ % . unit_.***
) - 20 180 5.04  1.0114 25.86 " 65.32
— 40 171 6.58  1.0185 - 27.81 98,44
‘ —~20 189 6.85 1.0544 33.49 71.96
2 0 170 9.58  1.0842 48.53 - 124.37
— 20 183  9.77  1.0801 . 47.18 . 87.76
3 171 10.78  1.1172 58.06 152.34
— 20 172. 7.20 1.0245 . 34.10 74.73
4 4o 170 10.00  1.0911 52.88 126.58
— 20 178 - 8.65 1.0816 47.17 86.47
S g0 170 10.89  1.1547 59.01 128.95
~ 20 180 7.03  1.0545 34.16 72.84
6 _ 40 173 10.00  1.0894 50.12 119.72 -
— 20 188 9.57  1.0916 51.08 82.60
7 — 40 179 10.59  1.1333 56.53 131.45
— 20 172 9:04 - 1.0616 41.24 76.44
8  _ %0 174 10.28 . 1.1259 49.40 129.59
— 20 172 10.32  1.1194 50.13 . 95,56
9 _ 40 170 11.09 ° 1.1548 54.78 140. 99
— 20 . 177 9.64  1.0664 - 44.35 71.35
10 —~ 40 174 10.01  1.1204 50.28 ~130.81
— 20 177 . 9.75 - -Y.0905 43.32 76.55
11 —. 40 171 ©10.18 1.1336 T 49.10 123.17
. _ 20 178 5.11  1.0127 - 24.30 54.24
12 _ 4o 173 7.24 1.0331 35.26 228.65
‘ - 20 176 . 8.98  1.0735 40.17 70.04
B g0 174 9.85  1.1088 . 50.22 137.95
, — 20 "189 8.24  1.0653 ©40.15 86.73
14 — 40 173 10.12 1.1304 ' 55. 28 128.11
— 20 ' 190 7.20 . 1.0615 36.14. '80.59
I5 4o 178 10.58  1.1449 54.87 139.23
- L 20 177 6.33  1.0682 - 32.80 79.91
16 T 4o 170 9.92 - 1.1004 ©49.54 132.84 .
.~ 20 178 10.71  1.1541 - 50.49. 86.97
17 0 T4 1n 11.94 . 1.1582 59.64 130.61

* As shown in Table 1, factor B.

** As shown in Table 1, factor A.

***¥Jnit as Pi ¢# moles/min/mg protein.
Based on salt soluble protein.
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Table 9 Rheological quality and relative factors of frozen minced flying
squid product treated with cryoprotectants after stored for 116

=+ 13 days.
. \@ﬁ N i ) - i b
BB KEA ng KD BEn mEE BuE S
Fact*or Factfr Storage o Breaking Defor- Gel Organo-
- B }t* days Moisture ~ pH force mation strength leptic
No. C % : g mm g.mm score
- —20 120 70.58 7.02. 312 5.2 1622 3 — 4
—40 109 72.21 7.09 405 5.5 2228 6—5
2 —20 129 70.59 6.92. 329 5.4 1777 33— 4
—40 106 71.99 7.06 451 6.2 2734 T7-—6
3 —20 122 69.37  6.66 341 5.4 1871 3-—4
— 40 109 68.87 7.05 474 6.2 2877 7—6
4 T20 110 73.75  6.67 . 337 5.7 1921 4—3
—40 105 71.56 7.06 458 6.2 2840 6
s —20 a7 71.72  6.67 341 5.9 2012 4
— 40 105 71.76 7.01 469 6.5 3048 7—6
6 20 118 73.09  6.77 344 5.9 2030 6—5
' — 40 112 72.47 7.02 444 6.4 2842 7—6
; —20 126  73.28  6.79 449 5.6 2514 - 6
— 40 107 72.44 7.05 448 6.4 2867 7—6
g 20 11l 70.84  6.71 417 5.9 2460 6
— 40 113 71.57 7.04 433 6.4 2771 7—6
9 —20 110 71.20 6.77 . 461 6.6 3043 6—7
—40 106 71.70 7.09 462 6.4 2957 7—6
10 - —20 116 72.12 7.05 - 404 6.1 2464 6
~- 40 112 71.77 7.01 . 500 6.2 3100 7 -6
i1 - 20 116 71.79 . 7.10 373 6.1 2275 5
—40 " 109 71.77 7.09 503 6.8 3420 7-6
12 —20 116 71.82 . 6.66 308 . 5.0 1540 34
—40 110 71.73 6.97 439 6.3 2766 6—5
13 —20 116 72.03  7.02 378 5.9 2230 5-—6
— 40 114 71.90 7.01 453 6.4 2899 6
14 —20 125 70.96 7.03 564 6.3 3553 6—7
. —40 102 71.52 7.11 448 6.4 2867 7 -—6
15 —20 125 72.57 7.05 527 6.2 3267 6—7
— 40 102 72.44 7.07 487 6.3 3068 7—6
16 20 116 72.53  6.85 459 6.1 2780 6
— 40 102 72.21 7.04 453 6.4 2899 7—6
;7 T2 16 72.20  6.86 521 6.2 3230  6—7
—40 107 71.17 7.11 448 6.5 2912 7-—6

* As shown in Table 1, factor B.
**As shown in Table 1, factor A.
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Table 10 Rheological quality and relative factors of frozen minced flying

squid product treated with cryoprotectants after stored for 147

i 11 days.

i te e b ] el
BED HEA KD BIH WYE BHE  on
Factor Factor Storage Breaking Defor- Gel Organo-

B* Ao** days Moisture pH force mation strength leptic

No. C % g mm g.mm. score

) —20 151 70.02 7.10 276 5.1 1408 3
- —40 140 72.18 7.12 398 . 5.5 2189 6-—5
, —20 158  69.36  6.90 310 5.2 1612 3—4
—40 137 72.04 7.08 444 6.1 2708 7-—6
3 —20 153 68.98 6.61 328 5.1 1673 3 —4-
— 40 140 68.75 7.08 480 6.2 . 2976 7 —6
., 20 141 73.26 6.63 330 5.4 1782  3—4
— 40 136 71.60 7.09 457 6.2 2833 7—6
'5 - 20 148 71.20 6.59 327 5.7 1864 4
. 40 136 71.68 7.04 471 - 6.6 3109 7-6
6 —~20 149 72.50 6.78 331 5.6 1854 5
- —40 143 "72.09 7.05 448 6.4 2867 7—6
. —20 157 72.65 6.82 400 5.4 2160 6-—5
~ 40 138 72.58 7.08 441 6.4 2822 .7 —6
o - 20 142 70.72 6.75 395 5.6 2212 6
—40 144 71.60 7.08 436 6.5 2834 7—6
9 - 20 141 70.65 6.78 432 6.1 2635 6-—7
- 40 137 71.24 7.10 475 6.5 3088 7 —6
10 -20 147 71.77 7.09 . 380 6.0 2280 6—5
1 ~ 40 143 71.68 7.04 514 6.2 3187 7-—6
—20 147 71.32 . 7.10 354 5.9 2089 5 -
11 — 40 140 71.85 . 7.08 489 6.8 3325 7-—6
=20 147 71.25  6.68 268 4.8 1286 2—3
12 —~ 40 141 71.64 7.02 443 6.3 2791 7—6
—20 146 71.48 . 7.04 360 5.7 2052 5— 4
13 — 40 139 71.83  7.01 449 6.4 2874 6—7
—~20 155 ~ 70.36  7.02 409 6.0 2454 65
14 ~ 40 138 71.26 7.10 467 6.3 2942 7-—6
—20 155  71.92 7.04 488 6.0 2381 6
15 - 40 138 72.09 7.05 496 6.3 3124 7-—6
—20 147 71.59 . 6.90 434 6.0 * 2604 6
16 — 40 136 72.14 7.01 456 6.4 . 2918 7—6
—~20 147 71.27 6.90 480 5.8 2784 6
17 — 40 139 71.48 7.08 478 6.4 3059 7—6

* As shown in Table 1, factor B.

** As shown in Table 1,

factor A.
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Table 11 Rheological quality and relative factors of frozen minced flying
squid product treated with cryoprotectants after stored for 180 .

+ 10 days.
<§= (}ﬂ . i i . =]
B BEA O KD  mmy mEE  BRE by
Facto; Factor Storage _ . -Breaking Defor- Gel Organo-
B* N A** days Moisture pH force mation strength leptic
No. °C % g mm g.mm score
. -2 180  67.32 7.15 220 4.6 1012 2
- —40 . 171 72.16 7.10- 401 5.5 2206 6—5
, - —20 189 68.74 6.95 286 4.7 1344 3
—40 171 71.87 7.05 447 5.9 2637 7—.6
’ 3 T —20 183 68.61 6.78 293 4.6 1344 3
— 40 171 . 68.82 7.06 471 6.1 2913 7 —6
» =20 172 70.05 6.85 301 4.9 1475 3
— 40 170 71.48 7.08 450 6.2 2790 7 —6
5 —-20 178 70.87 6.74 284 5.2 1477 3
— 40 170 71.64 7.05 468 6.5 3042 T7-—6
6 —-20 180  71.22 6.94 276 5.2 1435 3
— 40 173 72.11 7.02 450 6.3 2835 6 —7
7 — 20 188 71.09 6.99 334 5.1 1703 3-—4
e 40 . 179 . 72.52  7.06 439 6.4 2810 7—6
Pad . . . :
‘ 8 -20 172 69.44 6.96 306 5.4 1652 3-4
— 40 174 71.62 7.05 440 6.5 2860 17— 6
9 —20 172 69.86 6.97 350 5.4 1890 3—4
B —~ 40 170 71.53 7.08 468 6.4 2995 7—6
0 -20 177 71.04 7.15 303 5.3 1606 3—14
1 - 40 174 71.55 7.03 502 6.1 3062 7—6
—20 177 70.38 7.20 297 5.2 1544 3
1 —a0 171 71.67 7.10 496 6.7 3323 7-—6
—20 178 70.73 6.84 201 4.4 884 2—1
12 — 40 173 71.66° 7.00 434 6.1 2647 6—5
=20 176 71.24 7.10 324 5.3 1717 3—4
13 — 40 174 71.87 7.02 454 6.4 2906 6
—20 189 70.02 7.08 346 5.3 1834 3—4
14 —40 173 71.3 7.08 454 6.3 2860 7—6
) —90 190  70.98 7.09 394 5.4 2128 6—5
15 —40 178 72.35 7.06 488 6.2 3026 7—6
— 20 177 70.70 7.07 375 5.3 1988 5
16 —40 170  72.08 7.03 450 6.4 2880 7 —6
— 20 178 70.39 7.04 360 5.2 1872 4
17 — 40 171 71.27 7.08 460 6.5 2990 7 -—6

* As shown in Table 1, factor B.
** A5 shown in Table 1, factor A.
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Table 12 Correlation analyses between quality indicators*.

4

* No.’ 1 2 3 5
° . = | 0
BMAEE  HYENE RN Big & B fE #F &
Salt soluble Relative Ca’*-ATPase Gel Organoleptic
protein viscosity activity strength score
1 1 0.8474 0.6454 0.6381 0.6029
2 0.8474 1 0.6895 0.7050 0.6494
3 0.6454 -0.6895 1 0.8141 0.7804
4 0.6381 .0.7050 " 0.8141 1 0.9443
5 0.6029 0.6494 0.7804 0.9443 1
*n =102
F13 FUMERBGMEE s REBERREBRBN SR FEE R &
Table 13 Factorial significant comparisons among temperatures,
quality indicators and cryoprotectant treatments after
stored for periods.
#® N BEHE OF W
Frozen storage periods
Source of :
variation . dt [_)1 DZ D3
A X C 4 EE BT ok ok
B XC 64 - ns *

*** p<0.001, Very highly significant

= 0.01 > p > 0.001, Highly significant
* 0.05 > p > 0.01, Significant.

ns p > 0.05, Not significant

A : Temperatures

C : Quality indicators

B : Cryoprotectants

D : Storage periods
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Table 14 Factorial significant comparisons between frozen

periods .
'ﬁ%ﬁﬁ&
a , Significant comparisons :
HA g . . R
D, A& D, . D, Vs - D,
Qualities : ;
T# ' T, T, - T,
B FEWy Proteinical ~  *¥** - Toox *okk Y
iA#% {4 Rheological *ak ns EHE *
@ The same notation as Table 13.
# As shown in. Table 1, factor A.
) -] =

R G RIEBEASSE K » Ca’t — ATPase WEHEHE—H REBRS » TRABGZHAREHDE
A — 1 R o ' | |

— LRI R K » Rl BEATIR B - SRR R - BNENL  ERER AR
S HIAT o BEBRETLRS  MEASTEEHE  EURZARBRHLRE © '

- Sg AR 5 CR 22 CREBRIEBLHR -

e A BB B T 1 BB AR » B S G ARR @ R.0.60 — 0.70 2 ( n = 102y ffiCa""
— ATPase HBIEHIB R 0.78 — 0.81 ZM (n=102 ) °

HEE A — 20°CH — 40 CERBRIEA Ko ELAERERENER (p <0.001, 0= 255 )

-}

TR & R » — 20°C WS 4 (B 5 » 4D = 0.05 ZAKM LM AR 040

COHmERES 5 A AAEEE ; B 40 CHL- 20 CEZHEREARE
ﬁE—mtﬁﬁ@’Kﬁﬁﬁ%%ﬁ%ﬁﬂ%ﬁﬁ@§2ﬁ%ﬁ&%ﬁ'Eﬁ%Mﬁ@ﬁﬁgﬁm
R ; fE— 40 CHRE » KK ERE - ERIMERANE - LREREARKE - BAAN
B LR A B M A RO R o '
A%%ﬁﬁﬁﬂﬁﬁ%’@ﬁﬁ%ﬁ$mﬁﬁ%ﬁé’&%%—wt@ﬁﬁﬁ’E$ﬁiﬁ§ﬁﬁ
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Table. 15 Multiple comparisons* of quality among cryoprotectant treatments.

Storage . _ 20 |
days 20°C

116 + 13 12** 1 2 4 5 6 3 11 13 10 8 16 7 159 17. 14

147+1112 - 1 2 4 6 3 5 13 11 15 8 10 7 1416 9 17

180+1012 1 2 6 4 3 5 11 10 8 13 714 1615 9 17

, -40°C .
116+13 1 12 2 6 413 8 16 14 7 10 9 5 17 3 11 15

147+11 1 12 2 6 4 8 13 7 1614 1011 3 517 9 15

180+10 1 12 2 6 414 16 13 8 7 10 5 3 1517 9 11

*  Student-Newman-Keuls test, level at p = 0.05..
**  Number indicated the same as Table 1, factor B and the former the

number the lower the quality.
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