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Transportation of live squids using sedative effect of magnesium ion,
with special reference to the quality difference from frozen and chilled samples
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Live spear squid and Japanese common squid were sedated in seawater containing 20 mM MgS0O, (Mg-SW).
For sedation, seawater temperature was slowly reduced from 15 to 7°C with ice bags. After sedation, live spear
squid and Japanese common squid were individually accommodated in a highly gas impermeable plastic bag with
0.6 and 1.0 L of Mg—-SW, respectively, and the bags were filled with oxygen and sealed tightly. They were trans-
ported at 5°C taking about 27 h by truck. For comparison, samples quickly frozen in liquid nitrogen and instantly
killed samples were also transported at —20°C and 5°C, respectively. Changes in various components were meas-
ured. Arginine phosphate and ATP contents decreased greatly by transportation in sedated Japanese common
squid. There was no clear difference in sensory scores between sedated and chilled Japanese common squid.
However, arginine phosphate and ATP contents did not decrease by transportation for spear squid. The mantle

muscles of sedated spear squid were more transparent and had a more favorable texture than chilled or frozen

samples.
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Fig. 1 Turbidity of cold seawater containing 20 mM
magnesium sulfate (Mg-SW) during sedation induc-
tion and after transportation A: Spear squid; B
Japanese common squid. a: during sedation induction
about 30 min after start-up, when the seawater tem-
perature was shifted from about 15°C to 10°C. b: dur-
ing sedation induction about 60 min after start-up,
when the seawater temperature was shifted from
about 10°Cto 7°C. ¢, d, e: Three individuals after trans-
portation in 20 mM Mg-SW.
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Fig. 2 Ammoniacal nitrogen content in cold seawater
containing 20 mM Mg-SW during sedation induction
and after transportation A: Spear squid, B: Japanese
common squid. Refer to the legend of Fig. 1 for
column labels (a—e).
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Fig. 3 Recovery from sedated condition after transportation and the appearance of the recovered spear squid A: a squid sample
immediately after taking out of the film and resting in artificial cold seawater. B: a sample after resting in artificial cold seawater
for about 0.5 h. C: a squid sample after taking out from artificial cold seawater. D: a sample immediately after dissection of sam-
ple C.

Table 1 Free amino acid compositions of the mantle muscle from spear squid after transportation unde different condiitons

(umol/g)

Amino acid Control*! Frozen*? Chilled*® Sedated™**
Taurine 271+1.1 28.6+10.4 33.6+£3.7 27.3£9.9
Aspartic acid 0.4+0.1 0.6+0.3 0.4+0.1 1.1+0.4*
Threonine 0.6+0.1 1.0+£0.2 0.8+0.2 0.7+0.1
Serine 04+0.1 0.6+0.2 0.6+0.1 0.5+0.4
Glutamic acid 12.0+1.3 1.7+0.5%** 1.1+£0.3%** 14.0+1.9
Glycine 6.5+1.1 6.0+0.8 7.1+2.6 5.3+0.2
Alanine 10.3+1.1 10.3+4.7 13.6+2.3 11.8+5.0
Proline 45.8+16.3 37.5+4.8 49.1+£1.3 45.1+14.1
Citrulline ND ND ND ND
Valine 04+0.1 0.6+0.1 0.4+0.1 0.5+0.1
Cystine tr tr tr tr
Methionine 0.6+0.3 1.1£0.2 0.7+0.3 1.0£0.2
Isoleucine tr 0.3+£0.1 0.2+0.1 0.2+0.1
Leucine 04+0.1 0.6+0.2 0.4+0.1 0.4+0.1
Tyrosine tr 0.2+0.1 tr tr
Phenylalanine tr 0.2+0.1 tr tr
Ornithine 0.3+0.1 0.7+0.3 0.3+0.1 0.3+0.1
Lysine 0.6+0.1 0.7+0.1 0.6+0.1 1.0£0.5
Histidine 0.6+0.2 1.0£0.6 0.8+0.4 0.8+0.3
Arginine 26.8+t1.4 22.8+£4.1 22.3£4.3 27.8+£1.6
Total 132.8+23.5 114.5+27.8 132.0+16.1 137.8+35.0

*1 Control: squid just before transportation.

*2 Frozen: frozen squid after transportation at —20°C.

*3 Chilled: squid transported under chilled condition at 5°C.

* Sedative: squid after resting in artificial cold seawater for about 1 h after transportation in 20 mM Mg-SW at 5°C.
tr, trace (<0.1umol/g); ND, not detected.

Values are mean+SD from 3 individuals.

The significance between the control and other samples was analyzed by the #test: * »<0.05 and *** »<0.001.
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Table 2 Free amino acid compositions of the mantle muscle from Japanese common squid after transportation unde different condii-

tons (umol/g)
Amino acid Control Frozen Chilled Sedated
Taurine 19.4+3.8 22.7+1.9 17.5+0.4 14.6+1.6
Aspartic acid 0.2+0.1 0.4+0.1 0.3+0.1 0.9+0.6
Threonine 1.3+0.2 1.0+£0.1 1.1£0.3 1.0+0.3
Serine 0.3+0.1 0.6+£0.2 0.5+0.1 0.5+0.2
Glutamic acid 53+25 0.7+£0.2* 0.5+£0.2* 2.4+1.1
Glycine 4.6+0.3 8.9+1.0%* 13.9+4.2% 6.3+1.2
Alanine 4.3+0.1 14.3 £3.9* 13.6 £2.3%* 8.4+1.9*
Proline 70.5+2.8 63.8+3.7 79.6+16.2 65.7+14.2
Citrulline tr ND tr tr
Valine 1.2+0.3 0.4+0.1* 0.3+0.2* 0.8+£0.2
Cystine 0.3+0.1 1.1+£0.7 1.1£0.8 1.1£0.9
Methionine 1.0+0.3 1.4+0.1 1.1£0.7 1.2+0.3
Isoleucine 0.7+£0.2 0.2+0.1* 0.2+0.1* 0.5+0.1
Leucine 0.4+0.1 0.6+0.1 0.7+£0.1 1.3£0.1%%*
Tyrosine 0.2+0.1 0.2+0.1 0.2+0.1 0.2+0.1
Phenylalanine tr tr tr tr
Ornithine 0.4+0.1 0.2+0.1 0.5+0.3 0.4+0.1
Lysine 5.0+0.3 29+1.1 2.2+0.6%* 4.2+1.2
Histidine 9.0+0.7 5.9+ 1.7 9.3+3.7 7.6+2.3
Arginine 28.5+8.5 17.1£3.1 22.3+16.0 32.6+t4.1
Total 152.6 +20.6 142.4+18.3 164.9+46.5 149.7+30.5

Refer to the caption of Table 1 for sample conditions.
tr, trace (<0.1 umol/g); ND, not detected.
Values are mean = SD from 3 individuals.

The significance between the control and other samples was analyzed by the #-test: *»<0.05, **»<0.01 and ***»<0.001.
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Fig. 4 The levels of ATP and its related compounds in the mantle muscle of squid before and after transportation A: Spear squid;
B: Japanese common squid. [], Control; B2, Frozen; &, Chilled; B, Sedated. See Table 1 for control, frozen, chilled and sedated
samples. Values are mean = SD from 3 individuals. The significant difference between the control and other samples was ana-
lyzed by tive t-test. *p<0.05, **p<0.01 and ***p <0.001. ATP, adenosine 5 —triphosphate; ADP, adenosine 5 —diphosphate;
AMP, adenosine 5'-monophosphate; IMP, inosine 5'-monophosphate; HxR, inosine; Hx, hypoxanthine.
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Fig. 5 The level of agrinine phosphate in the mantle mus-
cle of squid before and after transportation A: Spear
squid; B: Japanese common squid. [0, Control; B,
Frozen; B, Chilled; B, Sedated. See Table 1 for con-
trol, frozen, chilled and sedated samples. Refer to the
legend of Fig. 4 for values and significance.
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Fig. 6 Thelevel of octopine in the mantle muscle of squid
before and after transportation A: Spear squid; B:
Japanese common squid. [, Control; B, Frozen; E,
Chilled; B, Sedated. See Table 1 for control, frozen,
chilled and sedated samples. Refer to the legend of
Fig. 4 for values and significance.
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Table 3 Sensory evaluation of the squid mantle muscle
after transportation under different conditions

Sedated Frozen Chilled

Spear squid
External appear- 3,00 02+04%% 12+04%*

ance
Texture 2.8+0.4 0.6£0.5%** 1.0+£0.7%*
Taste 1609 12+1.1 1.8+0.4

Japanese common squid

External appear- %
ance 1.8+£0.8 1.0+0.7 1.8+£0.8

Texture 1.6£05 1.2+1.3 1.8+£0.8
Taste 24+05 14+1.1* 2.2+0.8

See Table 1 for sample condiitons.

Values are mean=SD from 3 individuals.

The significance between the sedative and other samples was ana-
lyzed by the t-test: *p<0.05 and ***»<0.001.

External appearance: 3.0, very transparent and no turbidity; 2.0,
transparent but slightly turbid; 1.0, slightly transparent but turbid;
0, opaque and very turbid.

Texture: 3.0, favorable tough texture; 2.0, tough but slightly tender;
1.0, slightly tough but tender 0, very tender.

Taste: 3.0, sweet and palatable; 2.0, slightly sweet and delicious but
unsathisfactory; 1.0, no sweet taste but squid taste; 0, not sweet at
all and unpalatable.
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