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Vacuum-packed and seasoned smoked-dried products of red squid, Ommastrephes bartrami, caught in
the Northern Pacific Ocean, were prepared and stored at room temperature for 90 days to test their
keeping quality. Defrosted squids were eviscerated, skinned, and cut . The mantle meats were flavored
with seasoning powders prepared from sugar, sorbitol, salt, monosodium glutamate, or smoke flavor
(Smoke-EZ, Alpha Foods Co., Ltd.). After seasoning, the mantle meats were dried at 45°C for 7 hours,
vacuum packed in plastic film bags, and pasteurized in water at 95°C for 30 minutes. Three kinds of
products were prepared: control products (seasoned~dried), solid smoked seasoned-dried and liquid smoked
seasoned-dried. The moisture level, water activity, color value (L, a and b value), texture, and
viable cell counts of bacteria in these products were determined during storage at room temperature, 5°C
and 35°C, respectively. The results showed that the products could be preserved at good condition for
90 days though they developed pale brown color during storage. The contents of free amino acids, nu-
cleotides and their related compounds, and the compositions of fatty acids of raw squid and smoked pro-
ducts were analysed. In the amino acids, arginine, taurine, glycine and proline were abundant in raw
and smoked products. The contents of hypoxanthine of raw and smoked products were higher than the
other nucleotides and their related compounds. In fatty acid compositions of raw and smoked products,
the dominant fatty acids were docosahexaenoic acid (22: 6), hexadecanoic acid(16:0) and eicosapenta-
enoic acid (22:5).
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Table 1. Recipes for seasoned-smoked squid
product

(wt %
) Product
Seasoning C S L
Sugar 5 5 5
Sorbitol 12 12 12
Table salt 2.5 2.5 2.5
Monosodium- 1 1 1
glutamate
Smoke flavor?) — — 10%, 1 min

Smoking — 65°C, 30min. —

2): Smoke~EZ, Alpha Foods Co., Ltd.
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mobile phase:

column :
1% triethylamine phosphoric acid(pH
6.5), flow rate: 2.0 mé/min., chart speed: 0.5 cm/
min., UV-detector (254 nm), sample load: 5 gé,
temperature: 40°C.
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7TAG, column: glass column(3.1mX3.2mm i.d.),
packing material: 159 DEGS on 60~80 mesh shi-
malite AW,

temperature:

column temperature: 195°C, detector
FID at 250°C, carrier gas: nitrogen

50 m{/min., chart speed: 2.5mm/min.
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Table 2. Chemical compositions of raw and
seasoned-smoked squid products

(g/100
Product2)
Raw

Component squid c T T

Moisture 79.6 34.1 35.5 33.2
Crude protein 18.3 38.3 37.5 37.1
Crude lipid 0.5 3.4 3.2 3.5
Crude ash 1.3 4.9 4.9 4.9
Salinity 1.5 3.5 3.5 3.5
VBN(mg/100 2% 30.3 35.2 349  33.6
pH 6. 69 6. 81 6.74 6. 66

a) refer to the comment in Table 1.
b) yolatile basic nitrogen
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Table 8. Contents of free amino acids in raw and seasoned-dried squid products
(moisture and salt free basis)

Amino Raw squid Seasoned-dried squid
acid mg/100 g :Amitr?otgtc?}i mg/100 & ffnitloo tz?ctii
Lys 346. 82 1.75 114. 41 1.34
His 2940.73 14.82 865. 32 10.18
Arg 7061. 04 35.39 2875. 80 28. 80
Tau 3601.79 18.15 966. 22 9.41
Asp 81.94 0.41 10.55 0.12
Thr 177.89 0.90 41.32 0.94
Ser 102.93 0.52 — -
Glu 42.12 0.21 2326. 90 27.36
Pro 1547.49 7.80 709. 96 6.91
Gly 2934. 14 14.79 941.59 11.07
Ala 512.98 2.59 165. 33 1.94
Cys — — - —
Val 63.71 0.32 22,901 0.27
Met 43.66 0.22 23.11 0.27
Tle 54.78 0.28 22.39 0.26
Leu 165. 89 0.84 34.30 0.40
Tyr 53.69 0.27 5.56 0.07
Phe 43.51 0.22 4.74 0.05
Total 19839. 99 100. 00 9130.31 100.0

Table 4. Contents of ATP related compounds
in raw and seasoned-smoked squid Table. 5. Fatty acid compositions of raw and

roduct - i
D S (umole/g, dry basis) seasoned-smoked squid products
Nucleotide and Product?) (area %)
the related Raw squid ¢ — Product?)
_compound 3 L Fatty acid  Raw squid c I
ATP 0.63 0.03 0.03 0.02 14: 1.3 1.4 1.3
ADP 0.42  1.46  1.43  0.86 _'0 ‘ ’ I
AMP 7.20 2.4  3.06 2.6l 12:8 22'2 29"; 22‘9
IMP -+ GMP —  1.03  0.57 0.8 1740 o6 o7 o7
Inosine 2.60 1.50 1.3¢ 1.04 18j0 5'5 6'4 4‘0
Hypoxanthi 13. . . . ) ’ ) )
ypoxanthine 3.35 9.07 11.21 9.87 20:0 0.3 0.5 =
2): refer to the comment in Table 1. Saturated 34.5 35.2 31.4
16:1 0.1 0.8 0.1
gk s AHE FRE Table 59 eb. Ao 17:1 0.3 0.3 0.2
Ao} e [RIFRMRS 71 W& M52 docosahexa- 1811 3.4 3.9 1.6
enoic acid(22:6) 2.4 39%0¢] =], t}-& © & == hexadeca- 20:1 4.1 5.2 4.8
noic acid(16:0)7} 26%, eicosapentaenoic acid(20: 5) 22:1 . 0.7 1.3 1.5
18224 AfiKe] wobth  mar AWM €W Monoenoic 8.4 11.5 8.2
3}7} ¢) v} docosahexaenoic acid®} eicosapentaenoic 18:2 0.1 0.1 0.1
acid & ERAL e LERRH BYRS MR oo o I 53
7} 6C2%% dgleh. FURMT #e) FRBSERAA o) 4] 995 0.4 0.3 0.2
X polyene o] {FiRe] whokon}, &R Histw 22:6 39.1 37.5 38.6
polyene o] k7l 743}l =v] o] polyene 9] Polyenoic 61.6 53.3 60.4
—#o alginTddl BMEASHFE ol HEsln a): refer to the comment in Table 1.
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Table 6. Changes of pH and volatile basic nitrogen (VBN) of seasoned-smoked squid

products during storage

pH VBN (mg/100 &)
Product®
0 15 30 60 90 0 15 30 60 50
C 6.81 6.69 6.88 6.80 6.91 35.2 46.8 48.0 49.6 50.8
S 6.74 6.75 6.72 6.73 6.88 34.9 47.9 43.3 46.5 48.2
L; 6.68 6.68 6.65 6.76 6.79 33.6 44.9 45.5 45.9 47.8
L. —  6.70 6.71 6.70  6.79 —  36.6 35.6 36.1 41.2
Ls — 6.7 6.74 6.84 6.86 — 52,2  56.3 59.4  66.7

a): refer to the comment in Table 1.

Table 7. Changes of moisture content and water activity of seasoned-smoked squid products

during storage

Moisture content, %

Water activity

Product?) 0 15 30 60 90 0 15 30 60 90
c 35.1  36.2  36.4 358 34.4 0.84 0.83  0.88 0.86  0.88
s 35.4 367 36.4 355  36.2 0.86 0.8 0.83 0.84  0.84
L, 33.2  33.2 35.0 335 35.1 0.87 0.87 0.85 0.8  0.86
L, — 342 340 341 33.0 —  0.87 0.87 0.85 0.8
L — 3.2 355 367 6.2 — 0.8 0.8 0.83 0.83

a): refer to the comment in Table 1.
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Table 8. Changes of thioharbituric acid (TBA)
value of seasoned-smoked squid pro-
duets during storage

Storage period (day)

Product? 0 15 30 60 90
c 0.03 0.13 0.13 0.20 0.23
s 0.01 0.03 0.03 0.04 0.06
L 0.0 0.03 0.03 0.03 0.04
L, — 0.0 0.02 0.02 0.02
Ls — 0.04 0.05 0.07 0.10

b): refer to the comment in Table 1.

Table 9. Changes of viable cell counts of sea-
soned-smoked squid products during

storage
P Storage period (day)
duct®
roduct 0 15 30 60 90
C N N N N N
S N N N N N
L N N N N N
L. — N N N N
Ls — N N N N

a): refer to the comment in Table 1.
N : negative

TBA ko] ¥ & AL Jehigled ol
7t B A% RIS Bt SRS dEelex
A 7+ =}, 20)

PR & ME EEE 8bE Table 9¢
vehigleh.  SEEE BE R MRS M
B RS R 0097k Eke s vebded ole
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RrmgcEtkel god, ASEMd ARAE L
uke Aolel AR

Praee SURe) GIRMEE EREXHE FAS
Hunter system®)e] )3 SAzkme) LOPE), a(F
g, bGERRE), JEGRERE) L% Med #ie
Table 103} zbe}h. ol v BHslFeA L A
2 228 o & g3, agd BEMMA
LB 5 RrEihel Late] 2ol i a % bl
A3 Frlete] MRS AP Weadsts AFE Vet
Wik =g 35°Ce) praid MAEC)E FEh 2
grol B MG Wl 2 Bt fdoed Lk
Az W|ostz, aflE Bakst $oisks Aol 3l
ol ok BRI S5 GREEle 2 gt
Tl A agte]l ol AR Bkl Eolgles &
BE 9 otulxal 53 FRE 5 2 Felv BEK

1
=3k

Table 10. Changes of L, a, b and JE value of seasoned-smoked squid products during storage

Storage period (day)

Product?) Item
0 15 30 60 90
L 20.1 18.2 19.7 17.4 17.7
C a ~2.1 —1.6 —~1.2 —0.9 0.0
b 5.3 4.5 4.8 4.3 4.7
4E 72.3 74.5 73.4 78.5 77.6
L 26.9 23.2 21.0 21.5 20.0
s a —0.9 0.6 —0.9 0.9 1.5
b 4.3 4.2 4.5 4.1 4.7
AE 78.4 79.1 82.9 81.9 82.5
L 26.9 22.2 20.2 19.5 18.8
L a 0.0 1.1 0.8 1.4 2.0
b 6.5 6.1 6.7 7.6 7.6
AE 76.7 77.6 77.8 79.3 83.5
L - 25.4 25.7 22.9 21.7
La a — 0.6 1.0 1.2 1.1
b — 7.3 7.5 7.5 7.4
AE — 73.6 74.2 74.2 74.7
L — 22.8 21.7 18.4 17.7
Ls a - 0.3 0.0 0.5 0.9
b - 6.1 6.8 6.6 7.7
AE e 73.5 78.9 82.7 85.4

a): refer to the comment in Table 1.
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Table 12. Changes of hardness, elasticity, cohesiveness, and chewiness of seasoned-smoked
squid products during storage

Storage period (day)

Product® Item

0 15 30 60 90

H 7.5 7.3 6.9 7.1 7.2
C E 0.94 0.95 0.89 0.87 0.85
Coh 0.35 0.38 0.39 0.37 0.35
Che 2.46 2.63 2.39 2.28 2.14

H 7.6 7.0 7.3 7.2 7.6
g E 0.88 0.90 0.94 0.90 0.88
Coh 0.45 0.37 0.47 0.38 0.40
Che 2.53 2.30 2.88 2.41 2.67

H 7.2 7.0 7.0 7.4 7.8

Ly E 0.91 0.88 0.85 0.86 0.88
Coh 0.34 0.38 0.44 0.39 0.39
Cho 2.23 2.34 2.61 2.48 2.67

H — 6.8 6.9 7.2 7.4
L. E — 0.85 0.87 0.95 0.94
Coh —_ 0.38 0.35 0.35 0.36
Che — 2.29 2.25 2.33 2.50

H — 6.4 6.8 6.9 6.5
Ls E — 0.92 0.93 0.95 0.92
Coh —_ 0.38 0.34 0.33 0.34
Che — 2.23 2.15 1.95 2.03

a); refer to the comment in Table 1.
H: hardness(kg), E: elasticity, Coh: cohesiveness, Che: chewiness(kg)

Table 12. Panel scores for texture, flavor, color and overall acceptance of seasoned-smoked
squid products during storage

Storage period (day)

Item Product?) 5 = % =5 50
c 3.1 2.9 2.7 2.5 2.5
S 4.4 4.5 3.9 4.0 4.0
Color L 4.0 4.5 4.3 4.2 4.1
L. 4.5 4.1 4.3 4.3
Ls — 4.0 3.8 3.6 3.7
c 3.6 4.0 4.0 3.9 4.0
S 4.2 4.0 4.2 4.2 4.4
Texture L, 4.0 3.8 4.2 4.0 4.3
Lz — 4.1 4.2 4.1 4.5
Ls — 4.0 3.7 3.5 3.5
c 2.9 2.5 3.0 2.5 2.4
s 4.0 4.1 3.9 4.0 3.9
Flavor L: 4.1 4.1 41 4.0 41
Le — 4.2 4.0 4.1 4.0
Ls - 3.8 3.7 3.5 3.3
C 3.2 3.0 3.0 2.9 3.1
s 4.3 4.3 4.2 4.0 4.2
Overall acceptance L 4.0 4.2 4.9 41 4.0
La — 4.6 4.4 4.4 4.5
L — 3.9 3.7 3.3 3.3

a): refer to the comment in Table 1.
1-5 scale: 5:very acceptable, 3:acceptable, 1:very unacceptable
reference: product on the market (color: 3.0, flavor: 3.0, texture: 2.5, overall acceptance: 3.0)
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