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Utilization of Pigments and Tunic
Components of Ascidian as an

Improved Feed Aids for Aquaculture
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SUMMARY

I. Title

Utilization of pigments and tunic components of

ascidian as an improved feed aids for aquaculture

II. Purpose and significance of research and

development

Forage for salmon should be added with certain amount of pigments
because salmon has a biological feature of unavailability of carotenoids
biosynthesis. Since FDA's prohibition of use of synthetic colorants with
food and forage for fish culture in 1992, many researchers have been

studying to develop natural colorants.

The authors of this study have studied color development on rainbow
trout with forage added with extracts of tunic components of ascidian for
three vears. The results of the studies of the addition of extracted
pigments so far indicated no toxicity, improvement of disadvantages ot
artificial synthetic pigments, and economical efficiency due to not only
possibility of recycling of resources but also highly stable storage.
However, 1t 1s essential to use an effective vehicle, since extracts itself is
hquid with very small amount. Thus, the authors attempted to use
plgments combining with tunic components of ascidian as well as the

tunic components themselves as vehicle.

Knowledge on the major components of ascidian tunic 1s limited to the



fact that tunic composes of tunicin, a kind of polysacchandes similar to
vegetable cellulose, while very few studies have been performed on
physical and chemical characteristics of the tunic components. So, the
authors tried to prepare pigment binding material from the tunic
components, in order to develop a natural colorant for an improved feed
aild for aquaculture. Tunic pigments were extracted and combined with
pigment binding tunic component from enzyme or autoclave treated

hydrolysates of ascidian tunic.

Results of culture of the rainbow trout for certain period with forage
added with certain amount of the newly developed natural colorant
showed normal growth and good colaration of the rainbow trout, which
means possible replacement of the artificial colorant with the natural

colorant 1n actual marketplaces.

III. Contents and scope of research and development

The scope of this study ranged: investigation of physical and chemical
characteristics of extracted pigment binding from powdered tunic ot
ascidian; normal growth of fish when fish feeded with this matenal;
biological properties such as anti—bacterial ability, ACE i1nhibition activity,
anti-blood coagulation, etc.; polysaccandes extraction efficiency through
enzyme treatment and autoclave treatment of the powdered tunic
components;, physical/chemical characteristics, structure and functionality of
partly refined polysaccarides, absorptivity of pigments extracted from tunic
components for polysaccarides; preparation of feed added with pigment
absorbed polysaccarides for rainbow trout, procedures of culture and
ogrowth of rainbow trout; level of pigment deposition in flesh and skin of
cultured rainbow trout; extraction and partition total hpid of flesh and

livers of rainbow trout; measurement of concentration of phosphohpid; and



composttion of free fatty acid consisting the total hpid.

IV. Results of study and development and

suggestion for application

1. Extraction efficiency by enzyme and autoclave treatments

General composition of the tunic components of ascidian are similar
between those containing pigments and those decolorized. Carbohydrate
shared around 50% of the general compositions, while protein did around
40%%. Results of reviewing vyields of crude polysaccharides 1n accordance
with conditions of treatment showed maximum 10% of vield both in the
enzyme and autoclave treatment. In case of enzvme treatment, the
extraction vield of neutrase was higher than that of alkalase or composite
2000, the desirable addition rate about 3% taking into account of
economical efficiency and the extraction yield. The treatment period of 24
hours for neutrase by 3% was most effective, and 70% of ethanol
concentration was most superior. Also 17 hours of negligence showed the
maximum Vvield in case of ethanol treatment. On the other hand 1n
autoclave treatment, 6 hour treatment showed most desirable extraction
yield and treatment period, and the extraction yield was about 9.726. The
crude extraction consisted of sulfate, uronic acid, protein, chondroitin
sulfate, amino sugar, hexosamine, etc., among which sulfate and

chondroitin sulfate showed higher concentrations while protein and uronic

acid did lower.

2. Composition and characteristics of partially refined

polysaccarides

Two types of active materials were obtained through filtration of



ion—-exchange resin and gel, and chemical composition of them are very
similar to those of crude extraction. Compositions of amno acid of
decolorized powdered the ascidian and the crude extraction from the
autoclave treatment In the three samples were similar each other.
Concentration of histidine was highest particularly 1n  the neutrase
treatment group 29.2% and in the autoclave treatment group 20.4%.
Aspartic acid and glutamic acid significantly existed in the range of 9.179%6
to 12.2% respectively. Concentrations of essential amino acid 1n the
decolorized powder group, the neutrase treatment group and the

autoclave treatment group were 31.7%, 26.3% and 29.50%6 respectively.

Also for 1norganic matenals, concentration of Ca was significantly high
followed by Mg and then Na. In the decolored sample, the concentration
of Na was highest and then Ca, Mg and Fe in order. Highest
concentration in the sample containing pigment was Ca, Mg and Fe 1n

order.

3. Structure of functionality of partially refined polysaccarides

FT-IR spectrometer analysis of the crude extraction and standard
chondroitin sulfate showed very similar results. Stretching wvibration of
major group such as sulfuric acid group and ester was shown i1n finger
print region of IR spectrum(1500-700cm-). In case of C-0O-S stretching
vibration, if S=0 was 1240cm- 1n sulfuric acid group, vertical attitude
appeared at 3850cm- and horizontal one at 820cm-, and all the three
samples showed their absorption band between 1240cm- and 820cm-.
Also, O-H stretching vibration occurred in the vicinity of 3400cm, C-H in
that of 2900cm- and C-O combination in that of 1650cm~-. And among the
physical characteristics of the crude eXxtraction, emulsifiability and

foaminess were excellent, and particularly pigment absorptivity was

_10_*
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superior. Other characteristics such as anti-blood coagulation and ACE

inhibition activity were also noted.

4. Results of culture of rainbow trout

Moisture concentration among general composition of rainbow trout was
more or less of 77% after 4 weeks and 72% after 8 weeks of culture with
feed added with certain amount of crude eXxtraction separated from the
tunic components of pond snails absorbed by pigment extraction of pond
snails. Concentration of crude protein after 8 weeks were higher than that

after 4 weeks. So did crude fat.

P and K were significantly increased among inorganic composition, and
considerable Ca, Na and Mg concentration were also noted. Concentration
of carotenoid in pigment added group was higher than the control group,
and the level of pigment concentration of the added group of chondroitin
extracted from tunic components of ascidian at the was not the one
which affects pigment deposit though was a little lower than the pigment
added group. Results of analysis of composition of rainbow trout’s flesh
and liver lipid showed concentration of highly unsaturated fatty acid in
flesh of the pigment extraction and the chondroitin added groups was a
ittle lower than that of the pink group after 4 weeks, and showed no
significant changes after 8 weeks. The highly unsaturated fatty acid in
livers of the chondroidin added group was the highest after 4 and 8
weeks, which suggests addition of chondniotin contributed high

accumulation of the highly unsaturated fatty acid in livers.

5. Suggestion for application

Absorption of extracted pigment extraction by the matenial as vehicle

._11_



separated from tunic components of ascidian was eXxcellent material 1n
pigment binding. Many studies on tunic components of ascidian reported
sulfated chitin was functional, however in theresults of this study it
assumed to be chondroitin sulfate. It 1s suggested that this matenal
should be reviewed not only for vehicle but also for possibility of
biological active material not for vehicle when taking into account of
various physical and chemical properties. It is urgent to further study of
the chondroitin material, since it 1s known for adjustment of extracellular
liquid, hydration, movement and adjustment of extracellular matenal,
improvement of ossification/calcification, wound treatment, smoothing joint
organization, anti—blood coagulation, maintenance of cornea transparency
and prevention of heptatitis, as well as senility suppression and beauty

effects when added on food.

_12...
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(Deufel, 1965), 874 4858 dFA(Mikulin and Soin, 1975) & Azl &

o2 d8A Y. g7 dFAHE HMa
7¢ AE7HA o Ao A ‘3‘3’5}% Ol X & AAF v A7 AR 4o

dol glov, WEAY T 7HE3A A
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~7F st B E FojFol M s o]Bt 7t =& ko] @ FHY
2 ol MAE 2

23l A§, H&A, ZHIEY Folg. E3] B2 A(Pleuroncodes
planipes)= 100-160mg/Kg9] FI2Hxo|=& {32 e I F
Z9c  1550mg/Kgd =2 astaxanthin®4&E T35 U
(Peterson et al, 1966). &= ¥ ojFojA = 200mg/Kg, 71 AxXH
A 99 o] BN E 192mg/Kg, 2181 ol9 YE AXH A Jl=H
T2 olel: 1,160mg/Kgel Fa50] Utk 1 9 mSo] 2 Al
o] ofoE A FIRHNxolE MATL Eof ¢t 21 52l
2FHE, a7t 2 =z FH(Peterson et al, 1966) ToAAE 7= H
ol A&y u JFEH<Q Spirulina sp.oAE Ao F1E H ko]
=7 g =l AT

A2 37t 0134 = T O}L]E—} AWM A = o] &= A &7 o
of migtrbel] ¢ HEAH HIIEE AT MEE AU¢EE LEEA
Z27HA] A5 Qo

Lonnberg(1931)7F #Heto] Q& YA EA TAHEHZA RS 2
Z 9] xanthophyll®} carotene¢] SA%ttar H 113k o] Lederer

1938)+= T utAlZo] - @ B-carotene, astaxanthin, astaxanthin-

ester, cynthiaxanthin ¥ lIycopene 5°] Uy 39k,  Nishibori



(1998)+= +d o] AA=ZHEY 3T =9 astacened} cynthiaxan-
thing #2389 th. Tsuchiva and Suzuki(1960)+= $-3H#lo] 2 = 4
= cynthiaxanthin % astaxanthin®] F38 7} HXxo|Zo|ly -
carotene™ antheraxanthin FAFsF MAE H2 o] £ A &t
%3 11, Campbell et al.(1967)2 Bortryllus schlosseri ¥ Halocynthia
papilosal{Lederer, 1938)=%-¥| alloxanthin(cynthiaxanthin, pecteno-
xanthin)= SASIAT qLdsEe 7IE2Hol=o I dHQ H
o AasA A+ AI  Matsuno abd Ookubo(1981, 1982)+= halo-
cynthiaxanthin 2 mytiloxanthinone® H. roretzi £58 g -4
stk =3 AEA Amaroucium pliciferum .2 58 25 /29 EE
st 7} 2 B =0] =9l amarouciaxanthin A = B7F %4 52 tH(Matsuno
et al., 1985).

ol e} ro] g o] A Lol HAMATIE oF 1.0-15% HAE Tt
Hol JXgE AA E A7|d met MAFEF zlol7f g olES F
A MEo- Atme FH7bst AlFEdS W AAAHAE =S T

RAog Yoy, oquige] &4A AL F UEE 57| HsiA
AR GENQ] MAE TA| )7 A% FFA S Jgdo] HRA H
C}.

(e e

97

O
=2

off
52
N,
o
2
_‘L
]
O,
r\
o)
ok
0,
B

Lk e
AE-o] cFo 7ge o FH7} receptor7} g 7}sAo] dYges A9
05_ :
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2 A2 FF FE, TS AELR Yol AT oHE 28 R
Az oke) JhEe] Vi &, s lectin®t 5% 47 R &8
Fol Alxe M2 23 & dodAl, FLHUETA T &
FOEM Z AFs Be JheAel dnh THA fFdEe] AR
Foll 53 B9 7]Fol BRAAH A Hste] R0 o ¥
= & MEE 58D Fol €8 AL TidiE Y. 4, G
A= wAY Fod 7& A Ade] FAL e 2= AAH

= oldE 7H MEZ

o N

1,4)-2-acetamido-2-deoxy—6-O-sulfo- 8 -D-glucopyran2. 2 &8 A
AJo B Z(Anno et al., 1974), chitin, chitosan % CM-chitin® -T+A}%t
=d 4, 354 HAEES 7ME AOoE ARG

Aol = o] olujds &F3 I FE 7 Z(muco)ttd ol

.

PRt A= glycosaminoglycano|gt  dt=TE|, chitinZ T4

glycosaminoglycan®ol] <3tth. AHA glycosaminoglycan< ©| 3¢ HEE
&7 B -glycoside A AAY LEAe|H, D-galactosamine(=
& glucosamine)®] N-acetyldt® 33t&E3 D-glucuronic acid(E<+
L-iduronic acid®] A4 D-galactose)E ©]|F Rt} o2 B2} Fo| S
o, A7]e 5o wmep 4t oy v 33 g3 es A
Lt} o] AMA glycosaminoglycane T2 A X9 matrixZBE 22
Aol de LESAY, F2 AF, 42, oot} B Fe 2
Al (vitreus body)d|E %ol Lo|27|7F B2 chondroitin sulfate$}
keratan sulfate(®=+ dermatan sulfate)t =41 ©¥i 2 (core protein)3
A8t proteoglycano 2 EAFT. MHE £33 o|Fdt= Eoly A

.

=]

zxo HA4% 9L Rolsin, BAxH K8

$2e 285

?
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= W A3 Z3 " chondroitin-protein B &A= AEF H7b
7= 3toh. 24X 32 F9 chondroitin sulfate @42 Yo|7t EH #

=
e Aok wer Ao 4 hlge B A

Aoz wan qo] AF AHE2AG o8 SHsdel de %
gt AP H7lHE $Ydo]l AL FAE AN ABEE
A% WAl SR olghge AYH 54 ®Ww ollg, ZE U

gax2l R autoclavex glo] 23 HYTUFY FERE, FEAAT
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acetone< 7}stal s} 5] MA QES 22 . d
Meg FEs &5

...3:.?:.
4 spectrumd EFFYPAE McBeth (1972)2] whyioll ulg}
P em=2,4000. 2 8t} A Abal ol

Xiol
o
2
u b
(T

) off 2%t

$-3 dole] AAEL protease! alkalase, neutrase, mixter-20002 =
S FEFoE AASH TS FESIATL
e A7Z#e FHFTE 78t A7) 47
shaking incubateroi Al 48A|Zt vr&-A|Z T} HH-&

A Esto 45 A4S FHs TCA(trichloroacetic acid)E % 7}st

_32_



L}, Autoclave# gl 93t F&

M2, A AR e 93 gL =% 33} autoclavorZ 125C
(%=:1.5kg/cm) ol Al AlIZPE 2 AEstd 203E FE8g. &, 4
Soraa0 dAFYY ASEE He oyl BE e &
= Y@< AHE autoclaved Bl E 3R Autoclavex 8] F 9] A
gaxyy sdatA sHE o

3. 2u3 e A
7}. Ion-exchange chromatography & ©]&3F %tlgdo] B 3

20mM It AF&A(pH 70022 FHY3IAZ DEAE-Cellulose( ¢
3.5 x 25cm)°l] £2TF-E loadingdte] NaCle] 63 2892 15M
THA] A o2 FS7IA71HA Bo] HE HA Fe w7tz L&A
. &E9E fraction cllector® 6ml¥ E-& ¥ ¥ =-32¥ (Rodolpho
and Paulo, 1986)2. 8 #%#X=A(UV/Vis spectrophotometer, Milton
Roy 1201, USA)EH 470nmoA 3L & SAsEE 2+ A8 g8
& A SFFo 24AT FAL $ &
Chromatography®l| <23k 2z} 3Reo] ohwiz ek
280nm=E = A st o

L. Sephadex G-25¢] ¢}3t R EARA zuide 23

A 7)13, AgTo] Ula) 2-5% o AgdL 85 HBa
‘3}. G2 0.05M NaCl o2 9, z+ g8 gml A 233t
. _
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micro Kjeldahl A& 3|E2 550C 7AdA3siHq w2 =
(AOAC, 1990). A2 phenol-sulfuric acid¥ (Dubois et al., 1956)9|
gz} Als £ Imi(10~100 £ g/ml)E test tubeo 3}, 5% phenol
€Y 1mlE 7t & &§stn, g 34 5mlE ¥Hg Yol A st

WHA7|EAM & ST o] HEZAHE A2 20 ~30 F
213 & 470nmoll A FBEE SAHSIY AT AFHLEHE 3
o}, @zl | owryH (Lowry et al., 1951)wE} bovine serum

albuming ¥F dwAZsld Fd A=A oFZ 540nmollA] TS

-

2. BAF7] 2 chondroitin sulfate®] &% w49

HAk71e] 22 Dodgson(1962)2] wWrHHoll wa} A5t J
T3 Al 02mlid 496 TCA£< 3.8ml 2 BaClx- "é‘.E}E‘] A 2 (FF
T 400mlell B8 268 Y3 656TAA = 4TColA st WX $
- o] 0“011 BaCl; 2¢ %] =915 2-3A1F ¥A 5 /\}%) ImlE 71
o wHlk & 2083 WXt 360nmolA FHEE SAHSHIY. ET
F AL KoSOsE ol &3t A48t tl. Chondroitin sulfate®] &%
H] A A 2 (Yabe et al, 1987) 2.2 &AsAY. & A58 1mld
alcian bule® < 02mlE 7138 2083 E ®HX3$ & AAE2(1,250g X

Smin)ste] HAEE FHet olF FTHTE FAT = tA] gAY

N

]_

kRt M E-E monoethanolamine 10mlE &3} A|A 615nmolA &
FeE SANIY. AFIAHE EF chondroitin sulfate AZF-E
AT



W

3. Uronic acid9 &% &4

Uronic acid¥] &2 Knutson and Jeanes(1968)2] wrwyHol| uwhe}
23T, &, HeSOs borateA]l 2HH3BOz 24.74g< 4M KOHE 4
45mlol] < & FHFE 100mIE ZL3 ¥ 25ml FHslo g &4t
glog |LE AHL) 6mlod 331¥el wet rleasidd AlsE &
0.7mlE ¥ u¥t T JzheHo. Wzte £ carbazole &
(carbazoleg &2 = (01% £AS ZA) 02mlE ¥ RS
T 55T FEZAANA 302 718, TAAIA 530nmol A FHEE =

Attt 5 HAPF ZAH-E galacturonic acidE ©| &3t AHAd SR T

G AS FAstE otrlxqbe $A48H7] HEA AlE® 20mg= 5ml

ol 6N HC! dimethylsulfoxide(DMSO) 50u4E glass ampoule®| % il
2 2% g2 2Este 100:5ToA 24212 7hEsfi Az
S AASH A8 w5 F A4 &5 9(pH

st olu] 4t A4 Al (Hitachi 835, Tokyo,
Japan) 24 XA FsA . F712-& 483l o8] I3AZ A
g8 (05N HNOse2 =9 25miE2 AHEL3 F Inductive Couped
Plasma Emission Spectrophotometer(ICP, Seiko SPS 1200A, Tokyo,

Japan)el] &5t =4 35FA T

0N
),
o
il
X
1
o
2
o
K

5. ACE(Angiotensin-I converting enzyme) A 3|5 &4

ACE A 8l% <& Cushman and Cheung(1970)¢] ¥ o] w2} =73}
Aot & A Fxeo A5EH 50uld] ACE £REAY 20041 %
0.1M sodium borate buffer(pH 83) 200x1& 7}% $ 37TCdlA 5%
b A@EDEEE Az orzle]l 71224 Hippuryl-His-Leu £
(25mg/2.5ml sodium borate buffer) 100x18 7tstd Al 37Tl A
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30%-7F B2 A7l T 1IN HCIE 5001 78t vbre S AZA|AH(E
A2 &g &d A F/THE AML3g ey dYExz++= 1IN
F oo ©lE

73T, o 7] el

ethyl acetate 1.5ml& 7}sted 15%7F voltex$
A YA A S Y ImlE HsT. oA
o 3mlE 7hst] Bl Al7] 228nmol A SFEE SAstH o
ol Ao ¢ ACE A3l&= YHEIHAUY.

ACEA 81 &(%)= (1- 4)x 100

l'UlO r~1—'
e -10*'
2h
of
A

A7)1M, A AR JTY E3E
AR T 3=
@, AB 2 di279 |3 = AL 34

AdRlel Awd 4 5mlE AFHSIY 05mie] sodium cirtrate
(3.83%) &3 =33k ©g 3000rpmolA 1023 dA 28 stg d&A-&
etttk B3 8382 -20Td AASH 51 AP AL

VEMHEE R E82Y A ZH(Activated partial thromboplastin time,
APTT) 53

27 100xtel) AE & 10uE Y3 uuksk & 37T

wiF 7F235t Rt 7)ol 100pt Acting 73 & t}A] 3

Zol A 283 7FREHT. 280 He &7 vlg 37T

OmM CaCl; 1005 Y53 FAld 2FHAE =8 &1 A

5488t HEARZE heparing 3]43te] NG NS F

il
N
e
2
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v}, 2 E 49 A ZHProthrombin time, PT) A
37C A2FFdA 1&FolA vlgl 7}238tdF Thromboplastin.C
20009 37ColA vlg 18 oA 7lRdtd & A A g8H &3

M(BAANEEH=101) 100E 7t Al 2FHAE 58 1

\> ru

Zo e  FT-IR(Fourier Transform Infrared Spectrophoto-
meter, IFS-66, Bruker, W. Germany)Z 34t7] A3 9% 2 £ b
g7l B4g zAlel7] $15ke] KBr pellet®@ B2 A28 ZAS
FT-IRS o]&styq SAHsIAY. EF zobFE FAAAHD] S
(Scanning Electron Microscope; SEM, JEM-6400, JEOL Ltd., Tokyo,
Japan)2. %2 gold coating(+7], 100~150A)<= 83t & FALHA A7
O 2 7k4 At 10kvel A # &

2 7 vortex mixerolA 1&87F ukdk & A2 A 1A FH¢F 168
ot} 52 wuleh ¥ U422 (1,600gX Bmin)ste] AEAe AAANZ
2 YAHAE 45°2 7189 08 BAq AA A A "R EAE
A3 5t R o}
AErE = S5 9 FAE)/AE AR FA@E X 100
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EA ) TR L Johnson(1983)3 Watanabe2] s (1981)9])

ANs 1% 244 20mlE FFd A 20 < 25
Cx 7lM43ste 255 HFAAZ vg T&7|(Ace Homogenizer,
AM-7, Tokyo, Japan)® 10,000rpmo]A wrFAIZ] ¥ 250mle] W24
Ao SA] X OF 30x Fo AEHH 28 E5Y FHE =
Aot A ES At 2EAAALLS £HEH 4 AEE 250mie

dadAte] §37 g 25Tl 08I FANZ F dob gde 2

T3 F3AAAY LS Wang et al.(1976)9] B ot S8
o} Z+zbe] 1% EAFe 10mle 10,000rpmell A 38 #A7E A

€ HFF (S, Z3) 10mle 7l 10,000rpmeoll A 3E7F
ARt #3d AGAE FA A4 BA5X110mm)ol| Y7o ¥ il
A& (1,600g Xomin)st] Tkl & A4tstTt. FIFAEAL S
80°CY T=gdA 3087 7193 ZF 15CE2 4YWzsid YAEg

£

3] (cm)/A g &Y
F HE&EY FI(cm) X 100

Jo
b
o2
S
|
o
o
it
O|Nr
1o
—lnz

8732 Coomassie brilliant blue R-2503 X &40 FH o] A
SFEEe W22 Knorr(1983)9] WHldl wet SAHsAY. 4 A&
1.0ge AHst AlgHd] 232 dAHFE(0.0lmg dye/ml water)d] A
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(i

489 10mlE 7}stY vortex mixerZ 108 7F mulkdlg . o] & 20+
ZZF nHrstH A 1A B9k W A]st] YA 7 2](1,600g X 5min)
3t AA=AdS 3ol UV spectrophotometer(Milton Roy 1201, USA)Z

S0onmell X FREE S5t gdFAS ol &8 dEML] & A

O

m!
k)
o
N

etATh MAFETE o A3 2ol AFMAie Freh v FY
AEM 2] FeAR2 YERIA

Dye binding capacity(mg dye/g sample)

Hx MAEE 323 AE AAEL

1. 1 — 2= O

e 24 37 kel & 2 AR
A

Atk TEol WE REAM 207 §oo FEEHS AU &

PN

0ol A 800/s7HA] F7HA171HA Z2H7] H= H AdSZHE 22TAA
5 X(25%, 5%, 10%, 15%)¥ 2 2174 SH A", 293 #5548

Zr& olg) e power law modelS ©] 83t A AFSFE tHRao, 1982).

r=k 7"
r . AG-E&H (Shear stress, Pa)
y : AFE % (Shear rate, I/s)
k : &% A5 (Consistency index, Pa S™)

n . =4 (Flow behavior index)

o we F= Wite FEAA 299 8910%)S =410
T, 20T, 30T, 40T, 50T, 60C)E2 Ad=s%x F7td & HEE S
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AstHt), & W3 mE A3t oA ghkel Ws= Raos(1982)
ol wg} Arrhenius modelS ©}-8-3ta] A4S o

nm exp (Ea /RT)

Naon = 2X 7] AXE (Apparent viscosity, Pa.S)

nﬂDD

N = 3 AR 7] AX (Infinity apparent viscosity, Pa,S)
E. = 5843} 944 (Activation energy of flow, J/kg mol)
= 7| A4 (Gas constant, J/kg mol k)

= (

Absolute temperature, k)

AMIALE ZH 452F quHALS S HdAlF 500g2] FRNEAE Al
gstRen, z+ AfFud 20vEd FE&s, 4 2dTE

9 69 3YEE 79 2097% 833 AXEE 9
A AAGE WFAATAGR) 29 ALFelM Watgow,
O
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SppmA TR, H AF7|7HE Eoly & 160~185TC(H 17.3

TR, "olv A9 15%0 Tt &2 stF 33, & 74 9

th AFSE A X
ZlEALE Y 2 Hobee &%3 Table 1, 20 444 YEHR
. A& 9= WS AMEstA L, 3o AAZNREY A

A2FEL Lee et al(1994)0] FalRow, MY HI7b#HT asta-

qL N

RUA
+ i
A

A

< HAETES 7FE3T 5 ethanol 7H&-4 A
47 (Tunisan ID+v ZAEAETEE 7IEs 5 OA] F313t3l ethanol 7F&
NS FEote FTAAZXI Aoltl. Carophyll pink(Hoffman
La-Roche, Switzland)€ TUdAI#EQ0 AFFAAMNAEZAN AlE T
astaxanthin o] 64ppmeo| HEZ stRTE A ZE3E AIFAIEE &
G E HE XA AAZFRSHA -20T

ol AFg-sHA T

i)

ddole 5o A APE=E Fust & ng] 9 oprinE o
Al 3 XY= FEFAY. S €AHF=S homogenizer (Speed
cutter, MK-K51, National, Tokyo, Japan)ol acetone& £ujz w23t
B3, Eue Adw ofAEN AX et &FY WwASAG 247 38

B FEE T oS ether 202 JEAT F FEAT. F72H
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Table 1. Composition of the expernmental diets

Ingredient Percentage
Fish meal 51
Soybean meal 6
Flour 26
Wheat middlings 13
Yeast 1
Vitamin mix 2
Mineral mix’ 1
Total 100

" Vitamin and mineral mixture were
commercially available for fish.

Table 2. Levels of each pigment source in the experimental diets for

rainbow trout

Diet no. Pigment Content, g/kg in diet
source (Astaxanthin basis, mg/kg)
I Control’ 0.0(0)
2 Carophyll pink® 0.8(64)
3 Tunisan [°+ Tunic acetone extracts 1.6(80)
4 Tunisan I+ Tunic acetone extracts 1.6(80)
5 Tunic acetone extracts 1.6(80)

' The levels of astaxanthin were not measured.

* Astaxanthin 8% (Hoffman [La-Roche, Switzland).

> Tunisan I (6g/kg) was ethanol soluble material of ascidian tunic powder.

) Tunisan I (6g/kg) was ethanol soluble material of deproteinizationed ascidian

tunic powder.
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ol oS McBeth(1972)9] ®Ho] uwlelt H &34 % 480nmeol A
benzeneg &WlE T3 AT E 1n=2,4000.2 Alastgoh & 2 39

—

% astaxanthin %2 #3 2 &2 HPLCE 3%}

ub, HPLC #41=x

5 B HI FTY FIEH ko= 242 HPLC double pumpAl £
2e ARESAT. AEE 39X300mme g Porasil silica(Waters
Millipore, MA, USA) ZH3 AEsR 3, 3 5= LKB UVM 2141
uv-visible spectrophotometer® 476nmol|Al =A3IA . £ 1l hexane/
acetone(86:16)€ 0.8ml/min &E2 TEHA EAFAULY BF

astaxanthin® retention time¥® Bl 3dle] = A SH ).

Bl x| 2o &4
(1) TA 22 =5 4 +8

Bligh and Dyer®(1959)cl] wiz} A& oje] 3 X ZAE F531H
a, FX e gEE sEHeE AHPd. FAEL TFA
o 3IA8AEYR SAAXEE YFo thin layer chromatography
(Silica gel, TLC)ol| ¢Jstq st AL FAAXZ Y
hexane:diethyl ether:aceticacid(80:20:1, v/v/v), A X] & & chloroform:
methanol:acetic acid:water(65:45:1:2, v/v/v/v) T8 u]E A& 1L,
KoCro07-7096 HSO4 Al 2FS WHAIZ FFste] 130T A 583 &
A A Bald" ZF 8E5-E TLC-scanner(Shimadzu CS-910, dual wave

length TLC-scanner, Tokyo, Japan)oll ¢]ste] A 23} o).

AA D FgFe FAD Fo $771202 Bartlettd(1959)0] o] 3}
7790

2 °F 5ug)e 10N HSOq4
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2 7FEd A1 5% ammonium molybdate, Fiske- SubbaRaw A
2k 9l Z5 7FEiA] 100ToA 168 7HEsty F FH A7 AL
830nmoll A v|AHA=ZESY T 72F A5 SFE= KHoPOsE o] 83

Hge mEndel o8 <e) g TGP 24D F33
>

Ak 242 F 100mgd FAEE AHE3ste IN KOH 95%
ethanol@H o 2 A33t tF, Azl 10% BFs3-methanol3 3ml 7}
&t 95T A 3083 3HF71E38] AWt methylesterA 2.5 Z A 35}

[Tt ol RS capillary column(Sigmawax 320, fused silica column.
30m X 0.25mm i.d., Supelco, USA)o] &&= GC(Shimadzu GC-14A,
Japan) 2% SAs5F Y. XA A BEAMFEAL injector ¥
detector(FID)=2% ZtZ+ 2507C, column<&5+ 185TCoA 87+ A 3}
2 3C/min® 523t 230ColA 123 FA3FR I, carrier gasts
85 (15kg/cm”) S AL 28 split ratio= 50:1% 3t} zZH x|k
Abo] FAH L XFE9 retention time(RT)¥ vBjmdlg ov] FTFEEo]
N= A4 GC-Mass=4 &4 ¥ Manhaeden fish oilE 22 &

,ﬂ.
Fow A gsted FAH}YT

O

o



2 oAdgel] e @ ol FA AN AHs] S PAL ¥

histidine, glutamic acid, aspartic acid®l¥, o|S T HF2 A9 34.4%
g AR, B4 oluxAt #FFE 31.7%E YERHIITH Lee et
al.(1993)2 S 4o] & FAolwlx4t &= asparagine, glutamic acid,
taurine, aspartic acid &°| F8 o}u|x=4lo]RQ 31 histidine, methionine
Y HE AAYr BRusHY. o| AL +HAole F3 HAH F
dotul kel ko thazte AolE YetlleE Aos 53] ad 7}
d WA histidinee] Foll= vl SAstq & ztolE YEtuidd. =
T otuji=Alo] AAjEE Hlgd oM E & 25% AEE ZHEHG
72

-

N
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Table 3. Proximate composition of ascidian tunics’

(25)
Ascidian tunics
Component —
Dry powder Decolored powder
Moisture 8.070.3 ] 7.470.2
Crude protein 40.3x24 39.11.8
Crude hpid 04=*0.1 0.3£0.1
Crude ash 41+1.1 72205
Total carbohydrate”’ 46716 46+1.3
“ Mean = S.D.

® 100-(moisture + crude protein + crude lipid + crude ash)

Table 4. Mineral contents of various ascidian

(mg/kg)

Mineral Colored powder Decolored powder Crude polysaccharide’
Ca o127.6 H636.4 23267.7

- Na 1935.3 5303.7 71360.1
Cu 10.3 12.4 3.0
Mg 4820.9 3757.6 9416.3
Mn 98.2 67.5 214.4
Fe 215.9 269 .4 62.8
/n 40.5 38.9 16.1
P 336.4 287.6 436.2
K 4876.1 3421.6 6520.2

“Obtained by autoclave
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Table 5. Amino acid composition of various ascidian

(g/100sample)
Amno acid Decolored power” Neutrase” Autoclave
Tau 0.5 0.2 0.0
Asp 104 10.1 11.8
Thr 4.( 0.1 0.3
Ser 4.3 3.0 3.8
Glu 11.0 9.1 12.2
Gly 0.4 4.6 4.5
Ala 4.5 2.6 3.8
Cys 2.8 4.8 2.7
Val 4.5 3.8 5.9
Met 2.2 1.5 1.6
Ile 4.2 2.6 3.8
Leu 0.2 2.4 4.4
Tyr 4.0 2.9 3.4
Phe 4.6 2.8 3.7
Lys 6.2 8.1 4.7
NH3 1.9 0.2 0.2
His 13.0 29.2 20.4
Arg 6.1 4.0 3.9
Pro 4.5 3.1 3.8
E.AA 31.7 20.3 29.5

* Decolored powder @ pigments were extracted from raw ascidian.
° Crude polysaccharide extracts from the digestives by neutrase.
“ Crude polysaccharide extracts from the hydrolysates by autoclaving

I E.A.A : Essential amino acid.
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InE 0mg/kgo 2 A3tk LAl ouF 245 Fo TR
Na, K, Ca, Mg, Cl, P, S 597 ol AAY 60~80%&E =X 3}
(Bl - ¥3), 2Hee) 49 Ad9) %713 nge AET 20~30%2
A FE2 Cadl adely Bad s FAE s, 4299 Mg, P 59l
AL, o)l $H Yol HHAuo) thaF EARE Cat 3
Ztgel Wzt fAe dEe @ Aoz FAd

2. FEZXA WE I FY T&
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Autoclaved o] &3l 125TCo A Ao WE 5 H3 = Fig. 4
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Table 6. Yields of crude polysaccharide when treated with enzymes®

Concentration Alkalase Neutrase Mixter—2000
0.1% 3.1%0.3 35+0.4 32%0.2
0.5%6 3.7+t0.2 467+0.2 3.310.3

1% 3.81t0.1 541+0.3 3.5*04
3% 4.2+0.4 9.1+04 4.310.1
626 5.3*0.3 105+0.2 6.7x0.1
1096 6.7 +0.2 11804 68104

“Enzyme treated at the optimum temperature and pH
"Dry basis (w/w, %) Mean=*S.D.
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Table 7. Effect of treating time on the yield of crude polysaccharide of

ascidian tunic treated in the autoclave at 125C
(26, dry basis)

Treating time Colored powder Decolored powder [Root
I Treated 6.3%£0.4° 10506 6.9+0.3
2 Treated 4.810.2 3.610.2 4510.1
3 Treated 1.3%0.1 2.2*X0.2 3604
“Mean = S.D.

Table 8. Proximate composition of crude polysacchnde according to

extract condition

(26)

Component Neutrase Autoclave
Moisture 5.4+0.3 43+0.1

Crude protein 31.4+0.3 36.8x0.3

Crude lipid 1.3%£0.1 1.2*x04

Crude ash 10504 119+0.2

Total carbohydrate® 51404 458*+0.5

‘Mean * S.D.

°100-(moisture+crude protein+crude lipid+crude ash)

Table 9. Chemical composition of crude polysaccharide according to

extract condition

(96)
Condition Sulfate Uronic acid Protein Condroitin sulfate
Autoclave 2.3 0.02 315 18.5
Neutrase 3.5 0.01 35.9 16.7
Chondroitin sulfate A°® 1.1 0.003 - 95.1

L - Wil N A L P e ——

“Standard chondriotin sulfate A
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Fig. 5. Fourier transform IR(FT-IR) spectrum of decolored ascidian tunic powder.



60)
Ao

bb

ol
a

46
e -
we
MM
«*:“'»:WW
T

Transatttance [4]
3b 40

30

19
e

4000 3750 00 3250 3000 2790 200 2250 ZPJ 1750 1500 150 1000 750 500
Raversmber on

Fig. 6. Fourier transform IR(FT-IR) spectrum of crude polysaccharide extracted by neutrase



i

4b

40

36

Transmitance (%)
30

-GG -
26

-
b

4000 3750 00 3250 3000 2750 2500 2250 2000 1750 {500 {50 {000 750 520
Uaverimber o

Fig. 7. Founer transform IR(FT-IR) spectrum of crude polysaccharide extracted by autoclave



= ®83% A= Fig. 8% 2ol 0~15MZ NaClel ¥ %5 o)A
H O

7
A70nmoll A WG E AR, 280nmoll A G AR YRS =A5R
2]
S

stH  DEAE-cellulose o] w3l a8 dojzl A3
G-1002. 2 gel filtration®. 2 33ty A7A o
Sephadex G-25% gel o3l HFAHIAFRL
Sephadex G-100 Zo A A 2708 BAHES
2 ¥ d olEe) & 47y 11.4%9F 20%A . Sephadex G-100
o] F28¥& t}A] Sephadex G-252 gel 933 A3 F 79 84 &
T Ao, 1HY &2 847 nn|ste #EAgo] & HENHES

Bobd FFAA, FAAZNAT

-y

¢

2. REAA R shebgR

DEAE-cellulose ion exchange chromatography$t A &%t Sephadex
G-1003 G-202 ZAANRSt AR ISt FFZAA S Table 83 2t
sulfate ¥ F < 1.8~25% HAEH S5 uronic acid TFS vlv|sy
protein & &< 94~15.7%9 . &3 chondroitin sulfate &2 186~
23.5% %2 AAst7] ARG F7lst= Aol o 53| Sephadex G-25
o] 749 235%=2 F7tskT)

il

3. A4 209w FT-IR € AAA0]3E &4

Sephadex G-1003 G-25¢] FT-IR spetrum¥® X3% chondroitin
sulfate A%+ B FT-IR spetrum< Fig. 11~149] Z+z} Yyeligicl. 3t
Ab7) % 1240cm ol A S=09] streching vibratione] C-O-S A1 &2 % o]
49 axial FulE 850cm ‘oA vhERGTH(Fujihava et al, 1984). 34t
717} 850cm ‘el A 7#E HiE debd A9 Cy fixldl 2@ EHo 9
i g5 Ax Cob Cz9 Hxo) AFIFAH 820cm A FFdiz




A.280nm
a— A.470nm

@ ~ I pool

E i T
3 —

=

] b

=

=

-l-n-_ —

O

I'- .I' .r" ::::

200 300 400
Fraction number

Fig.8. Fractionation of partially purified polysaccharide
obtained by DEAE-Cellulose ion chromatography.

_61__



12

0 _ F2
g 8-
© . 1
> o |
= 6 I\
s | L
- i
L=
= 4
o
r=y |
O 4 A 280nm
|
~— A 470nm
0 , VYV VIVVVVVVVVVVVVIVVVVY

100 120 140
Fraction number

Fig.9. Sephadex G-100 rechromatogram
(i.d. 2.5cm x 100cm)of the partially purified
polysaccharide obtained by DEAE-Cellulose ion
chromatography.

__62_



* F3
1.8 —
1.5 —
D
= B
(41
> 12 —
oy
= |
[ —
© (0.9 —
g -
E .
— 0.6 —
-1
® 3
A 280nm
a— A 470nm
] A N W W e

0 10 20 30 40 50 60 70 80
Fraction number

Fig.10. Sephadex G-25 rechromatogram(i.d.1.5cm
X 100cm) of the partially purified
polysaccharide obtained by the Sephadex
G-100 chromatography.

_63_



Table 10. Chemical composition of partially purified polysaccharide
(96)

Sulfate Uronic acid Protein Chondroitin sulfate

DEAE-Cellulose 19 0.02 15.7 18.6
Sephadex-100" 2.0 0.04 12.4 21.2
Sephadex-25° 1.8 0.01 9.6 23.5

“Obtained by the DEAE-Cellulose Chromatography
°Obtained by the Sephadex-100 Chromatography
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Fig. 11. Fourier transform IR(FT-IR) spectrum of partially purified polysaccharide by Sephadex G-100 gel
filtration after extracted by autoclave.
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Fig.15. SEM phtography of chitin(A), chitosan(B),
chondroitin sulfate A(C), and ascidian

polysaccaride(D).
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Table 11. The foaming properties of samples

Sample Whippability® Foam stability”
Color powder 0.05 0.03
Decolored powder 0.20 0.08
Neutrase extracts 0.67 0.38
Autoclave extracts 0.70 0.50
Residue of neutrase 0.05 0.05
Residue of autoclave — -

Chitin - -
Chitosan - -
“Whippability = (Total volume-Drainage volume) / Initial volume

(Initial volume-Drainage volume) / Initial volume

°Foam stability
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Table 12. The emulsifying properties of samples

Sample EFmulsifying activity

Color powder
Decolored powder
Neutrase extracts
Autoclave extracts
Residue of neutrase
Residue of autoclave
Chitin

Chitosan

47.1
49.2

(%6)

Emulsifying stability

448
43.3

Table 13. Dye binding capacity of chitin®, chitosan’ and crude

polysaccharide treated by neutrase and autoclave

Sample Blue R-250
Neutrase 81.2
Autoclave 76.3
Chitin 52.5
Chitosan 82.7

Red-?2

33.5
87.1
o7.6
33.4

°Sigma Co. no. C-7170 (from crab shells)
bSigma Co. no. C-3646 (from crab shells)
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Pigment of ascidian tunic
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34.2
82.1
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Fig.17. Flow curves of crude polysaccharide
solutions treated with trichloroacetic acid

after extracted by autoclave.
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extracted by autoclave.
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Table 14. Power law constants for crude polysaccharide solutions

extracted by autoclave with various concentration at 20°C

Treated
trichloroacetic acid

Untreated
trichloroacetic acid

“Consistency index
PElow bqhaVIOr 11_1Qex
“Correlation coefficient

Conc.{(%, w/v)

10
15

10
15
20

K?(Pa. s)

0.2968

0.3979
0.3174
0.7901

0.3960
0.3688
0.7937
1.1336

0.6360
0.7240
0.9006
0.8676

0.6835
0.8293
0.8349
0.9007

0.9961
0.9978
0.9994
0.9989

0.9976
0.9993
0.9987
0.9997
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autoclave.
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Table 15. Activation energile, infinity apparant viscosity, and
coefficients of determunation for crude polysaccharide solutions

Shear rate Ea® Mo’ r
(1/s) (J/Kg.mol X 10"

30 2.0058 0.00364 0.9957
Treated with 90 2.10064 0.00416 0.9963
trichloroacetic acid 150 2.2248 0.00106 0.9950
225 1.6128 0.00939 0.9959
15 0.7475 1.41574 0.9955
Untreated with 30 1.1195 0.24310 0.9958
trichloroacetic acid 90 1.4422 0.04800 0.9986
150 1.6002 0.02451 0.9960

:‘)Activation energy
Infinity apparent viscosity

“Coefficient of determination
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Table 16. Effect of crude polysaccharide solutions on activated partial
thromboplastin time(APTT)

Sample Clotting time (seconds)
Neutrase® 67
Autoclave® 63
Sephadex-100 75
Sephadex—25° 57

“Crude polysaccharide extracted by neutrase

°Crude polysaccharide extracted by autoclave
“Obtained by the DEAE-Cellulose Chromatography

‘Obtained by the Sephadex-100 Chromatography

Table 17. ACE inhibition of partially purified polysacchnde

Sample ACE inhibition ratio(96)
Neutrase® 12.4
Autoclave” 16.2
Sephadex G-100° 24.6
Sephadex G-25¢ 17.3

a~dnefer the foot in Table 14.
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Table 18. Proximate composition of rainbow trout
(90 )

4 weeks dweeks
Component
Diet 17 Diet 2 Diet 3 Diet 4 Diet 5 Diet 1 Diet 2 Diet 3 Diet 4 Diet 5
Moisture 7Y 183 770 182 T71.1 270 138 708 737 714
Crude protein 19.1 170 183 177 192 216 221 243 221 237
Crude lipid 3.9 3.7 3.7 3.2 2.9 4.4 3.0 3.3 3.2 4.0
Crude ash 1.1 1.0 1.0 0.9 0.8 1.3 1.1 1.1 1.0 0.9

" See the footnote of the Table 5.

Table 19. Mineral contents of rainbow trout

(mg/kg)
4 weeks sweeks

Mineral

Diet 1" Diet 2 Diet 3 Diet 4 Diet 5 Diet 1 Diet 2 Diet 3 Diet 4 Diet 5
Ca 1954 2071 1383 1637 238.1 87/6.3 3215 7344 5263 4528
Na o472 6315 8221 6339 10640 1883.7 9447 1335.4 100695 1693.7
Cu 1.4 1.1 1.9 1.9 1.7 11.6 3.9 6.0 4.9 11.0
Mg 20477 220577 19477 1832 21309 401.8 3385 3458 2988 328.3
Mn 0.2 0.5 0.5 0.4 0.5 4.3 1.1 0.8 0.5 09
Fe 13.1 17.7 24.5 23.6 22.5 108.1 56.4 45.3 37.8 34.6
Zn 6.3 12.1 7.5 10.3 9.7 55.2 62.6 21.2 16.5 20.4
P 7836 16959 9947 1444.1 12204 37916 24932 26115 24737 1957.4
K 33506 33445 2789.1 27763 21984 20300 20142 182381 31589 254472

" See the footnote of the Table 5.
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Table 20. Carotenoid concentration in flesh and skin of rainbow trout'

(mg/100g tissue)

4 weeks 8 weeks
Flesh Skin Flesh Skin
Diet 1° 0.0652 0.2363 0.0896 0.2542
Diet 2 0.1156 0.4957 0.2480 0.8816
Diet 3 0.0916 0.4529 0.2224 0.8625
Diet 4 0.0884 0.4825 0.2137 0.8437
Diet 5 0.1263 05734 0.2841 0.9023

' Total amount of carotenoids in the initial sample(0 week) of flesh
and skin was 0.0517, 0.2073mg/100g tissue respectively.
° See the footnote of the Table 5.

Table 21. Astaxanthin composition(26) in flesh and skin of rainbow trout

( 9% )
4 weeks 8 weeks

Free! Mon. Di. UK Free Mono. Di. UK
Flesh
Diet 1° 16.05 969 6022 14.04 16.39 6.7 6464 12.13
Diet 2 18.02 6.97 72.48 2.54 6.90 734 &4.70 1.06
Diet 3 12.75 915 73.28 4.82 7.81 849 81.08 2.62
Diet 4 12.58 958 75.11 2.73 6.53 729 82.71 3.47
Diet 5 13.39 891 70.32 2.37 6.23 6.22 84.01 3.4
Skin
Diet 1 4.96 6.25 76.84 11.95 3.10 6.6 7078 1947
Diet 2 7.46 3.73 81.31 2.48 242 1254 83.81 1.23
Diet 3 9.41 708  79.80 3.71 352 1094 79722 6.32
Diet 4 0.25 6.12 82.74 4.89 5.76 997  79.09 5.18
Diet 5 9.92 HhH0 81.58 3.00 7.94 7.12 7998 4.96

' Free, astaxanthin free; mono., astaxanthin monoester, di., astaxanthin diester;
- U.K., unknown.
* See the footnote of the Table 5.
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Table 22. Limid contents of TL, NL and PL of rainbow trout
(mg/100g tissue)

4 weeks 8 weeks
Flesh [iver Flesh Liver
TL'
Diet 1° 3.88 3.22 4.36 4.52
Diet 2 3.70 2.97 3.04 3.47
et 3 3.72 3.13 3.81 3.17
Diet 4 3.22 2.70 3.19 3.32
Diet 5 2.86 4.49 3.96 4.01
NL
Diet 1 3.16 1.51 3.84 2.82
Diet 2 2.95 1.86 2.43 1.78
Diet 3 2.99 2.09 3.14 1.16
Diet 4 2.58 1.19 2.49 0.94
Diet b 2.26 3.05 3.21 2.03
PL
Diet 1 0.72 1.71 0.52 1.70
Diet 2 0.75 1.11 0.61 1.69
Diet 3 0.73 1.04 0.67 2.01
Diet 4 0.64 1.51 0.70 2.38
Diet 5 0.60 1.44 0.75 1.98

‘1 TL, total Iipid; NL, neutral lipid; PL, phospholipid.
“ See the footnote of the Table 5.
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Table 23. Lipid classes in flesh and liver neutral lipid of rainbow trout’

( 96 )
4 weeks sweeks
Lipid -
class Diet 1 Diet 2 Diet 3 Diet 4 Diet5 Diet 1 Diet 2 Diet 3 Diet 4 Diet 5
Flesh
PL 1507 1242 1093 1083 12.19 1201 1283 1212 11.70 1370
S 10.04 3.27 71.29 7.21 3.12 517 554 0.21 7.79 0.88
TG 7376 7827 8068 8087 78.55 31.70 8048 &l151 7943 7932
Liver
PL 2867 1613 21.82 20691 17.19 13.19 2349 2269 10.33 21.49
S 11.52 9.93 955 12.59 3.30 954 1081 10.10 3.49 9.53
FA 3.93 2.95 2.59 3.74 2.95 3.80 3.54 4.31 2.00 3.48
TG 40.81 4892 4483 3HEK7 49.10 5529 4363 44.19 60.17 43.28
SE 1507 2247 2121 2089 2246 18.17 1853 1872 1900 22721
" PL, polar lipid; S, sterol; FA, fatty acid; TG, triglyceride; SE, sterolester.
Table 24. Lipid classes in flesh and liver polar lipid of rainbow trout
( 9% )
4 weeks sweeks
Lipid -
class Diet 1 Diet 2 Diet 3 Diet 4 Diet 5 Dietl] Diet 2 Diet 3 Diet 4 Diet b
Flesh
PC 67.38 73.b2 7202 6791 69.13 6066 69.12 6515 7014 ©4.49
PE 3262 2648 2798 32.09 30.87 303 3088 3485 2986 3551
Liver
[LLPC 2.42 3.24 2.13 4.12 3.76 1.80 2.36 1.58 2.42 1.88
SPM 5.00 4.96 4.82 5.18 4.28 4.26 4.33 4.17 476 5.05
PC 4949 H1.72 4874 5223 48.73 4482 4741 4797 4682 4951
LPE 7.5 8.73 7.31  10.00 3.61 10.62 8.11 9.33 3.14 8.81
PE 2462 2030 26.07 1845 2491 2701 2694 2531 2021 2506
PA 10772 1105 1094 10.0Z 9.71 1150 1086 1163 1164 9.69

" PC, phosphatidylcholine; PE, phosphatidylethanolamine; LPC, lysophosphatidylcholine;
SPM, sphingomyeline, LPE, lysophosphatidylethanolamine; PA, phosphatic acid.
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Table 25. Fatty acid compositions of total lipids from rainbow trout flesh after feeding

for 4 weeks'

(%6)

Fatty acid Control Diet 1 Diet 2 Diet 3 Diet 4
14:0 2.3710.23 2.2910.16 2.39x0.12 2.42+0.14 2.4770.10
15:0 0.150.02 0.14=0.00 0.12=0.00 0.13=0.00 0.12x0.01
16:0 150 0.20xX0.06 0.2970.07 0.1710.03 0.1820.03 0.17=0.02
16:0 19.450.26 20.51 20.90 21.09120.30 21.15=0.38 22.11 =0.20
16:1n-7 7.08*X0.70 7.400.20 848+ 0.35 871 1+0.24 954 *0.21
TMel6:0 0.14=0.01 (.15 1‘9.01 tr 0.13=0.04 tr
16:In-5 0.11 002 tr tr tr tr
16:2n-4 0.230.02 0.21 =0.02 0.21 £ 0.08 0.41 £0.03 0.19=0.10
17:0 0.12=0.01 0.100.01 tr 0.10=0.01 tr
16:3n-4 0.13=0.01 0.1220.02 tr 0.11 =0.01 tr
16:4n-1 0.10=0.01 0.100.03 tr 0.130.02 tr
18:0 4.04 (.03 3.990.16 3.940.22 3.7010.16 3.760.02
18:1n-9 20.89x1.74 20.45=0.87 22581t 1.14 20.790.49 21.7470.34
18:1n-7 3.73x0.02 3.50x(.31 3.71 =0.07 4.02=x0.70 3.81x0.12
181n-5 0.2420.06 0.260.08 0.240.04 0.160.12 0.27=0.02
18:2n-6 0.83711.08 961041 9.320.31 10.50x0.44 10.10x0.22
182n-4 0.23=0.01 0.190.05 0.1920.05 0.14 = 0.01 0.25x0.12
18:3n-6 0.170.04 0.12+0.02 0.15=0.08 0.12x=0.01 021004
18:3n—-4 0.227=0.01 0.221+0.01 0.210.05 0.150.02 0.20%=0.04
18:3n-3 0.7520.06 0.780.03 0.680.02 0.750.02 0.7310.04
18:4n-3 0.60x0.46 0.30x0.01 0.260.01 0.297+0.04 0.33x0.07
18:4n-1 0.23=0.04 0.23x0.01 0.19=0.03 0.191=0.02 0.170.02
20:0 0.11=0.02 0.21x0.11 tr tr tr
20:1n-11 2.1770.13 2.01=x0.38 1.883+0.30 1.93+0.18 1.84%0.10
20:11n-9 1.782-0.03 1.621+0.16 1.791+0.14 1.67 =0.29 1.57 £0.08
20:In-7 0.35%0.21 0.21 =0.04 0.22*0.03 0.14X=0.06 0.24 %+ 0.08
20:2 NMID’ 0.21 £0.05 0.16=0.01 0.17x0.01 0.16=0.04 0.18=0.05
20:2n-6 0.5520.03 0.54=0.03 0.59x0.04 0.55x0.07 0.5320.04
20:3n-6 0.30x0.01 0.260.01 0.21 =0.01 0.20 =0.05 0.24+0.05
20:4n-6 0.630.09 0.660.06 0.54=0.03 0.553=0.04 0.54x0.03
20:4n-3 0.320.03 0.31F0.01 0.26=0.01 0.26 £0.03 0.23=0.01
20:5n—3 3.67=20.34 3.83x0.25 3.2210.07 3.15*0.10 3.0710.08
22:1n-9 1.587=0.06 1.297=0.18 1.42=0.10 1.56x0.18 1.48=0.17
22 1n-7 0.36 =0.02 0.310.02 0.330.04 0.330.04 0.35%0.04
21:5n-3 0.39*0.11 0.63x0.25 0.56x0.23 0.66 £0.23 0.46 = 0.06
22:3n—-6 0.25x0.01 0.26x0.02 0.27=0.05 0.25*0.01 0.21 =0.01
22:4n-6 0.10%+0.01 0.17=0.07 0.200.05 0.22x0.06 0.19=0.04
22:5n-6 0.16 =0.02 0.1810.02 0.13=0.00 0.15%0.03 0.13=0.01
22:5n-3 1.21 +=0.11 1.22=>0.03 1.19%10.03 1.11+0.10 0.97=0.04
22:6n-3 14.23 = 2.02 14.891.73 12597 1.02 1251 +1.59 10.85=0.15
Total sat.” 26.79 27.84 28.14 28.05 29.07
Total mono. 38.29 37.22 40.65 39.31 40.84
Total poly. 34.30 34.83 31.12 32.50 29.74
Total n-3 21.17 21.96 18.76 18.73 16.64
Total n-6 11.99 11.80 11.41 12.60 12.15

' The data are presented as the mean = standard deviation of 4(2 groups X ?2)
NMID, nonmethylene-interrupted diene.
mono., monoenolc fatty acids, poly., polyenoic fatty acids.
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Table 20. Fatty acid compositions of total lipids from rainbow trout liver after feeding

for 4 weeks'

Fatty acid Control Diet 1 Diet 2 Diet 3 Diet 4
14:0 1.14£0.05 1.24+0.05 1.40+0.12 1.24+0.01 1.32+0.06
16:0 20.64+0.18 21.45+ 053 20.78 + 0.46 21.99+0.15 21.97+0.35
16:1n-7 6.69%0.23 10.37+0.22 9.63+0.37 6.47 £0.33 11.33+0.48
17:0 tr° 0.10+0.02 0.15+0.06 0.11+0.02 tr
18:0 6.02+0.09 5.69+0.05 5.12+0.02 5.50:+0.06 4.93+0.07
18:1n-9 27.17+0.15 33.29+0.10 2768 £0.18 28.82+0.19 31.50+0.22
18:1n-7 3.49+0.02 454+0.01 4.14£0.03 495+0.11 6.45+0.04
18:1n-5 0.24+0.00 0.13+0.09 0.26£0.03 0.21 £0.03 0.18+0.05
18:2A511 0.15+0.01 0.14+0.05 0.17£0.01 0.18+0.04 0.22+0.11
18:2n-7 0.15+0.01 0.15+0.03 0.16£0.01 0.22+0.05 0.22+0.08
18:2n-6 3.04+0.04 2.83+0.04 3.1910.06 3.27+0.17 2.33+(0.14
18:2n-4 0.22+0.01 0.11 +0.04 0.12+0.06 0.10+0.01 tr
18:3n-6 0.13x0.06 tr tr tr tr
18:3n-4 0.12x0.01 tr 0.10x0.02 tr tr
18:3n-3 0.10+0.01 0.10+0.01 0.11+0.02 0.10+0.01 tr
20:0 0.10+0.01 0.11 +0.00 0.12+0.05 tr 0.10+0.01
20:1n-9 3.34+0.10 2.73+0.08 3.16 £0.20 2.38+0.04 2.31+0.00
20:1n-7 0.28 +0.03 0.19+0.00 0.29+0.01 0.23+0.02 0.17+0.02
20:2 NMID®  0.46+0.02 0.50+0.16 0.37£0.01 0.4510.04 0.35+0.02
20:2n-6 0.90+£0.02 0.59+0.02 0.88+0.05 0.73+0.04 0.47+0.03
20:3 NMT> 0.16%0.00 0.11+0.00 0.18 £0.01 0.15+0.00 tr
20:3n-6 1.17%0.01 0.55+0.02 0.7510.03 1.02+0.00 051 +0.01
20:4n-6 1.48+0.05 0.79+0.03 1.23+0.06 1.46+0.02 0.74+0.01
20:5n-3 1.05+0.05 0.63+0.03 1.00+0.03 1.16+0.01 0.55+0.01
22:1n-9 0.10+0.00 0.14+0.01 0.13£0.01 tr 0.12+0.01
22:1n-7 0.16 £ 0.00 0.21 +0.01 0.21£0.01 0.15+0.01 0.22+0.01
21:5n-3 0.43+0.02 0.45+0.02 0.65+0.01 0.49+0.02 0.60+0.06
22:3n-6 tr 0.10+0.01 0.11+£0.04 0.10+0.02 tr
22:4n-6 0.10+0.01 0.19+0.01 0.27£0.02 0.10+0.00 0.27+0.03
22:3n-3 0.15%+0.01 0.16+0.05 0.14+0.02 0.17+0.01 0.13+0.03
22:5n-6 0.50+0.01 0.30+0.04 0.37+0.02 0.62+0.02 0.28 +0.01
22:5n-3 0.57 +0.01 0.41 +0.02 051 £0.02 0.68+0.01 0.39 +0.02
22:6n-3 19.74+0.17 11.43+0.50 16.45+0.66 16.65+0.48 12.25+0.38
Total sat.’ 28.52 20.20 28.12 29.52 28.76
Total mono. 41.47 51.60 45 50 43.21 52.98
Total poly 30.00 19.09 26.30 27.12 18.96
Total n—-3 29.04 13.18 18.86 19.25 13.92

Total n-6 7.32 5.44 6.89 7.30 4.60

I, 2, 3, 4

See the foot note of the Table 13.
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Table 27. Fatty acid compositions of total lipids from rainbow trout flesh after feeding

for 8 weeks'

(20)

Fatty acid Control Diet 1 et 2 Diet 3 Diet 4
14:0 236+0.12 2.35+0.21 2.30+0.02 235+0.19 2.10£0.05
15:0 0.12+0.00 0.12+0.01 0.12+0.01 0.12+0.01 0.11=0.00
16:0 iso 0.16+0.03 0.18=0.02 0.17-+0.01 0.19+0.03 0.15+0.03
16:0 21.70+ 0.86 21.61 +0.69 21.91+0.13 21.17+1.00 20.60+0.18
16:1n-7 829+0.18 808061 837+0.19 836+ 0.35 804+0.31
TMel6:0 0.14£0.00 0.14+0.02 0.16 = 0.02 0.12+0.02 0.11 +0.00
16:2n-4 0.18+0.02 0.20£0.10 tr 0.19+0.12 tr
17:0 tr- 0.10+0.01 0.25+0.11 0.11£0.01 0.21 +0.09
18:0 3.88+0.05 3.95+0.01 4.28+0.04 4.02+0.10 3.99 1+ (.08
18:1n-9 24.42 + (.58 21.55+0.43 23.53+0.46 2363+ 0.75 23.89+0.61
18:1n-7 3.61£0.09 3.56+0.15 3.68+0.07 3.41+0.11 3.54 +0.08
18:1n-5 0.19+0.06 0.22+0.02 0.29+0.12 0.24+0.02 0.25+0.08
18:2A511 0.12+0.04 0.12+0.02 0.20+0.08 0.17+0.02 0.15%+0.05
18:2n-7 tr tr 0.15=0.02 0.13=0.03 tr
18:2n-6 9.20+0.25 11.03+0.12 9.98+0.13 065+0.17 0.83+0.18
18:2n-4 0.17+£0.02 0.17 +0.02 0.15+0.05 0.23+0.06 0.17+0.04
18:3n-6 0.13+0.03 0.11 £0.02 0.12+0.04 0.20+0.08 0.13+0.05
18:3n-4 0.22+0.03 0.21 £0.03 0.17+0.03 0.23+0.05 0.20+0.03
18:3n-3 0.74 £ 0.00 0.76 £0.03 0.74%+0.03 0.74+0.07 0.72+0.01
18:4n-3 0.25£0.00 0.26 +0.03 0.31 +0.07 0.30+£0.06 0.30+0.01
18:4n-1 0.19£0.00 0.17£0.01 0.16 =0.01 0.19+0.03 0.20+0.03
20:0 tr tr 0.10+0.00 0.11+0.06 tr
20:1n-11 1.62+0.06 1.70£0.03 1.7310.04 1.63+0.10 1.74+0.07
20:1n-9 1.76 £0.09 1.83+0.03 1.86+0.05 1.75+0.11 1.77+0.12
20:1n-7 0.16 £0.01 0.19+0.03 0.18+0.02 0.18+0.04 0.19+0.05
20:2 NMID®  0.17£0.00 0.21£0.0 3 0.26 +0.02 0.22+0.06 0.22+0.06
20:2n-6 0.55+0.01 0.77 £0.02 0.71+0.03 0.63+0.05 0.62+0.09
20:3n-6 0.2410.02 0.3310.01 0.34+0.02 0.34£0.09 0.31 +0.02
20:4n-6 0.53+0.04 0.64 +0.06 0.56+0.01 0.58 +0.02 0.5710.05
20:4n-3 0.21 £0.01 0.23£0.03 0.26+0.02 0.23+0.02 0.28 +0.01
20:5n-3 297+0.13 2.88+0.34 2.73%0.05 292+0.18 3.38+0.21
22:1n-9 1.23+0.06 1.33+0.08 1.25+0.10 1.23+0.02 1.42+0.20
22:1n-7 0.31 £0.02 0.35+0.01 0.34+0.03 0.32+0.03 0.33+0.04
21:5n-3 0.64+0.12 0.45+0.02 0.39+0.02 052+0.12 0.56+0.30
22:3n-6 0.22+0.03 0.22+0.01 0.20+0.02 0.26 +0.03 0.22+0.02
22:4n-6 0.21 £0.06 0.16 £0.02 0.14+0.03 0.17£0.03 0.17 +0.07
22:5n-6 0.13£0.01 0.19+0.01 0.17+0.01 0.17+0.01 0.16 £ 0.01
22:5n-3 1.01+£0.03 1.00+0.06 0.95+0.05 1.01 +0.12 1.13+0.08
22:6n-3 11.38+(.73 12.35+1.17 10.77 £0.33 11.81 £0.55 12.14+1.01
Total sat.’ 28.71 28.75 2955 28.19 27 58
Total mono. 4159 3881 41.23 40.75 41.17
Total poly.  29.37 32.34 29.20 30.67 31.24
Total n-3 17.20 17.93 16.15 17.53 18.51

Total n-6 11.21 13.45 12.22 12.00 12.01

' See the foot note of the Table 13
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Table 28. Fatty acid compositions of total lipids from rainbow trout liver after feeding

for 8 weeks'

(%)

Fatty acid Control Diet ] Diet 2 Diet 3 Diet 4
14:0 1.2910.07 1.41 £0.06 1.100.03 1.41 +0.05 1.29+£0.04
16:0 1966+F0.17 21.70%0.92 19.080.25 21.6610.77 18.730.28
16:1n-7 0. 73+0 22 6.96 = 0.60 471 =0.06 5.360.24 6.70=0.12
16:2n-4 tr- tr tr 0.1720.01 tr
18:0 6.24 3 0.05 8.1210.33 3.18=0.03 8.16=0.17 6.3510.07
18:1n-9 32.88*0.09 25.6010.76 22.00=0.09 19.45+0.45 35.5510.04
18:In-7 405+0.17 4.24+10.24 4.03=0.04 3.830.05 3.57=0.03
18:1In-5 0.20=0.04 0.11=0.04 0.18=0.04 0.17x0.01 0.20=0.06
18:2A511 0.15+0.02 tr tr tr 0.14+0.04
18:2n-7 0.10=0.01 tr tr tr 0.100.02
18:2n-6 5.13F0.05 448*0.31 5.14=0.03 57910.25 417+0.04
18:2n-4 0.13=0.01 0.22=0.07 0.1210.01 0.12=0.00 0.10x0.02
18:3n-3 0.190.02 0.22=0.07 0.22+0.02 0.331+0.00 0.12x0.01
20:0 0.1030.00 0.17%=0.02 0.10=0.01 tr tr
20:1n-9 3.26+0.04 27210.09 2.86 =0.04 2.850.07 3.280.06
201 1n-7 0.21 £0.01 0.21 £0.06 0.20x=0.01 0.21 =0.03 0.19+£0.01
20:2 NMID" 0.28=0.02 0.350.07 0.25%+0.01 0.25*0.01 0.29+0.01
20:2n-6 1.37 % 0.05 1.09£0.06 1.81=x0.02 1.55=0.08 1.09x0.12
20:3 NMT? 0.18 +0.02 0.22+0.02 0.21 +0.00 0.30+0.03 0.15+0.01
20:3n-6 0.9710.02 1.030.07 1.22720.01 1.12x0.02 0.83x0.02
20:4n-6 1.31£0.02 1.77%£0.15 2.46 =0.02 288+0.18 1.47+0.02
20:5n-3 0.770.01 0.82x0.05 1.490.04 1.38+0.04 0.69=0.02
22:1n-9 0.231=0.01 0.14x0.04 0.12x0.01 0.24 =0.01 0.11=0.01
22:1n-7 0.21 £0.01 0.18x0.02 0.13x=0.00 0.15*0.01 0.21 =0.01
21:5n-3 0.340.03 0.31=0.04 0.31=0.01 0.280.04 0.29=x0.03
22:4n—6 0.14 £0.02 tr tr tr tr
22:3n—3 tr 0.14x0.01 0.10x0.01 0.13=0.02 tr
22:5n-6 0.38x0.01 0.69x0.03 0.56==0.02 0.75=0.07 0.47£0.01
22:5n-3 0.38=0.01 0.480.08 0.69x0.02 0.670.03 0.3410.02
22:6n-3 12.81 =0.15 16.540.54 22.2610.39 20.45T0.64 13.3210.39
Total sta.’ 28.05 33.86 28.92 31.75 26.90
Total mono. 47.77 33.16 34.23 32.26 49 .81
Total poly. 23.96 27.83 36.47 35.65 23.29
Total n—-3 14.58 18.51 25.07 23.24 14.83

9.30 9.06 11.19 12.09 K17

Total n—6

% % % See the foot note of the Table 13.
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