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Quality Improvement of Rainbow Trout with Pigments and
Enzymatic Hydrolysates of Ascidian (Halocynthia roretzi) Tunic
1. Chemical Specificity of Ascidian Tunic and Its Hydrolysates
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Properties of enzymatic hydrolysates from ascidian tunic were assessed on supernatant ratio, solid
yields and solid concentration. The concentartion of solid and yields in the extracts were increased as
the enzyme concentration raised from 100 ul to 1000 pl during the extraction period. The optima conce-
ntration and reaction time of each enzyme on digestion were 400 ! and 60 minutes, through treated
with Duncan’s multiple test. The percent of yields of solid, protein and carotenoids for 60 minutes extra-
ction at 400 pl were 32.32%, 1.34% and 74.60 mg%, respectively, in Viscozyme systems.

The extracts were composed with many kinds of carbohydrates such as arabinose, ribose, xylose, gala-
ctose, glucose, N-acetyl-D-galactosamine, and N-acetyl-D-glucosamine.

Aspartic and glutamic acid were noted as predominant amino acids in all parts. Amino acid profiles
of various ascidian tunic part were similiar to each other, but most of essential amino acids content of
inter coat was higher than that of root and tunic (body).

About sixty six fatty acids components were observed, and their distribution among neutral and polar
lipids was compared. The main fatty acids were found to be 14:0, 16:0, 16:1n7, 18:0, 18:1n9, 18:1n7,
18:2n6, 20:5n3, and 22:6n3.
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Fig. 1. Standard curve of hydroxyproline.
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Table 1. Values of supernatent, solid concentration, solid yields of ascidian tunic extracts as affected
by enzyme concentration

Enzyme' Supernatant Solid yield Solid concentration
concentration(pl) (%) (%) (%)
Viscozyme
0 5321 * 246 15.96 + 1.01° 6.54 + 0.43°
100 56.93 * 3.15° 23.06 + 2.46° 8.38 + 0.68*
200 55.20 + 1.11° 27.85 £ 1.06° 10.19 + 0.22>
400 58.06 *+ 2.35° 31.81 + 2.55° 1155 + (.34
800 5897 + 1.65° 3765 + 2.84° 12.85 + 1.30°
1000 56.35 * 3.65° 35.05 £ 1.25% 12.41 £ 2.85
Celluclast
0 52.68 + 2.46° 16.83 £ 1.01° 6.53 £ 0.58°
100 5843 + 3.24™ 27.87 £ 154° 8.79 + 0.98°
200 59.77 £ 2.09° 3440 + 148> 11.73 £ 0.77>
400 62.68 + 3.42° 39.25 + 2.65° 14.19 £ 0.85™
800 67.61 £ 2.81™ 50.44 * 2.35° 1591 £ 2.94°
1000 71.88 £ 1.49° 5742 + 3.84° 16.97 £ 2.79°
Visco - Cellu(1: 1)
0 52.96 * 2.46° 16.27 £ 1.01* 6.57 £ 0.26"
100 56.81 + 2.35% 24.38 £ 243 898 + 0.79*
200 58.24 + 3.99" 29.93 £ 0.59° 10.64 * 0.66™
400 61.85 + 3.17™ 41.18 + 1.00° 1340 + 1.05¢
800 66.83 + 2.43° 50.61 + 3.09< 165.17 + 2.56%
1000 67.77 £ 2.61¢ 57.27 + 351¢ 17.00 £ 2.51°
Ultrazyme
0 53.01 + 2.46 1649 + 1.01° 6.34 £ 0.07*
100 51.75 £ 4.12° 21.27 + 2.90° 8.26 + 0.52°
200 56.31 + 3.40° 3100 £ 251° 11.10 + 1.29™
400 5944 + 4.12° 37.86 £ 2.31* 12.88 + 1.33¢
800 5857 + 2.33° 42.86 + 2.75° 14.76 + 1.26°
1000 6199 + 1.52° 4479 + 2.88° 15.56 + 1.54¢

' Treated at 50C for 3 hrs.

? Values with different letter in same column are significantly different (p<0.05).
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Table 2. Values of solid and protein yields of ascidian tunic extracts as affected by enzyme hydrolysis

time
Hydrolysis time (min)
Enzyme' 20 40 60 120 180 240
Solid yield (%)
Viscozyme 2678 £ 087 2742+220 3232+248 3068+039 3179123 31.21%028
Celluclast 2557+£037 30571283 3407115 3311%£241 34371242 34611229
Visco-Cellu 2720+236 2763%*153 32351250 3531%£160 36121134 3559+219
Ultrazyme 2543+339 3080%*116 3040%205 3333+£321 3483+219 34871222
Protein yield (%)
Viscozyme 113 £ 007 1.24 £ 001 134 £ 001 143£0.13 1.60 £ 0.09 1.81 £ 0.08
Celluclast 0.74 £ 0.02 0.78 + 0.02 0.82 = 0.04 0.86 + 0.04 0.85 + 0.02 0.88 £ 0.03
Visco-Cellu 0.84 £ 0.04 0.86 + 0.04 0.89 £ 0.03 107+ 021 1.27 £ 0.09 1.39 £ 0.02
Ultrazyme 046 + 0.03 052 £0.02 0.56 + 0.03 057 £ 0.01 0.66 + 0.02 0.96 + 0.02
' Enzyme concentration is 400 pl.
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Fig. 2. Changes in the amount of centrifuged su- Fig. 3 Changes in solid concentration of super-

pernatant of the ascidian tunic slurry as
affected by enztmatic hydrolysis at 50C.
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Table 3. Changes in carotenoid yields of ascidian tunic extracts during enzymatic hydrolysis at 50T

(mg%)
Hydrolysis time (min)
Enzyme' 20 40 60 120 180 240
Viscozyme 69091222 7254+216 7460%216 7677+108 7805+1.03 79.52%059
Celluclast 7901+038 8814+146 9151+136 9566+052 96.19+070 9546 + (.22
Visco-Cellu 7523+236 8125+261 8341+150 8361+102 8240+158 81.93* 099
Ultrazyme 6675+ 182 7311+221 7646+169 78241263 7732%x211 8534%120

! Enzyme concentration is 400 pl.
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Fig. 4. GC chromatogram of trimethylsilyated monosaccharides derived from the hydrolytic products of asci-
dian tunic extracts. (V) was viscozyme treated, (C) was celluclast treated, (VC) was Visco-Cellu (1: 1,
v/v) treated, and (U) was Ultrazyme treated. The peaks were indentified from standard chromatogram
(S). Peak number of 1,2 is arabinose, 3,4 is ribose, 5,6,7,8 is xylose, 9,10 is mannose, 11, 12 is galac-
tose, 13,14 is glucose, 15,16 is N-acetyl-D-galactosamine, 17,18,19,20 is N-acetyl-D-glucosamine.
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Anno et al. (1974)98] £X4ZAFo) wtzd $34o]
44 3 £44 U3 Fe sulfated chitin A FEZA
hexamine©] 2A] 3£ 45%E AA&L 1 F gl-
cosamine®| 396%& T3}, hexoseEME galac-
tose”} 4.6% AL . E A¥Me 54X
A3 E2FHE Fol= 6879 galactosed} glucose

£ H| 23l galactosamine™ glucosamine®] ¥ o] =
& Aoz YEyh,
of|=A U & collagen &2t 55

$Hgo] AAL o 4% dPA REHE F

23 AT 24 99 wd 74 olrle 24
2 ¥4 A5l 1Y, U 9 Re FROE U
Fold £4F A2 Table 49 hehich,

$54do] 4R AAE FAN Fo Am s
o o] &8 A4 AR 2 4L vAe AR
B A (Lee et al, 1994). WebA 4 4-& 77t &
38 4 gle Fd=2 HE7] 9 Yt A
%3 7Y A4S AMEA b= WA 1
ZtgA ey a4xee 2o AAgE ¢ 5 g A
ojt},

BAN Fole 48T 44 A4 ot 87
ZFe A% 100g B 3F Arg 28mg, Lys 43 mg, Met
20mg 2 Trp 47mge &7 34 (Satia, 19
74; Zeitoun et al, 1976). 229 H$ Asp, Glu7t 42
2.38 g/100g sample2 & 7} ##o] B, Arg Lys
2 Meto] 22 112, 141 2 0.32 g/100g sample®] 31t}
Satia (1974)¢ A@ A3}t vus] & o 4348
e el Yol AL 10%% AR o
E U5 olvjielt F3te aT7HE FEAH F UE
Rolt}, Wale ASE Glu, Aspd o] 714 BR
o gAAncde 9l o] e Aoz vy
ok Zt 2oy ofm it gk g Fof Fakol st
% Eo} 21.00g/100g sampleol 2, AEL 18.18¢g/
100 g sample, 8] 11.00g/100 g sample®l 3Act. o
ZA Abge] ArpAele AA g5 F opneit F
FFE Bol7] Y8t Hel RS dddle Aol &
3ol FAE.

S5 59 AdM AL collagen, connectin B & A
keratin °| 11, olE9 oinxt AL 474 ¢
2t} Collagene CySS, Cys¥ 22 Fapojmicit

43 - o133

Table 4. Amino acid compositions and total col-
lagen content of ascidian

Tunic Inter' Root
Amino acid
(g/100g sample)
Aspartic acid 238 266 146
Threonine 100 117 067
Serine 1.05 120 077
Glutamic acid 238 292 154
Proline 047 058 031
Glycine 114 121 072
Alanine 080 091 049
Valine 105 119 064
Methonine 032 046 019
Isoleucine 084 095 048
Leucine 092 118 053
Tyrosine 103 138 038
Phenylalanine 125 145 043
Histidine 041 039 030
Lysine 141 137 096
NH3 069 079 045
Arginine 112 127 068
Total 1818 2100 11.00
Crude protein(%) 2168 2498 1386
Total collagen
(mg-protein/g sample) 271 528

" Inter coat of ascidian tunic.

(2]

& A1, Trpe HHA %o, 53] Gly, Pro
Hyp2 Sol3tA Bdz 3gon, EF keratin®
CySSS uha ##3te 11~12%0 ol2AT, oAl
keratin® 4~8% %ol HA Fevt 3ok (Kimura
et al, 1988).

23 4o] HAL collagend] e Cys® Trpg 44
65%, 48% 831, collagenol 20~28% % 8~16
%4 H€ Gly 2 Pro2 47 68%, 4.8% ol 3HF
&R gomg collagenRthe 9Atkeratin® FrAHE
obmli 4t 24L& BH U & (Tsuchiya and Su-
zuki, 1961).

a2y 2 A9dd 3490 42 Fde F colla-
gen &0l 271 mg W& 528 mgo 2 YER} Ul

al
=
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Table 5. Fatty acid compositions of ascidian tunic (Area %)
ECL'  Fatty acid TL? NL? PL? ECL Fatty acid TL NL PL
1198  12:0 0.50 049 0.64 1835  18:2n9 0.14 0.30 0.11
1245  13:0 iso 0.14 0.10 041 1861  18:2n6 217 2.17 2.12
1297 130 0.21 020 114 1883  18:2nd 0.10 0.12 0.05
1356  14:0 iso 031 0.26 1.85 1893  18:3n6 040 043 0.24
1400  14:0 4.65 523 337 1900  19:0 - - 0.20
1411 TMTD 0.24 0.27 021 19.17  18:3n4 0.10 0.08 0.15
1417 14:1n9 0.20 0.25 0.23 1935  18:3n3 150 1.25 083
1429  14:1n7 0.31 0.29 051 1940  18:3nl 0.18 0.19 0.30
1439  14:1n5 0.11 0.07 0.32 1964  18:4n3 104 124 022
1453  15:0 iso 0.94 0.77 1.58 1979  18:4nl 0.10 0.11 0.15
1467  15:0 anteiso 064 0.46 100 2000  20:0 042 0.32 116
1500  15:0 140 121 1.79 2014  20:1n11 0.09 0.10 0.09
1516  15:1n8 021 0.23 040 2026  20:1n9 044 041 0.37
1538  15:1n6 0.06 0.05 0.14 2040  20:1n7 1.81 1.73 1.27
1555  16:0 iso 052 0.50 0.65 2064  20:2NMID 115 117 0.84
1569  16:0 anteiso 0.19 0.22 0.32 20.78  20:2n6 0.23 0.27 0.18
1584  pristanic 0.69 0.16 1.85 2096  20:3n6 0.08 0.09 0.15
1600  16:0 1756 1918 1095 2099  20:3n4 0.39 0.48 0.29
1620  16:1n7 8.17 8.07 7.23 2109  20:3n3 - - 097
1631  7Me 16:0 0.36 0.37 0.40 2119  20:4n6 450 4.25 6.50
1638  16:1n5 0.49 0.11 0.94 2152  20:4n3 049 0.66 0.40
1647  16:2n6 0.58 044 0.87 2164  20:5n3 7.85 8.36 6.69
1656  17:0 anteiso 0.71 0.76 0.63 2200  22:0 052 0.35 1.03
1678  16:2n4 0.67 0.71 0.49 2214 22:1n13 112 1.13 1.09
1682 170 0.88 0.39 1.50 2221  22:1n9 0.97 116 0.67
1695  16:3n4 0.19 0.19 0.01 2225  22:1n7 095 1.08 0.79
17.13  16:3n3 0.74 0.60 0.99 2235  21:5n3 050 0.53 0.40
1722 16:3nl 0.14 0.06 0.23 2314  22:4n6 0.60 0.73 0.74
1736  16:4n3 041 0.08 0.77 2339  22:5n6 0.59 0.67 1.24
1743  16:4nl 0.25 0.24 0.32 2365  22:4n3 041 0.38 042
1800  18:0 6.82 6.50 431 2380  22:5n3 0.95 1.08 1.36
1804  18:1n9 5.61 6.45 3.20 2408  22:6n3 583 6.26 7.11
1816  18:1n7 6.82 5.04 713 2419  24:1n9 0.48 0.09 0.69
Total n3 1972 2044 2016 Total sat® 3746 3747 3478
Total né 9.21 9.10 12.18 Total unsat 6263 6270  65.38
Ratio n3/n6 214 2.25 1.66 Ratio sat/unsat 0.60 0.60 0.53
Total mono 2722 2626 2507 Total unknown 289 303 496
Total PUFA 3541 3644 4031

' ECL; ecquivalent chain length. > TL; total lipids, NL; neutral lipids, PL; polar lipids.
3 Sat; satutated fatty acids, unsat; unsaturated fatty acids, mono; mono unsaturated fatty acids, PUFA; polyu-
nsaturated fatty acids.
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