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Quality Improvement of Rainbow Trout with Pigments and
Enzymatic Hydrolysates of Ascidian (Halocynthia roretzi) Tunic
2. Effect of Ascidian Tunic Enzymatic Hydrolysates on Pigmentation
and Growth of Rainbow Trout (Oncorhynchus mykiss)

Seok-Joong KANG, Byeong-Dae CHOI* and Kang-Ho LEE**
Department of Aquaculture, *Food Science, College of Fisheries, Gyeongsang National University,
Tongyeong 650-160, Korea
**Department of Food Science and Technology, National Fisheries University of Pusan,
Pusan 608-737, Korea

To utilize the ascidian tunic as a natural pigment and dietary sources for rainbow trout (Oncorhynchus
mykiss), juvenile were fed on experimental diets containing enzymatic hydrolysates of ascidian tunic
treated with three commercial mixed enzymes (ultrazyme, cellulase, viscozyme) for 12 weeks.

From the results of feeding experiment, similar growth rate was checked in the enzymatic hydrolysis
group compared with control, and those were a higher than of ascidian tunic powder group.

The total acetone extractable pigment in muscle of the enzymatic hydrolysates group was lower than
that of the ascidian extracts group and carophyll pink group until 8 weeks, but the level of those pig-
ment of the enzymatic hydrolysates was similar to the ascidian extracts and carophyll pink group after
12 weeks.

The lipid content was increased with the pigment concentration in the all experimental group. But the
ascidian tunic pigment did not influence on the composition of the fatty acids in the muscle and liver.

From the consideration of results for pigmentation, the enzymatic hydrolysates of ascidian tunic were
suitable for both a natural pigment and dietary protein and carbohydrates sources as a substitute syn-
thetic pigment for aquaculture use.

Key words : pigmentation, enzymatic hydrolysates, ascidian tunic, rainbow trout
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A2 REY b FEL Lee et al (19943, b)o F3
A3, Ma99 #Hrlekn astaxanthing $F A4tz
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Table 1. Formulation of the basal diets for rain-
bow trout feeding
Ingredient Percent
White fishmeal 68
Alpha-starch 12
Flour 10
Yeast 1
Mineral mixture' 1
Vitamin mixture® 2
Feed oil 2
Soybean meal 4

! Vitamins added to supply the following levels (mg
/kg unless otherwise stated); thiamin, 50; riboflavin,
60; d-calcium pantothenate, 200; biotin, 1; folic acid
20; vitamin By,; niacin, 250; pyridoxine, 40; ascorbic
acid, 1000; inositol, 400; vitamin A, 8000 IU; vitamin
D, 2400 IU; vitamin E, 300 IU and vitamin K 40 iU,
respectively.

?Minerals added to supply the following levels;
(mg/kg) manganese, 50; iron, 60; znic, 120; copper,
25.
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Table 2. levels of each pigment source in the
experimental diets for rainbow tout fee-
ding

Division (80" (s gavanthin base mik)

Diet 1  Control! 0.0( 0)

Diet 2  Carophyll pink 0.8(40)

Diet 3 Tunic acetone extracts 1.6(80)

Diet 4 Tunic enzymatic hydrolysates  100.0(80)

Diet 5  Tunic powder 100.0(80)

"The levels of astaxanthin were not measured.

851t} (Storebakken et al, 1986). A|Z8 HPAIEE
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mogenizer (15,000 rpm, 3%)° ot ES &vl2 v
393, Fye g2 ol Ed AR 33y v
A3t 42 33 whE FE3L o] JqHz=FoR
AN F 5589 Fot2H ol FFE Mec
Beth (1972)¢] wWiel wel HEFE 480 nmelAl
HAS g2 F3A5 E 1% 1em=24002.2 A
At & ¥ 29 F astaxanthin &9 £ ¢
%A HPLCE &9t

HPLC EMXH

5 9 89 $9 72H ko= £4L HPLC dou-
ble pump Al2H& AHEEHH T 2L 39X300 mm
o] yPorasil silica ZH-E AHE3R %, FFEE LKB
UVM 2141 uv-visible spectrophotometer2 470 nm®]
A 2389 $ule 1% isopropanol/hexane 2
0.8 ml/min® £ 2| WA astaxanthin diester’} §& =9
1% isopropanol/hexanes 1.2 mi/min® 527 &€& £
isopropanol ¥ X8 5% % F7MIAA 2587 A
Aok 28 ¥ jsopropanol 25% & F7HAIAA 558
% A8t fcarotene FEAVF BEF L&Y
(o 70%) 108 Fo 33 &) Aoz HgAZ.
E¥ astaxanthin® retention time¥} ¥ 2 dto FA 3}
yit=3

359

XE Y xUAxMo 2Y

Folch (1957)9 9l wa} d¥ole S3 AEE #
Z3Ath. #4429 34 2 u549 £38& Juaneda
and Rocquelin (1985)%% o} Z3tf, SEP-PAK silica
cartridge (Waters Association, Milford, MA) & AF4-3}
pif=

A 248 % 100mge] $AEE A IN
KOH 95% ethanol& o2 3% o2, A3Ed 10
% BFs:methanol 3ml 7}3}4] 95T A 3083t &5
7tgste] At methylester A1 EE ZAFK, o
AL capillary column (Supelcowax-10 fused silica
wall-coated open-tubular column, 30 mX0.25 mm id.
Supelco Japan Ltd, Tokyo)o] &2t GC (Shimadzu
GC-MA)ER A, AW 249 B4z
injector 2 detector (FID) &% Z+zt 250C, column
LEE 210CE 3QL, carrier gast FF(15kg/em
NS ALt oo, split ratio® 1 5082 ek &
Aol AL BEEY retention time (RT) I |
Zatgoen, EFF gt AW GC-Mass2A
¥4 € Menhaden fish oitS 23t EE£F0 2 Al43l9]
F38A.

MET £Y

ARTE AFY 371 AEag, dY9X8FESA
vlwsti o, AuE e Table 39 UehidT Z+
A¥379 AFAE Duncan’s New Multiple Range
(DNMR) test (Duncan, 1955) 2 938 2R3 Y.

o Y D@

MET

4443 Table 3 2 Fig. 191 UeRd utg} 2o
W27 HEAF 350g01A 8F Fols 847go 2
A4, pinkTE HTAF 350g0H 8F Fol
850502 279 v&g ARE o Ak
3287 YTAF 38504 967.1g22 s
A48T FoA 71 BE 4FE Jehusich a4
g7 YZAF 375904 8662g22 AAste o
Z7% Fol7t gioy, $3490 A £UANT



X% - AU - 01 2%

Table 3. Result of the rearing experiment for rainbow trout from 8 March to 7 May, 1995

Stocking(g)

Yield(g)

Feed

Division Weight(No) Mean WeightNo)  Mean Gain(g) m(té(e FC! DGR(%)
1 7,000(20) 350 16940(20) 8470 9,940 13,230 133 1.49°
2 7,0000200 350 17,010(20) 8505 10,010 13,293 132 1.456>
3 7,700(20) 385 19,342(20)  967.1 11,642 14,192 122 1510°
4 75000200 375 17.243(20) 8662 9,743 13,420 138 1.365°
5 7.800(20) 390 15478(20) 7739 7,678 12,686 1.65 1.123°

'Feed coefficiency. Feed intake/(Wt—Wo), Wt=Woe®(Stickney, 1979), Wt; weight of fish at time t, Wo;
the intial weight, e;the natural logarithm, g the growth coefficient or daily growth rate.
2Daily growth rate(%). Values not sharing a common superscript letter are significantly different at

P<0.05.
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Fig. 1. Growth curves of the rainbow trout expe-
rimented.
Extract: Tunic acetone extracts
Enzyme: Tunic enzymatic hydrolysates
Pink: Commercial carophyll pink
Powder: Tunic powder
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Table 4. The level of pigment in muscle and skin of rainbow trout

(mg/100g tissue)

0 week 4 weeks 8 weeks 12 weeks
Total Asta’ Total Asta Total Asta Total Asta
Muscle
Diet 1 0.0038 0.0010 0.0199 0.0010 0.0242 0.0131 0.0338 0.0161
Diet 2 0.0038 0.0010 0.0340 0.0237 0.0654 0.0493 0.1272 0.0550
Diet 3 0.0038 0.0010 0.0341 0.0228 0.0744 0.0372 0.1256 0.0535
Diet 4 0.0038 0.0010 0.0308 0.0179 0.0579 0.0280 0.1192 0.0521
Diet 5 0.0038 0.0010 0.0192 0.0116 0.0455 0.0196 0.0469 0.0205
Skin
Diet 1 0.0347 0.0135 0.0747 0.0277 0.1432 0.0567 0.2498 0.0919
Diet 2 0.0347 0.0135 0.1478 0.0968 0.2425 0.1484 0.5432 0.3270
Diet 3 0.0347 0.0135 0.1630 0.0985 0.3149 0.1899 0.6132 0.3458
Diet 4 0.0347 0.0135 0.1046 0.0661 0.2017 0.1244 0.5493 0.2709
Diet 5 0.0347 0.0135 0.0922 0.0576 0.1623 0.0799 0.2688 0.0820
! Astaxanthin,

0.1 0.2

0.181

0.16

0.14

Carotenoid (mg/100g tissue)

D1 D2 D3 D4 D5

Fig. 2. Carotenoid contents in the rainbow trout

the muscle after 8 weeks feeding with va-
rious diets containing ascidian tunic pig-
ments.

D1: Control

D2: Tunic aectone extracts

D3: Tunic enzymatic hydrolysates

D4: Commercial carophyli pink

D5: Tunic powder
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Carotenoid(mg/100g tissue)

D1 D2 D3 D4 D5
Diets

3. Carotenoid contents in the rainbow trout

the muscle after 12 weeks feeding with
various diets containing tunic pigments.
D1: Control

D2: Tunic aectone extracts

D3: Tunic enzymatic hydrolysates

D4: Commercial carophyll pink

D5: Tunic powder
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Fol 7H3 Bol 0041 mg/100g 853 olE 00744
mg/100 g, 12F %= 0.1256 mg/g2 2 pink ™9} Hl%
& £E Ak 84322 TANE §FFAE 00579
mg/100 g2 8 FZE 7o v|ajA] okt Wojg oy 12
FFE 01192 mg/100g2 2 pink? 2 2ZEF9
H 53 202 HAd (Fig. 2 and 3). 24T
BAFZEFY pinkT Boe ZoAE
d disiAe o7t BastA g}, o, Jol 7[zke]
477 9 ARHUE Y F2ETY FY4F0E
HA7 dEel, AA $H4go) FAE FaAHNA
FANEAY 2902 AL fe 52801} ¢
T AhEde AFEF ] 7IZHE 93 das A,
A7tES F7HAA olgd AR S 2T 5 9
ozt YZdn. & dolF oAy sz
EolE Ao FAHLE ALY AT Ao FF 2
Fo7)2t) we gebx)7) W&ot (Prince, 1916;
Abdul-Malak et al., 1975; Torrison, 1986).
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W50 AEEL ALg0) EFE Fo] ZUlEd o
g #adte Yol denz AAF o3 FI=H)

M2 %)

o2& AIRY EF Fodhs AL a9
Z2Y8tA dct ¥ (Torrisen, 1986). 18U, &
£FEEY A ETHNTSE 98 7ol A
35 A k7] W&o Abmole A} sbsstele
AGE, AAM L] Aol Maggo] Z7h|
et §3 F3o] ALHAY] dEl (Lee et al, 1994
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trEH Are 4380 #F 7T HyHolo}
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BT E B AP T HEA 13 we A
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gojzth o]#d A 2¥RolY H49gx U
gl (Lee et al, 1994a).
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Table 5. Lipid contents of TL, NL and PL of experimental fish

(g/100g sample)

0 week 4 weeks 8 weeks 12 weeks
TL NL PL TL NL PL TL NL PL TL NL PL
Muscle
Diet 1 047 037 010 099 080 0.9 233 186 047 48 376 109
Diet 2 047 037 010 279 217 062 433 326 097 800 593 207
Diet 3 047 037 010 260 202 058 393 305 088 746 562 184
Diet 4 047 037 010 224 181 043 342 269 073 537 409 128
Diet 5 047 037 0.10 220 178 042 262 208 054 465 364 101
Liver
Diet 1 084 058 0.26 196 142 055 306 212 094 424 286 138
Diet 2 084 058 026 216 128 088 356 236 118 689 433 256
Diet 3 084 058 026 267 196 071 364 243 121 626 394 232
Diet 4 084 058 026 207 14 063 339 228 111 488 316 172
Diet 5 084 058 026 153 110 043 311 215 096 415 276 139

TL, total lipid; NL, neutral lipid; PL, phospholipid.
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ANEFe EFAEY 242 4FF dRT (diet
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Table 6. Fatty acid composition(% total fatty acids) of total lipid from rainbow trout muscle after fee-

ding for 4 weeks*

Fatty acid Diet 1 Diet 2 Diet 3 Diet 4 Diet 5
16:0 17.14 £ 054 2144 £ 020 2235+ 042 2151+ 0.35 21.02 £ 0.27
16 . In—9+7 489 £0.14 5.71 £ 0.06 6.94 + 053 580 £0.12 557 £ 0.11
18:0 6.32 £ 0.16 459 + 0.04 6.39 £ 094 6.73+ 031 663 +0.13
18: 1n-9 2851 = 044 17.54 £ 042 1745 + 056 1461 £ 021 1548 + 0.84
18:2n—6 930 +£0.11 1238 £ 0.24 11.30 £ 053 11.78 £ 0.18 11.36 = 0.38
18:3n—3 0.86 + 0.06 0.74 + 0.01 0.72 £ 0.04 0.85+0.10 0.81+ 005
20 4n—6 1.32 £ 0.03 1.60 * 0.21 1.38 £ 0.06 154 £ 0.01 1.73 £ 0.08
20:5n—3 224 +0.19 261+ 004 238+ 0.10 2511003 304 £0.12
22 6n—3 18.82 + 0.89 20.87 + 0.05 20.06 £ 048 21.68 £ 0.08 2141+032
Total n—3 23.25 25.89 24.46 26.56 26.97
Total n—6 1321 16.62 1513 16.23 1593
Ratio n—3/n—6 1.76 156 1.62 164 1.69
Total sat. 25.25 28.76 30.86 31.05 29.85
Total unsat. 74.74 71.16 69.17 68.78 70.17
Ratio sat./unsat. 0.34 040 045 045 043
Total mono. 37.16 27.56 28.88 2459 25.85
Total PUFA 3758 4360 40.29 44.19 4432

*The data for tables 6~11 are the mean * standard deviation of three determination.
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Table 7. Fatty acid composition(% total fatty acids) of total lipid from rainbow trout muscle after fee-
ding for 8 weeks

Fatty acid Diet 1 Diet 2 Diet 3 Diet 4 Diet 5
16:0 1350 + 0.36 2331+ 046 2383 £ 0.85 2354 £ 0.79 2143+ 0.18
16 1In—9+7 326 +0.19 7.75 £ 0.08 6.36 £ 0.09 6.46 + 0.33 684 £ 0.16
18:0 523 +0.22 298+ 007 4.67 £ 048 554 048 569 + 0.84
18:1n—9 1714 £ 0.10 13.29 £ 0.56 12.66 £ 0.24 1612 + 0.53 1656 + 0.16
18:2n—6 11.02 £ 0.10 1059 £ 0.77 1235 £0.12 10.33 £ 0.27 11.02 + 0.33
18:3n—3 0.55 % 0.09 0.67 + 0.05 1.02 £ 0.18 0.69 + 0.07 0.66 + 0.01
20 4n—6 2.89 £ 0.09 0.79 £ 0.08 124 +0.02 1.72 £ 0.07 1.35 £ 0.03
20:5n—3 440+ 0.14 202 %004 306 £ 0.13 2.72 £ 0.09 265+ 0.05
22:6n—3 29.74 £ 0.30 2083£0.19 20.06 + 0.50 2046 £ 0.12 20.99 + 047
Total n—3 36.64 249 26.11 2548 25.77
Total n—6 17.27 13.32 16.03 14.69 14.87
Ratio n—3/n—6 212 1.87 1.63 173 1.73
Total sat. 20.56 29.31 3137 3153 30.36
Total unsat. 78.77 65.20 68.32 68.50 62.81
Ratio sat./unsat. 0.26 0.45 046 0.46 048
Total mono. 23.96 26.21 25.10 2728 2129
Total PUFA 54.81 38.99 4322 41.22 4152

Table 8. Fatty acid composition(% total fatty acids) of total lipid from rainbow trout muscle after fee-
ding for 12 weeks

Fatty acid Diet 1 Diet 2 Diet 3 Diet 4 Diet 5
16.0 2228 +0.35 1847 +0.02 21.60 * 0.22 21.78 £ 0.09 2510+ 0.74
16 In—9+7 7.29 + 0.02 895025 721+ 005 812+ 0.04 901030
18:0 707 £0.12 6:28 + 0.03 369 1022 330+0.15 5.73+0.29
18 1n—9 18.05 + 048 25.14 + 0.09 3097 = 0.56 30.37 £ 0.51 16.05 £ 0.85
18 . 2n—6 1144 +0.09 11.75 £ 0.23 10.68 + 0.10 10.36 + 0.24 1244 £ 0.02
18:3n—3 1.60 £ 0.10 0.89 £ 0.06 0.75 + 0.04 093 £ 0.02 0.98 £ 0.20
20 : 4n—6 0.74 £ 0.01 0.64 £ 0.06 0.59 £ 0.01 0.74 £ 0.08 074 %0
20:5n—3 2.67 £ 0.30 2500 196 £ 0.11 1.85 + 0.04 242 1 0.02
22:6n—3 15.34 £ 0.03 1047 £ 0.20 10.08 £+ 0.41 10.90 + 0.08 13.17 £ 0.06
Total n—3 20.87 1442 14.38 15.30 17.90
Total n—6 13.76 14.30 12.81 1248 15.20
Ratio n—3/n—6 1.52 1.01 112 123 118
Total sat. 3148 2724 2740 27.26 3352
Total unsat. 68.53 7187 72.60 72.73 66.45
Ratio sat./unsat. 0.46 0.38 0.38 0.37 0.50
Total mono. 33.16 41.90 4441 43.89 3207
Total PUFA 3737 29.97 2819 28.84 34.38
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Table 9. Fatty acid composition(% total fatty acids) of total lipid from rainbow trout liver after feeding

for 4 weeks
Fatty acid Diet 1 Diet 2 Diet 3 Diet 4 Diet 5
16:0 19.22 £ 045 19.60 * 0.36 19.69 + 0.37 18.78 + 0.10 17.72 £ 044
16 . In—9+7 3611048 331+ 005 367 +0.09 444 +£020 4611015
18:0 6.86 1+ 0.16 714 £ 011 717+ 023 6.81 046 6.70 £ 0.11
18 . 1n—9 11.07 £ 041 9.99 + 0.06 991+ 0.38 12.76 £ 0.19 1149 + 0.58
18:2n—6 6.04 £ 0.29 636+ 0.73 6.24 + 0.14 597 + 0.01 582 +0.18
18 :3n—3 039 £ 011 0.32 £ 0.01 041+ 020 0.34 £ 0.09 0.37 £ 0.16
20 4n—6 4.97 +0.01 4671010 577+ 024 5.26 + 0.07 561 + 0.52
20 :5n—3 323 £0.08 362 +0.19 3.66 = 0.16 3351039 313+ 056
22 1 6n—3 3498 +0.72 3399121 33.98 + 0.50 3375 £ 0.17 3496 + 0.64
Total n—3 39.80 39.05 39.11 38.63 39.58
Total n—6 1440 16.02 15.82 1446 14.86
Ratio n—3/n—6 2.76 244 247 2.67 2.66
Total sat. 27.06 27.82 2744 26.67 2542
Total unsat. 7284 72.08 7223 73.32 7492
Ratio sat./unsat. 037 0.39 0.38 0.36 0.34
Total mono. 17.30 15.87 16.36 18.93 19.03
Total PUFA 55.54 56.21 55.87 5439 55.89




o

A% - AW - o)ZE

Table 10. Fatty acid composition(% total fatty acids) of total lipid from rainbow trout liver after fee-
ding for 8 weeks

Fatty acid Diet 1 Diet 2 Diet 3 Diet 4 Diet 5
16:0 20.90 £ 0.55 19.02 + 063 1848 *+ 045 18.69 + 0.29 19.63 + 0.63
16 In—9+7 3331016 538 + 0.24 478+0.12 5.57  0.08 5.69 + 0.14
18:0 529+ 0.18 590 021 6.75 £ 044 6.63 + 0.18 530 £ 0.16
18 1n—9 1051 £ 0.79 2199+ 0.79 2057 £0.19 1891 £ 0.16 2001 £ 0.70
18:2n—6 6321024 4.76 £ 0.08 4521033 487031 416 £ 0.18
18:3n—3 0.15 £ 0.05 0.26 + 0.05 0.37 £ 007 0.10 £ 0.01 0.38 £ 0.04
20:4n—6 491014 320£0.10 339%0.16 3821004 2.86 + 0.04
20:5n—3 2.90 + 0.06 209 %011 253+ 0.05 2302020 1.95 + 0.04
22 1 6n—3 3545+ 0.69 27.78 £ 056 2783+ 0.74 2952 +0.69 30.72 £ 0.56
Total n—3 39.83 30.66 3202 32.80 33.73
Total n—6 14.68 10.77 10.80 11.32 9.39
Ratio n—3/n—6 27 2.85 2.96 2.90 359
Total sat. 2741 26.10 26.49 26.19 26.18
Total unsat. 72.39 73.88 73.55 74.17 7381
Ratio sat./unsat. 0.38 0.35 0.36 0.35 0.35
Total mono. 16.87 3145 29.77 2892 29.70
Total PUFA 55.52 4243 4378 4525 4411

Table 11. Fatty acid composition(% total fatty acids) of total lipid from rainbow trout liver after fee-
ding for 12 weeks

Fatty acid Diet 1 Diet 2 Diet 3 Diet 4 Diet 5
16:0 2065 £ 0.32 2178 £ 0.29 20.10 + 0.03 25.78 £ 0.19 23.38 £ 0.60
16 : In—9t7 728 £ 053 6.08 £ 0.07 754 =040 7871018 575012
18:0 943 + 0.01 10.85 £ 061 934 + 0.34 847 +0.23 898 + 0.53
18:1n—9 26.82 £ 0.10 22.80 + 0.19 25.86 + 0.62 1642 £ 0.76 12.38 £ 0.98
18:2n—6 62310 4.71 £ 0.08 428 +0.22 481 +0.23 6.34 £ 0.02
18 :3n—3 068*0 0.38 + 0.06 0.19 + 0.02 0.20 + 0.02 0.67 £ 0.02
20:4n—6 130 £ 0.10 176+ 0 142 + 0.06 1.92 + 0.05 225+ 0.02
20:5n—3 128 £ 0.10 1.60 £ 0.07 153 + 0.06 199+ 0.16 261+ 0.02
22:6n—3 1362 £ 0.25 20.01 £ 0.87 1827 £ 031 2241 £ 0.02 25.85 * 0.04
Total n—3 17.46 24.55 21.10 2544 30.77
Total n—6 10.02 814 8.26 9.03 11.97
Ratio n—3/n—6 1.74 3.02 2.55 282 257
Total sat. 3159 34.19 31.05 35.82 33.70
Total unsat. 6841 66.58 68.91 64.17 66.30
Ratio sat./unsat. 0.46 0.51 045 0.56 051
Total mono. 39.84 32.98 3849 29.01 5.85
Total PUFA 2857 33.60 3042 35.16 4345
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