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Changes in Physicochemical Characteristics of Squid upon
Acid and Heat Treatment

Hye-Young Lee, Seong-Ho Kim, and Duk Jin Kim'

Dept. of Food Science and Technology, Daegu University, Gyeongbuk 712-714, Korea

Abstract

In order to acquire basic data on the development of squid processing food, we investigated changes in the
composition of boiled squid upon heat treatment (100°C), acid treatment (acetic acid, 0~5%), and pre-boiling
(55°C, 80°C). The proximate composition of squid was 73~ 78% moisture and 19~ 24% crude protein, treatment
with acid solution had a significant effect on the proximate composition of boiled squid (p<0.05). The major
free sugars were ribose and glucose in all treatment samples. The 55°C pre-boiled sample had lower levels of
glucose than the other samples. The total free sugar content of the non-peeled sample was the highest, followed
by the 80°C pre-boiled sample, whereas the sugar content in the 55°C pre-boiled sample was very low. With
regards to amino acid content, proline was the highest in all samples, followed by taurine and histidine. Treatment
with acid solution had a significant effect on the total free amino content of boiled squid (p<0.05). The total
free amino acid content of the 55°C pre-boiled sample was the highest, followed by the 80°C pre-boiled sample
and non-peeled sample. Inosine and related compounds were not detected in any of the samples, and the ad-
enosine triphosphate (ATP) content was low. The hypoxanthine contents of the 55°C and 80°C pre-boiled samples
were the highest, the adenosine monophosphate (AMP) and inosine monophosphate (IMP) contents were similar,
and the IMP content of the non-peeled sample was higher than those of the peeled samples. The palmitic acid
content was very high and constituted 40% of total saturated fatty acids. eicosapentaenoic acid (EPA) and
docosahexaenoic acid (DHA) contents were also high and constituted 60% of total unsaturated fatty acids. Of
these, DHA content was the highest, followed by palmitic acid and EPA, which accounted for about 85% of
total fatty acids. No difference in fatty acid content was observed between acid treatment and pre—boiling. The
mineral P content was the highest on average in all boiled squid samples, followed by K, Na, Mg, and Ca contents.
In addition, the pre-boiling temperature and acid solution concentration had significant effects on the mineral
content. Further, heavy metal, Cd, Pb, and As contents were detected only at trace amounts, and their levels
were lower than standard and permissible amounts for food.
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Fig. 1. Flow diagram for the preparation of boiled squid.
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Table 1. Proximate composition of boiled squids at different condition

Acetic acid

Proximate composition (%)

~ 1)
Samples conc. (%) Moisture Crude protein Crude fat Crude ash
Raw 78.61+0.317% 19.20+0.27* 0.7440.01" 1.45+0.02°
0 73.8340.08" 24.29+0.08" 0.7140.00' 1.17+0.00°
55 05 75.2940.13% 22.54+0.07° 0.88+0.01% 1.2940.01"
25 77.0240.29" 20.7840.04" 0.97+0.01° 1.23+0.01°
5 77.03+0.21° 20.94+0.07" 0.71+0.01' 1.3240.01
0 74.1440.14 23.61+0.13" 1.03+0.01¢ 1.22+0.01°
S80 05 75.8040.04° 22.0040.08° 0.90+0.00% 1.3040.00™
25 74.6440.43% 23.1240.10° 1.0540.02¢ 1.1940.02¢
5 76.56+0.12° 20.85+0.12f 1.30+0.00° 1.29+0.00™
0 73.60+0.17" 24.15+0.16" 0.94+0.01° 1.3140.01°
NSS0 05 75.2140.10% 22.39+0.05¢ 1.13+0.01¢ 1.27+0.00°
25 7473+1.07% 22.914+0.56° 1.1140.05° 1.2540.05%
5 75.2240.28% 22.3340.20% 1.19+0.01" 1.26+0.01%

V355: Skin stripping after pre-boiling at 55°C, S80: Skin stripping after pre-boiling at 80°C, NS80: No skin stripping after pre-boiling

at 80°C.

PAll values are the mean+SD (n=3).
YMeans with different letters in the column are significantly different at p<0.05 by Duncan’s multiple range test.
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Table 2. Free sugar contents in the boiled squids at different condition

Acetic acid

Free sugars (mg%)

. _Y .
Samples conc. (%) Rhamnose Ribose Fructose Glucose Total

Raw ND? 52.88+3.23"% 31.9141.89° ND 84.80+7.23"

0 ND 34.1141.05" 7.1140.33" 45540.42" 45.77+3.01°

S5 05 ND 88.70+4.32¢ ND 1.98+0.23" 90.69+1.77"
25 ND 44.6942.33° ND 7.61+0.18" 52.29+3.56"

5 ND 22.17+1.23' 5.78+0.21° 18.5240.68° 46.48+1.35"

0 107.40+7.55" 60.01+2.22° ND 33.34+1.32 200.7545.65°
80 05 ND 17.1240.23 ND 157.3347.69° 174.4548.98%
25 ND 99.40+3.68° ND 86.26+5.32¢ 185.65+8.55¢

5 44.99+3.56° 65.79+2.56° ND 57.26+6.57° 168.04+9.01°

0 117.1748.75" 160.7549.23" ND 42.70+3.25° 320.6249.12°

NSS0 05 ND 58.28+4.65' ND 104.13+6.89" 162.424+8.66°
: 25 69.8343.23° 105.2045.88° ND 40.0242.33° 215.06+6.76"

5 42.8541.76° 11457+45.31° ND 24.2643.23% 181.68+8.25"

1)Samplesi Refer to Table 1. ?ND: Not detected. YAll values are the mean+SD (n=3).
YMeans with different letters in the column are significantly different at p<0.05 by Duncan’s multiple range test.
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Table 3. Free amino acid content of boiled squid at different condition

Samples” S55 S80 NS80
Free amino Acetic acid concentration (%)
acid (mg%) Raw 0 05 25 5 0 05 25 5 0 05 25 5
Phospho 091+ 748+ 627+ 640+ 598+ 283+ 521+ 442+ 430+ 560+ 789+ 577+ 4.03+
serine 00227 023® 032 014 012¢ 005 010" 008  001* 006° 004* 005* 001"
Taurine 178914 12247+ 9922+ 136.32+ 13555+ 10590+ 10540+ 12956+ 105554+ 7355+ 98.13+ 103.73+ 74.08+
1.23 2137 114" 1345 2219 325° 111 523 235 2226 314" 189  223¢
Aspartic 162+ 165+ 165+ 248+ 310+ 246+ 219+ 204+ 202+ 199+ 315+ 275+ 1.96+
acid 0.05 0.03" 002" 002 003 010° 005" 008 006 005 009 008 0.01°
Thre- 1407+ 824+ 1111+ 975+ 959+ 854+ 626+ 847+ 866+ 501+ 642+ 783+ 591+
onine 096  051° 056" 123 111 011° 016" 0.35° 026 012 009"  021° 016"
Serine 1582+ 593+ 573+ 7.83+ 879+ 557+ 463+ 676+ 677+ 330+ 470+ 643+ 4.64+
065"  1.11% 1210 098™ 058 062 035 055 0084 008 001" 011%® 005
Gh;z?gmc 3(1'202; NDY  ND ND ND ND ND ND ND ND ND ND ND
Glycine 4664+ 1808+ 1138+ 17.19+ 20.84+ 1357+ 1541+ 1795+ 1696+ 1238+ 24.04+ 1604+ 1025+
1.54 1.02¢ 065 096* 112 062" 037 0520 065%  123% 156”109 0.98"
Alanine  85.08+ 2316+ 30.00+ 43.73+ 3831+ 2336+ 2431+ 27.90+ 50.20+ 17.01+ 24.14+ 2691+ 2669+
123 089 213 321° 113 086° 064" 0567 126 065" 1.18% 135 125
Valine  11.35+ 531+ 884+ 1095+ 931+ 621+ 431+ 614+ 889+ 319+ 522+ 5656+ 494+
0.02*  006% 008" 006" 012¢ 009 005 011° 015 008 0055 008 002"
Cystein 6895+ 21.13+ 47.01+ 2294+ 1862+ 31.08+ 1636+ 21.94+ 2940+ 21.24+ 2447+ 1637+ 24.88+
1.23° 117 111° 156%™ 0890 1.16° 032 056° 1105 201 186 124  161¢
Methio- 1312+ 923+ 15254+ 1291+ 1607+ 859+ 955+ 895+ 915+ 650+ 881+ 1081+ 6.20+
nine 042" 069 023 111°  056* 0560 011 083 071 0065 1.07" 0065  0.08
Iso- 944+ 583+ 595+ 752+ 661+ 625+ 502+ 612+ 542+ 334+ 501+ 620+ 427+
leucine 032" 089  013¢ 052" 028 015 005" 056 057  006° 003" 101 008
Leucine 1813+ 1248+ 1282+ 1697+ 1507+ 1401+ 11.07+ 1366+ 1298+ 7.60+ 1121+ 1445+ 997+
024*  125% 113 152* 165" 009" 006% 014 021 003" 115" 124" 005
Tyro- 705+ 475+ 411+ 587+ 608+ 433+ 404+ 483+ 484+ 262+ 389+ 539+ 371+
sine 012 0.19% 005" 042 031" 0257 005 015 020% 020° 005 1.05¢  0.02
Phenyl- 326+ 580+ 467+ 763+ 804+ 546+ 505+ 590+ 537+ 319+ 465+ 745+ 453+
alanine 0.04' 005 011* 008 013" 004° 001" 001 006 002" 003 004° 0.03"
B-Alanine 1.06+ 099+ 084+ 087+ 128+ 057+ 060+ 073+ 057+ 031+ 056+ 059+ 054+
002> 005 001 0020 003 001" 005 006 0020  001® 002" 006 008
Lysine 1241+ 265+ 336+ 526+ 599+ 265+ 246+ 444+ 878+ 162+ 274+ 456+ 293+
095 085" 061° 073¢ 027 0.11% 008" 005" 126" 006" 003 004 003
Histidine 7869+ 63.32+ 6306+ 5443+ 9516+ 6742+ 3688+ 4441+ 3644+ 4099+ 5256+ 2341+ 3253+
145" 2560 174 2567 3827 156%™ 252N 184%% 152 256%EN 4019 127" 2.00%
Arginine 11082+ 2830+ 2074+ 5497+ 5743+ 2581+ 2443+ 4881+ 77.83+ 1633+ 3239+ 2825+ 24.22+
2.23% 111" 18" 098 211° 116%™ 1.32% 1449 168> 2220 167 156" 1.33°
Proline  711.81+ 25530+ 22251+ 16506+ 15958+ 262.16+ 22421+ 212.99+ 198.13+ 20359+ 236.63+ 149.77+ 163.29+
6.25° 345> 853° 235" g4 433" 577 7157 8428  865% 535 432 256"
Total 141933+ 60575+ 57452+ 58843+ 62114+ 50677+ 50739+ 57607+ 59226+ 42936+ 5661+ 44236+ 40957+
551" 573 603 515 8.49 786 882%  395° 941 508 577 7.06 399

f)SamplesI Refer to Table 1. ?

All values are the mean+SD (n=3).

YMeans with different letters in the row are significantly different at p<0.05 by Duncan’s multiple range test.
YND: Not detected.
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Table 4. Nucleic acid related compounds content of boiled squids at different condition
Samples” Acetic acid Nucleoside (mg%)
D conc. (%) ATP ADP AMP IMP Hypoxanthine
Raw 0.05640.13%% 1.656+0.44° 1.126+0.30 4578+0.01™ 7.167+0.02°
0 0.12940.02° 0.526+0.00 3.779+0.19° 2.823+0.06¢ 4770+0.14°
555 05 0.15440.02° 1.19840.20™ 3.008+0.24™ 3.902+1.19™ 47774037
: 25 0.118+0.07* 1.2964+0.11% 2.940+0.06™ 4.436+0.14" 4794+051°
5 0.136+0.07° 0.629+0.67" 3.7134+2.40° 3.09941.26% 5.187+0.03"
0.12340.02° 0.590+0.02" 2.58340.59" 2.32740.01¢ 4.448+0.03"
80 05 0.141+0.01° 0.498+0.04° 2.820+1.53" 3.990+0.00™ 4.863+0.03"
25 0.129+0.09° 0.524+0.05 2.745+1.85™ 2.840+0.15° 5.106+0.21°
5 0.21840.08" 0.554+1.20° 1.645+0.09™ 3.975+0.18™ 4726+0.17°
0 0.073+0.02° 0.485+0.12° 2.48640.41" 4.951+0.09" 4.360+0.21°
NS8O 05 0.12840.41" 0.626+0.43" 2.95141.75" 4.963+0.38° 4.638+2.10°
25 0.10140.08" 0.716+0.01° 2.315+1.72" 4.990+0.22° 5.051+1.03
5 0.089+1.15° 0.642+0.11° 2.3754+0.05" 5.102+0.47° 5.311+1.44"
})Samplesi Refer to Table 1. ?All values are the mean+SD (n=3).
YMeans with different letters in the column are significantly different at p<0.05 by Duncan’s multiple range test.
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Table 5. Fatty acid compositions of boiled squids at different condition

Samples” S55 S80 NS80
Fatty acids Acetic acid concentration (%)
(%) Raw 0 05 25 5 0 05 25 5 0 05 25 5
C140 181+ 161+ 211+ 205+ 183+ 178+ 430+ 208+ 186+ 248+ 237+ 250+ 156+
: 0157%  011° 008 007 005" 003 010° 013 007 017" 008 003"  0.09°
cla 072+ 083+ 084+ 066+ 083+ 052+ 082+ 072+ 073+ 111+ 121+ 096+ 0.60+
: 003" 005™ 002 003" 011°  001* 002¢  011° 009 001* 006" 001" 0.04%
C16:0 2870+ 2831+ 2807+ 29.25+ 3165+ 2695+ 26.08+ 2995+ 2819+ 3092+ 3229+ 3048+ 2697+
) 256™ 318 207 081" 172> 032° 3565 222 151" 308 218" 187  151°
Cl61 154+ 121+ 151+ 196+ 133+ 108+ 241+ 117+ 115+ 136+ 168+ 145+ 1.25+
) 0.15¢  0.05" 006 012" 008 030* 008 005% 0.14%* 0.09°° 0.17° 0.1 0.12%®
. 018+ 022+ 029+ 040+ 029 065+ " 0.21+ 0.28+ 0.22+
CI7:0 005  003% 00X 003 +007 0030 P ND 0.02° ND - gpzd ND g e
180 442+ 584+ 562+ 494+ o 600+ 565+ 472+ 484+ 448+ 531+ 582+ 563+
: 0.14°  0.09* 016® 0.21¢ 052 038" 026" 017 021° 025 017 0267
cls1 LO7+ 120+ ) 110+ 195+ 139+ 125+ 143+ 138+ 139+ 154+ 126+ 166+
: 009"  0.11¢ 001" 008 012% 0.03° 007 002 001° 013" 006° 012"
) 0.18+ 1.01+ 0.24+ 0.44+
C18:2 ooy D ND ND ND 0.04° ND ND ND ND 001" ND 003"
Cl83 ng) 579X 423k 403+ 408+ 459+ 422+ 486+ 387+ 413 399+ 332k 432+ 402+
o 0.18% 031° 018¢ 025 009" 0200 015" 008 025 007 008 001™ 0.11¢
204 211+ 2264 Np 270+ 233+ 223+ 206+ 184+ 226+ 275+ 210+ 330+
: 0.05™¢  0.08™ 0.10* 003" 007" 0329 017 017 005"  0.09¢ 0.05%
0205 (ng) 1962+ 1513+ 1468+ 1376 1474 1458+ 1419+ 1537+ 1531+ 1530+ 1308+ 1559+ 1518+
: 202" 1.14*  351* 275 098 301" 201* 278 395 311 218 195  1.84°
0226 (ng) 096+ 3911+ 4285+ 4180+ 4009+ 3949+ 3821+ 3865+ 4036+ 3671+ 3593+ 3552+ 3912+
oo 3.02% 256" 1.32* 189" 501* 508" 318" 475° 395% 385" 373" 411 1067
SFA 3511+ 3598+ 3609+ 3664+ 33.77+ 3538+ 36.03+ 3673+ 3510+ 37.88+ 4025+ 3880+ 34.43+
352" 348  1.01™ 4.05™ 308 121" 208 315 289 206™ 304" 118 276"
— 64.80+ 64.02+ 6391+ 6336+ 66.23+ 64.62+ 6397+ 6327+ 6490+ 6212+ 5975+ 6120+ 6557+
289" 281" 518 272 5338 505" 323" 305" 428" 376 459" 361°  355°
MUFA 423+ 329+ 235+ 372+ 411+ 299+ 448+ 332+ 326+ 386+ 443+ 367+ 479+
009 010" 009" 005 003 001* 02" 003 011" 014 003 006° 007
pups 0066+ 6073+ 6156+ 5064+ 6212+ 6163+ 5049+ 5095+ 6164+ 5826+ 5532+ 57.53+ 60.78+
332%  411* 405" 322" 189" 118 382" 355" 305 076 392> 198" 268"
UFA/SFA L85 178+ 177+ 173k 196+ 183+ 178+ 172+ 18+ 164x 143+ 158+ 190+
0.08™ 0.03™ 011" 014* 007" 008" 003 017 013" 005™ 001 003" 002"
MUFA/SFA 012 009 007+ 010+ 012+ 008+ 012+ 009+ 009+ 010+ 0llx 009+ 014+
001" 001" 002 002" 001" 0037 002" 001™ 002 001" 0.03™ 002" 002
PUFA/SFA  L73% 169+ 171 163+ 184+ 174+ 165+ 163+ 176+ 154 137+ 148+ 177+
0.02  0.06™ 0.15™ 008 006" 012" 0.02" 0.05" 004" 0.02¢ 009 0.16% 0.14"
Total 100.00  100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00

DSamples: Refer to Table 1. ?All values are the mean+SD (n=3).

YMeans with different letters in the row are significantly different at p<0.05 by Duncan’s multiple range test.
YND: Not detected.
SFA: saturated fatty acid, UFA: unsaturated fatty acid, MUFA: monounsaturated fatty acid, PUFA: polyunsaturated fatty acid.
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Table 6. Mineral contents of boiled squids at different condition

Acetic acid

Minerals (mg%)

R
Samples conc. (%) Ca Mg K Na
Raw 21.26+0.06% 215.33+2.49° 1039.00+12.17 682.43+7.26
0 12.02+0.09° 43.83+0.09° 126.83+2.37* 85.47+2.16%
S55 05 11.75+0.08° 40.824+0.54°% 120.83+1.79° 78.65+0.89°
: 25 9.76:£0.01%" 49.93+0.55" 205.03+3.12" 110.1342.40°
8.94+0.11' 39.2840.73%" 135.03+2.00° 95.264+2.22¢
0 12.94+0.02° 47.434+0.53° 111.73+1.88" 105.2043.20°
S50 05 9.91+0.01' 41.95+0.45° 123.60+151% 80.95+2.53*
25 8.86+0.08' 43.6840.55° 165.33+2.35 107.5042.10°
5 11.5140.05° 40.894-0.49° 91.924+1.64' 84.09+2.39%
9.65+0.07" 39.7540.16® 155.104+1.91° 80.86+2.36°
NS8O 05 8.45+0.03" 39.5140.23"" 152.7741.47° 87.59+1.55°
: 25 8.66+0.11° 38.83+0.63" 162.07+2.22¢ 81.23+2.89'
5 9.85+0.04" 46.86+0.92° 178.97+1.36° 123.80+1.75"
Samples” Acetic acid Minerals (mg%)
D conc. (%) P Fe Zn Cu
Raw 540.93+1.46 0.693+0.009" 2.962+0.037° 0.358+0.005°
0 212.8340.29 0.8304-0.006" 1.439+0.012¢ 0.138+0.001"
55 05 209.87+1.70 1.953+0.018° 1.603+0.025° 0.186+0.001"
25 289.33+1.21" 1.51440.010° 1.829+0.009" 0.23140.002*
221.70+0.44' 1.604+0.017° 1.356+0.009" 0.18540.002"
247.03+3.16' 0.873+0.009" 1.586+0.015° 0.557+0.007
$80 05 228.00+2.10" 0.352+0.003' 1.525+0.015° 0.323+0.005°
25 251.67+1.33° 0.695+0.001" 1.444+0.007* 0.34440.003
228.20+1.55" 0.963+0.006° 1.789+0.006° 0.38040.002"
232.60+1.10% 1.62340.012" 1.343+0.005" 0.19440.003"
NS0 05 228.50+0.52" 0.456+0.006' 1.498+0.002° 0.238+0.002"
25 257.73+1.93 0.42040.005" 1.418+0.010% 0.17240.003'
5 266.20+0.79° 0.546+0.013! 1.812+0.005" 0.226+0.003*
YSamples: Refer to Table 1. ?All values are the mean+SD (n=3).
YMeans with different letters in the column significantly different at p<0.05 by Duncan’s multiple range test.
Table 7. Heavy metal contents of boiled squids by pre-boiling condition
Samples” Acetic acid Heavy metal (mg%)
conc. (%) Cd Ph As
Raw 0.01940.0007% 0.019+0.002" 0.008+0.002°
0 0.0110.000" 0.009+0.003° 0.007+0.001"
55 05 0.01040.000° 0.011+0.002° 0.0030.000™
25 0.00940.000" 0.011+0.004° 0.007+0.001°
5 0.00940.000" 0.0084-0.003°* 0.0044-0.000"
0 0.01040.000° 0.02140.000™ 0.001+0.000°
80 05 0.01240.000° 0.0100.000% 0.00340.000™
25 0.01240.000° 0.01240.004° 0.00140.000"
5 0.01040.000° 0.023+0.001* 0.00440.000"
0 0.006+0.000" 0.006+0.000% 0.004+0.000"
. 05 0.00840.000% 0.00540.000° 0.00240.000°
NS80
25 0.0094-0.000" 0.00840.001°% 0.00340.000™
5 0.01340.000" 0.00640.001% 0.007+0.001°
USamples: Refer to Table 1. ZAll values are the mean+SD (n=3).
YMeans with different letters in the column significantly different at p<0.05 by Duncan’s multiple range test.
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