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Comparison of Physicochemical Properties of Meat and Viscera with
Respect to the Age of Abalone (Haliotis discus hannai)
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Abstract

We compared the physicochemical properties of meat and viscera with regard to the age of abalone (1-, 2-, 3-
and 4-year-old abalone). With respect to total amino acids, the level was highest in 1-year-old abalone, at
19,046.00+548.53 mg%, whereas 4-year-old abalone had the lowest value of 15,770.44+454.19 mg% In the viscera,
3-year-old abalone had the greatest level of total amino acids, at 16,575.10+477.37 mg%, whereas 1-year-old abalone
had the lowest, at 14,947.26+430.48 mg% The level of total free amino acids in meat tended to increase with
age whereas that of the viscera fell. The level of polyunsaturated acids decreased with age in meat. The concentration
of chondroitin sulfate in both meat and viscera tended to increase with age. This was especially noticeable in meat.
The level in 1-year-old abalone, 9.03+0.23% (w/w), rose to 14.17+0.33% in 4-year-old abalone, with statistical
significance. On the other hand, the collagen level in both meat and viscera decreased with age. Again, this was
particulaly noticeable in meat, where the concentration in 1-year-old abalone, 199.70+5.00 mg/g, fell remarkably
to the value of 47.86+1.10 mg/g in 4-year-old abalone. We have thus provided basic data for research on abalone.

Key words : abalone, amino acid, fatty acid, chondroitin sulfate, collagen
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Table 1. Proximate composition of the abalone meat and viscera in accordance with age of abalone

Age Composition (%)
(year) Moisture Crude protein Crude lipid Ash Carbohydrate
1 81644132 9.69+0.38" 0.12+003 2.06+0.12° 6.49+0.76"
v 2 8044+1.10" 9.79+0.21° 0.09+0.02° 197+0.11° 771+0.67°
ecat .,
3 78.88+1.01° 9.24+027" 0.09+0.01° 1.7320.18" 10.05:0.81°
4 78.93+1,03" 9.83+0.1" 0.18+0.02° 190+0.15" 9.17+0.71°
1 79.38+1.09" 387+022" 0.79+0,03 2.55+0.22° 13412051°
v 2 78.27+0.65° 4,66+0.29" 1412003 2.5240.18" 13.13049°
1scera
3 79.48+0.97° 132+021° 1.71+0.05° 2.65+0.14° 14.84+0.78"
4 77.1440.75° 1.54£0.17 2.81+0.02" 2.5540.15" 15.96:0.71°

"Values are mean+SD (0=3).

“Superscript letters indicate significant difference at p<0.05 as determined by Duncan’s multiple range test.
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Table 2. Constituent amino acid composition of the abalone meat in accordance with age of abalone

2Jol| %= glycine, aspartic acid, leucine, proline, lysine 2 valine
5ol F8 FAoh At o]t Kang S(3)2 37471l
T} PotuAle] Z715He 2GS HuR AT O

Aok AnE RAE, ol B ATNE DFFL sjFoR
Aols  WASUL AR AA2 BN e Aol no 2
Zeb o) alAR AR ge) Pl S3he ta gE

UER) Q1= (Table 3), Ao w4t & &Heke 3
B J#o] 16,575.104477.37 mg% = 73 Bk, 1d
14,947.26 mg% 2 714 H)om, o] =oldo

(Unit: mg%, dry basis)

Age (year)

2

3

4

Amino acid |
Aspartic acid 1,671.37+ 48.14°
Threonine 767.58+ 22.11°
Serine 887.06% 25.55

Glutamic acid

2,538.56+ 73.11°

145801+ 4199
661.18+ 19.04°
763.54+ 21.99"
2,17039+ 62.51°
1,506.44+ 4339
747.85+ 21.54°
1,004.22+ 29.50°
659.05+ 18.98°
84055+ 24.21°
1,498.12+ 43,15
52094 15.01°
37403+ 10.78°
536.78% 15.46°
959.98+ 27.65°
17475+ 5.04°
1,543.55+ 44.46°
910.88+ 26.24°

1,487.82+ 4285
715.15+ 20.60°
79824+ 22.99°
223393+ 64.34"
1,554.85+ 4478
739.64+ 2131°
1,08441+ 31.23°
684.44+ 19.72°
76265+ 2197
1374.06+ 39.58
53271 1535
592,68+ 17.07°
592,48+ 17.07°
1,040.20% 29.96°
185.60+ 535°
1,654.20+ 47.64°
1,091.00+ 31.42°

145601+ 41.94°
70191+ 2022°
75183+ 21.65°
2,165.61+ 62.37"
137238+ 3953
73430+ 21.15°
93843+ 27.03°
59121+ 17.23°
796.50+ 22.94%
1,25497+ 36.15°
370.15+ 10.66°
508.64+ 14.65°
52607+ 15.15°
957.96+ 27.59°
17029+ 491°
1,524.11+ 4390°
95006+ 2737°

Glycine 1,694.75+ 48.81°
Alanine 82522+ 2377
Valine 109327+ 31.49"
Methionine 857.19+ 24.69"
Isoleucine 965.07+ 21.79"
Leucine 1,564.30+ 45.05°
Tyrosine 62153+ 17.90°
Phenylalanine 631.78+ 18.20"
Histidine 77548+ 2234
Lysine 1,133.22+ 32.64°
Ammonia 202.33+ 5.83"
Arginine 1,788.28+ 51.51"
Proline 1,029.02+ 29.64°
Total 19,046.00548.53"

16,350.25+470.89"

17,124.05+493.18"

15,77044£454.19°

"Values are mean+SD (n=3).

z"“Superscript letters indicate significant difference at p<0.05 as determined by Duncan’s multiple range test.
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Table 3. Constituent amino acid composition of the abalone viscera in accordance with age of abalone

(Unit: mg%, dry basis)

Amino acid Age Gear)
1 2 3 4

Aspartic acid 1,377.68+39.68" 1,450.87+41.79° 1,563.41+45.03" 1,405.09+40.47°
Threonine 751.59421.65 840.21+24.20° 862.8024.85° 667.49+19.23¢
Serine 618.32+17.81° 679.23+19.57° 761.18+21.93" 735.4021.18°
Glutamic acid 1,587.07445.71° 1,589.33+45.77° 1,940.55+55.89° 2,081.91+59.96"
Glycine 881.83+25.40° 933.9126.90° 1,029.38429.65° 1,360.04+39.17°
Alanine 584.71+16.84° 608.18+17.52° 674.3819.42° 673.38+19.40°
Valine 1,147.29433.05° 1,182.85+34.07° 1,238.84+35.68° 1,048.71£30.21°
Methionine 500.66+17.02° 689.33+19.86" 616.6117.76" 654.72+18.86"
Tsoleucine 803.5923.45° 857.0124.68° 949.68+27.36" 794.46+22.88°
Leucine 1,448.76+41.73" 1,513.13443.58" 1,639.5147.22" 1,454.30+41.88°
Tyrosine 518.54+14.94° 616.6117.76" 608.0017.51° 470.46+13.55°
Phenylalanine 680.35+17.60° 5352341542 518.28+14.93 507.74£14.63
Histidine 625.43+18.01° 732.95+21.11° 648.1518.67° 488.50£14.07°
Lysine 1,080.46+31.12° 1,103.0431.77° 1,196.47+34.46" 913.88+26,32°

Ammonia 206.16+5.94° 207.17£597° 213.67+6.16" 167.98+4.84°

Arginine 1,093.79+31.50° 1,101.99+31.74° 1,208.72+34.81° 1,485.19+42.77°
Proline 951.0327.3" 793.63+22.86" 905.45+26.08" 906.02+26.10°

Total 14,947.26+430.48" 15,434.69+444.52° 16,575.10+47737" 15,815.27+455.48"

"Values are meantSD (n=3).

a'dSuperscript letters indicate significant difference at p<0.05 as determined by Duncan’s multiple range test.
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Table 4. Free amino acid composition of the abalone meat in accordance with age of abalone
(Unit: mg%, dry basis)

Age (year)
Free amino acid
1 2 3 4

Proline 11578 +2.90° 152.12 £3.80° 23949 £599" 218.69 547"
Phosphoserine 5090 +127° 6037 £1.51° 59.55 149" 3329 +0.83°
Taurine 559.15 +13.98" 46122 153" 462.59 157" 4862 +11.22°
Phosphoethanolamine 3077 +0.77° 2896 0.73° 3845 +0.96" 3192 +0.80°
Aspartic acid 154.40 +3.86° 182.58 +4.56" 168.97 +4.23" 187.39 +4.69°
Threonine 152.82 +3.82° 18334 458° 20349 £5.09° 24442 £6.11°
Serine 131.02 +3.28° 149,58 +3.74° 195.12 +4.88" 159.86 +4.00°
Asparagine 728 +0.19" 495 +0.12° 6.77 +0.17° 324 +0,08"
Glutamic acid 33823 +8.46" 353.86 8.85" 395.99 9.90° 303.85 £7.60°
Sarcosine 11.86 £0.30° 714 +0.18° 9.79 +0.25° 12.85 +0.33°
a-Aminoadipic acid 8.74 +0.22° 1152 029" 17.23 044" 10.00 +0.25°
Glycine 32939 +8.24° 290.16 +7.25" 326,04 #8.15° 30253 +7.57°
Alanine 198.00 +4.95° 199.86 +5.00° 231.99 +5.80° 198.42 +4.96°
Citrulline 820 +021° 8.49 021° 1172 +0.29° 9.82 4025
a-Aminobutyric acid 7.81 +0.20° 1335 +033" 1625 041" 11.31 +0.28°
Valine 67.89 +1.70° 10841 £2.71° 117.68 +2.94° 130.94 +3.28°
Cystine 2238 +0.56" 1321 +0.33%° 9.78 0.25° 1394 035
Methiomime 4249 107 67.22 £1.68° $372 £1.10° 75.80 £1.90"
DL+Allocystathionine 2252 4057 2227 056" 2180 +0.55" 2936 £0.73"
Tsoleucine 4260 £1.07° 6037 £151° 64.32 +161° 7261 182"
Leucine 56.60 +1.42° 88.35 +221° 99.61 +2.4* 9824 246"
Tyrosine 101.00 +2.53° 117.90 £2.95° 141.10 +3.53 150.85 +3.77°
[3-alanine 61.63 +1.55° 6243 +1.57" 7028 +1.76" 5747 +1.44°
Phenylalanine 63.23 +1.58° 80.99 +2.03° 7738 +1.94° 105.80 +2.65°
y-Aminobutyric acid 18.28 +0.46" 701 +0.18° 1821 +0.46" 7.68 £0.20°
Homocystine 416 +0.11° 482 +0.12° 241 0.06° 1024 +0.26*
B-Aminoisobutyri acid 722 #0.18" 493 +0.16° 1621 +041° 233 £0.06°
Ethanolamine 249 £0.06 2.57 +0.07° 11.07 £0.28° 377 +0.10°
DL+Allohydroxylysine 1239 +0.31° 5.89 £0.15° 222 0.06° 897 023
Ornithine 2326 +0.58° 16.86 +043° 18.10 +0.46° 3325 +0.84°
Lysine 118,02 +2.95° 12662 3.17° 15326" +3.83 146,46 +3.66"
1-Methylhisdine 6.82 0.17° 528 +0.14° 464 0.12° 1175 +0.30°
Histidine 7372 £1.84° 75.77 £1.90 7859 +197° 86.86 217"
3-Methylhisdine 2887 +0.72" 206 +0.05° 1.04 £0.03 217 +0.06°
Anserine 11.56 +0.29" 6.54 +0.17° 1023 £0.26° 18.83 +0.47°
Carnosine 358 £0.09° 377 £0.10° 571 £0.15° 672 +0.17°
Arginine 905.76 +22.65° 823.08 42058 91118 £22.78" 869.75 +21.75"

Total 3800.81 £95.02° 3813.86 £95.34° 4261.99 +106.55" 4,119.98 +103.00°

"Values are meantSD (n=3).
“Superscript letters indicate significant difference at p<0.05 as determined by Duncan’s multiple range test.
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Table 5. Free amino acid composition of the abalone viscera in accordance with age of abalone
(Unit: mg%, dry basis)

Age (year
Free amino acid g Gea)
1 2 3 4

Proline 94.90 + 2.37° 113.94 + 2.85° 12340 + 3.09° 9170 + 2.30°
Phosphoserine 137.81 + 345 141.16 + 3.53° 10427 + 2.61° 12554 + 3.14°
Taurine 481.18 +12.03° 46078 +11.52° 46098 +11.53" 42874 10.72°
Phosphoethanolamine 2072 £ 054 37.63 + 094 18.78 + 047° 3887 + 098"
Aspartic acid 14173 + 355 109.70 + 2.75° 9162 * 2.26° 9248 + 2.30°
Threonine 68.12 + 170" 6935 + 1.73" 6561 + 1.64° 5389 + 135°
Serine 6143 £ 1.54° 65.00 + 1.63° 7169 £ 1.79° 5361 + 134
Asparagine 277 + 007" 852 + 0.22° 1091 + 028 2443 + 0.61°
Glutamic acid 43920 +10.98' 374,64 + 937° 41543 +1039° 306.14 + 7.65°
Sarcosine 296 + 007" 39.32 + 098" 19.94 + 0.50° 3753 + 094"
a-Aminoadipic acid 693 + 0.18° 927 + 023 1425 + 036" 9.50 + 0.24°
Glycine 2213 + 555 166.55 + 1.17° 21568 + 539" 155.99 + 3.90°
Alanine 196.57 + 4.92° 205.82 + 5.15° 23035 + 5.76" 141.93 + 3.55°
Citrulline 694 + 0.18° 1542 + 039° 23.06 + 058" 476 + 0.12°
a-Aminobutyric acid 203 £ 005" 545 £ 0.14° 6.88 £ 0.17° 300 £ 0.08°
Valine 80.05 + 2.00° 75.17 + 1.88° 7751 + 1.94° 61.55 + 1.54°
Cystine 10.10 + 0.26" 2005 + 0.50° 477 + 0.62° 27.02 + 0.68°
Methiomime “ni+ LI 4791 + 1.20° 3633  091° 5035 + 126"
DL+Allocystathionine 16.51 + 0.42° 2823 + 0.71° 2458 + 0.62° 2009 + 051°
Tsoleucine 4481 £ 1.12° 4509 + 1.13° 4590 + 1.15° 3828 + 0.96"
Leucine 776 + 1.82° 6691 * 1.67" 65.04 £ 1.63° 5563  1.3¢°
Tyrosine 7105 + 178" 6743 + 1.69° 55.34 + 1.38° 49.80 + 125°
B-alanine 62.17 £ 1.56° 5162 + 129° 401 * 1.10° 23.10 + 0.58°
Phenylalanine 66.82 + 167" 56.11 + 1.40° 4367 + 1.0 4554 + L14°
y-Aminobutyric acid 1395 £ 0.35° 1383 £ 0.35° 1151 029 735 + 0.19°
Homocystine 3.14 + 0.08° 11.88 + 0.30° 518 £ 013 523+ 013
[B-Aminoisobutyri acid 487 + 0.12° 673 + 0.17° 368 + 0.09° 806 + 021°
Ethanolamine 642 + 0.17° 1270 + 0.32° 8.80 + 0.26° 1073 + 027
DL+Allohydroxylysine 2800 + 0.07° 14.85 + 038" 11.05 £ 028 1274 £ 032°
Ornithine 4744 + 119" 3048 + 0.76" 3921 + 0.98° 3602 + 0.90°
Lysine 69.56 + 1.74™ 7153 + 1.79° 6734 + 1.69™ 64.58 + 1.62°
1-Methylhisdine 768 + 020° 336  0.08° 632  0.16° 1298 + 033"
Histidine 27.12 + 0.68° 2670 * 0.67° 2524 + 0.63° 2978 + 0.74°
3-Methylhisdine 405 + 0.10° 103 + 0.03° 415 + 0.11° 425 + 0.11°
Anserine 405 + 0.10° 002 + 0.00™ 2007 + 0.50° 990 + 025
Carnosine 298 + 007" 837 + 021° 756 + 0.19° 876 + 022°
Arginine 43675 +10.92° 42603 +10.65" 420,65 +10.57° 381.86  9.55°

Total 301144 £75.29° 2,908.58 +72.72" 2.920.74 +73.02° 2,531.70 +63.29°

"Values are mean+SD (n=3).
%0,00<0.005.
z"“Superscn'pt letters indicate significant difference at p<0.05 as determined by Duncan’s multiple range test.
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o dXBIP o, AFHFORE HAF B A7) Ayt F
T

CIE S

TFE v BE F o2 et B3 taurine®] §Hol AL dAld mE A& SO A 248 BA5k
7P Bal, B2 2 arginine ©|=H B ATl = 1 AE Table 69 YERSITE BE A3 B3l
arginine®] 7}g Bl taurine®] ThHy 02 B2 FaFS Ko F3 Ak SEFE 45.01+0.81~48.12+0.77%, TAE L3}
o #ol7h ATk A HAEE 20.9140.40~22.96+0.41% 2 Th7HE 8k A] WAk
Table 6. Fatty acid composition of the abalone meat in accordance with age of abalone
(Unit: %)
Age (year)
1 3 4
Saturates
Cl40 6.06 +0.12° 6.54 £0.12° 6.81 £0.15° 770 £0.13°
C150 091 +0.02° 0.80 £0.02° 0.90 +0,02° 0.84 £0.02°
C160 072 043" 2171 £039° 22.58 048" 23,08 037"
170 0.85 +0.02° 0.53 £0.01° 058 +0.02° 051 +001°
CI8:0 6.63 +0.13" 481 +0.09° 525 +0.11° 520 £0.09°
€200 0.11 001" 0.00 £0.00" 0.07 £0.00° 030 £0.01°
20 0.34 001° 0.20 £0.01° 0.11 £0.01° 022 +0.01°
€230 0.07 +0.01° 041 +001° 007 +0.00™ 0.11 +0.00°
240 1007 £0.20° 1001 0.18" 1062 +0.23" 1016 +0.17°
Total 47.76 +091° 4501 £081° 47.00 £0.99" 48.12 077"
Monounsaturates
Cl4:1 0.07 £0.00 0.00 £0.00 0.00 +0.00 0.00 £0.00
Cl6:1 220 +0.05° 242 +0,05" 248 +0,05° 249 +0,04°
C17:1 1.09 0.02° 1.52 £0.03" 1.35 003 1.56 0.03°
Cl8:109 5.90 £0.11° 6.11 £0.11™ 629 £0.14° 6.87 £0.11°
Cl8:107 8.82 £0.17° 9.90 +0.18" 9.48 +0.20° 1030 +0.17°
C20:1 255 +0.05" 244 005" 258 +0.06" 111 £0.02°
c2:1 028 +0.01° 0.00 £0.00° 0,00 £0.00° 0.00 £0.00°
41 0.00 +0.00° 0.57 +0.01° 0,00 £0.00° 0.00 £0.00°
Total 2091 040" 2296 £0.41° 22.18 047" 2233 036"
Polyunsaturates
C182 251 +0.05° 225 0.04° 251 +0.05" 238 +0.04°
C183 1.59 £0.03" 151 £0.03° 143 2003 1.35 003
€202 0.10 £0.00° 0.09 £0.01° 041 £0.10° 033 £0.01°
C20:4 15.57 £0.30° 15.55 £0.28" 1521 £032° 1500 £0.24°
€203 0.13 000" 0.15 £0.00° 0.08 0.01° 0.00 +0.00"
€205 1104 £021° 1205 022 1044 022 1016 0,17
22 0.25 001° 0.00 £0.00" 0.35 £001° 033 £0.01°
C22:6 0.13 0.00° 042 £001° 039 001" 0.00 £0.00"
Total 31.33 0.60" 32.03 +0.58° 30.82 +0.65° 29.54 +0.48°

"Values are mean + SD (0n=3).

90.00<0.005.

z"“Superscript letters indicate significant difference at p<0.05 as determined by Duncan’s multiple range test.
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2 29.5440.48~32.03£0.58% ] %/ o], A4
< 4dA o], FUEZ XA O HE SR AR 21d
Aol 74 wgitk F2 AHHEO 2= palmitic acid(C16:0),
lignoceric acid(C24:0), arachidonic acid(C20:4) 2! eicosapentaenoic
acid(C20:5) 5 ©]JTth Myristic acid(C14:0), palmitoleic
acid(C16:1) ¥ oleic acid(C18:109)= A& AT o] FolAS
& 58 S7ste A3 EAth Yoon (159 A&

WA 2 Ashsh AR AT oI 0P], Fa At
ST Table 72 A% B wHE A%
P 2 BAT oItk B Y Fo A

2+2  palmitic acid, oleic acid, arachidonic acid %

N
o
1>d>~
N5

eicosapentaenoic acid 5] 1=H, oleic acid= S04 Rt}
E2 H|E0] oM, lignoceric acideE SollA< koLt
Aol Me= 2 Bod At} A stearic acid(C18:0)<}

Table 7. Fatty acid composition of the abalone viscera in accordance with age of abalone

(Unit: %)
Age (year)
1 3 4
Saturates
Cl14:0 731 +0.12° 8.16 +0.14° 6.84 +0.14° 826 £0.12°
C15:0 0.57 +0.01° 0.55 +0.01° 0.58 +0.01° 049 +001°
CI16:0 2098 034" 2085 036" 19.69 +0.40° 20.14 +031°
C17:0 037 +0.01° 033 +0.01° 035 +001° 024 +0.01°
CI8:0 4.14 +0.07° 353 +0.06" 352 +0.07" 301 +0.05°
C20:0 027 +0.01° 0.19 +0.00° 020 +0.01° 0.18 +0.00°
€22:0 0.19 +0.00” 0.00 +0.00 003 +0.00 022 +0.00
230 005 +0.00" 0.06 +0.01° 0.04 +0,00° 007 +0.01°
C24:0 458 4007 474 +0.08° 546 +0.11° 467 +007"
Total 3846 +0.62° 38.40 +0.66" 3672 +0.74° 3729 £0.56°
Monounsaturates
Cl4:1 027 +001° 033 +001° 024 001 052 +0.01°
Cl6:1 2.98 +0.05° 3.80 £0,07° 300 £0.06° 440 007"
Cl17:1 0.57 +0.01° 038 001 007 +0.00° 007 £0.01°
C18:109 1036 #0.17° 11.19 #0.19° 1007 +021° 12.82 0.20°
Cl8:107 6.81 +0.11° 9.29 £0.16° 823 +0.17° 1020 0,15"
C20:1 391 £0.07" 341 £0.06" 3.54 +0.07° 451 +0.07"
21 0.04 +0.00° 024 +0,01° 002 +0.00" 005 +0.00°
41 000 20,00° 0.00 £0.00° 025 £0.01° 0.00 +0.00°
Total 2495 +0.40° 28.64 0.49° 25.44 +051° 32,58 +0.49"
Polyunsaturates
C18:2 530 £0.09" 404 £007° 432 +0.09° 461 +0.07°
C183 488 +0,08° 445 +0.08° 5.15 £0.10° 379 £0.06°
€202 1.12 +0.02° 105 £0.02° 1.14 +0.03" 106 £0.02°
C20:4 1386 +023° 1234 1021° 14.13 028" 1150 0.18°
€203 036 +001° 034 +0.01° 047 +001* 020 +0.00°
€20:5 10,63 £0.17° 10.19 +0.18° 1156 £0.23" 855 0,13
222 034 £0.01° 031 20.01° 001 £0.00° 033 20.01°
226 0.10 +0.01° 024 001 1.07 003" 0.10 £0.00°
Total 36.59 +0.59° 32.96 +0.56° 37.84 +0.76" 30.14 +046°

"Values are mean + SD (n=3).
20.00<0.005.

“Superscript letters indicate significant difference at p<0.05 as determined by Duncan’s multiple range test.
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Fig. 1. Contents of chondroitin sulfate in abalone meat and viscera
in accordance with age of abalone.

Values are meantSD (n=3) and dry basis.
a-dSuperscript letters indicate significant difference at p<0.05 as determined by Duncan’s
multiple range test.
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Fig. 2. Contents of collagen in abalone meat and viscera in
accordance with age of abalone.

Values are meantSD (n=3) and dry basis.
a-dSuperscript letters indicate significant difference at p<0.05 as determined by Duncan’s
multiple range test.
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