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ABSTRACT

Changes in the quality of squid (Photololigo duvaucelii) and cuttlefish (Sepia
aculeata) during iced storage of 16 days were studied. Total volatile basic nitrogen (TVBN),
ammonia and expressible drip were increased as storage time increased (p<0.05). Trimethylamine
(TMA) was markedly increased after 10 and 8 days of storage in squid and cuttlefish,
respectively. Both of total viable counts (TVC) and psychrophilic bacteria count increased as the
storage time increased. However, those of both species were below 10° cfu/g of muscle after 16
days of storage. The lightness (L*) values of both species were decreased during storage
(p<0.05). However, the redness (a*) values of both species were increased during storage
(p<0.05), and that of squid was higher than that of cuttlefish. Increase in redness suggested
staining of pigments on the mantle. The yellowness (b*) values of squid was decreased, which
that of cuttlefish was slightly increased (p<0.05). In addition, shear force of raw and cooked
samples decreased as storage time increases (p<0.05). This was due to degradation of myosin
heavy chain as shown by sodium dodecylsulfate-polyacrylamide gel electrophoresis (SDS-PAGE)
and an increase in trichloroacetic acid (TCA)-soluble peptide content (p<0.05). Muscle
deterioration was also revealed by scanning electron microscope (SEM), where the initial
compact structure was loosened and the connective tissue disappeared during storage. Sensory
evaluation revealed that quality index method (QIM) score increased, while overall quality
decreased throughout the storage (p<0.05). According to overall quality score, shelf-life of both
species were estimated to be 6 days. The changes in expressible drip were highly correlated with
the sensory evaluation (p<0.05), that could be appropriate indicator of freshness of squid and

cuttlefish stored in ice (OL=0.01).
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Quality changes of squid and cuttlefish frozen under air-blast freezing and
contact plate freezing during storage at -18°C were investigated for 6 months. Thiobarbituric acid
reactive substances (TBARS) of squid and cuttlefish were increased throughout storage (p<0.05).
During frozen storage, no significant differences of protein solubility of cuttlefish was observed
(p<0.05). However, protein solubility in 0.6 M KCI of squid decreased in association with the
increased formaldehyde (FA) content, indicating protein denaturation during extended storage
(p<0.05). Microstructure showed that the muscle fibers of both species were loosened and the
gaps were formed between muscle bundles after frozen storage for 2 months. Regardless of
freezing method, free drip, expressible drip and cooking loss increased continuously with the
increasing time of frozen storage (p<0.05). In addition, the increase in shear force of both samples
was observed during storage (p<0.05). L* values decreased, whereas a* and b* values decreased
with the extended frozen storage (p<0.05). Sensory evaluation revealed that QIM score increased,
while overall quality decreased throughout the storage. The overall quality score of both species
was unacceptable after 3 months. The changes in FA were highly correlated with QIM and overall
quality score (p<0.05), that could be appropriate indicators of quality of squid and cuttlefish

during storage at -18°C for 6 months (01=0.01).
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Figure 3. Physiology of cuttlefish: Sepia aculeate (life) and squid: Photololigo duvauceli (right)
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Table 1. Chemical composition of cuttlefish (Sepia aculeate) and squid (Photololigo duvauceli)

Wet basis (%)
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Table 2 The sensory descriptors of appearance and smell of squid in ice storage.
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Time estimate

Sensory description

of sensory
Grading Color of ventral Color of dorsal Color of Odor of
quality loss Appearance Odor Texture
mantle mantle head/guts head/guts
(days)
very bright, well- pigments of different  seaweed bright green neutral/
firm,
A 0-5 marked colors, white in ~ white, less color colors (orange, or and pearly slightly
consistent
the clearest part of body purple, brown) neutral white fishy
yellowish stains on the ~ Tendentcy spots slightly
dark slightly white like fishy and
B 5-10 fins/skin loss and dull purplish and fishy
purple-orange soft milky acid
white white like milky and acid
yellow stains on the Tendentcy spots
dark fishy fishy and
C 10-14 fins/skin loss and dull purplish and soft very dull white
purple-orange and acid acid
white white like milky
very dull white
D skin loss and very dull dark purple and acid, acid,
more than 14 very dark purple flaccid like milky with
(unacceptable) white very dull white putrid putrid
blue

2
o oo

fn: nesmInguasIIdeUrAnSuaazmsilsgldaith 2542)



Table 3. QIM scheme for whole raw octopus (Octopus vulgaris) in crushed ice.
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Freshness quality QIM
Description
parameter score
Skin Appearance  Very bright, Well-marked colors, White in the cleares parts of the 0
body, skin elastic
Color Bright, less colored, slightly pink in the clearest parts of the body, 1
skin with low elasticity
Less bright, colorless, orange or brown spots, color somewhat 2
more orange, rose in the clearest parts of the body, shrunken skin
Odor Seaweedy, (sea) fresh 0
Slightly seaweedy, slightly grassy, neutral 1
Metallic, grassy, acid, intense 2
Mucus Transparent, watery 0
Slightly milky, viscous(sticky), moderate or absent 1
Flesh Texture Firm, tense 0
Flaccid, soft 1
Eyes Cornea Translucent 0
Slightly opalescent 1
Opalescent 2
Pupil Black, shining 0
Black, dark red, muddy 1
Dark red, opaque, normally, bloodstained 2
Mouth region Color White, yellowish 0
Slightly rose 1
Odor Seaweedy or neutral 0
Sulphurous, citric, sweet, acid 1
Mucus Clear 0
Milky 1
Yellowish 2
Arms Material in  As a film all over the sucker 0
the sucker Starting to agglomerate in the centre of the sucker 1
Completely agglomerated in the centre of the sucker 2
Rang of QIM score 0-16

W Vaz-Pires 1az Barbosa (2004)



Table 4. QIM scheme for whole raw cuttlefish (Sepia officinalis) in crushed ice.
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Freshness quality QIM
Description
parameter score
Skin (dorsal side) Appearance Very bright, dark brown or brown, iridescent reflexes all over 0
/Color the mantle
Bright, becoming white-beige or light-grey 1
Rather dull, rose-purplish specially in the fin and sides of body 2
Dull, purplish in the sides, central portion of the mantle becomes 3
brownish
Odor Seaweedy, (sea) fresh 0
Slightly seaweedy, neutral 1
Metallic, fishy 2
Mucus Transparent, watery, shining 0
Slightly milky, moderate or absent 1
Skin (ventral side) Elasticity/ Elastic, very firm, white 0
color Soft, wrinkles when pulled, pink 1
Flesh Texture Very firm, tense, consistent 0
Firm, less consistent 1
Flaccid, soft 2
Eyes Cornea Translucent, watery, shining 0
Slightly opalescent 1
Opalescent 2
Pupil Black shining 0
Black, tarnished 1
Dark red, red bloody 2
Mouth region Odor Seaweedy, fresh 0
Neutral 1
Slightly fishy 2
Fishy, intense, sulphurous 3
Internal “bone” Connection  Firmly attached to the upper part of the head region 0
bone/head  Loosely attached to the upper part of the head region 1
Rang of QIM score 0-17

nu: Vaz-pires 1a¢ Seixas (2006)



Table 5. QIM scheme for whole raw squid ({llex coindetii) in crushed ice.
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Freshness quality QIM
Description
parameter score
Skin (dorsal side) ~ Appearance /Color Very bright, well defined pigment of different sizes and 0
color (brown, purple, rose and dark red), iridescent skin
Bright, becoming discolored 1
Rather dull, without shine, purplish in the central 2
axis of the body, general orange/pink areas
Odor Seaweedy, (sea) fresh 0
Slightly seaweedy 1
Neutral, slightly fishy 2
Metallic, fishy, intense 3
Mucus Transparent, watery, shining 0
Slightly milky, moderate or absent 1
Flesh Texture Firm, tense, consistent 0
Soft, less consistent 1
Flaccid, flabby 2
Eyes Shape/appearance Convex 0
Flat 1
Concave 2
Ocular tissue Translucent, watery 0
Slightly opalescent 1
Opalescent 2
Mouth region Odor Seaweedy, fresh 0
Neutral 1
Slightly fishy 2
Fishy, intense, acid 3
Mucus Absent or clear transparent 0
Slightly yellowish 1
Rang of QIM score 0-16

W: Vaz-Pires 118% Seixas (2006)
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3.6.2 EEC method
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Table 6. EC scheme for cephalopods, applicable to cuttlefish.

Criteria Freshness categories
Extra A B
Skin Bright  pigmentation, Dull pigmentation, skin Discolor; easily detached
skin sticks to flesh sticks to flesh form flesh
Muscle Very firm; pearly white  Firm; chalky white Slightly soft; pinky white or
slightly yellowing
Tentacles Resistant to removal Resistant to removal More easily removed
Smell Fresh; seaweed Slightly or no smell Ink smell

nu: Anonymous (1996 91971a8 Vaz-Pires and Barbosa, 2004)
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Table 7. Modified EC scheme for octopus (Octopus vulgaris).

Criteria Freshness categories
Extra A B Unfit
Skin Very Bright Bright and less uniform  Slight dull Dull and discolored
and uniform pigmentation, slight pigmentation, pigmentation; pinky;

pigmentation, orange or pink coloring skin stained and  elasticity almost absent

skin elastic appears; skin less elastic  less elastic

Muscle  Very firm Firm Slightly soft Soft

Smell Seaweed; Slightly seaweed or Slightly Metallic, feacal, sweet,
algae neutral metallic, grassy  acid, spoiled fish

N1 9Auadann Vaz-Pires ag Barbosa (2004)

3.6.3 AW sauuFalSune (Quantitative Descriptive Analysis, QDA)
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Table 8. Attributes of cooked salmon samples assessed by the QDA method.

Appearance Odour Flavour Texture

Discoloration (-) other Seaweed (+) Seaweed (+) FLAKINESS

CUCUMBER (+) SWEETISH" (+) FIRMNESS

SOURISH'(+) SOURISH’ (+) juiciness
RANCID (-) FISH OIL (+) other
sour (-) MUSHROOM (+)
AMINE (-) RANCID (-)
other Mushy-sweet (-)

sour (-)

amine (-)

other

Positive attributes are marked with (+), negative with (-) and the best sensory terms are
designatured in capital letters.

* The term sweetish was used in QDA to describe sweet flavour (positive) to distinguish
from the term mushy-sweet (negative).

® The term sourish was used in QDA to describe odour and flavour that could best be
described as fresh (positive) —sour to distinguish form the term sour.

N1 Hyldig Lazamie (2002)
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Figure 6. An example of a cobweb or radar plot of QDA. The data are from descriptive analysis
of squids evaluated 1 day after capture and at the end of the storage time (16 days) in the
contact ice (CI) and non-contact ice (NC) storage methods. 1 day (- -), CI (-), NC =)
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3.6.4 MINAAPUAMUMNIAYSIN (Overall Quality)
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12

—8— cuttlefish —— squid

TCA-soluble peptide (umole/g muscle)

0 2 4 6 8 10 12 14 16
storage time (days)
Figure 9. Changes in TCA-soluble peptides of deskinned squid and cuttlefish during iced storage.

Bars represent the standard deviation from triplicate determinations.
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Figure 10. Changes in trimethylamine nitrogen (TMA-N) (a) total volatile based nitrogen
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(TVB-N) (b) and ammonia (c) in deskinned squid and cuttlefish during iced storage.

Bars represent the standard deviation from triplicate determinations.
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Figure 11. Changes in pH from squid and cuttlefish during iced storage.
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Figure 12. Changes in total viable count (a) and psychrophillic counts (b) of squid and cuttlefish
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Figure 13. Changes in expressible drip of deskinned squid and cuttlefish during iced storage.

Bars represent the standard deviation from triplicate determinations.

1.3.2 mynasunlasvesnsansy
1 A = 9 =< Ad W g} [ [ .
AWSURDUVBININNABIAZHUNNTEABIMA TN U UULTANAT Figure
E
Y =) 1 ] 3 I} 1
14 MHNNIA0I¥ATNAITUNOUAAAIDENITIY) AABATLEZIAIMTINUSNIEI (p<0.05) AT
A = ' = v A VA A A = ~ '
MOUYBINANNIZABIZINIHUANNAY M UFUTILINNUDUBININNIZABINANNHUINI

N1iNNA78 Ochiai HATAE (1985); Sato LiazAMe (1986); Hatae Loz (1986); Olaechea LAy



45

1 1 4 g [ a’g’ v o J
AME (1993); Ando LAZAME (1999) 5184141 ANNUUMBYBsRAMTloda STl a U TS
o PR 1 o dy A A o dy Y @ A dg’
nuasaautaludndseneuranueailomenediu nansnaaesidenndeanUMIINNTY

1 P an % <3 1 4
voanund Inanazareldlunsalasnas lsecdan (Figure 9) Fauaaalimiunndniioniin
F2 = = dy v o A A ] 9 dy =

naeuasninnszasviiileduiaiiuad (o innsdesaalsvesndaiuile 1UsAunayns

v 9
nJﬁwuﬂawaué’r’u“laﬂéﬁmﬁa (Rodger et al., 1984; Nagashima et al., 1992; Dublan-Garcia et

al., 2005)
40
35 —8— cuttlefish —— squid
z
5]
2
S
5
Q
=
7
5 —]
0
0 2 4 6 8 10 12 14 16
Storage time (days)

Figure 14. Change in shear force of deskinned squid and cuttlefish during iced storage.

Bars represent the standard deviation from five determinations.
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Table 9. Changes in L*, a* and b* of deskinned squid during iced storage.

Storage time (days) L* a* b*
0 74.37+5.30° 0.07+0.58" 10.22+0.68"
2 71.48+1.05% 0.90+0.88" 8.49+2.13%
4 66.65+2.05° 4.09+1.47° 8.25+4.48"
6 69.25+2.41% 2.47+1.80™ 5.8242.46"
8 70.34+5.44" 2.35+0.62"% 3.53+1.25
10 64.15+4.25° 2.69+1.46" 3.07+1.14"
12 72.1242.81% 2.96+1.31% 5.0242.27%
14 70.16+1.84" 3.45+1.19° 5.51+1.87"
16 65.61+2.10™ 8.46+1.57" 5.78+2.37%

Note: Mean + SD from five determinations.

Different letters within the same column indicate significant differences (p<0.05).
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Table 10. Changes in L*, a* and b* of deskinned cuttlefish during iced storage.

Storage time (days) L* a* b*
0 78.86+3.78" -2.32+0.53¢ 7.32+1.16°
2 76.06+1.41° -1.75+0.35™ 3.67+0.84"
4 81.75+1.38" -0.99+0.27" 7.2140.95"
6 80.99+1.60™ -1.44+0.28™ 7.67+0.55%
8 83.80+0.75" -1.86+0.49™ 7.24+0.57°
10 70.99+2.21° -1.49+0.55™ 3.13+0.69"
12 80.88+2.40" -1.45+0.80" 5.62+1.87°
14 81.84+1.53° -1.2040.57" 5.30+0.70°
16 73.47+3.11% 1.11+1.44° 9.01+1.44"

Note: Mean + SD from five determinations.

Different letters within the same column indicate significant differences (p<0.05).
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Figure 15. Changes in QIM score of squid during iced storage.

Bars represent the standard deviation from twelve determinations.
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Figure 16. Changes in QIM score of cuttlefish during iced storage.

Bars represent the standard deviation from twelve determinations.
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Figure 17. Changes in overall quality score of squid and cuttlefish during iced storage.

Bars represent the standard deviation from twelve determinations.
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Table 11. Correlation coefficient between objective and subjective qualities of squid and

cuttlefish during iced storage.

Squid Cuttlefish
Parameters Overall Overall
QIM QIM
acceptability acceptability

TCA-soluble peptide 0.95% -0.98* 0.59%* -0.70%*
ammonia 0.69* -0.79% 0.75* -0.83*
Trimethylamine (TMA) 0.46 -0.55% 0.55% -0.63*
Total Volatide Based Nitrogen (TVBN) 0.57* -0.70* 0.44 -0.56*

pH -0.24 0.35 0.19 -0.08

L* -0.35 0.34 0.02 0.10

a* 0.55% -0.58* 0.43 -0.49%*

b* -0.57* 0.56* 0.07 -0.06
Shear force 0.63* -0.63* 0.78* -0.79*
Expressible drip 0.75* -0.85* 0.81* -0.87*
Psychrophilic count 0.38 -0.36 0.43 -0.58%*
Total Viable Count (TVC) 0.72% -0.80* 0.51* -0.65%*

Note: * =significant (p<0.01)
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Figure 18. Correlation regression between sensory analysis (overall quality (a) and QIM (b)) and

expressible drip of squid, at 99% confidence intervals.
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Figure 19. Correlation regression between sensory analysis (overall quality (a) and QIM (b)) and

expressible drip of cuttlefish, at 99% confidence intervals.
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00849

(d)

Figure 21. Scanning Electron Microscopic of transverse section of raw squid during iced storage
at (a) 0, (b) 4, (¢) 8, (d) 12 and (e) 16 days (magnification 5000x, 25 kv), M= muscle

cell and arrow= connective tissue fibrils.
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Figure 22. Scanning Electron Microscopic of transverse section of raw cuttlefish during iced
storage (a) 0, (b) 4, (¢) 8, (d) 12 and (e) 16 days (magnification 5000x, 25 kv), M=

muscle cell and arrow= connective tissue fibrils.
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Figure 23. Changes in shear force of raw and cooked squid and cuttlefish during iced storage.

Bars represent the standard deviation from five determinations.



61

2.3 manasunilasifeduialagmsnageumalssamauia
. d‘ dy v W =< 9 =<
Figure 24 ugaanmsilasundasvosnzuuiioduiavosninndlguaziin

1 S W g’ < v W J §
ﬂigﬂ'E']Qﬁﬂﬁ3??'J’l\?ﬂ’lilﬂﬂiﬂ‘l&l’lsluu']usll\iiﬂﬂﬂ’liﬂ@ﬁﬂﬂﬂ’l\iﬂigﬁ']ﬂﬁﬂﬁ\lﬁ W‘U’nﬂmumﬁa

[

) = o P ™ A g o = Y =
UHFUDINUNITNTADIVUAAA AN (p<0.05) IﬂEJT]']UlﬂL?J@Lﬂﬂiﬂ]el’lwuﬂﬂa:]ﬂ!lﬁgﬁuﬂﬂﬁgﬂ'ﬂ\?

I o Aa 1 o o 1 Y g v o A
WUs2eLAUIUANHUSUTNIUTIUAIAI (mantle) LAZEIUNI (head) Tiledufatiuaduaz

! I 1 A o < Y = A &L o A =
ﬁ\iwa‘lﬂlllllﬂu‘ﬂﬂﬂllﬁﬂ Iﬂﬂ‘ﬂllﬂﬂaf]fﬁ]gllﬂ151ﬂﬁﬂul!ﬂﬁ\ﬂl@\uu'ﬁ]ﬁ3\lWfﬁ/]“]fﬂli]uﬂ’ﬂ‘ﬁllﬂ

] ]
~

NTLABUHLDININANHULNNAUTIUINGT 1FU ANUHUIVDIAIURIA NUANANAY FINT

{ o 1 9 Y 1 . o J

lasunilasdanannaenndosnuN1TanaueIn s UNou (Figure  23) AUAAIIINAT
o a v o A ) o =2 4 =3

dulszansanduiusngs (p<0.05) (0.92 uaz 077 HMTUNNNNAIBUATHUNNIEZADY
o w o Y vy XA ' vy A =

muaay) Tagmsmargveudulendilonazmigesaalsvonaiuiie lUsaunaznis

v v =<

{ v ¥ v { : 0o q 9 & v
Lﬂaﬂul!ﬂa\iiﬂ5\iai’NeU@Qlﬁuslﬂﬂa']Nlﬁﬂ@'lﬂﬁ\iwaﬂ’lalwlﬁﬂﬁNWﬁﬂlﬂQWNﬂﬂajﬂl!a$Wﬁﬂ

NITLADIUNAY

—9—squid —%— cuttlefish

8
Storage time (days)

Figure 24. Changes in texture score of raw squid and cuttlefish during iced storage.

Bars represent the standard deviation from twelve determinations.
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AaAan 1 ] Aa g { A I a o a 4 A
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!.f)uulclﬂlﬂlﬂﬂ'lsllﬂ\‘]ﬂ‘Uﬂ']ﬁfJ@ﬂ“])’Lﬂ“b'u (oxidative enzyme) !Lﬁ$Iﬂﬁ@@ﬂ“mﬂu“ﬁﬂ’]ﬂl‘ﬂfﬁaﬂﬂﬁ

LLﬂLLuﬁﬁQﬂ‘ﬁWmﬂ (Srinivasan ef al., 1998 e lag Boonsumrej et al., 2007)



65

—8B— cuttlefish /contact plate —O— cuttlefish /airblast

—&— squid /contact plate —@— squid /airblast

TBARS (mg Malonaldehyde/kg sample)

0 1 2 3 4 5 6
Storage time (month)

Figure 26. Changes in TBARS of squid and cuttlefish frozen using air-blast and contact plate
freezing methods during storage at —18°C.
Bars represent the standard deviation from triplicate determinations.
Significant effects of
- cephalopod samples on TBARS (p<0.05)
- freezing methodss on TBARS (p<0.05)

- storage time on TBARS (p<0.05)
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v 4 4
UNNN -20 e IaFeaYTINa FA 1WA (p<0.05) WBNIINH Careche LaTAM (1998)
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] 1 VoA 1 Y a <3 J. R o 9 o A [
daedlungun 1 (Melmfauzsluuywd) Sadutudosdmuaias gueanuiasasslu
a [ o
HAANMIINDINIT (Sotelo ef al, 1995; Li et al, 2007) 1ABMIATIIUATUDINITNTLNI I
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Formaldehyde Content (ng/g muscle)

—<O— cuttlefish /airblast —H8— cuttlefish /contact plate
—<@— squid /airblast —— squid /contact plate
0 T T T T

0 1 2 3 4 5 6
Storage time (month)

Figure 27. Changes in formaldehyde content of squid and cuttlefish frozen using air-blast and
contact plate freezing methods during storage at —18°C.
Bars represent the standard deviation from triplicate determinations.
Significant effects of
- cephalopod samples on FA (p<0.05)
- freezing methodss on FA (p>0.05)

- storage time on FA (p<0.05)
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namsideninuaz Tilsawnamssudalnu Taeileteniinadenssudrvesilsaululelvhisa
= g K a 3 o A I
pazTlsaualasuvuediunawazgungilumanuinuuusEenuas (Moral et dl.,
2002)
9 [
wenntaslszasuitnasinmseendiaduueod ludy wu nlaiad led
(malonaldehyde) Tnwswiuea (propanol) ttaztanaeUoa (hexanal) (Shenouda, 1980 dalae
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9139UU (arginine) (Jaing and Lee, 2004) Feouasnsenaananawald Wuaiun lveuii
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TsAuernnanineyyadaszves lvduniondadsuiiainmsaarsalvesnsa luiuiing
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Table 12 Changes in protein solubility (%) of squid and cuttlefish muscle frozen using different freezing methods during storage at —18°C.

Sample/condition
Storage
cuttlefish squid
time
Air-blast freezing Contact plate freezing Air-blast freezing Contact plate freezing
(month)
S1 S2 S3 S4 S1 S2 S3 S4 S1 S2 S3 S4 S1 S2 S3 S4

0 54.73+5.87 51.60+8.37 62.89+4.55 67.46+6.37 51.96+2.63 56.40+7.99 61.84+9.56 68.02+4.81 54.17+9.22 55.06+9.62 56.716.81 67.79+5.85 4335+4.37 60.01+9.72 63.27+4.35 71.01+3.64
1 43.83+7.17 50.67+9.24 53.38+3.84 76.1246.39 44.12+4.38 56.2317.82 62.95+6.66 69.44+5.89 50.20+3.41 55.77+4.69 56.84+6.90 75.82+1.82 42374345 57.68+6.40 62.46+2.75 79.05+6.02
2 47.75+2.96 60.89+4.68 68.77+2.92 67.2127.90 40.98+3.43 52.15+5.86 68.389.36 69.1329.02 51.3427.81 50.51+3.39 60.147.70 77.1428.54 40.8626.00 57.1127.75 59.29+9.56 75.49+7.19
3 48.93+2.18 53.17+2.81 70.77+3.01 75.24+7.38 41.39+5.46 53.37+6.50 59.44+7.25 78.0143.51 46.56+8.62 53.37+6.50 49.45+6.34 79.51+5.93 38.97+2.86 51.26:2.01 57.3243.39 76.95+2.73
4 43.28+0.02 58.99+7.91 63.61+7.18 50.93+8.98 35.27+5.26 46.83+8.20 46.10+5.50 73.07+6.42 44.45+2.35 44.20+6.96 46.67+9.99 74.66+4.56 40.25+6.04 51.72+10.54 55.18+5.73 79.69+7.53
5 48.96+6.38 60.39+7.22 53.704.29 66.45+9.83 44.1427.55 50.6328.19 46.45+1.27 79.96+1.65 36.39+3.00 48.79+0.39 53.47+6.77 75.40+7.54 38.90+3.26 55.39+4.54 51.88+4.31 79.38+3.36
6 44.66+0.76 58.99+7.91 69.06+3.85 73.0847.19 38.82+5.96 58.06+6.06 56.5243.58 69.87+9.37 35.39+5.47 53414633 54.4043.89 80.82+6.10 39.7141.36 47.86+8.64 48.22+1.50 75.6049.53

Note: Mean + SD from triplicate determinations. S1; 0.6M KCl, S2; 20mM Tris-HCI+1% SDS, S3; 20mM Tris-HCI+1% SDS+8M Urea, S4; 20mM Tris-HCI1+1% SDS+

8M Ureat+2% BME

Different letters within the same column indicate significant differences (p<0.05).

Significant effect of S1

Significant effect of S2

Significant effect of S3

Significant effect of S4

- cephalopod samples on protein solubility (p>0.05) - cephalopod samples on protein solubility (p>0.05) - cephalopod samples on protein solubility (p<0.05) - cephalopod samples on protein solubility (p<0.05)

- freezing methods on protein solubility (p<0.05)

- storage time on protein solubility (p<0.05)

- freezing methods on protein solubility (p>0.05)

- storage time on protein solubility (p>0.05)

- freezing methods on protein solubility (p>0.05)

- storage time on protein solubility (p<0.05)

- freezing methods on protein solubility (p>0.05)

- storage time on protein solubility (p<0.05)

0L
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Air-blast Freezing Contact plate Freezing

#10, 800 LHm CooD a0

Figure 28. Scanning Electron Microscope of transverse section of cuttlefish frozen using air-blast
and contact plate freezing methods during storage at —1 8°C, 0 month, (A, E); 2 months,

(B, F); 4 months, (C, G) and 6 months, (D, H), respectively.



74

Air-blast Freezing Contact plate Freezing

0 month

Figure 29. Scanning electron microscope of transverse section of squid frozen using air-blast
and contact plate freezing methods during storage at —1 8°C, 0 month, (A, E); 2 months,

(B, F); 4 months, (C, G) and 6 months, (D, H), respectively.
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Figure 30. Changes in the free drip of deskinned squid and cuttlefish frozen using air-blast and
contact plate freezing methods during storage at —18°C.
Bars represent the standard deviation from triplicated determinations.
Significant effects of
- cephalopod samples on free drip (p<0.05)
- freezing methodss on free drip (p>0.05)

- storage time on free drip (p<0.05)
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Figure 31. Changes in the expressible drip of deskinned squid and cuttlefish frozen using air-blast
freezing and contact plate freezing methods during storage at —18°C.
Bars represent the standard deviation from triplicated determinations.
Significant effects of
- cephalopod samples on expressible drip (p<0.05)
- freezing methodss on expressible drip (p>0.05)

- storage time on expressible drip (p<0.05)
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Figure 32. Changes in the cooking loss of squid and cuttlefish frozen using air-blast and contact
plate freezing methods during storage at —18°C.
Bars represent the standard deviation from triplicated determinations.
Significant effects of
- cephalopod samples on cooking loss (p<0.05)
- freezing methodss on cooking loss (p>0.05)

- storage time on cooking loss (p<0.05)
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Figure 33. Changes in shear force of raw deskinned squid and cuttlefish frozen using air-blast
and contact plate freezing methods during frozen storage at —18°C
Bars represent the standard deviation from five determinations.
Significant effects of
- cephalopod samples on texture (p<0.05)
- freezing methodss on texture (p>0.05)

- storage time on texture (p<0.05)
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Table 13 Changes in L* values of deskinned squid and cuttlefish frozen using air-blast and contact plate freezing methods during storage at —18°C.

Storage time (month)

Samples Freezing
0 1 2 3 4 5 6
Cuttlefish Air-blast freezing 78.05+0.69 74.77+0.84 73.92+1.76 71.00+0.64 70.42+1.55 70.74+1.33 62.39+1.70
Contact plate freezing 76.16+1.26 74.49+1.01 70.7+1.82 70.18+1.85 69.1243.57 69.85+0.57 68.15+1.76
Squid Air-blast freezing 71.86+2.87 71.11+1.76 70.49+0.84 65.61+1.70 63.35+1.33 63.03+0.64 57.80+1.55
Contact plate freezing 72.60+1.26 70.19+1.01 68.53+3.57 66.82+1.76 65.00+1.85 63.52+0.57 61.78+1.82

Mean + SD from five determinations.

Significant effects of

cephalopod samples on L* (p<0.05)
freezing methods on L* (p>0.05)

storage time on L* (p<0.05)
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Table 14 Changes in a* values of deskinned squid and cuttlefish frozen using air-blast and contact plate freezing methods during storage at —18°C.

Storage time (month)

Samples Freezing

0 1 2 3 4 5 6
Cuttlefish Air-blast freezing -3.79+0.42 -2.96+0.71 -2.16+0.24 -2.13+0.37 -2.07+0.23 -2.02+0.25 -0.77+0.94
Contact plate freezing -3.13+0.37 -2.42+1.03 -2.1240.33 -1.98+0.41 -1.92+0.37 -1.35+0.63 -0.8840.50
Squid Air-blast freezing 0.30+1.08 0.46+0.79 0.45+1.17 1.09+0.82 2.15+1.38 2.66+2.21 4.33+1.04
Contact plate freezing -1.30+0.55 1.34+1.06 1.86+2.04 2.18+1.58 2.2842.03 2.45+1.68 3.49+2.84

Mean + SD from five determinations.
Significant effects of
- cephalopod samples on a* (p<0.05)
- freezing methods on a* (p>0.05)

- storage time on a* (p<0.05)
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Table 15 Changes in b* values of deskinned squid and cuttlefish frozen using air-blast and contact plate freezing methods during storage at —18°C.

Storage time (month)

Samples Freezing
0 1 2 3 4 5 6
Cuttlefish Air-blast freezing 4.2143.46 4.9442.16 5.04+2.15 5.9142.42 7.39+3.16 7.44+2.49 8.65+3.23
Contact plate freezing 5.08+3.29 5.09+3.29 5.31+2.60 6.2843.04 6.70+2.59 7.7142.83 8.77+1.48
Squid Air-blast freezing -1.93+0.80 1.82+0.70 4.43+1.43 3.80+0.61 4.52+1.36 5.16+0.75 6.98+1.46
Contact plate freezing 1.64+2.03 3.04+0.83 3.40+0.90 3.50+0.67 3.78+1.76 5.28+0.54 9.45+0.49

Mean + SD from five determinations.
Significant effects of
- cephalopod samples on b* (p<0.05)
- freezing methods on b* (p>0.05)

- storage time on b* (p<0.05)
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Figure 34. Changes in QIM score of squid (a) and cuttlefish (b) frozen using air-blast and contact
plate freezing methods during storage at —18°C for 6 months.
Bars represent the standard deviation from twelve determinations.
Significant effects of
- cephalopod samples on QIM score (p<0.05)
- freezing methodss on QIM score (p>0.05)

- storage time on QIM score (p<0.05)
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Figure 35. Changes in overall quality score of squid (a) and cuttlefish (b) frozen using air-blast
and contact plate freezing methods during storage at —18°C for 6 months.
Bars represent the standard deviation from twelve determinations.
Significant effects of
- cephalopod samples on overall quality score (p>0.05)
- freezing methodss on overall quality score (p>0.05)

- storage time on overall quality score (p<0.05)
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Table 16 Correlation coefficient between objective qualities and subjective of squid and cuttlefish frozen using different methods during frozen storage.

squid cuttlefish
Analysis/Samples
QIM score Overall quality score QIM score Overall quality score
Air-blast freezing ~ Contact plate freezing ~ Air-blast freezing  Contact plate freezing  Air-blast freezing  Contact plate freezing  Air-blast freezing ~ Contact plate freezing

Expressible drip 0.868* 0.570 -0.846* -0.654* 0.675* 0.495 -0.799* -0.533
Free drip 0.965* 0.705* -0.923* -0.737* 0.792* 0.502 -0.879% -0.531
Cooking loss 0.562 0.605* -0.588* -0.637* 0.571* 0.624* -0.715%* -0.657*
Texture 0.833* -0.028 0.634* -0.124 -0.417 -0.277 0.474 0.210
Color: L* -0.727* -0.816* 0.851* 0.822* -0.753* -0.838* 0.797* 0.873*

a* 0.575 0.596* -0.713* -0.516 0.680%* 0.775% -0.756* -0.811%*

b* 0.850%* 0.691* -0.835% -0.778%* 0.356 0.439 -0.424 -0.483
TBARS 0.634* 0.730%* -0.835% -0.809* 0.818* 0.872* -0.861* -0.920*
Formaldehyde 0.952* 0.927* -0.852* -0.846* 0.930* 0.945* -0.956* -0.954*

Protein solubility:

S1 -0.823* -0.713* 0.786* 0.757* -0.540 -0.614* 0.588* 0.653*
S2 0.783* 0.871%* -0.813* -0.879* -0.006 0.395 -0.053 -0.455
S3 0.546 0.735% -0.675* -0.716* 0.445 0.569%* -0.522 -0.600%*
S4 0.605* 0.736* -0.769* -0.762* 0.572* 0.462 -0.604* -0.493
pH -0.495 -0.753* 0.601* 0.430 -0.582* -0.564* 0.462 0.404
Psychrophiclic count 0.627* 0.627* -0.800* -0.800%* - - - -
Total viable count 0.457 0.457 -0.605* -0.605* - - - -

Note: * =significant (p<0.01)
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Figure 36. Correlation regression between sensory analysis (overall quality (a) and QIM (b)) and
formaldehyde content of squid frozen using air-blast freezing during storage at —18°C

for 6 months, at 99% confidence intervals.
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Figure 37. Correlation regression between sensory analysis (overall quality (a) and QIM (b)) and

formaldehyde content of squid frozen using contact plate freezing during storage at

—18°C for 6 months, at 99% confidence intervals.
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Figure 38. Correlation regression between sensory analysis (overall quality (a) and QIM (b)) and
formaldehyde content of cuttlefish frozen using air-blast freezing during storage at

—18°C for 6 months, at 99% confidence intervals.
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Figure 39. Correlation regression between sensory analysis (overall quality (a) and QIM (b)) and
formaldehyde content of cuttlefish frozen using contact plate freezing during storage at

—18°C for 6 months, at 99% confidence intervals.
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14.4 N5y
1.0 N5y

Y v
nazaeluiiingu udrlfulsuesdlu 1 aas

9. Catalyst U52nouay

Jd v [
mymeuoy Tutleuossamadudusosas 10 (a3ounouls)

TEMED (N,N,N,N-tetramethyl ethylenediamine)

1 Y
10. TUsAuwas §IuANIWMIIn Tuana High Molecular Weight (Sigma)

Uszneudie myosin, B-galaotosidase, phosphorylase b, fructose-6-phosphate kinase, albumin,

glutamic dehydrogenase, ovalbumin, glyceraldehydes-3-phosphate dehydedrogenase Himiin

Tmaqa 250,000 116,000 97,000 84,000 66,000 55,000 45,000 tha 36,000 AAAU AINAIAY

11. aéjﬂuiﬂiau Coomassie Billiant Blue R-250

12. Staining solution: Coomassie Billiant Blue R-250 a&a18 0.04 n5u lwwsiuea 100

9 v
Uaaans AHIUASAINNA LLES{’JW]M Glacial acetic acid 15 Uadans tazindu 85 Haaans
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Y
13. Destaining solution 1: RANINEIUDA 200 YAdaAT NTADLFAN 30 Haaansuaz i
nau 170 ¥aaaas
Y
14. Destaining solution 2: WEUUFIUOA 50 Haaans nsnezsan 75 Yaaans uazi

nau 875 Uaaans

ad
B3I
1. MIATINAI0E1

o w 1 % [ = a [ Yy 9 9

Wdede 3 nsu waunuasazae lsaen lamgagamladudiuiosas 5
o a Aaa ~ 4 =~ oA a ~ ) )
$wu27 daddes Teludlud 1wl dnigungll 85 eermuwarBod wiu 1 ¥lue 1h

= { ] o 1 { o
MFaTaeNIHIBLEANANET 5,500g W 15 WA haulan lduweauiy sample buffer

v

@5 1:1) Wuanududullsdundu 4 Tulasasudelulnsans duarsazareluiih
A A o ya g Y a ~
@oa wiu 3 wid hldeuny1Anguvgil 20 eeruvaiBed

2. MIAIYN running gel (10% gel) (11518 2 !,LIN'L!)

30% Acrylamide/0.8% bis-acrylamide 3.333 Haaans
1.5 M Tris-HCI buffer pH 8.8 2.500 Haaans
Winau 4.012 Haaans
10% SDS 100 lulnsang
10% Ammonium persulfate 50 'lulasans
L} Y Y o
e iy
TEMED 5 lulnsans

wenlidniu udagaldlunkuma udvaz 3.5 Tadaas

3. MIATON stacking gel (FM5TLAA 2 LAN)

30% Acrylamide/0.8% bis-acrylamide 0.665 HadaN3
1.5 M Tris-HCI buffer pH 8.8 1.250 daaans
WINaU 3.000 Haaans
10% SDS 50 lulasaas
10% Ammonium persulfate 25 lulnsang
[} Y Y o
e i
TEMED 3 lulasdas

1 Y Y o 9 1 1 ] Aa Aaa
eIy uadgalaluunua wruas 3.5 Jaaans
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4. msuenlasaulaemaoanlas 1W5de

Y
a a v A 3
Usznovuyanadian Ins 1WSTHa 9 InTwAY electrode buffer 1%1AN chamber

v v
duluaniy lode dro819n9ssund0 1 911U 6 Julasans azldanududueaTdsau

18 luTnsniuaelulnsans uduAN electrode buffer 11 chamber A1uuON AvyADIAn 1as 105

Fony power supply Wanszualiih 30 ma @Ewsuwa 2 unv) seaudveslusly

Hluoavgnaounaunougalaronszon Jangaldnszua Tudh

5. madenalusauluma

4 Y
o 9 [] - . [ @ ) 1
Wwamdoudlaensly staining solution W1 3 ¥ Tue Mnduiwnuslu

2
Destaining solution 1 41U 15 Wi udnihwnurnegBdhuaulu Destaining solution 2

MANUIN ¥ MIATIVaUMSazaleveldsau (@andasain Chawla e al, 1996)

=
a1y

ad
IBNT

=1 o Y 9 4
myaza1e S1: msazate InunmFounas 158 (KC) iyt 0.6 Tuais
a J v 4
myazale S2: msazaenia-lalasnas lsaivives (Tris-HCI buffer (YutU 20
Aa A 4 I~ [ { a )
Haalua1s anuiluniaa 8.0 11 Txdey Tawmsasamatuiuiosas 1)
Aa A 9 9 4
d130za10 S3: S2 MlldsazategEodudu 8 Tuans
A A 9 9 s Y
fsaza1e S4: S2 NlasazaregiSodudu 8 Tuas uazasazaewdr-wonny
Taesuea WudUSosay 2
4 o
myazae Tadeylaason laawutu 0.5 Tuars
a [~1 [
mMyazaenia lasnas Isozdanduiudesas 50 (uFeunowuls)

A [~1 [
mMyazaenia lasnas lsozdanduiudesas 10 (uEunouls)

¥19108149 1 n5u laasluansazaie S1.S2 S3 uag S4 151193 20 Naaans 1alud
Ty 12,000 50U a1

v H
e 1ue 11 IUANUUYNN 40 DIFUYAITYE LI 4 B,

U

Y
WUARZEANIINAADININITNAADIAII
o { A <
1MYANITNAADIATAZAIY S2 1AL S3 WIHYUHIBINADINGTI 10,000xg UIU 30

=
HUIN

° a =

HIYANITNAADITITATAY S1 lJ"ILﬁ‘UﬁQﬂl‘HﬂiJ 4 93y UIU 4 Y. Lléjﬂ

U

) { { <3
WINHYUNIBINAIVT 10,000xg HIY 30 WA
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v 9
- hgamsnaaesasazats S4 1 ldanudeungurgiiinien 2 i udniwn

9 [ v
e lue 191 IUANUAL 40 DIFFAITEE YU 4 ¥, LAZIIHWMIBIN
<
A213157 10,000xg HIU 30 UIN

o [

haulanld $1uau 10 Hadans vudvasazaenialasnas Isesdandudu

o A aa < 1 a M)
Fouaz 50 91U 2.5 Naaaas U TANeannl 4 esruaiFea 1Iu 18 2114

] . . . 2

WryureIinsa 10,000xg w1 30 W wenerdiulan udad
Y an Yy 9 9 o A aa

ATNIUAIYENTAZANUNTA INTAAR LI FAnNYNTUeEaY 10 U 2 Nadans

o { { <3 [l Qy

WINHYUIHIGINAIWE 10,000xg UM 30 W17 toneIdulan

a = s Y 9 Jd o Aa aa

wuansazangladenlaasen ladamudy 0.5 Tua1s w5 Taaans aelu
[ Y Y

aznoun lauaziduasludiedia 1 asu awnaBaunnaznounazdlegaazaie

A

ihmsazaten a1l SadsuaTUsaudedt lugsm nseuieutunsmlnasgiu

Bovine Serum Albumin (BSA) fmua)sunaTisaulaevindesazmsazaisves

Y] { a o
TlsaunlSeudiounugamsnaaeshiimsanaisazate Iandon laason lad

) 7 o 1 £ o Ay
uIe 0.5 Tmm ﬁ\‘lsluﬁ’JfJEJNIﬂEJG]’N“]f\‘mJH‘]gﬂﬂﬁ‘ﬂﬂ'ﬁ@\‘i‘ﬂﬂi@ﬂﬁ%ﬂlﬂﬁﬂﬁ

azanevod1Usaumny 100

w1 mannzvidinadisfulasdslugisn (Copeland, 1994)

=
a1y

ad
IBNT

a15aza1e115AUNIATIIN Bovine Serum Albumin (BSA) 1WudY 10 Hadnsuse
Uoaans
0'1 J v [ =1 =
asazatelugisn: Feaedulesdala 1.5 nsu Tmden TnunmBounuasn 6.0
I a oy ) a A Aaa 3 4 [ a
Asy @uhnauauiilses 500 daaans muawthuile@erny wivaisazaie
o o a aa o
Tmaenlsasen lyddudusosas 10 1w 300 Uadaas luvazniu Usy

Y 1
Usuasdreinauli 1a 1000 Jadaas

qaasazateTisdu 500 lulnsdes lalurasanaaes
a Aa aa Y 9 o 9 . 49’ ¥
wuensazaelugsn 2 Hadans waulidinudie vortex mixer 1909130

a9 <3| =
Qmﬁgwmgﬂunmmu 30 UN
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hmsazate Il damimsaanauuasi 540 w1 Tuwas ismsganauudai 1d 11

[~ = %
fFsuneununIvaIgIu BSA

=
ﬂ'limiﬂi]ﬂiW‘hﬂ@ij'm

1.

qAa15azae BSA Wudu 10 Hadniudeiiadans 31191 100 200 300 400 LAz
9 v

500 luTasdas Ysudsmasareinaulila soo Tulasnsy

a ° A aa Y9I o Y . < 4

wudsazae lugisn $1wau 2 Hadans wawliidiiudae vortex mixer 19713

A a 9 ~

Ngungiineauy 30 w1i

o 1 A = A = = o

Jammaganauuasianuennay 540 wluwasSeuisutunsluasgiu
d! a =S o ] ! A d‘ d'

BSA Gal3mnaTisaudnnulanihmnmsganauuainnnuendnay 540 wly

s unum luaunsveans minasgiu BSA

0.6
>
0.5
. 04
£
=
[—)
% 03
a8
o
0.2
y = 0.0499x + 0.062
0.1 ] R = 0.9993
0
0 2 4 6 8 10

ANMTNTY BSA (laanSuneliadans)

MANUIN A "3‘%msm’%&uﬁmdmﬁanwmnaeuimea%’nmaqamﬂ (nanas

210 Dublan-Garcia et al., 2005)

gilnsel

A a a 1 = Y 1 A
INTDNYANTIAUDANATDULUUTDING IR 8110 JEOL 3U JSM-5800LV ﬂizmﬁmuﬂu

A ) Y A a .. . = Y !
TN U UNUDIAINGA (critical point dry) 8H® Polaron 3U CPD 7501 sz
G

INTDUADBUNDY (goal sputtering) o SPI Supplies ’:; U SPI-Module
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=S
a1ty
1. 1% glutaraldehyde
2. 0.1 M phosphate buffer, pH 7

3. 25,50, 75, 95% Llag absolute ethanol

a a d
a1 3EMsInszdlaseadiamegana
1. Preparation
o LY Qy = a’.t‘ a 1 o w a’/‘ Y Y 9 [ Iy
Vl'lfﬂﬁﬁﬂ%uﬂﬁ"lﬂmﬂﬂﬂﬁ@ﬂ%uﬂiuﬁ’)u@SﬂﬂaNﬁWI’NﬂQﬂ'lu‘HL!"I uazmuﬁaﬂﬁu
A a ° a d Y Y Y dy
YUIA 0.5x0.5%2 UANIUAT Iﬂﬂﬂ%“lmﬂ"liﬁlﬂﬁ'Ig‘HmW"IgTﬂi\iﬁi'l\‘]LﬁiﬂfJﬂﬁTiJ!u@
=3 3 a
ﬂ?ﬂiﬂﬂ]@ﬂﬂﬁ?ﬁﬂﬂﬂﬁﬁﬂﬁ%’uﬂ
2. Fixation
9
usFulavineinde 1 urluasazais 1% glutaraldehyde 11 0.1 M phosphate
- A o g & o v 2 = 9
buffer, pH 7 NgUNY 4 parnalFeaduan 3 GH'JT?N NNUUANFUamInAe
0.1 M phosphate buffer, pH 7
3. Dehydration
0 A - . 4 o 9 9
‘Ll'l"]fuﬂﬁ'lﬂllﬂll1LL%1uﬁ15ﬁ$a1ﬂL@ﬂﬁ1uﬁlﬁﬂi%ﬂﬂﬂﬂ]'lllﬂ]llellu 25,50, 70, 90% Llag
o 0w 'V ~ ' )
absolute ethanol 2 173 AUAAD Tﬂmmﬂunm 30 4N 11!&1@]'6’13?]')1%!,51]%6[]“
4. Critical point dry
o .. . 9 . . . . = @ '
N1 Critical point dry Tagly liquid carbon dioxide Tumsunuiensivealudledig
annzily Ao
- pressure : 1000 psi
- temperature : cooling 4-5°C
: heating 39-40°C
5. Mounting

2 v
1M¥ua1minfi Critical point dry HaIAANY holder stab

holder stab
“

R
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6. Coating
o A @ 1 9 9 A o w 1 9 ]
NMNTIAADUNIDY AN IYINDI Tﬂﬂi“mﬂiﬂﬂ Sputter coater mm@mmn"hummmw

f1081396431)

o 3 V o' ' - QaJJ )
Tagih1¥n1eTu Chamber 1Tugaya N9l (vacuum #1131 10” torr/mmbar) 31ntiwula
~ J o o % = . A Y 4 [
gas Argon NINAINIO 15y pressure nszunm 5 pst m@immmumzmaagiu
o 1A <
chamber ttazdsunszualdoghn 10-20 ma ldnarlumsndeuneuiunal 120
a =
A
7. MinsIvguazainmlag SEM

MmMsasaeudletanara1wnn laelHaTes SEM #1 accelerating voltage 11111
15 kV uag working distance A 20 mm wazimMstiuinnmi magnification x

10,000

d
HMNANUIN 3 ﬂ]i?)!ﬂﬁ]%ﬂ‘ﬂ1ﬁﬂ]ﬂfn‘w
a1 M3asIam3ananivase (free drip) tazdSananiilviaeena1nnainiie (expressible
drip) (Hasegawa, 1987)
i3l
L
1. MUNIZLFD
A s R P

2. IATBANZYNADINUVUIA LTUFIFUINDI 2 .

3. N3LAIYNT®Y (Whatman No.1)

4. WWMIRVIA

Y
5. UNUIKUNYUIA 5 NN,

ad
IBNII
@ ' =2 A 1A < A ¢ A
1. !ﬁngﬂ’mfﬂfiﬂa?ﬁuﬂVIN”ILlﬂ"lillﬂflﬂf]ﬂlﬁl\iﬂ')ﬂlﬂﬁ’f]\i!%']%i]‘ﬂﬂﬂiﬂ“l/liJ‘lJLl'lﬂ

1 4
FURIFUENA19 2 T,



129

M g‘ v o (] g’ % 9 o tﬂy z:;t:l 1

2. Fuihmind2e819 3 41) (x n§) uanih l e lunumnzieniinszaunionsed 2
VA A o < A a <

uiu Yarhamz@ouaziilinun 4 osesadee unan 1 .
3. 11A20819900U1H9 (y NSN)
4. MUNTZAIENTON 3 LHUANA LA 1A 2 AU NA LU

1 3/ o @ 1 I o W ] o g} o

5. Mamwhmineuia 5 nn. udsgadunal 2 i 1dnidiegeesnuyaimin

(z PSY)

o A v
6. ﬂWH’JmWfIVIhlﬂ%”IﬂQ'GIi

qag
Free drip (%) = x-y x 100
x
Expressible drip (%) = x-z x100

X

42 MIATIVADUNIYYALUINIIN (Jatuphong er al., 2000)
ginsel

) v Y
1. wnyeevaiin v netiey 4 dumida

ad
IBNT

o 1 {1 ] [
1. a%’QWEJGI’J’E'JElNﬁWWL!ﬂWﬁLL‘]fLﬁ@ﬂLL"IN

Y

Y o Y i a =
2. @muﬂw@gwqmﬁgu 80 B3fIHaLE

3. vuhmindredunowi ) danudounaziwiedussyldluganaraaninu
Y
Fou
Y o oA a = < =
4. dudiod gyl 80 ovrerarted 1Hual 8 UM
] Y
5. dadugaite1di lvassniniszana 10 Wi
o g} v ' [ Y Y
6. Fuimindedrdmnlnanusou
MIAIUIN

g raw weight - g cooked weight
g raw weight

-100%

% cooking loss =
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w T Y d' W =
3 mamalagl¥iasesiama

® Hunter lab ’iq' U Color Flex

e

A ~
INTDIINAE 8

an
IHN1I
v 1 1 d'd Qy
. INAIDIWNAIVULNUNNVUIA 1 UD

2. ¥rhaseuiladiedns el luassuniuaInmeuon

aldazdlua L* a* b*

[

3. 5uiamalaeldszuudues CIE Color System A1f

34 m3damanuilunsaa1a (Dublin-Garcia et al., 2005)

ad
IHN1I

9
v

Y o v 1 o 1 4 a aa a 3’ )
1. JUIMUNAIDYNIN 5 NI Glﬁﬂlu‘ﬁﬂ!,ﬂ@ﬁslllﬂﬂ 100 Waaang L!,éjamumﬂau 45
aaang

o = 7 S 2 Y o 4 A <
2. uTiJ"II?JIiJfﬂulL!“BVI 12,000 50U Wunan 1w HAIUTIUHUINIGINAITULT

)

3,600 x g U1 15 Wl
) 1 { 1 [ U I v 4 @ 1 I~ 1
3. ahdunlanuen 18 ld5amanudunsaas Tasldiasesiamanuiluniaaia

(pH meter)

35 MInsINToURMANHUZIUOTNAET (AANas91n Dublén-Garcia ef al., 2005)
d
gunsas
1. 1A504 Texture Analyzer ¥ STABLE MICRO SYSTEM 1 U TA-XT2i
2. %129 Warner-Blatzler Blade
ad
A5Ms
o w ] dy o w =2 Y 09: [ 9
111A290819U90ATINANRIAINUNVUIA 2x3 H. TAIAANNLUIAIRIANUITY
9 dy ) 1 A 9 I a a 1A A o
londruiloniaasaneoy 1aely Warner-Blatzler Blade A10157 2 HaansaoIu1N f1ng

v @ I o v { I ] Aa o
ARNIDYNIUUVINDDNIINNDU ’mmtmqqqﬂﬁi%’ F1PNUNAI UN U AU N)
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MAKYUIN D NITIATIZHNYAUNSE

d A a d g.’l a
a1 MyAANzHmUInagaunsanavaa IagIs Total viable count U pour plate (speck,

1976)
2
211151289150
1. plate count agar (PCA)
4
2. myazae lwAsunae lsauduiosas 0.85
ad
I5Ms
v Y 9 ' Y Y
v o (] [ 1 = A A A Yy 9 ad A
1. 99208199115 25 n5u laluaudsude Nain¥eualfnledslsaande
o w 1 = s Y Y 9 a2
2. 1hdednomsuazasazate Isfeunas lsauiusosas 0.85 Usua 225
A Aaa a 4 1 4 1 < [ z;
taaans mluganaadniedtudeaniesdtluliih Taoldnnusaszaud
I A o 1 ~ [ A
Wuszeznal 2 YN 208199 1M 15T UITLAVUANUDDIN 1:10
4 a a Aaa
3. APIN0MIIAeTazae laRsunas Isadudusosas 0.85 Usua 9 Hadans
THiszaunMUD919NA0I3 (1:100, 1:1000, 1:10000)
Y
4. nlad19619919113 1 Hadans 1NUARLIZAUANVIADIN 3 TLAU TLALaL 3 4
dy A ] dy 9
A I UIIWILIFONAIUMTH SO LA
5. IMNUAY0IMT PCA Uszanal 15 iaaans
dy Y 09/’ Qy vq Y 3 o =
6. MUz udnsng B lvennsudsdilszana 15 wi
] dy ~ a = o o dy I
7. UNUNIZIFRNQUHAN 35 parnaFed TuanyazA$IMWIZFe 1Y
F2ez1Ia1 48 %3 139
Y = tﬂy Lﬂ'do =}
8. a35791v Ia latananumnz@enUauiulseuna 30-300 Ialadl tagsieauna
< o . . v o [
11}131U9U Colony Forming Unit (CFU)/ NSUAI9814
NSATUIN

Total viable count (CFU/ N§u@19819) = aundgvesiuiulalall x 52AUAM0914

¢ ¢a o
22 MIBANZHMYIINUaUNaNvo UMK UV pour plate (speck, 1976)
3 &
21M151a81%0
1. plate count agar (PCA)

4
2. myazae lwAsunas lsaudusosas 0.85
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ad
IBNIT

'
v o

Y 9 v Y Y
1. $3810819919115 25 051 lalunu@eusonausoudidre351s1a0ne

o w ' = J Y 9 9 a
2. ‘LlW]’J’EJ810611/715!,!,613’(5{15618?:1181@]5!,@ﬂnﬂaﬂbliﬂlﬂluﬂluiaﬂaz 0.85 ﬂii]1m 225

b

a

a a 4 1 4 1 I [ °
taaans mluganaraaniedludraniosdtlu i Tagldausisedud
I A o 1 ~ [ A
Wuszezal 2 W10 AIDENBIHITISUTLAUANNIDDDG 1:10

4 a a aa
3. A9 TAeEITazate lReunas lsatududosas 0.85 Usua 9 daaans

TiTszauanudenaidesnis (1:100, 1:1000, 1:10000)

Y
4. ad19061991113 1 Uaaans MAUAALIZAUAMWDIIN 3 TR TTAUAL 2 9
dy A [ dy 9

A I UIWILFONAIUMT NSO

5. IMNUAY0IMT PCA Uszunal 15 aaans
2 Y o 2 gy v 4 o -
6. MUz uaaene N Idemsudsdlszana 15 wii

] dy ~ a = o o tﬂy I
7. YUMo NQUYQN 4 erusaFed ludnyazaimumnziye 1t

FTezIA1 7 U

Y ~ tﬂy ti't:lo =}
8. a35191uu Ialatananunzsenisnuiulszuia 30-300 Taladl uagsieauna

131148119 Colony Forming Unit (CFU)/ S Uf19614

NSATUIN

Aerobic plate count (CFU/ A5uf10819) = Anndevessiviulalall x s2aAUnnune

MANUIN A Msnaaeumalszamauna

a1 mseadudnageumalszamnduia

ad
M3
A
1 dnaaoulumsindu 12 au Uszilivgunwniinganeda (fod1eaz 8-10A7)
NANHULVOITIUANE

- WINA (skin) Tasasir@ouauanysalvesAInils anuuy Taosau
(appearance), a (color), ﬂéu (odour) HazIien (mucus)

- it (flesh) Taonagoudnuazio duia (texture)

- @ (eyes) lngnsnvapuanymzilsng

- U5 (mouth region) TABATIIEBY & (color), NAY (odour), 11BN (mucus)

Y
Tagld35MIinaaon aail
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92 Quality Index Method (QIM) (Vaz-Piras and Seixas, 2006)

- QIM VBIHNNNIZABY

a ¢ o
WINNADIVBINUNMNANNAA 51aazs§ﬂﬂqmanymz QIM score

a o Y o
IS (NUKAY)

1. dnvmzlsinguazd - ddlmnnazfouddinaeaidii 0)
- & lassunlasududmeouniedm 1)
- &hdeudeiunayiimiweslaommzinsunazdne @
GRGE (3)
2. nAu - Sy ateddn, nanddiidhaa
(0)
- nAuEMIIENZIA, nAuan (NAUNzIA) M
- navamhedntes, litinau )

- nauA, nau lane

a U v YV
HIKUI (MNUNBI)

anudangw/a - gangu, iuunn/dun (0)
A A = a oA
- iy, iileAunasoug /AN 0
3z
1o
g 1% g ] = =2 a 7 =1 1]
s duie - 1IN, Ae, Badafum e ()
1 = 1} Y
- wuy, mileiudosas 1)
- 9OUNY )
m
\ \ & J
A5ZINM - Td9auera eouliuavringlatha), Wi, 1 )
& A <
-dudminudmies )
< J
- Wi ()

PEMCERRCNRToR))

a0
- @dmM 0)
- Faimueg (1)

= ) =) A A

- duaty, Auaarilouaen )

v3nathn

nau - NAUFIMIY, NAUER (0)
- luisingu 0

A 3 9

- NAUAMIANT Y %))
- nauANUUsIATY, naudamles (nileunzuanlanii 3)

nszgnmelu

MIAANUUBINITLAN/N - FauiuAatuaIuve il (0)
- HaAnfuaIRd1 AN 0

Rang of QIM score 0-16




134

=< Y
- QIM YadriunnNaE
WM veInUMNANN TazIRUARNANHUZ QIM
an score

a U Y U
HITIHA (MIUTIAY)

19 = = 1 1 < 1 @ 3
1. aﬂymzﬂimauazﬁ - faalaunAdwenanuuanaluiadodiasanu b1@91}!;!,]’1 YUIALUFS 0)

a

J \ Py v
& (hana, 179, uag, uaadiy), maemiluge

- daalassuumsnlasuudasd (1)
2

= v il = A o w a A d'd
- AADUIYNYU, VliJllﬂ’ﬂllLL'J’J’ﬂ’J, TV WNATINANAND, INANUNT 2

9 2
du, Ty
2. AU - NAUFIMIIINZIA, NAUEA (NAUNLA) (0)
- NAUA TN 1)
4 2 4 3 v
- NAUUIMNSLA, NAUANIANTDY 2)
-naun, naulane (3)
X
140
dy [ 7 1 =3 ] 2K A s = 1
ioduNe - UM, AU, Baaan ey (0)
[ =} 1 9
- 14w, wtemiuiesal (1)
- 9OUNY )
m
1 I v
qUswanyuzlsng - Thayu (0)
- U (1)
-Ahaq )
& A
RIRIGRIN
. &
- Talsauas, Wuiih (0)
I A oy 3 Y
- ifuaivuantios (1)
v
R ¥)
v3nahn
nau - NAUAIMTIY, NAUETA (0)
- lsifinau (1)
A 3 v A
- NAUANNANUDY, NAUNTA ?2)
- nAUANIULT YL, Tnaudanles (uilounzvanlanii) (3)

Rang of QIM score 0-14
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23 1U51891UMINATO VAT Quality Index Method (QIM)

% v =< Y
AIVYNHNNNAIY
o d‘
ANATTOU oo AUN
ﬂmﬁﬂﬂm% FNASUUN  THA........ TNd........ TNd........ TNA.........

a 0 Y %
HINUR (A1UTIA9)

1. dnvazsing/a 0-2

2. nau 0-3

z
110

g QU L4

iloduia 0-2
Y

1. 3u5vdnyazilsing 0-2
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4 msmaeuqmmwiﬂmm (Lawless and Heymann, 1999)

v Y k4
Tagiasand anvuzilsing ndunaziiloduda NedruiazdIud v

Y
wiiniaesaeiug
Tusenumsnaaeu
g ' 9 o A
AIDIN v AMATOU oo FUR oo

Aunzih: ngamadeudlegalasiiasangunmlagsmnlseuiisunudedaniugu 1d

NNAUTOUNMIBRVNATINUANAN U MADN

T oo,
1 2 3 4 5 6 7 8 9 10
Reject | Unacceptable | Acceptable | Match
ER 12 (O
1 2 3 4 5 6 7 8 9 10
Reject | Unacceptable | Acceptable | Match
EA L (O
1 2 3 4 5 6 7 8 9 10
Reject | Unacceptable | Acceptable | Match
THA oo,

1 2 3 4 5 6 7 8 9 10
Reject | Unacceptable | Acceptable | Match



138

A5 Multisample Difference Test (Meilgaard et al., 1999)

cl‘iJi"lfJQ"I‘Mﬂ]i“ﬂﬂﬁ’i’)‘u

AIOIN e AMATOU oo TR oo
2 ]
Auuzii: nannadeudlegs IaeinsanAuAnAYesanBuziiloduAmilon/ouiion

nuAegAIUAY L IiazuuuiassnuguanyaEN WA

O A

1 HUIN

2 2OUNY

3

4 oy

5

6 Wil

7

8 CATERIAN

9
THAAIOUN  cooeeeee e e,
RITLLUHU e e e e,



139

MANUHIN ¥ 5ﬂi1ﬂ1‘i!£‘ﬁ!§ﬂﬂl!‘ﬁﬂ

¥1 dnIMIuYIEontda mM13T Boonsumrej tazansy 2007

20
9

10
) 0
N
; 0 50 100 150 200
g 10 -
2
£
-5}
F _20 —

-30

-40 — Times (min)

Appendix Figure 1 Temperature changes of squid frozen using contact plate freezing during

storage at —18°C.
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Appendix Figure 2 Temperature changes of cuttlefish frozen using contact plate freezing during

storage at —18°C.
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Appendix Figure 3 Temperature changes of squid frozen using air-blast freezing during storage at

Temperature (°C)

~18°C.
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Appendix Figure 4 Temperature changes of cuttlefish frozen using air-blast freezing during

storage at —18°C.
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53R MU (Pan and Yeh, 1993)
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Table 1 Freezing rate of squid and cuttlefish frozen using air-blast and contact plate

freezing methods.

Sample Method Freezing rate (cm/h)
squid contact plate freezing 1.36
airblast freezing 0.68
cuttlefish contact plate freezing 1.27
airblast freezing 0.63

MANUIN Y mﬁﬁmamﬁuﬁmmummgm (Rees, 1995)
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