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Induction of artificial maturation for the seedling
of eel, and nutritional studies of juvenile eel,

Anguilla japonica

Jun Young Bae

Department of Fisheries Biology, Graduate School,

Pukyong National University, Busan 608-737, Korea

Abstract

Series of studies were conducted to induce sexual maturation for the
artificial propagation- of ‘eel, Anguilla japonica and to'evaluate major nutrients
requirements of juvenile “eel ~for the. managements of hatched larvae and
broodstock by nutritional approaches. Firstly, five experiments were examined
for sex determination of cultured eel for broodstock managements (Exp. 1-1),
induction of artificially sexual maturation in male eel (Exp. 1-2), induction of
artificially sexual maturation in male eel (Exp. 1-3), development of the eggs
and pre-leptocephalus larvae by natural spawning of artificially matured eel
(Exp. 1-4), and determination of optimum induction periods for artificially
sexual maturation in cultured eel (Exp. 1-5). Secondly, five experiments were

conducted to evaluate optimum dietary protein to energy ratio (Exp. 2-1) and
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requirements of optimum dietary essential fatty acids (Exp. 2-2), arachidonic

acid (Exp. 2-3), antioxidant vitamins (Exp. 2-4) for juvenile eel, 4. japonica.

1. Induction of artificial maturation for the seedling of eel,

broodstock

Experiment 1-1. Methods of sex determination for broodstock
managements in cultured-eel

This study investigated sex determination through serum steroid hormone
level and compared hematological characteristics of one-year old cultured eels,
Anguilla japonica. Four different groups were divided with total length at
40~45, 45~50, 50~55 and 55~60 cm. Males dominated eels of 40~50 cm in
total length ‘group, while " females dominated eels of more than 50 cm. All
females and males were immature. Hematocrit levels of males (total length:
40~50 cm) were higher: than those of females "(total  length: 50~60 cm).
Hemoglobin content also “differed between males and females. Glutamate
oxaloacetate transminase (GOT) levels of 40~45 cm males tended to be higher
(157+£3.46 1U/L) than that of other sized males, but there were no significant
differences between groups (P<0.05). The highest GOT levels were found in
of 55~60cm females (148+3.46 IU/L) compared with that of other female
groups (P<0.05). Glutamate pyruvate transaminase (GPT) levels of males and
females in the 55~60cm size range was significantly higher than others

(P<0.05). The result of this study indicated steroid hormone content of males



and females were very low, but testosterone (T) and estradiol-173 (E:)contents of
females were higher than those of males. For further research of sex

determination in cultured eels, it needs to investigate in more defined body length.

Experiment 1-2. Induction of artificial maturation in male eel

This study was conducted to investigate the changes in body weight (BW),
plasma sex steroid hormone profiles and testicular developments of cultured
male eel Anguilla japonica during artificial maturation process. Eels that received
weekly intraperitoneal injections of eel’s ringer solution containing human chronic
gonadotropin (HCG) were examined. In ringer-treated control, the BW changes
decreased slowly during /the experiment period. Plasma testosterone (T),
11-ketotestosterone (11-KT) and 17a, .20B-dihydroxy-4-pregnen-3-one (DHP)
levels in control remained low and did not show any significant changes.
Moreover, all germ cells in the-testes of the control were spermatogonia. In
the HCG-treated male eels, however, the BW changes gradually increased from
S5th week and then slowly decreased. Plasma T level rapidly increased (P<0.05)
at 2nd week and then slowly decreased. Plasma 11-KT level dramatically
increased  (P<0.05) at 2nd week and maintained until the end of the
experiment. Plasma DHP level progressively increased from 2nd week and
peaked at 8th week (P<0.05). The HCG-treated male eels had more developed
testes; most were at spermatozoa and spermatid stages and showed active
spermiation. Thus, spermatogenesis and spermiation in the cultured eel can be

induced by repeated injections of HCG.



Experiment 1-3. Induction of artificial maturation in female eel

The present study demonstrates the changes in body weight (BW) and
plasma sex steroid hormone profiles during artificial maturation induced by
human chorionic gonadotropin (HCG) or salmon pituitary extract (SPE)
injections in cultured eel Anguilla japonica, kept in seawater for 3 months. In
the weekly SPE-injected female group, BW was relatively stable during
vitellogenesis. Following induction of vitellogenesis, females exhibited a rapid
increase of BW, and the oocytes were observed _to be in the migratory nucleus
stage at the end of the experiment. Plasma testosterone-(T) and estradiol-17[3
(E2) levels increased slightly during vitellogenesis and. peaked “at an average of
5.82 ng/mL and 4.76 ng/mL; respectively, at the end of the experiment. In the
weekly control and HCG-injected female groups, BW slowly decreased during
the experimental period, and the oocytes of the two groups were observed to
be at the primary yolk globule stage. In the weekly HCG injected female
group, plasma T. and /E;  levels increased slightly “during wvitellogenesis and
decreased afterward. In._the control female group, however, plasma T and E,
levels were not altered during the experimental period. Furthermore, plasma 17a,
20[3-dihydroxy-4-pregnen-3-one (DHP) was not detected in all experimental
groups. Fertility and hatching rates of SPE-injected females were significantly
higher in those that ovulated 15 h after DHP injection than 18 h. These
results indicate that long rearing in seawater increases responsiveness to SPE
in ovarian maturation of the eel A. japomica, resulting in shortened period

from completion of vitellogenesis by sex steroid hormone production.



Experiment 1-4. Development of the eggs and pre-leptocephalus larvae
by natural spawning of artificially matured eel

Embryonic and pre-leptocephalic larvae development of the eel, Anguilla
japonica, are described following natural fertilization in the indoor tank of 2
3C water temperature. Following a routine hormone treatment technique for
the brood stock, female eels were artificially matured by weekly intramuscular
injections of salmon pituitary extracts (SPE) at a dosage of 20 mgkg body
weight (BW) for a total of 10-14 doses to induce ovarian maturation, while
male eels received weekly intramuscular injections. of human chorionic
gonadotropin (HCG) at a dosage of 1 IU/g BW for a total.of 6-10 doses to
induce testicular maturation «in a separate. aquarium- and induced natural
spawning. Fertilized eggs of about 1.0 mm in diameter were pelagic and
showed a typical discoidal cleavage. Hatching occurs 38 hrs after fertilization
at a water temperature of 23°C. The newly hatched larvae measured about 3.0
mm in total length and the number of myomeres averages 42. Their mouths
and anuses were opencd-at-4.5 days and the yolk sacs of the pre-leptocephalic
larvae were almost absorbed ‘at 6.5 days after hatching. Preleptocephalic larvae
survive for 14.5 days. At this time they are 5.87+0.25 mm in total length and
have about 98 myomeres. However, morphological characterization of
embryonic and pre-leptocephalic larvae were not different between natural

fertilization and artificial fertilization by the dry method.
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Experiment 1-5. Determination of optimum induction periods for
artificially sexual maturation in cultured eel

This study investigated the correlationship between artificial maturation
season and reproduction coefficient of cultured eel Anguilla japonica from May
(spring) to next January (winter). The brood stock, female eels (400~600 g)
were artificially matured by weekly intramuscular injections of salmon pituitary
extracts (SPE, 20 mg/fish) to induce a completion of vitellogenesis. After
completion of vitellogenesis, final oocyte maturation and ovulation was induced
by injection of 17a, 20B3-dihydroxyprogesterone-(DHP) at about 2 ng/g body
weight. Most fish ovulated 15~18 h following the DHP injection. The ovulated
fish were induced to natural spawning or artificial fertilization by the dry
method. Males (200~350 g).were received weekly intramuscular injections of
human chorionic gonadotropin (HCG) at a dosage of 1 IU/g body weight to
induce testicular maturation and spermiation. Seasonal reproduction coefficient
which includes the rate of ovulation, buoyancy, fertilization and hatching of
eggs in the artificially matured-eel during spring to summer (May~July) were
significantly higher than- the other season, while there were no significant
difference among spring andsummer (P<0:05). Furthermore, the number of
eggs spawned and larvae hatched in-the-artificially maturated eel during spring
to summer (May~July) were significantly higher than the other season, while
there were no significant difference in spring and summer (P<0.05).

These results indicate that artificial maturation by hormone treatment of A.
japonica was successful only during spring to summer, which is the maturation
period in the wild stock in nature. Consequently, it is possible to determine
the period of artificially induced sexual maturity by the reproduction coefficient
which includes the rate of ovulation, buoyancy, fertilization and hatching of

eggs in the cultured eel 4. japonica.
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2. Nutritional studies of juvenile eel

Experiment 2-1. Evaluation of the optimum dietary protein to energy ratio

A 16-week feeding trial was conducted to estimate the optimum dietary
protein to energy ratio (P/E ratio, mg protein/kJ) in juvenile Japanese eel,
Anguilla japonica. Six experimental diets were formulated with three energy
levels and two protein levels at each energy level. Three energy levels of 16,
17 and 19 kJ per g diets were included at 45 and 50% crude protein (CP)
levels, respectively (45P16, 45P17, 45P19, s0P17, s0P17 and soP19). After four weeks
of the conditioning period, fish initially averaging 15+0.3 g (means+SD) were
randomly distributed into each tank as groups of 20 fish. Each diet was fed to
fish in three randomly selected tanks at a rate of 2-3% wet body weight per
day in the recirculated ;system. Weight gain (WGQG) and. specific growth rate of
fish fed diet 4sP19 were-significantly higher (P<0.05) than those of fish fed the
other diets. WG of fish fed diet soPi7 was also significantly higher than those
of fish fed diets soPis and soP19. Feed efficiency ratio of fish fed diets 4s5P1o
was significantly higher (P<0.05) than those of fish fed other diets, however
4sP17 and 4sP19 were no significant differences (P>0.05). These results suggest
that the optimum P/E ratio may be 24.1 mg protein/k] with 44.3% protein
diets, and 28.1 mg protein/k] 49.3% protein diets for the maximum growth of

juvenile eel under the experimental condition.
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Experiment 2-2. Evaluation of the optimum dietary essential fatty acids

requirements

The present study was conducted to evaluate the optimum dietary requirements
of essential fatty acids (EFAs) such as linoleic acid (LA, 18:2n-6), a-lenolenic acid
(LNA, 18:3n-3), or docosahexaenoic acid (DHA, 22:6n-3), eicosapentaenoic acid
(EPA, 20:5n-3) and arachidonic acid (ARA, 20:4n-6) in juvenile eel Anguilla
Jjaponica cultured in the recirculating system for 16 weeks. The experimental diets
contained 50% crude protein 10% crude lipid and 3800 kcal/kg energy. Brown fish
meal and blood meal were used as the main protein sources, while coconut oil, corn
oil and linseed oil were used as the lipid source to get different fatty acids ratios. The
effects of the essential fatty acids supplementation on weight gain (WG), specific
growth rate (SGR), feeding efficiency (FE), proximate composition and fatty acids
contents of whole body were examined after the feeding trial. WG, SGR, and FE of
fish fed diet D, D5 were significantly higher (P<0.05) than those of fish fed the other
diets. HUFA concentration of whole body of fish fed D; was significantly lower
(P<0.05) than those of fish-fed the other diets.- HUFA/SFA (saturated fatty acids)
ratio of whole body in fish fed diets D,, D; and D¢ were significantly higher than that
of fish fed diet D, (P<0.05). DHA/EPA ratio of whole body in fish fed diet D; was
significantly higher than those of fish fed the other diets; and fish fed diet Ds showed
the lowest DHA/EPA ratio among all the dietary treatments (P<0.05). Based on the
experimental results, we concluded that LNA (n-3) and LA (n-6) were necessary for
optimum growth of juvenile eel, and the dietary requirement of LNA and LA were

0.35-0.5% and 0.5-0.65%, respectively.
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Experiment 2-3. Evaluation of the optimum dietary arachidonic acid

requirements and essentiality

This study was conducted to evaluate the optimum dietary arachidonic acid
(ARA) requirements on growth performance, body composition and fatty acid
profile of juvenile eel, Anguilla japonica. Six experimental diets (18.3 kJ of
available energy g_l) were formulated to be iso-nitrogenous and iso-caloric to
contain 55.0% crude protein, 15% - crude lipid. Six different levels of ARA
were added to the basal diet, with 0, 0.2, 0.4, 0.6, 0.8.and 1.2% per kg diet
on dry matter (DM) basis, respectively (ARAq, ARAg2, ARAo4, ARAgs,
ARAos and ARA;,).” After 2 conditioning. period, fish initially averaging
27+0.5 g (meantSD) were randomly distributed into ' each ‘aquarium as
triplicate groups of 20 fish. Water temperature was maintained at 25+1 T.
One of six experimental "diets was fed on a DM basis to fish in three
randomly selected aquaria at rate of 3-4% of total body weight twice a day.
Growth performance and ARA deposition of whole body in fish fed ARAqe
and ARAog diets were “significantly higher than- that of the other diets
(P<0.05), there were no significant differences among fish fed ARA(s and
ARA(s diets. Broken-line model analyses of WG and FE were 0.63 and 0.71
% in diet, respectively. These results indicated that the optimum dietary
arachidonic acid levels could be greater than 0.63% but less than 0.71% in

juvenile eel.
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Experiment 2-4. Evaluation of the optimum dietary antioxidant vitamin C

and E requirements

This study was conducted to evaluate the optimum dietary antioxidant
vitamin C (ascorbic acid, AA) and vitamin E (a-tocopherol, TA) requirements
on growth performance and body composition of juvenile eel, Anguilla
japonica. Five different levels of AA were added to the basal diet, with 0, 30,
60, 120 and 1200 mg AA per kg diet-on dry matter (DM) basis, respectively
(AAo, AAso, AAg, AArg and AAi). Five different levels of TA were added
to the basal diet,” with 0,15, 30, 60 and 120 mg TA per kg diet on DM
basis, respectively (TAo, TAss, TAsz, TAe and TAix). After 2 conditioning
period, fish initially averaging 15+0.3 g (mean+SD) were randomly distributed
into each aquarium as triplicate groups of 20 fish. Water temperature was
maintained at 25+1°C. One of five experimental diets was fed on a DM basis
to fish in three randomly selected aquaria at rate of 3-4% of total body
weight twice a day. Broken-line model analyses of WG was 38.1 mg/kg in
diet, respectively. These results-indicated that the optimum dietary vitamin C
levels could be greater than 24 mg/kg but less than 38.1 mg/kg diet in
juvenile eel. Broken-line model analyses of WG was 12.8 mg/kg in diet,
respectively. These results indicated that the optimum dietary vitamin E levels

could be greater than 12.8 mg/kg but less than 16.5 mg/kg diet in juvenile eel.
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1758;

longfin
Celebes longfin eel,
Linnaeus,

Indian mottled eel, A.

195 (African
anguilla

1938;

1l %o ¥} (anguillidae)ol] & gHrt,
A.

L

=

gol o}

Pz
1653 3oF%

ul

=4
European eel,
interioris Whitley,

Ao}
o) =

L)
=4
O] =
1856;

Anguilla mossambica Peters, 1852; African mottled eel, 4. bengalensis labiata

W

celebesensis Kaup,
bengalensis bengalensis Gray, 1831; Indian shortfin eel, A. bicolor pacifica

Peters, 1852; American eel, 4 rostrata Le Sueur, 1821;

(catadromous) ©]F =
A AA o=
Highlands longfin eel, A.

A.



Schmidt, 1928; Indonesian longfinned eel, 4. malgumora Kaup, 1856;
Indonesian shortfin eel, A. bicolor bicolor McClelland, 1844; Japanese eel, A.
japonica Temminck and Schlegel, 1847; Marbled eel, A. marmorata Quoy and
Gaimard, 1824; Mottled eel, A. nebulosa McClelland, 1844; New Zealand
longfin eel, A. dieffenbachii Gray, 1842; Pacific shortfinned eel, 4. obscura
Gunther, 1872; Polynesian longfin eel, 4. megastoma Kaup, 1856; Short-finned
eel, A. australis Richardson, 1841; Speckled longfin eel, A. reinhardtii
Steindachner, 1867)°.% 751 A=, o] A=y P g &
Aol A Asty, ERETY PFORE F

Jjaponica), 79| (Buropean eel, A. anguilla) %V
rostrata) 379k HHE S Lol 3FF7F ¥ = Ao deA 3

TH(Aoyama, 2003). ©|5 & A AAHLE F= FHHE THE 554

o
.
F
>
=
@
3.
o
oo
=
o
o,
B

W7ol(4. japonica)= FAO 20079 FAAEC] ot d A4 T &2 A
AheEe 257,818 Eo® iAol T SFA AAFFEQ] 266,335F 2] 97% ]

S AA 3= R oz el U (Fig. 1).
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Fig. 2. Annual eel production in the world.



Table. 1. Annual aquaculture production of marine fish and freshwater fish in Korea (1990-2007)'
Units: metric ton

1990 1995 2000 2001 2002 2003 2004 2005 2006 2007
Flounder 1.037 6.733 14127 16426 23348 34533 32,141 40,075 43852  4L171

Korea rockfish 0 985 8473 9254 16550 . 23771 19576 21297 27517  35.564

Marine  Red seabream 228 25 412 641 960 | - 4417 3.988 5816 4386 7213
Mullet 0 34 968 1,415 3.898 4,093 3596 5500  5.651 4921

fish  Black seabream 0 9 221 275 685 1,084 1379 2,671 2705 2,841

Seabass 391 193 605 873 M 248 1.850 2,600 1571 2361

Others 1,000 381 1,180 413 626 %, b 1,946 3478 5441 3592

Sub total 2,656 8360 25986 29097 48073 72393 64476 81437 91,123  97.663

Eel 1,271 2,471 2739 2,661 2078 4332 5205 5810 8,012 10,597

Trout 1,542 2799 2,808 2834 2869 3.5 3502 3320 1,878 2,882

Fresh  Catfish 606 \ #2130 WRcor 2. NN, o3/ 1,708 1916 2,575 2085 2266
ety Crusian carp 6,146 % D00~ 2.0 o (58 1,659 1,107 1,503 1,321 1223 1495
Common carp 2,875 1,687 1,716 1,325 1,166 1,137 1,661 1,640 1281 1,094

fish  [glacli carp 9.926 10,918 1,838 1,222 991 920 702 975 706 800

Mudfish 1,092 493 644 644 398 974 1,837 1,953 1,138 798

Others 8154 4749 4471 LAl = 3553 3,700 4089 4,166 7620 3.492

Sub total 31,612 28,057 19.614 16932 16280 17399 20415 21,760  24.843  23.424

Grand total 34268 36417 45600 46229 64353 89792 84891 103,197 115966 121,087

'Korea national statistical office, Korean statistical information service (KOSIS).
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-lenolenic acid (LNA, 18:3n-3)¢} linoleic acid (LA, 18:2rn-6)= Z}Z} 0.5%%
273E Aoz 4wl 9 THTakeuchi et al, 1980). o] AIF|le] 4
o 24 ¥k ol e} prostaglandins, thromboxanes 3 leukotrienes¥} 7
ecosanoids®] FH I EHAZA F83 7o TPt A= dHA 2
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el &S FU(Bruce et al, 1999; Sargent et al., ~1995; Bell et al.,
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=3} prostaglandin®] 3}7d (Abayasekara and Wathes, 1999; Farndale et al.,
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(Dabrowski et al., 1994; Dabrowski and Ciereszko, 2001; Lee and Dabrowski,
2004). HIEFRL E A o7l WA FaF A§2 i GYrE YL
A 2ol dEg A, apEAy aA, zojo] R 9 AEE e g

= UAE Aoz oy ofFe] Wi dAddeld Rud wp v

W A Pgele AFTRALE 98] 47] FFel BF JLeH
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Table 2. Sample size description of cultured eels'

Sex of cultured eels

led
Hormone Male Female poo
SEM
Gl G2 G3 G4 Avg. G3 G4 Avg.
Total length (cm) 43.4 47.5 51.5 59.0 50.4 51.3 57.6 54.5 0.20
Body weight (g) 115 138 172 318 186 182 320 251 2.55
Testosterone (ng/ml) 0.10 0.06 0.06 0.09 0.08" 0.12 0.14 0.13" 0.01
Estradiol-17(ng/ml) 0.05 0.03 0.03 0.03 0.05" 0.14 0.14 0.14" 0.01
n 10 7 8 7 8 8

'G1: group 1 (TL: 40~45 cm); G2: group 2 (TL: 45~50 cm); G3: group 3 (TL:
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Table 3. Hematological characteristics on sex in cultured eel

Sex of eels

Pooled
Character Male Female

SEM

G3 G4 Avg. G3 G4  Avg.

Total length (cm) 51.5 59.0 55.3 513 576 545 0.20
Body weight (g) 172 318 245 182 320 251 2.55
Hematocrit (%) 31.5 318 317 425 328 377 0.51
Hemoglobin (g/dl) 13:9 140  14.0 7 11.1 114 0.25
GOT (IU/Ly 155 148 152° 104 148 126 0.73
GPT (IU/LY 278 503 401" 6.11 - 8.87 7.45" 0.16
Plasma protein (g/dl) 530 575 537 583 5.60 5.72 0.10
Plasma glucose (g/dl) 73.5 96.1 84.7 96.5 66.4 . 81.5 0.70

' The wvalues within the same row with different alphabetic letters are

significantly " different (P<0.05).
2 GOT: glutamate oxaloacetate transaminase.

3 GPT: glutamate pyruvate transaminase.
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Fig. 7. Gonadal histology of cultured eels. A: spermatogonium in testis of male, B: primary yolk globule stage in ovary of

female; S: spermatogonium; Oc: Oocyte; Bar: 50 gm.
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A28 FAR 2R Bl AN A =

=54t WA (4nguilla japonica)= ILF-7}7FA 9] FAojF o2 &HA7FH]

TH AR 7leol FREA ot 100% At Ao Aol o=

e

o] S ™ (Yamamoto and Yamauchi, 1974), Z<*
AE A dE A AFdelA AR sl SE R S AL
oo A | FEAto & A R AWGOlE WE o] A ¥(Tanaka et al,
2001; Tanaka, 2003) ato] 1% 60 cm o] A sow AHA
Wl AAA L A gl M= sk Al9] gonadotropin (GTH) 7
THol WFet Azt wEskH e AR ehe A 3lal(Nagahama
and Yamamoto, 1973), ol¢]gt Gl ad A GTH+=
o A4 PFAFH} Udo] AeHRl Ao B
1997; Ma et al, 2004). 22|} H AGFZAyo] wp=w FAA o4zl WA
& A7IZH3/NE) el =ATeEN GSI T7F B 27 G&r] e
adtes Ueba, 23 924 GTHOl tieh WA S S7HAA Fo 3l
5 95A1Z & Adva B33 th(Kagawa et al., 1997).
gh, FAAE A WAHo Y AHhve g BAAERE FAEHA AL
H, o]y gk NAE sigol A7 Abssioete A A= FY Aol 119

H A gervhal X389 ti(Yamamoto et al., 1972). 1822 F£F o] 9]
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A9l d A< =%  human chorionic gonadotropin (HCG) 2]l <]3j
A 2} & A (spermatogenesis) 2 Bl % (spermiation)°] T A o2 FEFTIIL H

33k 9 tH(Yamamoto and Yamauchi, 1974; Ohta et al., 1996; Adachi et al.,
2003). o]2§k oM A5 A WAoo Hawkd gl iAo HCG7F
FHAYAE ATt o, HCGO A 7|ztel] W& MAlEe dds A

w9 $Ad BF YEEE W] e W et go] Ao o] ol
A

Wepd E o ATe waele] 9% FH A 71&e dYs] Ad 24
o2 7 Weldl globd HCG Helel &3 a4 4% 717 F
AFo) Waksh BF AR FREAS B ALEE FUAst] A9

1) 430 £ A5ET

Aol (Fit 220 gt HFA e e Wl Al Al
oh, a2l AbFA|Zdol F=fete] AF AT FAA o n s =X AR
th A7 B AAS 5L FHAZE o] &35le] 19.5405CE A

{0

O

=1
I =2 olF, 13 z=22 Fof A JfA4ES 98] Tag ID
microchip ($2.1x12 mm, DESTRON technologies, USA)S W7o S50
A%} 3ol mini portable reader (HS5900LF, DESTRON technologies, USA)=
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MA IDE A ¥Estdth. A4 =7 WAoo human chronic gonadotropin
(HCG; 1 IU/g body weight/week; Sigma)s "l H7ol AL AL(n=12),
) =7 (n=6)+ eel’s ringer (Ohta et al., 1996)E TA}3}]t}.

HolAZE 2 B

2l & o] = 2-phenoxyethanol (200 ppm)Z v}H 3l w5 ofa] FAH S AA
sto] A5 WsE e, AFEE Qo] =
Aot T2 FAHS 9% plasmat heparins A 2|3t U358 FAZ|EZ A
dato] AR 216000 rpm, 15 min, 4C)F 5, WALE W =4
Ho=z &4 U A% = (testosterone, T; 11-ketotestosterone, 11-KT 2 17q,
203-dihydroxy-4-pregnen-3-one, -DHP)S #2415kl o, % FA H71A 4

0Tl B33k,

g% TS DHP s2v =gl YA B AE 4 Kim et
al. (2006)°] ®rwef whEk WALA ™Y = ¥ (radioimmunoassay, RIA)C] <] 3]
78tk 3 d3511-KT RIAA | 8l o)A &4l anti-11-KT-6-CMO-BSA
+ Cosmo-Bio Co. Ltd. (Tokyo, Japan), H[®AFA 11-KT & 22 Steraloids
Inc. (Wilton, NH, USA) 9 HMAPH Ex 328 [24,6,12-°H-11-KT=
Amersham Life Science (England)Z%-E Jste] FAHAE F55F% T
11-KT RIAAC] QoA HA S-S 10 pg/mLol oM, assay ¢} assay
el MEASFE 3.9% (n=4), 7.3% 0=8) AUt} 11-KT RIAZIS] SlojA
11-KT A2} dihydrotestosterone = 1.4%, androsten-3,17-dione®}+=  0.1%,
totestosterone ¥+ = 7.5% 2 androstenedione ¥+ 0.5%2] WAFES YEUY A S

H, AL E} steroidE ¥ 0.001% ©]38te] wz&S eI
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5) =A% BB
FaA2} A wWAele] Ha W JEE Hels] 9 APER T, %

AdT 3 3ulE] ¥ 2-phenoxyethanol (200 ppm)= vFH AR F HALE A=

3o Bouin’s9ol] AT nAHE XA ES paraffin H whe)
paraplast® Z gt F wA 22 HAAV|E o]&sto] 5 m AVIE AL5HEHA

shalch 7 22

(19912)2] W9l wal 4 HagdEs A5,
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g
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FAIAY = 44 -, Duncan’s new multiple range testol]l 2] & Al -2

d AAS A A8 THEP<0.05).

<
Wtk 2 AAE@=6) A FHStell Ao TR A= FA 15 F
AFol T AT AAME FAase S JEAT. 8% AsEE
(T, 11-KT % DHP) §% <A AF7|3F &< A=A olet &2 Ask
AL, T2& Fo] 717 {29k Aol= gL ATHP<0.05).

HCG Aol digh AFwstel 5 dsawo] wse #d Axns
Fig. 9o YeblAT 77 WA (m=12) ARkl oA o] MAl=
HCG ol & 15574 AaAor F7hetla, 1 o] %38 A3 F=57
WA A sk AFgS el 24 AAEd dig dF T
W FEEE HCG T 25 o] 0.96+0.099 ngmLz HP =S e
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Fol 4F 3 081x0.102 ng/mLE #A3dt7] A Fste] Fol §8F Fo:=
0.26+0.031 ng/mLE 7FAstAth 7 /MAI S dig 5 11KTe Hdse

© HCG F9 & A&HEH o2 Frletda, Fo 25 o 6.95£0.606 ng/mL,
Fo] 85 Fo HA 7.83+0.954 ng/mLE YEFNI AW, HCG Fo] &

ZF 71708 593 Aol I THP<0.05). 7+ JHA| el w3 dF DHPO
HisEE HCG Fo] FHE A A7k 5o fodozw st

FJU

8% DHPY 9 T 0.1540.027 ng/mL=E 24 3]

<
=
Z7Fek AL, Fol 85F 3 0.26£0.031 ng/mLZ H XS ERY L EH(P<0.05).

P 2 WAl A9A Sk ol e ALu ARAES B

9AEE Fig. 109 detdsde. diz+" AA=9 4 Wl A4 A E(germ
cells):= A <) Al 3£ (spermatogonia) S = A %] A3 (Fig. 10-A), ol= 2 g
AL ol A3 FARS EA =5 LEF ATH(data not shown). 877+ HCGE
Fos MAES] A= A ME(spermatid)®t A} (cysts of spermatozoa)
ow Tl AN W (Fig. 10-B), HFZ AAENA iAol Fr=5 3

T}(data not shown).
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Hu W= dAH FH BT ol AFEAd A= ekl el GTH

o] Aol mefato] AL Y W FHFA S0 o] FoA A &7 wE
o YAE TELS Adste] Ao R AHSES FRstaL vk

W %oy (Anguilla japonica)oll A 1A, GTHE ¥ F<Q HCGE AHelshA =HdH

HCG7} A AW Leydig cellg A=ste] F7e F8 t=271¢ 11-KT9

S =38, 11-KT+= Sertoli cellol] 2F-&3Fo] activine BE A 2tslo] A
AAZY T et 3 A s Gel dolA DHP A7t
Leydig cellol| 4] sH4d 5o A=A} U] EA)3F= 20B-hydroxysteroiddehydrogenase
(20B-HSD)®] 8- <8 DHPZ M2 =w, =AY pHE FAAH BA
o] A&S Frdvu 43 A JAti(Miura et al., 1991a; 1991b, 2003). Ohta
9} Takano (1996)% A. japonica (14.8 em, 3.2 g) ©ll methyl-testosterone =
ATFost Axh Az2Ed 2 aAdS FES 9BH, Chiba 5(1996)2 4.
Japonica (29 cm, 30-50-g) ¥l HCGE AR A3 5 [1-KT Fxol
FaFol AU A FAHA FAAN, 32em o] AL EF

IIKT &%= S7tel ofel] Ao d<o] FRsfdeh oz Avdde
S

HCGel ok Wgol 3le] AAFEAA L dadA FH5= d==q
Abs el ofs sheds AAsta low, G5 W] prle) kel
s el B ARAR A5 prksojol o Ao A7bdAH.

& Aate FARE Rl Aefel glefA] 853k e] HCG A el me <14
A Asf 713kl g A de dxEse] w9 s wad
}E AT % 11KT9] =% HCG A 257 FHE #2438 S7t



stol o]F 2% waAU FAHNE FFS wYd, olE HOGE A
ol
=

St Age YU, ol HCG A 2% FRE el FA9 4
aolX ARG HolE Fow BuHh o Ani FEolFol
1A T AAZY/FEL Frhekel AAAYE AAHE GaFo
24 AAGARAC] Fod 9L FAsE Aow FUA A Ans

& %] S} U (Fostier et al., -1983), “d ¢ 2l(Sardinops melanostictus)o| A+ 3 A3
Arohe AL Fo% dFE FdsoE Hix 9lti(Matsuyama
et al.,, 1991).

Ohta et al. (1996) FAAF +2 WA, A japonica) HCG (1 1U/g
body weight (BW) / week)S 5-657%F Wb FAlsie] A 2 wjA S
Ao R FX281% 3, Miura et al. (1991a)2> 115 =2 HCG (5 IU/g BW)
FAF 189 = AAFAG ol FeHAThL Hustnh =k A W
A. anguilla® 73%, HCG. (250 IU/g 40-110 g BW)- A& o] &) 371 ol
of vjA o] X% U THKhan et al, 1987). ©]e]3l ojde] AFEL HlAo]
ek gl Ao HCGZF B34 8S d5skal qlvh 38, HCG

Fold BEE FAE 9FA Ao Ao} BAAAE 2F HA0
!
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Fig. 10. Light micrographs of the testes in the cultured male eels with or without repeated injections of HCG. (A) Portion of
testis of male eel that received weekly injections with eel's ringer solution (control). Arrows (in A) indicate germ cell
(spermatogoina). (B) Portion of testis of male eel that received weekly injections with HCG at a dose of 1 IU/g BW.
Abbreviations: Sz, spermatozoa; St, spermatid. Bars indicate 100 sm.
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A 3E FH% GA BRI AN A =

2 L} (Tsukamoto et al., 2003), A&+

al
g Rl A J&d WAelk WARA ek AATAE FHEA Fat

st A 9] gonadotropins (GTHs) &/ & = o] Hlake] A2 A7 et ¢
= Ao ¢4#A dri(Sato et al, 2003). WERA], A WH ] HF <A
A} GTH ¥ %<l salmon pituitary extracts (SPE)S] HHEFALZ 3y A7) ¢
59} 17a, 20B-dihydroxyprogesterone (DHP)ol| 2]3t ZFAd< 2 wiaS
=3} 2 tH(Yamamoto and Yamauchi, 1974; Sato etal., 2000, 2003; Kim et

al., 2006a). 471004 Qi st Aol ool ERYH, AFEHS L e A

o

How G, wE obztel ugol ulg v weR o4 oE

Lo

TAE 9 FgEo] v 22 AAHNH (Sugimoto et al., 1976; Satoh et
al,, 1992), o]+ A4 AAds FEo e 249 I3 e wE
Ao 2 FZHu o At

19709t o F, Be ATAEES Wole AT FR AN s Ad

o

A wldo(silver eel)e] AA A Wy Ao @k AFE FdS vl gl
(Yamamoto and Yamauchi, 1974; Satoh et al., 1992; Sato et al., 2000; Kim et

al, 2006a). Lelu}, WA A Pole] o] o] Fihe shol A4
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Al 370 ol %, 7 A dE FAAE A WA= Aol HekA
=& (salmon pituitary extract, SPE; 20mg/fish/week)Z} human chorionic
gonadotropin (HCG; 2 IU/g body weight/week; Sigma)E eel's ringere} ol 2
3}(Ohta et al., 1996)3}o] w5~ &-7Foll FAFS 3L, dlZ -+ eel's ringer®] <
)= B ol FAFSI T A ¥ o= 2-phenoxyethanol (200ppm)= v} 3}
5 AT E SAst AFTWIE Skl AFEE st 4%

= A ol &atdth. AsEE SAS 9k dH(plasma)S | FHHS

A e d3]8 FAZIE APt AAEE(6000 rpm, 15 min, 4T)F =

3) MTRHE

SPE (20 mg/fish) A} 10~145 o] &
20% ol o7l Wl go}(-olF 7] WA 734750 um)= Ohta et al.
(1996)2] Wroef wel SPE (20 mg/fish)E &7 W 13 Fol3 3, 2~3U 74
3 5 FA ] 32-37%= F7FeE jAE oAl AE3te]  polyethylene
canulag Abehtol] AbYlste] & A= FEHE Slgh 9, G 18A] 4l 2 u

g/g body weight 5 %=°] DHPE FALete] vighs f=skqivt. ojuf, =&

rlo

20£1TCAl A 225420.5C=2 =439, 3% ZHAO0 pm, 5 ym % 3 ym)=
A s TEstAnh 2 AEE AT A & (fertilization rate, %)

3} 5 8}8-(hatching rate, %)< Ohta et al. (1996)¢] "ol uwhe} ZA}&Fitt
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Fertilization rate (%)=100xnumber of fertilized eggs/number of buoyant eggs

Hatching rate (%)=100xnumber of hatched larvae/number of buoyant eggs

4) YA WY SAHH
& estradiol-173 (E,), testosterone (T), ~Z2]3L 17a,20B3-dihydroxy-4-pregnen-
3-one (DHP) %+ WA WS =7 H(radioimmunoassay, RIA)O| 2|3 =

A3 H THKim et al., 2006a; Ko et al., 2007).

FAA 4P WAl Wi WY ATES Hsy) A HAEE T, 4
AT F 30
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TASAY. 2AE A S-S paraffin Ao wel paraplast® X s &

718 ol gokel 5 m ANE A& AAGL 2 299 A

-2 hematoxylin-eosin® = ©] = H M sfe] Yamamotoet al.(1972)e] = ol

_64_



6tzlo] oA FY BF HE=

o]
TR Agele FASS 49

lo

I
il
~
)
N
N
X
_)i
2
|o
fr
oy

>.
ofs
ol
rlr

AEE YTk HCG A gl w& 85 E §% FA 257 § Hags
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ng/mL=E THA] F7psttr} o] & sy] Alzbste] A i ERR Eotrh
= A%FS YeER 2A1H0.32£0.055 ng/mL). 3k, F5 DHP =+ A 29
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1) 3= A g dadad F

9ol T2 AHE(HCG or SPE)] 3 49

oftt

5
Fe Fig 149 UENIRTh al5aA 308 F, 528 A9 A

Folo] GSIE 1.9+0.19%= 1% 031, SPES HCGS A 127 & A3
H

2
=
i

1

[\
N

O

ON
—_
o2
>l
=

-

GSIE= 717} 47.2%, 3.1% (data not shown)® YETH 3#H, 125 F

&9 GSIE 2.1%%= FAF o] [ gkt o7k 19l

YeEti A, AAAA old, Al WA e WA e mOFE fF77(oil
droplet stage)o] WEAEZEZ o] Fo] xS (Fig. 15A), 3/€ &9t d
FoA g5 T das F77] &2 A 1 WE7)(primary | yolk globule
stage)9] GEAEEZ o]F o] U EKFig. 15B). SPE A 25 F Hi=

O]

A 2 37| (secondary yolk globule stage)®] HEAEEZE o] F

=)

_|>i
2
Lo

thFig. 15C). 21914 =% g 12F %, HCG Ag 79 oA 94
dae gPE Sz Al EE R FAE) s W, SPE AT
AA WFo o das Gl duFHIM, Aol 5] dAR LI

Ul(migratory nucleous stage, Fig. 15D).

2) FREH &

1253+ w5~ SPEE A3 7l Aol gute] 5 57kE] 7l 09:00-10:004]
(DHP FAF 15-16A12F F)oll vl lar, 3vle]i= 12:00-13:004 (DHP FA}
18-19A1F ol v &A= ATt o]Eo uigk FAHELS ZH7) 75.249.3%%)

15.144.3%, F3}& 2 552+12.3%9 0%= 225 Qa, DHP FAF 15417 3
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Aad dRAYe] 552 v]$ A X3t Yamamoto et al. (1974)%
Wfojo SPES] WHEFALC] 3] ATAo=E QE AdSS =S,

% Th(Yamamoto and Yamauchi, 1974; Yamauchi et al., 1976). 1 o] %=, <

2 qgels AF AA% FEE 98 PPOEA SPES WHEFAIL Uit

BEolFe w@r]el] &Y AFol w43 TUEH= AoeE A I
U}(Shehadeh and Ellis, 1970; Ishida et al., 1972). ol&13 A F<¢ F43 Z7}

-
1

=

o &F WA E o] =38} 2} 8(hydration. of pre-ovulatory oocytes)¥} 2] 5 4]

ol

-

s

Ho| th(Hirose et al., 1974; Hirose, 1976). Anguilla japonica®l S1©1,

Gl A A (g so] HAFEAC 23S FAstE Aot

(Yamamoto et al., 1974; Sugimoto et al., 1976; Oka, 1979; 'Satoh et al.,

1992). & ATelM, SPEE A=t A FolA tiFEe A W=
Y

S A ol 30~40%= SERE Rar, = 514 Fhaks

ANERSS T 5 e AER 8 5 &S AT

= Aol Al SPE (20 mg/fish/week)E A& gk /A= EF Te B %
= AR FuEHE A4S 1At ook WY E HCG (2 IU/g BW/
week) A2 T2 EF T9 E, $5+v TAF 67 F7HA HapH oz FoHt)
st B3-S WERY AT Sato

et al. (2003)= AFA4F WAoo (silver eels)oll sl Ao]e] GTH W5 =2

D

7} o] ZRE AFEFIANA HAxHow 7+
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FSHS LHY &35FA17) ddoje] FSHY LHO| WAL X gjo] Hlaf wl
dE&H FAHE0] wUT Busgrh. & dA5elA SPE A7} HCG
Ao nlE dF a8 vt =& Aoz AL o= W

B4 WEHeE 84 FSHF LHZE E@5o] 3l SPEZF HCGO vl

$2EAAL F B9t A aFER FAI L. SE7 T £Hl= E

European eel, 4. anguilla (Chiba et al., 1994)¢} Japanese eel, A. japonica

(liri et al, 1995)5 o= Fadd AFZ2AE $3) 78HE v o &

< B\ Sue d9F8ocE ddme] w=dE HEAEY 558 54

o=z B F %Y. DHP— A. | japonica®l A& /S HFE ZE=2EE

(maturation-inducing “hormone, MIH) 2. 2 &2 4]+ A TH(Ohta et al., 1996), &

AN7RA AFAske] A Widoizh Sl v gl7] whZol AlE Aol o
2

A= dHA AA Eoh AT-elA €EF DHP+= WRAES Fo]w7

_—

(A. japonica)°ll $1©] 11-ketotestosterone
(11-KT; =20 Wigele] 5ol dza2)e Aelesd Faie s 2

sttt o] AFAtel ostd FA 11KT %9 Wale Eo ¥eswd
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Table 4. Fertility and hatching rates of SPE-injected female eel, Anguilla

Jjaponica reared in seawater for 3 months

Ovulation time 09:00 - 10:00 12:00 - 13:00
(Time after DHP injection) (15 h - 16 h) (18 h - 19 h)
Fertility (%) 75.249.3" 15.1+4.3
Hatching rates (%) 55.2+12.3" -

" Each value represents the meantSE (P<0.01), n=4.
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Fig. 11. Changes in body weight (BW) and plasma levels of sex steroid
hormones (T, E,, DHP) in cultured female eel, Anguilla japonica injected with
eel's Ringer (control) in Freund's incomplete adjuvant emulsion.
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Control

HCG

SPE

P Fi s ; e fi
Fig. 14. Representative photographs of ovary after 12 weeks of exogenous hormone injection of cultured female eel, Anguilla
japonica reared in seawater for 3 months. Note that the ovary of SPE-injected female is bigger than that of control or
HCG-injected female.
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’

Fig. 15. Light micro % ovarles i e‘rmwnale eel, Anguilla
.

Jjaponica. A, Oocytes of “fem: _acelimation to seawater were

observed to be at the oil droplet stage B Oocytes at the primary yolk
globule stage were observed in the ovaries of cultured female eels acclimated
to seawater for 3 month (initial experimental group); C, Oocytes of SPE
injected cultured female eels 2 weeks after the beginning of the experiment
were observed to be at the secondary yolk globule stage; D, Oocytes of SPE
injected cultured female eels 12 weeks after the start of the experiment were
observed to be at the migratory nucleus stage. Abbreviations: N, nucleus; Arrow
(in B, C), yolk globule; OD, oil droplet; GV, germinal vesicle. Bars indicate 50 /.
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A 48 FAR Bl HY AF Y& A7 A

=54 WAA(Anguilla  japonica)s  XEF WA I=  FFEtA
(catadromous) o] F2 HFolA AA T oz 3| F3Fo] Abeditl 1
Y #H<: Tsukamoto (2006)% Mariana %= AF3]<e] 9+  Suruga
seamount A]%-(14° N, 142° E)ollA} Zb Fshgh(F-3t F 2-59) 7 4.2-6.5
mm2]  pre-leptocephatusE W @O E At  FHA A (real time
polymerase chain- reactions)®ll ©]3l 4. japonica®l Y-S FRATE=H o]
s dager FAHsta Yot Tk ol FAAFY A7k 74 Y
o] 4 (otolith) M| Al -2 & [sEAlste] 6€ oAl 79 Alol& AAAI A ¥l o
o] AbghAl7] = B 18k ar Q) t(Ishikawa et al., 2001).

A
and Yamamoto, 1973), ¢]&]3dl Fuwldx GTH+
o AL FAHY Ude]l "HFEHQ o=z B
1997; Ma et al, 2004). welA], <zl WAoo 7
salmon pituitary extracts (SPE)9] Hb&E-FALZ W& A7 459 17a, 208
-dihydroxyprogesterone (DHP)ol] ¢]3+ HFTAdx 9 wj&s FE3AF L

(Yamamoto and Yamauchi, 1974; Ohta et al., 1996; Adachi et al., 2003; Kim

et al.,, 2006a), 72 7% human chorionic gonadotropin (HCG)2] HH&-F=
APR S e TH(Kim et al., 2006b). o] 2] gk WAto o] QlyFH AL

of #& A= AT ST A7 Aagle] oY AAE o 3
H Ay WAool f-A(leptocephali) AAF 2 AW Ao](glass ee)= WEE
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ek QA S22 Aol Ao FH W= Kim et al. (2006b)°]
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of |, A WA= Kim 5(2006a)2] WHel wel Chum salmon
(Oncorhynchus kata) pituitary powder (i-JARD, Hokkaido, Japan)E eel's ringer
Ho g FABI FEN(SPE; 20 mg/fish)S 5 E-Zoll FAsle] <193
Jd AES ek, W SAFWG %, Weight Gain = [(final body

weight - initial body weight)] / initial body weight x 100) =4 < E3 A<

3) WF % FA
SPE (20 mg/fish) Ak 10-145 o] 5 o2 o R B 57} Anksl oF7 Wi
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o7 AASS FEI A= 79 34IBS)EY wgEE A vEkyt

i, 749 279714 & 9vbE] F evbE| vl wi ek (67%)et R, L % 2vkE] v A
st om, weet MAEe] e B ATFE 546,370tk 94
ARE Ao R HAAES FES AT 1€ 29407F)HH w
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olAl B3I AFel AtHgk AR AMAF7E YA AEY Lol vl
FroletA =toy, F AEE ol Akoli= flTH(P<0.05).

2) ARG RAEH FHE L F3&

A FATe FRER FAHAE R Fe&S 233 w2 E #g 4
= Table 59 Fig. 17°] YERATH wol Ab&s sA4e A4
(76.842.7%)°] 7}S(41.3£8.9%) 7 7 £(44.3+£3.1%)0l Atghst A& F4
o val FosA =Rhou, AFel AHe FATe] FAAE(62.744.8%)
= Fogk ZFol7F AATHP<0.05). FAHET &2 77 5(74.1£3.4%,
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AdE ¥3 FAFL fFA AE7IFS Fig. 18] YERUSITh AEY
B3l gl ol E(H 106,000 w3 o S(H et 104,000 vhe])el
g fAIE] F3k fAFTE v A Al Ak fA s F3 4
Foll ws FolstA wod, T oAAR frold olE ATHP<0.05).
EE E(11.551.05 ¥)3} o] S(10.8+0.83 U)ol 343k H-A9 H AE7]
kol ywx] Aldel Fshek frAye] b ALkl HlE fFolsA Ao

s

Wk %3 wgolel oA DHPIF 4 5 HsEEon g8

of Wig& +=2 & Aes Hastiiov, wigd @] s B ovs o

et al.,, 1995; Ohta et al., 1996). °] & ¢l 3l
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of loJA Seoka et al. (2003)0] HE FAE(61.7+28.1%), FAHE
(50.8£16.2%) 2 H-3}8(40.5£22.4%)° #3+ Azlo] Hlsf E AFol H3}

w2 AEe UER oY, ATl BdAR A A

B
=S54 WAool AT 2 22-23To A 74 384 7H(Yamamoto et al.,
1975), 38~45A]{H(Yamamoto and Yamauchi, 1974), 40A]7}(Tanaka et al.,
2003) o] Bl Fshrt JHAIE I THE ARt frAkste] ol AW A o] w
2 FARATY FAS Aolzf gle Ao 2 UEukth ELk, FHA WA
o] o] FEAIZFE g2 20221 CoAlA 7 F 48A] tH(Pedersen, 2004), &-7©]
L 12~14Coll A 844 Z+(Horie et al., 2002)°. 2 =&4F @ #o]d

o
o
22 A 7hely \TH4 Wl ISR I T 2 25T HA 36417

e

(Umezawa et al, 1991), 95419 BF T2 22.6-23.8ClA 27~364]
(Asano et al., 1997)°0]. 28 %= Hol Hl&] #ZUrh ol A= F3lA
VI= L@ o fleH il e o Abekg ) Ak

Al71e] o] Wats] Bre A IA wekY] witel Ak Aok vEo

nag P A% 5 A45e 2 84 27 ol B A7 4
p

e

ks AESF= red sea bream  Pagrus major
(Watanabe et al., 1984a, 1984b), sea bass Dicentrarchus labrax (Carrillo et al.,
1989), yellowtail Seriola quiqueradiata (Mushiake et al., 1994), Japanese
flounder Paralichthys olivaceus (Furuita et al., 2000, 2002), Japanese whiting

Sillago japonica (Kondo et al., 2001)¢} #-2 Azl doA FA e
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e FAEY Fokg Tol #e G HER olgd F gt o]
e, wgdo]o] = eko] oA Seoka et al. (2003)¥} Unuma et al. (2005)

5 s Astetd x4y FAAe] A P Has)
ATk A7 Aol st FAdeRe] R RH93.1%) % 2l ok e Ak (free
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oX,
e
=
=

Ao HFTA ST proteolysisE Q13 7F 3 o] S
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A+ e HILE A TH(Fyhn, 1990). webA, FAAS Z3H3 Aol =489 A
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A 79 Alol2 R 31E a1 @)thH(Aoyama et al., 2001; Ishikawa et al., 2001).
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o
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Table 5. Reproductive performance during the artificial maturation periods of Anguilla japonica from May 2005 to January 2006

Spring Summer Autumn Winter
Period
Mar. 7 to May 23, 2005 May 11 to July 27, 2005 Sep:-26 to Dec. 2, 2005 Oct. 21 to Jan. 24, 2006
Buoyancy (%)' 76.8£2.7 62.7+4.8 41:3+8.9 44.3+3.1
Fertility (%) 74.143.4 73.543.1 30.06.4 28.843.1
Hatchability (%)’ 60.4+5.5 54.043.2 18.0+4.2 16.5+3.3
Number of
4 29.1 28.3 12 13.1
spawned egg (x10°)
Number of
10.6 10.4 1.4 1.7

hatched larvae (x10%

' Buoyancy (%) = (number of buoyant eggs / number of ovulated eggs) x 100.
: Fertility (%) = (number of fertilized eggs / number of buoyant eggs) x 100.
’ Hatchability (%) = (number of hatched larvae / number of buoyant eggs) x 100.
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Fig. 16. Annual changes in the number of eggs spawned, the proportion of
floating eggs to eggs sinked and the ovulation rate during the artificial
maturation periods of Anguilla japonica from May 2005 to January 2006. Bar
indicates the ‘standard  error. ‘Different letters in the squares indicate a

significantly different at P<0.05.
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artificial maturation periods of Anguilla japonica from May 2005 to January
2006. Bar indicates the standard-error. Different letters on the bars indicate a
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A th(Fig. 22).
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Fig. 19. Egg cleavage and embryonic development of cultured eel, Anguilla
japonica. A. fertilized egg; B. 4 cell stage, 1 hr 30 min after fertilization; C.
16 cell stage, 3 hrs after fertilization; D. blastula stage, 5 hrs after
fertilization; E. gastrula stage, 14 hrs after fertilization; F. embryonic body
formation stage, 24 hrs after fertilization; G. heart formation stage, 30 hrs after
fertilization; H. heart pulsation commencing, 33 hrs after fertilization; I.

hatching stage, 38 hrs after fertilization. Scale bar = 1000 gm.
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Fig. 20. Morphological changes on the pre-leptocephalic larvae of eel, Anguilla
japonica. A. 0.5-day-old larva after hatching, 3.53£0.29 mm in total length; B.
1.5-days-old larva after hatching, 5.23+0.28 mm in total length; C. 4.5-days-old
larva after hatching, 5.0840.25 mm in total length; D. 6.5-days-old larva after
hatching, 5.40+0.40 mm in total length; E. 8.5-days-old larva after hatching,
6.25+0.35 mm in total length; F. 14.5-days-old larva after hatching, 5.87+0.25
mm in total length. Scale bar = 1000 gm.
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Fig. 21. Morphological changes on the head part of pre-leptocephalic larvae,
Anguilla japonica. A. 1.5-days-old larva after hatching; B. 4.5-days-old larva
after hatching; C. 6.5-days-old larva after hatching; D. 7.5-days-old larva after
hatching; E. 8.5-days-old larva after hatching; F. 14.5-days-old larva after
hatching. Scale bar = 1000 ym.
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Fig. 22. Changes of total length (TL, mm) and rates of pre-anal length (PAL)
to total length (PAL/TL, %) of pre-leptocephalic larvae, Anguilla japonica in

aquaria.
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Aoz dmAdy oo o] S wrEA ®vh(Kaushik, 1994). ©]
A A A oFe] Ay S G a} o4 A H](Digestible protein
to Digestible energy ratio, DP/DE ratio)=4 WENJ =], A5 e Ay x| g
o] T e Hlgte] YT HAY e Folx AFoo] Ao AGS =
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st &3 glucose (mg/dl), cholesterol (mg/dl), GOT (IU/L), GPT (IU/L),
total protein (TP, g/dl)e] FA= dH F247|(Vtros DT60 II, Korea)E A}

gahgle.
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A A
BE a9 FAIAHEl= Computer Program Statistix 3.1 (Analytical
Software, St. Paul MN. USA)Z #2HEA(ANOVA test)S A AIEte] 2
o] 2} A (LSD: Least Significant Difference) .= H ¥ 7Fe] 2] (P<0.05)<

AR s

Tl AFAAE Table 8o HEFH AT SAE(WG)Ol oA 4sPiod
77 g2 APFEd vlas fodew =4 UERETH(P<0.05). 5P
HT soPisy soPod P TR FH o2 ZA YEFEARE, 4sPis, P
T-ob= el A ) Apol 7k LEREA] 2 kER(P<0.05). A FE(SGR)C 3o
AP 8 AT sl 8ls oSk A = Skek(P<0.05). HE,
4P A 9 P A AT D 4sPisd A F = soPi6 & 9 soPio A E Lol B &
FojAom A vEbEEO U -olE Fe] feofgk ko= 3l U Th(P<0.05). At
FEEFE)] A sPuET7E sPrdEAE A Yd 2 AFTE
A folaA Ee Aoz Yehgon, sPud TS Al9E Uz 2
A= FoE Aol YEUEAl &S th(P<0.05). @ H A $ 5 & (SGR)
of oA 4P @7 e AP TE Hlgte] fFoJHow
d asPrA g ok Fo40 Aol7t gl o, oS Aged vmA A3

Sk dA Freol ek Apol= YERA 2 kTHP<0.05).

Ygolggsta Hrtel gk A= Table 9o YERHATH 2 of] A

PCVE 30~38%% UEMSEH P77 o& A5 H8|A 79

i
>
i
o
rlr

£
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Aoz = YersEom, 5P & G- soPis, soPod E T HT folHow =
UARE 4sPs, 4sPrrAF T oF= o A1 ApolE HolA e drh(P<0.05). o=
LA %ol (Alexis et al., 1985)°] QoIA] Z=AHHE 32~42%9} fFAFSA LhE
o, Jo(Song, 1995)¢} vl 7] (Bai et al., 1994)o A4 Q1w 44%xK T}
vro S eG4 W Hbe 9.9~132 (gidhE YE e, A

AT FoH e Zol= A THP<0.05). Lukx oz 73 o] F2] Hbst

s

ZHo 10g/dl AEE KBt ¢l o w(Post, 1983), oA %= o]Fd A3k A
A= FHEA 2 Jduk ayy dgddie A9 9 ofFd g2 3
217 g webA] e 5 ook o e AFARES el o

(Babin, 1987; Garrido et al., 1990). &% U]l GOTT 4P &7 th& &

o

AFFE M FH e s RO (P<0.05), GPTE soPid @7 v
A AdFEdd v FYHo®E =4 UERTHHP<0.05). TP (7 W T

F)e BE AT F48 AolE HolA kdrh(P<0.05). ¥
d Wl =FZ2(Glucose)= THE AR T =0l B8 ssPieH T A7 Ao E

SRk oh(P<0.05). 1@ an @A U] Zd ~H E(Cholesterol) soP1od F -7F T

it

A 5ol v fFod o= E=A UEREH(P<0.05). APAIEE AT
20 7] Wgoie] oAl zAel st Ay Table 5ol YEFSITE ol
W $3-(80.9~83.3%), 3|8 FEF(1.4~2.3%), =M A S #(45.8~51.0%), %
AW FEH(7.6-9.4%) 3 ol #](18.1~19.5 kI/g)E= ©l$} 2 WS YeRfIth

2 Ao wE W Japanese eel (4. japonica)®] AFEU WA 3} of 1 %] ]
vl ol oA @A shak 45%9] Aol E S AR =9 H
b kel wek AgE 9 Arsado] SUtste Aol d%la, PE

ratio”} 24 (mg protein / kJ)Q1 4P 3ol A Ao AE YERIAT
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o] = P/E ratio”} 22.12 X.31¥ American eel (4. rostrata)oll Y3 =& HS

2 gaHgon, oda Aol Agole FF, A7, £, AFUE Fof

o

2 FZ ¥ ti(Tibetts et al., 2001).
st AAEY Al g o Joja dwd ko] 50% AE Tt HlE] o

WA ol 45%% ATV FEA =2 Ao yEEEdH, o 9

¢
o
rO

T 214 Nose and Arai (1973)°] 2] 3+ Japanese eel (4. japonica)
o A oA 9 ek 45%, 18]35 Degani et al. (1985)°] ¢ 3t European
eel (4. anguilla)®] A7 SWA 8 F&F 45%°F U3 2345 B2}, 4
A o 9 F2K(Tibbetts et al.,, 2000)©] 48.3%<! American eel (4. rostrata)
7 50%¢%] Australian eel (4. awustaralus)®l Pls|A = 1 &%) v AS

2 A= ArH(De Silva, 2001). o]e]st Fol W= Tl dn o =] B A}

oAb 24, Yol d, AVUAL, AR, e men @Ry
22 44 a9 o g Ed F T (Tuncer et al, 1990; Gatlin,

1994; Keembiyehetty and. Wilson, 1998).

ueba] B ANE TS Aol7] A japonica®l AbE U A P/E ratios
AnnE, 48} RS 5 weg o +EE AR U 24 9
WA g2 oUA 19 kg oA T 45% Aol A A A 9

AASE Yelglen, olE EUZ Atx W] AA P/E ratiov 24 mg

[_ﬁ

protein/k] 7} A3tet Ao 2 AdHETh Ar|e] AyE wiEgoZ A4sE

e BH Ahas g g@ s duAel vged B ATE >
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Table 6. Estimated and actual values of crude protein, P/E ratio and energy

for the six experimental diets

Crude protein P/E ratio Energy
Diets' (%) (mg protein / kJ) &J /g

EV’ AV’ EV AV EV AV
45P16 45 44.7 28.3 27.1 16 16
45P17 45 441 25.9 25.6 17 17
45P19 45 44.3 23.9 24.1 19 18
soP16 50 492 314 29.9 16 16
soP17 50 49.3 28.8 28.1 17 18
s50P19 50 50.2 26.5 26.6 19 19

1

Three energy levels of 16, 17 and 19 kJ per g diets were included at 45
and 50% crude protein 'levels.
> EV: estimated values.

> AV: actual values as  determined by analyses.
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Table 7. Composition of the six experimental diets (% of dry matter basis)'

Diets’
45P16 45P17 45P19 s0P16 s0P17 s50P19

Ingredients

Brown fish meal’ 51.0 51.0 51.0 57.5 57.5 57.5

Blood meal 5.0 5.0 5.0 5.0 5.0 5.0

Corn starch’ 17.0 17.0 12.7 10.0 10.0 6.0

Wheat meal® 10.0 10.0 10.0 10.0 10.0 10.1

Fish oil’ 1.9 3.2 5.1 2.0 3.2 5.1

Corn oil® 3.8 6.4 10.2 4.0 6.4 10.3

Vitamin mixture’ 3.0 3.0 3.0 3.0 3.0 3.0

Mineral mixture'’ 3.0 3.0 3.0 3.0 3.0 3.0

Cellulose 5.4 1.5 0.1 5.6 1.8 0.1
Proximate analysis

Moisture 791 7.71 7.30 7.74 7.61 7.91

Ash 8.48 8.43 8.55 9.40 9.15 9.38

Crude protein 44.7 44.1 443 49.2 49.3 50.2

" Ingredients information and formulation method are explained in Kim and Bai (1997).
See Table 1."Estimated and actual values of crude protein, P/E ratio and energy for
the six experimental diets.

’ Imported from Chile, provided by Su/Hyup Feed Co., Uiryeong, Korea.

* Provided by II Shin-feed Ces; Hampyeong, Korea.

> Provided by Su Hyup Feed-Co., Uiryeong, Korea.

® Provided by Young Nam Flour Mills Co., Busan, Korea.

7 Provided by E-Wha oil and Fat Industry Co., Ltd., Pusan, Korea.

® Provided by Dong Suh Oil & Fats Co., Changwon, Korea.

’ Contains (as mg/kg in diets): Ascorbic acid, 300; dl-Calcium pantothenate,
150; Choline bitatrate, 3000; Inositol, 150; Menadione, 6; Niacin, 150;
Pyridoxine - HCI, 15; Riboflavin, 30; Thiamine mononitrate, 15; dl-a-Tocopherol
acetate, 201; Retinyl acetate, 6; Biotin, 1.5; Folic acid, 5.4; B, 0.06.

" Contains (as mg/kg in diets): NaCl, 437.4; MgSOs - 7H,0, 1379.8; NaH,P; -
2H,0, 877.8; Ca(H,POs), - 2H,0, 1366.7, KH,PO4, 2414; ZnSO,. 7TH,O, 226.4;
Fe-Citrate, 299; Ca-lactate, 3004; MnSQ, 0.016; FeSO4, 0.0378; CuSO,,
0.00033; Calcium iodate, 0.0006; MgO, 0.00135; NaSeO;, 0.00025.
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Table 8. Effects of the different dietary protein to energy ratio (P/E ratio)

Diets' Pooled
45P16 4sP17 45sP1o s0P16 soP17 s0P19 SEM"

Growth performance

WG 799" 928"  108.7° 67.5° 920 68.1°  6.56
FE’ 44.1°  58.0°  61.4° 486™ 531" 477 2.69
SGR* 052 058"  0.66° 0465 058 0465  0.03
PER’ 098" 1.29° 136" 093" 1.06° 095  0.08
Serological characteristics
PCV® 21 —37 38 30" 31 1.38
Hb’ 9.9 119 125 132 103 101 057
GOT® 139 53" 73° 54° 87° 73" 12.9
GPT’ 8° 6 i 5¢ 6™ 111 0.87
TP" 3.0 2.9 2.8 3.0 2.8 3.1 0.05
Glocuse 93° 1140 129" 145" 155 131 8.74

Values in the same. row with-different superscripts are significantlydifferent (P<0.05).
' See Table 1. Design and actual values of crude protein, P/E ratio and energy for
the six experimental diets:

Weight gain (%): [(final wt. - initial-wt.)/ initial wt.] %< 100.

Feed efficiency (%): (wet wt. gain / dry feed intake) % 100.

Specific growth rate (%): [(log. final wt. - log. initial wt.) / days] x 100.
Protein efficiency ratio (%): wet wt. gain / protein intake.

Hematocrit (%).

Hemoglobin (g/100 mL).

Glutamate oxaloacetate tran-saminase (IU/L).

Glutamate pyruvate transaminase (IU/L).

' Total protein (g/dl).

" Pooled standard error of mean: SD/+/n.

N=l e T T
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Table 9. Whole body proximate composition of juvenile eel fed the six

different experimental diets for 16 weeks (% of dry matter)

Crude

Diets Moisture  Crude ash Protein Crude lipid Energy

(% in diet) (kcal/g)
45P16 83.3 2.1 45.8 7.6 18.1
45P17 81.9 1.4 46.5 7.9 18.5
4sP1o 80.9 2.3 46.9 8.2 18.9
soP1s 82.4 1.6 49.2 8.3 19.3
s0P17 81.7 1.4 49.8 8.9 19.1
s0P19 80.3 1.9 51.0 9.4 19.5
Pooled SEM' 0.44 0.15 0.85 0.27 0.2

' Pooled standard error of mean: SD/+/n.
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A 22 dFATY HF 87 F B

1.A 8

o AR AR AES A AR U B o 2 FHE Folof =
A S F 4= %] W Ak(essential fatty acid, EFA)o]2} al¥, o] A ute] +
A RO ZA MR oyl prostaglandins, thromboxanes % leukotrienes T}
Z& ecosanoids®] FH W PEARA F28 J5S Fshs Aoz I
A lokJohn Sargent, 1999), AA Aol el dhAtS Zlgel W A
Al AR #F AT obA HHAA At 2oy Akl A

=)
AR 2 ALSE o] F o] AAF A Al F 0] o, EXN%E

A=
o, Jof, WFe], Adu7] 59 AHSTHLZAE A=Y F2, Ae
23S, 235 AH, 9 U hemoglobin 3] A, 5 o FEFHFe] T

2 HALE e S ol - BAISla(Castell _etal, 1972a; Takeuchi and
Watanabe, 1977a,b; Takeuchi et al., 1980; Satoh et al., 1989), < ©](Shimma et
al., 1977), A 7l1%©](Watanabe, 1982; Watanebe et al., 1984c; Leray et al.,
1985), %35 (Watanabe et al., 1984ab)oll Al A2l & o] A&7} By nf 3]
e 9 vt 2o wE A ite] g g-go] A, &
A= 1-25%% 18:3n-3& L7313 (Yu and Sinnhuber, 1979), ol
18:2n-67} 18:3n-3 ZF 1% L 73} (Watanabe et al., 1975; Takeuchi and
Watanabe, 1977a), @&}Joli= 0.5% oA n3 Ade] AWk BT} n-6
AGe] Aaks o] B F 3th(Takeuchi et al, 1983). 3|4t FE n-3 7
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o ALAES ¥ Wol asts Aol o FE2 0.5%2 n-3 (highly
unsaturated fatty acid, HUFA)E & 7-3}™(Yone et al., 1975), ¥ 3 (Gatesoupe
et al, 1977)¥ wWo](Deshimaru and Kuroki, 1983)% ZF7ZF 0.8%%} 2%<]
eicosapentaenoic acid, EPA$} docosahexaenoic acid, DHAE S 73}, 8 7o
(Anguilla japonica)®l Z A WAEe] H7F G 3= Takeuchi et al. (1980)° <]
3 ojn] XMy w®h 91ow, European eel (Anguilla anguilla)®] A AL} 3
7}kl tls] Degani et al. (1986)° 2]3ll, De Silva et al., (1997)<> Australian
eel (Anguilla australis)®] 737 SAE Ak Alx=Ad e W3l ae8a 2 H 9
F 57} Australian eel (dnguilla australis)] 73 %ol -w] x| = dgol] tsir =
Gunasekerfa et al. (2002)°l] o} B ¥ At et diAo]ef lojx of g
7}A] 31 =8 LA B2k highly unsaturateds fatty acid, HUFA)Oﬂ st A4 9
FARAY F/He O e B TRl = A5 Aol
et B A Wi Aolo IEEX ALY g R
3t n3Y =24  a-lenolenic acid (LNA, 18:3n-3), docosahexaenoic acid

O

ie3

4437
(DHA, 22:6n-3), eicosapentaenoie.acid (EPA, 20:5n-3)9} n-6 2= linoleic acid
(LA, 18:2n-6), arachidonic-acid (ARA, 20:4n-6)= ALad] +E 2 H7bste] A
et & AA2IE 53
&

o] Aoje] A4 WeA A FRY L 27

2. Alg 2 Wy
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X

AYAtzol] HEA 7= dHAMSS AASA T dHAMS & I oA

% 15.0£0.3 g (mean=SD)2] WFo] X5 FFJ2] ALFA| 8ol 7} A

AFZ(60 L AMFF2)S 200k 4 39kE. 02 a9 wjx]stlom, &
& 45 Lmin, AFS52E 25+1CE FA8AT 949 ARdd7dS oA

9 2~3% (AEFHE Y 23)(9:00, 18:00)F

k. A3 717H2 20049 29 6UHE 20044 6€ SUMAE 1657 AMS

AFS AANGAAL, 8FA N AFEES &8yl skl Ehylene glycol

phenyl ether 90% (200ppm)°ll 23 E A A 2EH2E HAisste] 7}
=

2) A3AE 2 AFAA

&8 AdAge] AL Table 100] YEFHIY. A EE &
WA o 7 o] (brow nfish meal)Z} & (blood meal)S AFE3}S] L, A
Ao 2 obAlfr(coconut 0il), &5 fr(com oil) 2 o}v}2d f-(linseed oil)E,
83 B Edoes S5 (com starch)¥ 7} (wheat meal)E AF
&tk Aol 7 WAool Atsd A At A 4] e S HUtket

71 SAstel 57hA Bl AR AZkskel Azttt APAEe

%
B Asto] Abgatqint ool FHrEol e AZARS AAst7] S8 &

2, (W/V)e] Hl&=2 483} water bathol A]
3 5-80C= 7FE H wwksto] A A S A ASHA L(3~43] wHE), &
o] &g bl A {7187t sl 71she wl 7hA] 48413 o]

=4 F 4@z Agag

BN

"(Basal diet), 2) LNA 0.5% +
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LA 0.5% &7, 3) LNA 0.33% + LA 0.66% 3, 4) LNA 0.25% + LA
0.75% S+, 5) AA 0.25% + EPA 0.375% + DHA 0.375% %, 6) AA
0.5% + EPA 0.25% + DHA 0.25% &7+, 7) AA 0.75% + EPA 0.125% +
DHA 0.125% 3572 & 7719 AP T2 A4t

AREE 5, AP E 24A7F D AAZ] $ ehylene glycol phenyl ether
90% (200ppm)= WFH A A oA FS FA3F] F A &(weight gain, WG), A

5.9 & (feed efficiency, FE), ¥ 7Hd 7 E(specific growth rate, SGR) 2 Tz

%} & (protein efficiency ratio, PER)S &1stFom ofa ddtgdE 2 A
WAl 24 S FAFSEIL T

4) AV E &4

Aok AgAL= o 2t 2 enteld FALE FEete E S

=39t Ao methylation> Metcalfe et
al. (1966)°] ol oJs] EAstAth AWAE methylation feries silica

capillary columns “&2+3+ gas chromatography (Trace GC)oll ©]3l] #4]3}%1

iy
N
)
2
W
%;

l

£ AF&SER AL, detection> FID =& A3t S

o FAEAL U5 Zth Instrument: Trace GC gas chromatograph,
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column: quadrex, 30M, bonded carbowax 0.25 mm LD x 0.25 gm film, cat.
No.: 007-CW-30-0.25F, injector temperature: 250°C, Detector temperature: 25
0C, flow (gas press): 65 psi. helium, splite: 1:50 =5 % AZvEIHL2 &

A 22732 peak sampled] 2]d =213} T}

6) A AgzAL

1o

< AE3 & micro-hematocrit™ (Micro Hematocrit Reader, Hawksley)oll 2] 3|

& v} = A 2] E (hematocrit, PCV)& SAst9e™ |, X3 =H 3HEF(Hb, g/d)<

o,
==

cyan-methemoglobin ¥ (Yokoyama, 1960)°l &]sle] 7433t} o]F 2
oA 108 WA SATHE AR 212,000 rpm, 5 min)sle] AL HS

A A7A] 76Tl X 8% SFAAmgdl), 2% FdU2HE

o

L

(mg/dl), AST (IU/L), ALT (IU/L), total protein (TP, g/dl)2] ZA o= o 2
7] (Vtros DT 60 11, Korea)= A}-&-3}% v},

7) TAA

BE a9 FAIAHE= Computer Program Statistix 3.1 (Analytical
Software, St. Paul MN. USA)Z #2HEAI(ANOVA test)S A AIEte] 2
o] 2 A (LSD : Least Significant Difference) = H ¥ 7Fe] 2] A (P<0.05)<

A4 skt
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B ARE FFcte] AMSAES AT 1 A3 LAY LNAE 77
0.35-0.5%, 0.5-0.65% ¥+ Al, W™= AAFEol 3] 4 9 AlRE &0
FHOR = ZAoR e

473k o HIALS & 167%Fe] AMSAE A= Table 116 UERU AT
A& A FE] Yol Dy LAgss-LNAgss 2& 77 o2 AP e
Hladle] 7F4 = U eSO M (P<0.05), Dy LAgs-LNAgs 2 & F94= 79
A1 AFel7k UhA o hEH(P>0,05). 3 JEiE T (Dr: LA-LNA E A R)=

kv

2 A0 He) FoA oz Sdth(P<0.05). Alsaed G Eddds S

2
>,
X
9
)

oF FAMSE AeS H=H Dy LAos-LNAgs 23859 Ds:

f

LAo3s-LNAoes A 77F & A7 Hl&| Fo]% o2 =3kt (P<0.05),
ol ATkl F9H Ak Sl 2H(P>0.05), =T AlRE Fae 4
A7 8 APEodlel fre]dew vk (P<0.05).

AN ASHA ool @3k A= Table 1201 UERAQIT dntEIYE
(Hematocrit):= th&TolA F9x oz 7b4 =4 vebyt o w(P<0.05), Di:
LAos-LNA)s @7 79420 AolE HolA &3th(P>0.05). % W
3| 22 241 (Hemoglobin)< 9.5-11.6 (g/100mL)Z el o™, 1 Ag47F
o4l ol YAUTHP>0.05). EF U ASTE Di: AAg7s-EPAg125-DHAg 125

4GPt e AETEel W /g B9, Dy Dy D Dy A@TShE

i

Fo A0 Aol 7k FATHP>0.05). B ] ALTS} Total protein> LEE 2
Toll A o] ARl AkelE Holx] e ATH(P>0.05). & Wl Glucoser= TH A
50l Bs] Ds: AA¢as-EPAgs75-DHAgs7s 2878 71 =909, Dy, D,

ul

O
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Ds, D4, Dg, D A9k T 220 2Fol7F gIATHP>0.05). &7 W =~
H| & (Cholesterol) Ds: LAg2s-LNAg7s 2371 tt2 A5 vl 7 =4
ek o™ Dy, Ds, Dy A Tob= AR ApolE HolA] eEhTh(P>0.05).

Wgo] xoje] o AwatzAS Table 139 YeERUIATE oAy
HUFA 3ol lolA tiza= umA A5l vl fFoxow v
e oH, Dy, DA TS DD AR Abolel A= Z47E frel Al A}
o] 5 Holx| ¢rkth(P>0.05). HUFA/SFA H|&o| Slo]A D, Ds, Ds° Dol
Al frolH o A YERSTHP<0.05). &A% Dy, Ds, Ds, D; A7
83l DDy AP Aol e AzE folF Aozl I THP>0.05).
DHA/EPA®] H] &l QlojAl D,o] & AFFEd H&l FofHo=z 713
=4 vEst o, D7t o AL 2 7 st Al Ve TH(P<0.05).

Waol o] oA W AR $FFe] Wste] 9lolA DHA, EPA, AAT glass

eeloll A1 juvenile eel= d&stAA HH ZAasta, HiO=2 LAS LNAE #
A Z7keke 4 o] UAvhDe Silva et al, 1997). |23 &3 Aol A

FolHA dio]l HE AY9eE olFske a4 oFe dadd E4o
2 X315 % th(Borlongan-and Benitez, 1992; De Silva et al;, 1997). Wl7gof o]
AoIA AbE Wl LASHLNAH &S 1% A= gols =, 1% o2

SkQl¥l Jof(Watanabe et al., 1975; Takeuchi et al and Watanabe, 1977a)%}

Ao(Yu and Sinnhuber, 1979) ¢ ©& Folol HIsiA i W& 3
S wolth aem AbE ul LNAS] B A7 Al 2ARH ARER] 7

B

st AEE BAvd, FAM Sl Aot fAbe AdFS YERATH
(Watanabe, 1974). Sk, oA U] X|W4k 249 AFo]7} A= (Watanabe et
al., 1983; Olsen and Skjervold, 1995), Ho]<2] ZH(Dave et al., 1976; Jezierska

[e]
34 2

et al., 1982; De Silva el al., 1997), Z&]i M2]F2S ¥

ot

3l H|

R4

of

9l(Satoh et al., 1984; Bell et al., 1986) Goll J&FS W=tvh= Haur) o)
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B AFNA Xej7] Wdejo] Aigat dolA AWML 24 A3 Al ]
LNA (n-3)¢} LA (n-6)% 727} 0.35%, 0.65% H713S @ WG, SGR, FE,
PERo| 7} ko), o]zl A3 (Takeuchi, 1980)7 A 20 n-39f
n-65 717} 0.5%% b A Toke 7o AolE WolA ekt webA

HWzgo] xjojo] AR WA LNA (n-3), LA (n-6)°]1, 1 AAFFS 2+2t
0.35-0.5%, 0.5-0.65%% A ctE v} &5 F=afajof s wizlo]o] &I=x|HAto
sk Aol oA A G A wgo] o] X4k AW skl wgofof o gt
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Table 10. Composition of the experimental diets (% of dry matter basis)'

Diets

Ingredients D, D, D; Dy Ds Ds D,
DFBFM* 590 59.0 59.0 590 59.0 59.0 59.0
Blood meal’ 50 50 50 50 50 50 50
Corn starch’ 104 105 106 105 105 105 114
Wheat meal’ 100 100 100 100 10.0 100 10.0
Coconut oil° 9.6 7.9 7.9 8.0 8.1 8.0 7.0
Corn oil’ - 07 03 01 - - -
Linseed oil® - 09 12 14 - - -
ARA’ - - - - 04 09 13
EPA" - - - - 05 03 02
DHA'" ] 1 - - 05 03 02
Vitamin mixture' 3.0 3.0 3.0 3.0 3.0 3.0 3.0
Mineral mixture’ 3.0 3.0 3.0 3.0 3.0 3.0 3.0

Proximate analysis
Moisture (%) AN BT T 7.5 5N 75 7.6
Crude protein (%, DM) 51.6 528 523 522 525 526 521
Crude lipid (%, DM) 94 94 92 93 94 93 93
Crude ash (%, DM) 93 92 93 91 92 | 92 92

" Ingredients information and formulation method are explained in Kim and Bai (1997).
** Su Hyup Feed Co:, Uiryeong, Korea; *De-fatted brown fish meal.

* 11 Shin feed Co., Hampyeong, Korea

s Young Nam Flour Mills:Co.; Busan, Korea

678 Dong Suh Oil & Fats Co.,~Changwon, Korea

’ ARA: arachidonic acid triacylglycerol (40% purity). Martek, USA.

' EPA: eicosa-pentaenoic acid ethyl ester (95% purity). Itochu Techno-Chemical Inc, Japan.
"' DHA: docosahexaenoic acid ethyl ester (95% purity). Ttochu Techno-Chemical Inc, Japan.

"> Contains (as mg/kg in diets): Ascorbic acid, 300; dl-Calcium pantothenate,

150; Choline bitatrate, 3000; Inositol, 150; Menadione, 6; Niacin, 150;
Pyridoxine - HCI, 15; Riboflavin, 30; Thiamine mononitrate, 15; dl-a-Tocopherol
acetate, 201; Retinyl acetate, 6; Biotin, 1.5; Folic acid, 5.4; B, 0.06.

" Contains (as mg/kg in diets): NaCl, 437.4; MgSO, - 7TH,0, 1379.8; NaH,P, -
2H,0, 877.8; Ca(H:POs), - 2H,0, 1366.7; KH:PO., 2414; ZnSO..7H-0,
226.4; Fe-Citrate, 299; Ca-lactate, 3004; MnSQOs 0.016; FeSO4, 0.0378;
CuSO4, 0.00033; Calcium iodate, 0.0006; MgO, 0.00135; NaSeOs, 0.00025.
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Table 11. Effects of feeding experimental diets on growth performance of

juvenile eel fed seven different experimental diet for 16 weeks'

WG SGR’ FE* PER’

(%)
D;: control 30.34" 0.31" 23.50¢ 0.47
D,: LAos-LNAgs 44.72% 0.43% 33.40° 0.67"
Ds: LAo35-LNAg6s 47.14° 0.45" 35.67° 0.71*
D4 LAg2s-LNAg s 42.40 0.42" 32.19® 0.64°
Ds: AAo2s-EPAg37s-DHA 375 38.62° 0.38° 26.82 0.54%
Ds: AAos-EPAgz5-DHA( s 39.24% 0.39% 28.16° 0.56°
D7: AAo75-EPAg12s-DHAG 125 41.28% 0.41 29.43" 0.59"
Pooled SEM® 1.12 0.01 0.86 0.02

Means of single groups; Values in the

are not significantly different (P<0.05).

Pooled standard error of mean: SD/~/n.

- 150 -

Weight gain’(%): [(final wt. - initial wt.) / initial wt.] % 100.
Feed efficiency. (%): (wet wt. gain / dry feed intake).x 100.

Protein efficiency ratio (%): wet wt. gain / -protein-intake.

same row with different superscripts

Specific growth rate (%): [(loge final wt. - loge initial 'wt.) / days] x 100.



Table 12. Serological characteristics of juvenile eel fed seven different

experimental diet for 16 weeks'

Diets Pooled’

D, D, D; Ds Ds Ds D SEM

PCV (%)’ 25 26% 27 28™  32° 25 30 0.53
Hb (g/100ml)’ 99 101 105 116 107 95 104  0.14
AST (IU/L)* 90" 84" 49° 71 91 90 106"  3.76
ALT (IU/L)’ 12~70 8 10 10 10 10 0.25
TP (g/dl)° 29% 33 34] 34 T2 3.1 0.05

Glocuse (mg/dl)  107* 70" 58" ' 63% 120 79" 78" 477

Means of single groups; Values in the 'same row with different superscripts

I

are not significantly different (P<0.05).
Hematocrit! (%).

’ Hemoglobin' (g/100ml).

AST: aspartate amino-transferase (IU/L).
ALT: alanine amino-transferase (IU/L).

TP: total protein (g/dl).

Pooled standard error of mean: SD/~/n.
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Table 13. Whole body proximate fatty acid composition of juvenile eel fed

seven different experimental diet for 16 weeks'

Diets (% fatty acid)' Pooled
D, D, D; Dy Ds Dg D, SEM
C10:0 0.15*  0.07° 0.1 0.08° 0.03° nd 0.12°  0.02
C11:0 nd nd nd nd nd nd nd 0.16
C12:0 325" 2.10° 269" 2.65° 212"  061° 3.16° 030
C13:0 nd nd nd nd nd nd nd 0.00
C14:0 6.54*  5.04  6.08" 556" 541" 4.5 591™ 043
C15:0 029" 027 032° 028" 031° 029° 027° 0.02
C16:0 19.6™  18.9°  20.6" 19.8 202" 19.8" 19.3™ 0.89
C17:0 019 021 012 011 014 011 0.19 002
C18:0 345" 3.86° 387"  3.79* 350" 3.92° 352 289
C20:0 009 0.3 006 009 011~ 006 011 0.17
C21:0 0.73* 071" 069 0.63" 0.70° 0.59° 071"  0.05
C22:0 nd nd nd nd nd nd 0.01 0.02
C23:0 B0 " 0.14 0138 w025+ 021" #d4 ™ 013 013
C24:0 vy 190 4078 W W99 2024 4188 0.16
SFA 3838 3342 3645 3498 3472 32.06 3531
Cl4:1 0.19° 0.15* 0.17° 0.16° 0.17° 0.13° 018" 001
C15:1 0.11 004 002 =004 005 005 005 147
C16:1 719 659 7.06 | 68 738 695 - 7.03 049
C17:1 024 029 025 020 021 025 025 023
Cl18:1 43.6°  44.9%. 42.1° | 442°  442° 466° [/ 43.6° 292
C20:1 271 . 294* 243" F2.61®° 253> 261 251° 0.18
C22:1 0.17--0.18  0.14 = 020 019 021 015 002
Monoene 54257 7551 5229 543+ 75473 568"  53.77
C18:2n9¢ 3.19° 408 4.18  347° 3.62° 3.69° 3.64° 028
C18:2n9t nd nd nd nd nd 0.02 nd 0.00
C18:3n6,9,12¢ 005 003 011 043 005 003 004 006
C18:3n9,12,15¢c  0.33%  0.51*  046® 045° 041™ 031 028° 0.03
C20:2 029 033 031 028 024 029 027 001
C20:3 021™ 026° 024 020° 0.19° 0.18 025 0.03
C20:4 nd 0.08  0.04 nd 0.04 003 0.03 0.10
C20:5 1.25° 151 147" 137 158 156 145® 0.11
C22:2 0.04  0.07 nd nd nd nd 0.07  0.02
C22:6 4.05° 467" 456™ 449" 438" 499" 490" 034
Polyene 941 11.54 1137 10.69 1051 11.1°  10.93
PUFA/SFA 0.26° 035" 031° 031" 030 035" 031°
DHA/EPA 324" 309 3.11° 328° 277 321° 338

'Means of single groups: Values in the same row with different superscripts
are not significantly different (P<0.05); ’nd: not detected.
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A 3 ol ENS BEATH HY 27F 7}

1. A&

T

w-6A1Ee 1% E¥x3} A WAk highly unsaturated fatty acids, HUFA)ol| £
S} o}g}7] =4H(arachidonic acid, ARA; 20:4n-6)=> A A dte] 4 HAF o=
A ¥uk olYe}l  prostaglandins, thromboxanes % leukotrienes¥ -
ecosanoids®] TH HFEZ2HZA AAUAdA T8 7|5 T AL
2 4#x Qlth(Sargent, 1999). ARA X7} turbote] A< 44 H
AES % 2FAA e R KW 315 @l ak(Castell et al, 1994), European sea
bass®] ¥ WA T8 A4S sk AO0E Eid vl S (Bruce
et al., 1999), gilthead sea bream #}o]o] A& U AES S (Bessonart et
al., 1999)7| ~E# 2o gigt A Sole] A Ao Bug H
A HKoven et al, 2001). kA, ARAS OIAIAE S S8 A3 dz=&

stAdo]  AHEEE Aoz d¥HA Adx

0

O

prostaglandins> o] <] B gk Bl Ak off &8 3} (Sargent et al., 1995)
A3 abgke)] kS v A= A OS2 HIr%E Hh(Abayasekara and Wathes,
1999)21 31, Atlantic salmon®l| 4| 35 =38} 7|3t &<k AFd -k #o
St Aoz Hauma 9JofBell et al, 1997; Tocher et al, 2000)
prostaglandins®] &<l ARAES WAoo} 2 3|/ ofFe A4
N2 E o] Fad a1 A8  US o FoH

A 2 Ao Xoj7] WS YR ARAS AR W o

= F7bete] A Aol viAl = FEFE #ARste] 44 277 Wrleta
1
&9l 2R R &gstax) g
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2. Alg 2 Wy

E 4570 ABALS S AAISEA T o] %, Hat 27+0.5 g (meantSD)Q! ¥l o]

Z1°]5 100 L FRP g0 20mte]y 3utR oz Adyd= 29 o
ARTFHS A A7 5o AT G 3~4%E 4Y 23](09:00, 17:00) F

Tttt AREH 30~60% ¥ 2 ARRE 78] 20T oA HaEkl
=

el AwAtEe) walgl o el

(vitamin-free), 12|31l gelatineS AFE3IH I, A A Yo 2= o F9 YFFE

A
~
ol
=
javl
=
Q
o
@
=
=
Q
=
=

, casein

Abgstg o, BrstEgdoas ARS AMEste] 2uhE 55%, ZAW
15% 2 7F&olA] 183 kl/g= x4ttt AlE Ul o}e}7] =4} (arachidonic
acid, ARA)S] A H7teEs golstry] St 71zA=Ee 0, 0.2, 04,
0.6, 0.8, 1.2% (per kg diet, DM)E 27} H7HARAo, ARA(,, ARAs, ARAgg,
ARAs, ARA )Y H7F FF# 6714 HAFAEE A st HWUkaE
W AFAR ] ARA BAAT AFE W e 27 0.07, 0.22, 043, 0.57,

0.78, 1.23%= YEelGT BEE Adxss 9855 st AgU|E 4=
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o} 1 al(diameter 1 mm), AAAE A7 o D&kl 20T

ofd HyatdA dgojol FHstA

3) A S

1077ke] ASEW FR T, JASAL 98 Aol S 2447 A

N

< ethylene glycol phenyl ether 90% (200 ppm)=Z vFHAIA FF

m&
i
jaii)
2
o,

il
fol

AAFAE S48+, ol& 3l 5 A &(weight gain, WG), A5 & &
efficiency, FE), ¥ Z%tAd7E(specific growth rate, SGR), @A X33 &

(protein efficiency ratio, PER) 2 AE& & ZA}sSIT)

Avhd e A= oA A AA SR, oA EAS 9
3 FxER 1ok FA9E FEske ®4Ad doAEs AHgskah
AOAC (1995)°ll &l T A% 7FE "AE2HA25T, 3417, =4S
Kjeldahl &2 AR (Nx6.25) 18] Z3|H S Ay 33y er ztzp 2A
stk w3, =2 &

(Tacator AB, Sweden)=-A}-8-8k] Soxhlet F==H O = 4] 513t}

AEL 1247

flo

5) A A 724

Aol A AL A Qlol EHgE AojAlel A FET A
methylation Metcalfe et al. (1966)2] ¥Holl 23| feries silica capillary
columns “¢#3F gas chromatography (Trace GC)oll <]3l &4 stA ). 7l 2] o
NA = AAE AFESF) AL, detectione FID REZ AMg3lon 2%
2 Y53 ZY(Instrument: Trace GC gas chromatograph, column: quadrex,

30M, bonded carbowax 025 mm ID x 025 g film, cat. No.:
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007-CW-30-0.25F, injector temperature: 250C, Detector temperature: 250TC,
flow (gas press): 65 psi. helium, splite: 1:50). =& % AZvlEIH A4

X 2 1321 peak sample (Maestro, Chrompack)®ll <] 3l 43}t

6) S A A
BE A59 FAA 2= SPSS (Analytical Software, SPSS 10.0)=Z F4HE

ANw)

2J(ANOVA test) ¥, #4227 A (LSD: least significant difference) 2= %
T3Hel YA (P<0.05)s HASHAT. ALEW ARAS AA o
broken-line modelS =3l 2 A3} T}.

0.

rlo

3. 2% 9 1

10573 W7go] Xojo] 6714 ool 7] =4t A7MAMEE Tae A%
A¥E  Table 159 YEUATE FAEWG) A oA ARA(s LE 1L
ARA, B3¢ xS, ARAg, 18|31 ARAs Aol Hl& FolstA =

2 HFA(P<0.05), ‘ARAgs A T oFE= 98 o)t gl thP>0.05). W3
ARAys APATE NETFLTARA, FF ol HE foetA w2 whd
(P<0.05), ARAos AT F9s Zol7b lATHP>0.05). A%
(SGR)°l 9lo] ARAps A&7+ T, ARAp: 183 ARAws A3 70l

I

do

& frolshAl o WHH(P<0.05), ARAps 1231 ARA, A 3F &= H] &)
o3k o]zt YUATHP>0.05). AR ES(FER)S  UoIA] ARAgs LT

R

ARA; A3 T ET, ARAg, 183 ARAgs A8 o vl&f 2l stA
2 HHA(P<0.05), ARA¢s 279 T Zol7F sAATH(P>0.05). HEgF,
ARAps Ad = 279 ARA, Aol Hla FostAl =2 Hid

(P<0.05), ARAos HA@Te= Fo sk zel7b flATh(P>0.05). A, 7 A3

i

ul
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T AEEL 91.7-96.7%= ALY o}gt7|Eqte] FEd Hube] wE {9
3 2pol7t Qe Ao Z YERFETHP>0.05).

Wl %}of (Japanese eel, Anguilla japonica)= 25 A4S 2 a-lenolenic acid
(LNA, 18:3n-3)%} linoleic acid (LA, 18:2n-6)E 712} 0.5% 2 Q3= Aoz &
] 4 2l TH(Takeuchi, 1980). %3, Furuita et al. (2007)= Bt 566 g W7o,
A. japonica®l ol AFEUW 7%°] A AYLES n-32E o] f(pollack oil)E

A4 AATE 692 Ff(corm oil)9 tHrolfet HFEFE £
H7ret AE ol vle] AFEO] Fdo Folst Aol glloew, 53

3 Wil %4¥ ARAC] F3o] EPASH DHASL 18] folshl A 1
Bueg wustdth 4719 Al osh| Wl Aol wuk ohe
Hol(500 g olAe] Aol 8= At WA 9Ial ne ABS A, 53
ARAE 87515 4% G A9 8 T wste] abel | Ake Fol

L

2 AGx FA &) "lgt broken-line model =272, X o]7] wWdo]]
AFE U ARAS AA HA7IFELE 0.63%%= LHEFSUH(Fig. 23). ©] 23 Ay
AtaE U ARAE 0.6%%= 273 Japanese flounder;, Paralichthys olivaceus®]
2 Y}(Furuita et al., 2003)2} = 1A A 2 YEFSAT, 0.78% 5 &3k
%] 7] turbot, Scophthalmus maximus®] 23 (Castell et al, 1994)9} 1%E &
T3} gilthead sea bream, Sparus aurata A+©12] Z ¥} (Bessonart et al., 1999)
of HjsfA & Aoz FAHAr}t. X7 turbot, S. maximusol] A°] ARA
H77F DHA &5 52 ARASH 53 H7bol s ddEa A&

o]
FoA B, 53 DHA ©5 W77 A8} Y280 13 9

rlo

Ao R o o]lE E3 turbot, S. maximusS HG5A HAEO

HU
>
s

< aste Aoz FyE vk Ath(Castell et al, 1994). Gilthead sea
bream, S. aurata Aolo] o] A5 W ARAS 1% A7} Al AAo] Sy

- 157 -



A, 1.8% H7F Al AEgo] &4 9 & Aol Ry vl 3l th(Bessonart
et al., 1999). Koven et al. (2001) gilthead sea bream #}o]¢o] ARAE 7}3}
g ZEHHE ow Al dxTol Hal #HAbEo] wostA AAdleS B

shelth old@ As: sRAom AEYAE wow Agr-asA)

al., 2000), ARAE o] Fo AFeh 2ok Fad 9o AgsE 3o
2 e H ot ARAC] HHA o2 Agat= A ofHar ofrbn] Aol A
ARAC 9]3)] 34 == prostaglandins (PGEy.)ol]l &3t Ao =2 ‘W% Q)

(Mustafa and Srivastava, 1989). wjelx] ©pola] A galo]l AlakS Q& 3

Ahe] BAMZARE Table- 179 WGBS, 2 A58 dol4 f ARA &
F& AFEUW ARAS HIbeEdd wE FofeA Foteke A

om, 53] ARA;; ¥ T+ A BE AFFEC vE fFelstA =%
THP<0.05). H3F, ARAs¥ ARAs AITE UlEZT9 ARA, 183
ARAs AETFE Hl&] FostA =2 THHP<0.05), ol F Mo AT
= T o7t Yl Ao® YErRTHP>0.05). old g Ade A A
REEO =2 ATTIFE oA W ARA T A=A vEu e,

2

d 71 S AFRE FE WAool FHE ARAC] AN &}
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2 AgdM FAEY Az g &l 3 broken-line model 4 23},
ol Aojeo] A AlREE PSS AT As Ul ofghy|E=Ake] AA A
T2 0.63% HUbE =olol AT 0.71% FwolW T8 Aoz #
dEch T3 wAo]o] FAexwiilow Ad# A 9E  a-lenolenic acid
(18:3n-3) 2] 1L linoleic acid (18:2n-6)2} 7| T Q.3+ x| WpAto g2 283k 4= 9]

2 Qo A7, FF cheby] EAbe] WA PO

Y
lo
o
oo
oX,
=
2|
_?L
_>|:
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Table 14. Composition and proximate analysis of the basal diets for juvenile

eel (% of dry matter basis)

% in diet
Ingredients
Fish meal (defatted)’ 51.6
Casein (Vitamin—free)2 11.4
Gelatine® 3.0
Corn starch' 16.0
Fish oil’ 3.0
Soy bean oil* 6.0
Arachidonic ‘acid’ 0
Ethyl oleate® 6.0
Other ingredients’ 2.0
Proximate analysis| (% of dry matter basis)
Moisture 12.5
Crude protein 54.7
Crude lipid 14.5
Crude ash 9.9

" Provided by A-Bank Co., Ltd. Seoul, Korea.

? United States Biochemical (USB), Cleveland, Ohio.

Provided Ehwa fat industry Co. Ltd., Busan, Korea.

Dong Suh Oil & Fats, Changwon, Korea.

Provided by DSM Nutritional Production, 41.3 % in fatty acid.

Other ingredients: 1% vitamin pre-mixture, 1% mineral premix (Bae et al.,

2004).
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Table 15. Growth performance and survival of juvenile eel fed the diets

containing different ARA levels for 10 weeks'

Experimental diets’ Pooled

SEM®

ARAy ARAo> ARAos ARAos ARAos ARAi:

Initial wt. (g) 273 275 274 276 274 276 005

Final wt. (g) 592 619 672 757  80.6 782  2.11

WG (%)’ 117.0°  125.1° 1452 1747 194.1* 183.4*  7.58
SGR (%) 1.55 % 1620 V979N S00™® ™46 2.08"°  0.06
FER (%)’ 46.8° 50.1°  58.1%  69.6° 77.6° - 734  3.03

Survival (%) 91.7 95.0 96.7 96.7 93.3 91.7 1.09

' Values are’ means of triplicate groups, values in the same row not sharing a
common superscript are significantly different (£<0.05).

* Diets: Control group 0% (ARAg), 0.2% (ARAo»), 0.4% (ARAo4), 0.6%
(ARAs), 0.8% (ARA0zg), 1.2% (ARA}2) in diets.

Weight gain: [(final body weight - initial body weight)./ initial weight] x 100.

* Specific growth rate:[(In(final weight = rinitial weight) / days] x 100.
Feed efficiency ratio: (wet weight gain / dry feed intake) x 100.

Pooled standard error of mean: SD/+/n.
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Table 16. Fatty acid composition of the experimental six diets' (% of total fatty acids)

Fatty acids Experimental diets Pooled

ARA; ARAj: ARAss ARAge ARAgs ARA;; SEM’
C14:0 1.03 1.14 1.03 1.06 1.12 1.02 0.05
C15:0 0.11 0.12 0.12 0.12 0.13 0.12 0.01
C16:0 1348 1276 13.15 13.21 13.29  13.38 0.25
Cl16:1n-7 1.55 1.57 1.52 1.48 1.57 1.24 0.13
C17:0 0.37 0.32 0.37 0.37 0.38 0.32 0.03
C18:0 4.40 441 4.69 4.81 4.96 5.37 0.37
C18:1n-9 2531 25332427 2437 2406 2283 0.93
C18:2n-6 4.14 4.27 3.82 3.77 3.58 3.64 0.28
C18:3n-3 38.38  39.72 3729 37.20 3521 3533 1.74
C18:3n-6 0.00 0.11 0.20 0.26 0.36 0.58 0.20
C20:0 0.35 0.37 0.37 0.39 0.40 0.45 0.04
C20:1n-11 0.90 0.88 0.91 0.86 0.93 0.80 0.04
C20:2n-6 0.14 0.15 0.17 0.17 0.19 0.20 0.03
C20:3n-6 0.00 0.14 0.26 0.35 0.48 0.77 0.27
C20:4n-6 0.42 1.39 2.72 3.59 4.89 7.71 2.62
C20:5n-3 3.26 2.61 3.18 277 2.86 2.04 0.44
C22:0 0.39 0.43 0.46 0.50 0.52 0.62 0.08
C22:1n-9 036 0.14 0.36 0.37 0.37 0.29 0.09
C23:0 0.13 0.12 0.13 0.12 0.13 0.08 0.02
C24:0 0.78 0.73 0.75 0.72 0.78 0.57 0.08
C22:6n-3 4.40 3.18 4.11 3.39 3.65 2.53 0.67
2.Saturates 21.02 2040 21.07 2130 21.70 21.92 0.54
> Monoenes 28.12 2792 2705 27.08 2693 25.16 1.05
2n-3 11.80  10.06  11.11 9.93 10.10 8.20 1.22
2n-6 38.93 4150 40.64 41.57 41.13  44.60 1.85
2n-9 25.67 2547 2462 2474 2443 2312 0.91

'Diets: Control group 0% (ARAo), 0.2% (ARAq2), 0.4% (ARAg4), 0.6%
(ARAs), 0.8% (ARA¢s), 1.2% (ARA,>) in diets.

Pooled standard error of mean: SD/vn.
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Table 17. Whole body fatty acid composition of the juvenile eel fed the diets
containing different ARA levels for 10 weeks (% of total fatty acids)

Fatty acids Experimental diets' Pooled

ARA;, ARA¢> ARAos ARA¢s ARAps ARA;, SEM?
C14:0 334 314 299 273 304 281 0.09
C15:0 036 031 032 030 032 029 0.0l
C16:0 1875 19.67 18.65 1841 1931 18.66 0.19
C16:1n-7 570 586 583 492 543 518 0.16
C17:0 034 032 035 033 034 033 0.00
C18:0 360 371 350 407 402 385 0.09
C18:1n-9 36.53 3721 3523 3664 3636 33.06 0.62
C18:2n-6 1.16°  1.16° 146"  129® 127" 148  0.06
C18:3n-3 1259 11.86° 14.35° 1430° 1255 15.15°  0.53
C18:3n-6 0915 127> 1.01° 1.09 078 1.63* 0.12
C20:0 015 0.16 0.17 015 0.8  0.18 0.0l
C20:1n-11 1.97 #7206 ST | 1.87 149  0.08
C20:2n-6 067 062 074 077 080 073 0.03
C20:3n-6 089 072 122 111 097 109 0.07
C20:4n-6 1.24° 0 1.52°  1.79°  2.02° 197" 346" 032
C20:5n-3 1.87° 186" 1.64> 155 157" 1.66° 0.06
C22:1n-9 033 028 027 022 - .027 .~ 026 0.0l
C23:0 039 041 048 053 .7061 084 0.07
C24:0 150~ 143 136 =139 142 132 0.3
C22:6n-3 739" 650" 665" 642"  6.65° 630° 0.16
> Saturates 28.43° 29.15% 27.82° 27.90° 29.23% 2827™ 0.5
>Monoenes 4453°  45.08" 42.98' 4329 43.94° 39.99° 0.73
>n-3 104 951" 975"  925° 949" 943" 0.17
>n-6 163 16.0° 19.1° 193"  17.1° 221 095
>n-9 36.9°  37.5°  355°  369°  36.6° 33.3°  0.62

Values are means of triplicate groups, values in the same

common superscript are significantly different (P<0.05).

(ARAos), 0.8% (ARAgs), 1.2% (ARA;,) in diets.

? Pooled standard error of mean: SD/vn.

- 165 -

row not sharing a

Diets: Control group 0% (ARAg), 0.2% (ARAo2), 0.4% (ARAo4), 0.6%



250

a
200 | : -
L]

-3
= 150 |
= y=111.03x + 104.55
g y'=183.8
= R2 = 0.9355
=
[=)]
s 100 |
=

50 |

0
0 0.2 0.4 0.6 0.8 1 1.2 14

Dietary arachidonic acid level (%)

Fig. 23. Broken line analysis on weight gain of juvenile eel ‘fed the diets

containing different ARA levels for 10 weeks.
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Al 42 A3 vEY co B2 HA 7% FU}

1. A&

Vitamin C (Ascorbic acid, CsHsOg) = T84 HIEIH S E 253} 55 of A
ascorbic acid (AA)®} dehydroascrobic acid (DHAA)S] + 71#| FEH|= EA| 3
th Vitamin C= =9 A4A< AP AL AigdEss 9@

a3k A5 S (Tolbert, 1979)= thFto] #HF5 Eof A= L-gulonolactone

2

=4 3

oxidaseo 2] D-glucoseZH-E AWl A A = AT FHFFEI}

e o Fos FAEHA 7] Wil QF-=HE T FojoF st
= I 4ol vti(Wilson, 1973; Fracalossi et al, 2001). Vitamin CT
collagen Aol < &3 hydroxuproline¥} ' hydroxylysines ¥ /d3k+= cofactor
2 Agste =4FAHdTETHC JEFERolH, Y FTE £ NEs
oute 4 9Qlti(Sato et al, 1982). ZL#]3l vitamin Ci= vitamin E (a
-tocopherol)®} selenium 52} $HA AU A FEsk FAkSIA R 28350
I

%= 593 9% (Sandnes et al., 1984; Dabrowski and Ciereszko, 2001)< 3}

2

glutathione 2 peroxidase superoxide®] &< x| 3kH, o 79 HAAY

Aom delx vk w3, 7|8 B Al Soll diE AW AR St
channel catfish (Durve and Lovell, 1982; Li and Lovell, 1985), Atlantic
salmon (Hardie et al., 1991), 12| 3. rainbow trout (Navarre and Halver, 1989)
oA HaE il ). E3], vitamin C= Aol A A =t ARA X7}
Ak A0 we AstdAds WA P s oa e @
AN, +AE L P TS

A3t T3 LA otk (Dabrowski et al., 1994; Dabrowski and Ciereszko,

H

o~
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2001; Lee and Dabrowski, 2004).
ghd, Vitamin B A &4 HEpRICo = A, AW gea 2 1

7 =2

t}. Vitamin B A Ao EA18t= 8714 9] tocopherolsS F A3t 8=

SsA Akl e FEd PSR GEeE Ao

R4

K
i
H

2 11 % a-Tocopherol (CaoHso02)e] &/do] 7Hg =om, dntd o= DL-a
-tocopheryl atetate (TA)E FoJALR o] #H7lstal 9t} Vitamin E= WY

L F8% A48S ste Aew d#A vk AFE Wl vitamin E7F 23 ¥

>~

IS5 5 AH3F 3% rainbow troutol] 4] phagocytotic indes®} B-cell ¥ T-cell W5

A7 ®ae Wl itk (Blazer and Wolke, 1984). XSl vitamin E& ©]F 9
HA ] F3% HAIAS sl AYAZ AAA FA 2 Ak W3ad A aj

A @A, Aeofel Fsb B AFE s A @dFe HAe Aom oA ofF
of st AFZA A Byl Hl drh(Takeuchi et al., 1981; Izquierdo et
al., 2001; Lee and Dabrowski, 2004; Canyurt and Akhan). o] 2] A]u]ol A
vitamin B 23 AlS W) A 27} selenium 18] 311 UhE b3t A 9] 3
of &3 o]&Ac] gztd F Uth olE F AtE W AEY 3,
315 5 3 812 W,k (highly unsaturated fatty acids,» HUFA)2] 3t kel <] 3|

=3A
G wovl AR U HUFAS $#0] ¥4 viamin B QTS

[¢)

Sy
J|m

i)

Eolx= Ao = YEltH(Schwartz et al., 1998; Roem et al, 1990; Lee,
1996). ol disl, dAl Wgojel o vitamin C&} B9 &Ffel g A+

wWepa Bl Aol7] WaolE WA viamin CS ES 27}
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2. Al 2 WY

Fxo F&aglon] 43 A 4573 FY4E AR gFE Sl A
ARl AEAZIAA dWARGE AT duAbS S Fal et
15£0.3 go] W] Ao e dA AL Azl 7 2960 L AR
) 20mhE] Y 3RbE o= FEke) A s o, frde 4 Liming
A AT AFRE o AT 23%E 49 23] TEAHNeH SF AR

2) AdAE L AFAA
Ao AFEE HERN-7) ZAbE O] 2A S Table 18] YEFUSATE 7] AL

5 dWYd o R defatted fish meal?} caseine AF83 1, EF3tEdow

rr

+ wheat flour ¢} corn starch, A/ A YO 2= A/ SFFHE 47 3.1%,

6.2% H7bste] =i A 50%, =AW 10% 2 7FEolu A 19.8 kl/ge&2 =

[40
ot
-
N
d
ofr
=
N

AstAr. 28] Als W vitamin Co] 4 HI7le+S &
ZArE 0 (control), 30, 60, 120, 1200 mg L-Ascorbyl-2-monophosphate / kg
diet (dry matter basis)e] 5 7FA] T(AAg, AAse, AAg, AAng, AAi)l=
B, A2 AP vitamin C 2427 A 0 FEe 7}

Z} 0, 24, 52, 108, 1137 mgkgo & vEFSETY

- 169 -



&, AR Wl vitamin B9 AA FES sty S 7] AR
O(control), 15, 30, 60, 120 mg DL-a-tocopheryl acetate (TA) / kg diet (dry
matter basis)® 57FA FF(TAe, TAuis, TAss, TAq, TApg)o = H7balga,
Arred APAR Y vitamin E £ 23 AR W 2 47 1.2, 165,
31.7, 622, 118.5 mgkgo 2 el Al AFHAES =07 98 NE&
FE3 H XS 30%8 H7Este] pellet (A17d: 1 mm)e2 P35S
of o] &9 EXWHH2 Folch et al. (1957)%] wWweol wel chloroform
methanol (2 : 1, vv)Z3 &ulE A5 3ul|7F=F H7Lsto] 23] o] of i
of x3te AAS AAHFSH, o] AXA A mesh size?7t 1 mmS] sieve
27 ko] AFEstATE EF AR pH =AE 913

2 4 JdHE 2
NaOHE A& kg@d 1.15 g¥ #H71sto] Al x=3kA )

3) AAZA
AANZHL AENA 65 L AP TR A SAsAoM, 4IRS 24
571 913t '

o] 24A17F A A AJZ] F ehylene glycol phenyl ether 90% (200ppm)
A AT S SAAY. APETEE 5, A S (percent weight
gain, %), <477 E(specific. growth rate; = %/day), T2 H & & (protein

efficiency ratio, %), A& & &(feed efficiency, %) 5= =73}t
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(2) Vitamin C ¥4

1g& A3 A3 &, HPO; ImLS ol 207 HAE WHSAIZITH HEG-A|
71 g8S AARE] 7] 1000 rpm, 4Tl A7 o, FEAS 244
AN s 2 ARE3TE Vitamin Ci= UV ZA]717F @@ HPLCZ #4138F% o,
&= 0.1M KH,POs, 742 254 nm, A5+ 20 imE FYsksich.

(3) Vitamin E ¥4

AEE 05 g& AT il 50 mL FAEEE wbeol H T a-
tocophenyl acetate (TA) 0.1gS 2 ©] =Tt Ethanol 5 mLS 2°] F3L voltex
gk ok, A& el Water bath 80=90Col A 304 A2 %, 50% KOH
0.5m¢ ¥ L, TFAl 1057} saponificationdF ThS, 1032 A3 35 A 485
of Yol WzlAzlt} W7zt ¥ test tubeol hexane SmlS %2 5| voltex3F T}
&, 4C, 3000 rpm, 5%k centrifugedl| Al & A2t} AT A (hexane T )<

Pasteur Pipettes® 2 F3l|, 100 mL wEHo]Fol &o (1WA, THA] test

o~

tubeoll hexane 5 mL %3l voltex$ centrifuge (4°C,-3000 rpm, 5%) St} A

% Y (hexane% )= Pasteur Pipetics© 2 F]&ll, 100, mL- <} of ol &7t} (2
A, TFA] test tubeoll hexane 5 mL ¥ 3l voltex ¥ centrifuge(4C, 3000 rpm,

5%) sttl. 35 Y (hexanes )< Pasteur Pipettes© = F 3, 100 mL <} o] F

GHA). EHeFel 10% NaCl 5§ mLE Hol £ F

o FdodFd FHFT S mLE ¥ £ ¥ THT T2 Hd

&), Zu 7] o 3] (No.2 filter paper, diameter 10 mm)E Z 1L,

Na;SOs 5 A3 T, hexaneT S &A1 7]HAA 50 mL test tubeol] RE=Tth.
e A} Isooctane 1 mLS Hol %9 F AlgRAg

AN 82 3t} vEY] E 242 FLD A&7]7F A ¥ HPLCE £A39oh
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5 SAAE

BE a9 FAIAHE= Computer Program Statistix 3.1 (Analytical
Software, St. Paul MN. USA)Z #AHEAI(ANOVA test)S A AIEte] 2
o] 2 A (LSD : Least Significant Difference) = H ¥ 7F] 2] A (P<0.05)<
AAstArt 28a, A FS A EZ broken-line modelS ©]&3to] =73}
S THSAS procedure NLIN, 1985).

12557 WaFo] z|ofol] 57kA] 49| vitamin C (AA) H7/MALE S &3

A3+E Table 199 YERHRAT. SAHE(WG)H 74 EE(SGR) 3le]
AAo™ AAp A AT = dHEToll Hl& FoletAl =2 WHH(P<0.05), AAs
AAnpd dTrebs #23 Zol7h lATh(P>0.05). AR ES(FE)Y oA
S F&(PER) A T4 A s Ul er, AAgEd = dx Tl A
& oA =L MHEP<0.05), AAy, AAy L3k AAR T ebE F
ok Afol7t A THP>0.05).

S A& 3 broken-line model 4 A3}, x]o]7] wixlojo] Alg W] AA
o] AA H7brT2 38.1 mgkg &2 YUESTHFig. 24). 3719 Aol 9
stH AFE Wl vitamin CE 11 mgkgol A 25 mgkgs 873 channel
catfish (Mustin and Lovell, 1992), rainbow trout (Cho and Cowey, 1993),
hybrid striped bass (Sealey and Gatlin, 1999) and hybrid tilapia (Shiau and
Hsu, 1999)0] B8] =4 @8+ Aow yed ¥ 50 mgkgs 73

i coho salmon  (Halver et al, 1969)¥+= FAFSH Zo=z e OH,
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Korean rockfish 106 mgkg (Wang et al., 2003a), parrot fish 118 mgkg
(Wang et al., 2003b), Japanese seabass 53.5 mg/kg (Ai et al.,, 2004), grouper
45.3 mg/kg (Lin and Shiau, 2005)°] H]s|A &= @A 873t o=z gRly
Atk A7l AFdE] ot o] F W vitamin CO K7 e zolE

Hon, 53] sjitoliFe Folfel vls] 953 =2 F59 vitamin C

210 Yepidey. dojAl Wi Ak iel oA 7 EH(60.0~62.5%), X
5| - 8FeF(3.0~3.5%), A HF SHek(44.5~46.6%), A 3 2H(44.5~46.7%)
< AFE W vitamin Co] ‘FH7brEdd wE folg Aol= glE o E UE
S EH(P>0.05). Ao Wl vitamin Co] S Bl =791 AA(4.98 mg/kg)ell 4]
AA1200(6.05 mgkg) AET7kA] AbR W] vitamin C9] #H7lFo] F71El
et FoE s QA EFS e A

Vitamin C¥ &% 57], &7 1gjar el af$ Eot4gslr] wjiof =z
AbRY WESALR AlZ AL oF 30-40%°) o] AT = Qlth(Lee, 1996).
2}A] vitamin CE ] 71e Abme] FFel o8 FdE AMSAFH 2T
< FYAtso Azx #G, B W AIRETH Al FoolA &l 59 o
oA o =4 SA4E F Ads A

=
FA&7 A5 &80 3 broken-line model #2123}, WHo] oo A

A3 Alggs FHS Y3 AR W vitamin Co] HAH HIEES 24

mg/kg B U= Eolof 3HA T 38.1 mgkg ol FEE oz FuHE
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2) Vitamin E

1257F Mo} x)ojell 57FA] 4=F9] vitamin E (TA) H7Fe Al5E &+

st G ZAE Table 2001 YEFHATE A E(WG), AFSEE(FE) 181
Gl H 3 g S PER)O JoAX TASEE T+ HET, TAo 18131 TAd

(

1ol Hls) fFofehAl =& WHE(P<0.05), TAmpd Ik Fofek 2hol7t
A ATHP>0.05). 28] TAAE = WETS TAA 3ol vl foa
Al e WHH(P<0.05), TAgoX I T2 23 2kol7F A THP>0.05). L7t
AFESGR)Y AdA TASAETFE ETF, TAg LI TAped d ol
Hla] fol8tA =& HbH(P<0.05), TAx A Aot 93 o)z Aot
(P>0.05). TA; @& w7l vlal] frolatAl =& WHH(P<0.05), TAso
TA 2 E ok F93 o)zl I THP=0.05). S A&l th3t broken-line
model =22 7, WG] 2ol Alm o] TAS A4 H7brEES 12.8 mgkg
© 2 e th(Fig. 25).

o]#st 2+ blue tilapia 25 mg/kg (Roem et al., 1990), channel catfish

ul

25-50 mg/kg (Murai and Andrews, 1974; Wilson et al,, 1984), rainbow trout
25-100 mg/kg (Woodall et al., 1964; Hung et -al; 1980; Watanabe et al.,
1981; Cowey et al., 1983), salmon 30-50 mg/kg-(Woodall et al., 1964; Halver,
1972; Lall et al., 1988), Korean rockfish 45 mg/kg (Bai and Lee, 1998), Nile
tilapia 50-100 mg/kg (Satoh et al., 1987), common carp 100 mg/kg (Watanabe
et al., 1970), yellowtail 119 mg/kg (Shimeno, 1991)2} o] &AA|7Fx] <&z
T8 Ao Fo] HAAS 93 vitamim E B Q7% vH|s] 4 Aoz
golEdal, vitamim Ex= 84 9¢ vitamim C ¢+ 28 @Fo]E37 it
ofFell WE Aoyt A T WA ofFol wE o] o

oz RolHth e}t W9 vitamim E &7 Fo] thE ofF Lo H]s
53] S dEbd olfr= e o F 5l #3F Aol o] AR F8 A
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Aoz ALg3t offoll &= thaFe] 1% E E 31X WAk highly unsaturated fatty
acids, HUFA)°] &f¥o] 93 A5 U] HUFAS 3$tFo] =S4 % vitamin
EY &7 %S Zolxu: ZAxrst Bauw Hb ¢lvk(Schwartz et al, 1998;
Roem et al., 1990; Lee, 1996). 1&ju} ¥ 2o Wzhojo] 4= Hkil
¢l a-lenolenic acid (LNA, 18:3n-3)¢} linoleic acid (LA, 18:2n-6)2] & &S ¢
al AEFE AR W AFAORE o] &7 ol AWolA tE oFEd
H3)] Aol vitamin EE S H 02 o|&HYS Aoz FAokery ol
Shiau and Shiau (2001)+= hybrid tilapia©] $1¢] vitamin E9] A4 Q=
Ats W A AgrEFo] 5% A wl 40-44 mgkg, AFE-Ul A @ gl 12% o
7 60-66 mgkgES LTt Ho® Hebglal, Lin and Shiau (2005)=
grouperel] 1o} Ab: W] A Z o] 4%.U W 61-68 mgkg, AFE W A A
geko] 9% A uwl 104-115 mgkgS L 78t ZOo® W uEgiv o] s
WAoo Alge grHe AZL 7ol w
ZFoll gk A7t FRkHojoF & e = et
AR E AFRE Ao 7ol o] oA A gt 23= Table
220 YERNTE. dofA Ul dubAgitel oAl S E H(61.9~64.4%), X
38 EH(2.3~2.9%), =AW SFeF(47.1-49.0%), =S A &EF(15.0~16.8%)
2 o9} e WYE YehR o, vitamin E H7FREFo] wE #2131 2
ol {IATHP>0.05). HoAA Wl HIERW ES IS < TA, (27.7
mg/kg)oll A TAno 28 7+(36.4 mgkg)7tA A= U] vitamin E®] #H7}s%7}
7kl wey ket AEFs HERl AT
SAEIN ArEEES EHE 3 broken-line model #2123, wWi7to] %] of

£ vitamin E°o] o] &4 %

°of Ay AlREE FHE 93 AR W vitamin EQ] HAH AU
12.8 mg/kgH thi= =olof 3HAI T 16.5 mgkg oW T2 Aoz ot
A}, 2 A¥e APE uigoz &4kl vitamin C9 E

- 175 -



Ai, Q., K. Mai, C. Zhang, W. Xu,-Q.~Duan, B. Tan and Zhiguo Liufu, 2004.
Effects of dietary-vitamin C on growth and immune. response of Japanese
seabass, Lateolabrax japonicus. Aquaculture, 242,-489-500.

Bai, S. C. and K. J. Lee, 1998. Different levels of dietary DL-a-tocopheryl
acetate affect the vitamin E status of juvenile Korean rockfish, Sebastes
schlegeli, Aquaculture; 161, 405-414.

Canyurt, M. A. and S. Akhan, 2008. Effect of dietary vitamin E/on the sperm
quality of “rainbow - trout, Omnchorynchus mykiss. Aquacult. Res., 39,
1014-1018.

Cho, C. Y. and C. B. Cowey,;-1993. Utilization of monophosphate esters of
ascorbic acid by rainbow trout, Oncorhynchus mykiss. In: Kaushik, S. J.,
P. Luquet (Eds.), Fish Nutrition in Practice, Biarritz (France), Les
Colloques, vol. 61. INRA, Paris, pp. 149-156.

Cowey, C. B., J. W. Adron and A. Youngson, 1983. The vitamin E
requirement of rainbow trout, Salmo gairdneri given diets containing
polyunsaturated fatty acids derived from fish oil. Aquaculture, 30, 85-93.

Dabrowski, K. and A. Ciereszko, 2001. Ascorbic acid and reproduction in fish:

- 176 -



endocrine regulation and gamete quality. Aquacult. Res., 32, 1-19.

Dabrowski, K., A. Ciereszko, L. Ramseyer, D. Culver and P. Kestemont, 1994,
Effects of hormonal treatment on induced spermiation and ovulation in the
yellow perch, Perca flavescens. Aquaculture, 120, 171-180.

Durve, V. S and R. T. Lovell, 1982. Vitamin C and disease resistance in
channel catfish Ictalurus punctatus. Can. J. Fish. Aquacult. Sci., 39,
948-951.

Halver, J. E., 1972. The vitamins. In: Halver, J. E. Ed., Fish Nutrition.
Academic Press, New York, pp. 29-103.

Halver, J. E., /L. M. Ashley and R. P. Smith, 1969. Ascorbic acid
requirements of coho salmon and rainbow trout. Trans Am. Fish. Soc., 90,
762-771.

Hardie, L. J., T. C. Fletcher and C. J. Secombes, 1991. The effect of dietary vitamin
C on the immune response of the Atlantic salmon, Salmo salar L.
Aquaculture, 95, 201-214.

Hung, S. S. O., C. Y. Cho and-S. J. Slinger,~1980. Measurement of oxidation
in fish oil and its effect on vitamin E nutrition of rainbow trout, Salmo
gairdneri. Can. J. Fish. Aquatic Sci., 37, 1248-1253.

Izquierdo, M. S., H. Fernandez-Palacios and A. G. J. Tacon, 2001. Effect of
broodstock nutrition on reproductive performance of fish. Aquaculture, 197,
25-42.

Lall, S. P., G. Olivier, J. A. Hines and H. W. Ferusonn, 1988. The role of
vitamin E in nutrition and immune response of Atlantic salmon, Salmo

salar. Bull. Aquatic Assoc. Can., 88, 76-78.

- 177 -



Lee, K. J. and K. Dabrowski, 2004. Long-term effects and interactions of
dietary vitamins C and E on growth and reproduction of yellow perch,
Perca flavescens. Aquaculture, 230, 377-389.

Lee, K. J., 1996. Studies on requirements of dietary vitamin C and E in
Korean Rockfish, Sebastes schlegeli. MS thesis, Department of Fisheries
Biology, Pukyong National University, Korea, 54 pp.

Li, Y. and R. T. Lovell, 1985. Elevated levels of dietary ascorbic acid increase
immune responses in channel catfish. J. Nutr,, 115, 123-131.

Lin, M. F. and S. Y. Shiau, 2005. Dietary L-ascorbic-acid affects growth,
nonspecific immune responses and disease resistance in juvenile grouper,
Epinephelus malabaricus. Aquaculture, 244, 215-221.

Lin, Y. H. and S. Y. Shiau, 2005. Dietary vitamin E requirement of grouper,
Epinephelus malabaricus at two lipid levels, and their effects on immune
responses.  Aquaculture, 248, 235-244.

Murai, T. and J. W.. Andrews, 1974. Interactions.~of dietary a-tocopherol,
oxidized menhaden. oil =and " ethoxyquin on channel catfish, Ictalurus
punctatus. J. Nutr., 104, 1416-1431.

Mustin, W. G. and R. T. Lovell, 1992. Na-L-Ascorbyl-2-monophosphate as a
source of vitamin C for channel catfish. Aquaculture, 105, 95-105.

Navarre, O. and J. E. Halver, 1989. Disease resistance and humoral antibody
production in rainbow trout fed high levels of vitamin C. Aquaculture, 79,
207-221.

Roem, A. J.,, C. C. Kohler and R. R. Stickney, 1990. Vitamin E requirements

of the blue tilapia, Oreochromis aureus in relation to dietary lipid levels.

- 178 -



Aquaculture 87, 155-164.

Sandnes, K., T. Hansen, J. A. Killie and R. Waagbb, 1990. Ascorbate-2-sulfate as
a dietary vitamin C source for Atlantic salmon, Salmo salar L. growth,
bioactivity, haematology and humoral immune response. Fish Physiol.
Biochem., 8, 419-427.

Sato, M., T. Kondo, R. Yashinaka and S. lkeda, 1982. Effect of dietary
ascorbic acid levels on collagen formation in rainbow trout. Bull. Jpn.
Soc. Sci. Fish., 48, 553-556.

Satoh, S., T. Takeuchi and T. Watanabe, 1987. Requirement of tilapia for a
-tocopherol. Nippon.-Suisan Gakkaishi, 53, 119-124.

Schwarz, F. J., M. Kirchgessner, H. Steinhart and G, Runge, 1998. Influence
of different fats with varying additions of a-tochpherol acetate growth and
body composition of carp, Cyprinus carpio. Aquaculture, 69, 57-67.

Sealey, W. M. and D. M. Gatlin III, 1999. Dietary vitamin C requirement of
hybrid striped. bass: Morone chrysops x M. saxatilis.. J. World Aquac. Soc.,
30, 297-301.

Shiau, S. Y. and T. S. Hsu, 1999. Quantification of vitamin C requirement for
juvenile hybrid tilapia, Oreochromis niloticus * O. aureus, with L-ascorbyl
-2-monophosphate-Na and L-ascorbyl-2-monophosphate-Mg. Aquaculture, 175,
317-326.

Shiau, S. Y. and L. F. Shiau, 2001. Re-evaluation of the vitamin E
requirements of juvenile tilapia (Oreochromis niloticus > O. aureus).
Anim. Sci., 72, 529-534.

Shimeno, S., 1991. Yellowtail, Seriola quinqueradiata. (in) R. P. Wilson (Ed.),

- 179 -



Handbook of Nutrient Requirements of Finfish. CRC Press, Boca Raton,
FL, pp. 181-191.

Takeuchi, M., S. Ishii and T. Ogiso, 1981. Effect of dietary vitamin E on
growth, vitamin E distribution, and mortalities of the fertilized eggs and
fry in ayu, Plecoglossus altivelis. Bull. Tokai Regional Fish. Res. Lab.,
104, 111-122.

Tolbert, B. M., 1979. Ascorbic acid metabolism and physiological function. Int.
J. Vit. Nutr. Res. Suppl., 19, 127-142.

Wang, X.,, K. W.-Kim and S. C. Bai, 2003a. Comparison of
L-ascorbyl-2-monophosphate-Ca with L-ascorbyl-2-monophosphate-Na / Ca
on growth and tissue .ascorbic acid concentrations. in Korean rockfish,
Sebastes| schlegeli. Aquaculture, 225, 387-395.

Wang, X., K. W. Kim, S. C. Bai, M. D. Huh and B. Y. Cho, 2003b. Effects
of the different levels of dietary vitamin C on growth and tissue ascorbic
acid changes. in parrot fish, Oplegnathus fasciatus. Aquaculture, 215,
203-211.

Watanabe, T., F. Takashima, C. Ogino and T. Hibiya, 1970. Requirements of
young carp for a-tocopherol. Bull. Jpn. Soc. Sci. Fish., 36, 972-976.

Watanabe, T., T. Takashima, M. Wada and R. Uechara, 1981. The relationship
between dietary lipid levels and a-tocopherol requirement of rainbow trout.
Bull. Jpn. Soc. Sci. Fish., 47, 1463-1471.

Wilson, R. P., 1973. Absence of ascorbic acid synthesis in channel catfish,

Ictalurus punctatus and blue catfish, Ictalurus furcatus. Comp. Biochem.

Physiol., B46, 635-638.

- 180 -



Wilson, R. P., P. R. Bowser and W. E. Poe, 1984. Dictary vitamin E
requirement of fingerling channel catfish. J. Nutr., 114, 2053-2058.

Woodall, A. N., L. M. Ashley, J. E. Halver, H. S. Olcott and J. Van Der
Veen, 1964. Nutrition of salmonoid fishes: XIII. The a-tocopherol

requirement of chinook salmon. J. Nutr., 84, 125-135.

- 181 -



Table 18. Composition of experimental diets

Ingredients basal diet (% of dry matter)
Casein' 27.5
Defat fish meal’® 27.5
Wheat flour’ 11.3
Corn starch’ 16.0
Fish oil* 3.1
Corn oil’ 6.2
Vitamin premix (vitamin C or E free)6 3.0
Mineral premix’ 3.0
Carboxymethylellulose' 2.4

United States Biochemical, Cleveland, Ohio, USA.

Han Chang Fishmeal Co., Pusan, Korea.

Young Nam Flour Mills Co., Pusan, Korea.

E-Wha oil Co., Ltd., Pusan, Korea.

Dong Suh Oil & Fats, Changwon, Korea.

Vitamin C premix (Wang et al.,, 2003a); vitamin E premix (Bai et al.,
1998).

Mineral premix (Wang et al., 2003a).
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Table 19. Effects of feeding experimental diets on growth parameters for 12

weeks in juvenile eel, Anguilla japonica'

Diets (vitamin C, AA mg/kg in diet)

Pooled

6
AAo AAj AAgo AAi AAi00 SEM
WG? 68.2° 85.6™ 98.0° 91.6" 89.1%° 29

4 b ab a a ab

SGR 0.74 0.88 0.98 0.93 0.91 0.0
FE’ 48.0° 59.8% 65.3" 63.9% 62.2% 22
PER’ 0.96° 1.20™ 31 23 F 1.24% 0.1

' Values are means from triplicate groups of fish where the means in each
row with a different superscript are significantly different (£<0.05).

: Weigth gain (%): ' [(final wt. - initial wt.) / initial wt.] x 100.

’ Feed efficiency (%): (wet wt. gain / dry feed intake) x 100.

* Specific growth rate (%): [(log. final wt. - log. initial wt.) / days] x 100.

> Protein efficiéncy ratio (%): wet wt. gain / protein intake.

Pooled standard ‘error-of-mean: SD/Vn.
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Table 20. Effects of feeding experimental diets on growth parameters for 12

weeks in eel (Anguilla japonica)

Diets Pooled

TAo TAs TAso TAso TA1z SEM
WG? 61.4° 91.9° 88.7% 80.3" 79.2° 5.0
SGR* 0.68° 0.93° 0.91% 0.84° 0.83" 0.0
FE® 40.9¢ 61.2° 59.2% 53.5% 52.8° 2.0
PER’ 0.82¢ 1522 1.18%" 1.07* 1.06° 0.1

' Means of single groups; Values in the same row with different superscripts
are not significantly different (P<0.05)

: Weigth gain (%): [(final wt. - initial wt.) / initial wt.] % 100.

Feed efficiency (%):; (wet wt. gain / dry feed intake) x.100.

* Specific growth rate (%): [(loge final wt. - log. initial wt.) / days] x 100.

> Protein efficiency. ratio (%): wet wt. gain / protein-intake.
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Table 21.

Whole body proximate composition of juvenile eel, Anguilla

japonica fed experimental diet for 12 weeks

Diet Moisture Ash Protein Lipid Vitamin C
(mg/kg) (%) (mg/kg)

AA 61.0 3.0 17.1 44.5 4.98

AAsg 62.5 32 16.3 46.7 5.21

AAso 62.5 33 18.2 46.3 5.23
AAix 63.2 5.1 18.4 46.6 5.79
AAi00 60.0 3.5 18.4 46.6 6.05
Pooled

. 0.58 0.09 0.42 0.42 0.20
SEM

' Pooled standard error of mean: SD/Vn.
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Table 22. Whole body proximate composition of juvenile eel (Anguilla

Jjaponica) fed experimental diet for 12 weeks

. Crude - L
Moisture Ash ) Crude Lipid Vitamin E
Protein

Diet (mg/kg) (%) (mg/kg)
TAy 63.0 2.3 16.8 49.0 27.7
TAjs 62.3 2.6 14.8 47.1 28.4
TAs0 64.3 2.8 15.4 48.2 30.2
TAgo 61.9 2.9 15.0 48.7 31.3
TA120 64.4 2.8 15.3 48.8 36.4
Pooled SEM' 0.51 0.11 0.35 0.34 1.54

' Pooled standard error of mean: SD/Vn.

- 186 -



150

120

g + ab
£
m
b y = 0.4967x +69.033
S y'=92.9
= R2=0.9907
=
0 | i
o L : . . .
0 250 500 750 1000 1250 1500

Dietary vitamin C level (mg/kg in diet)

Fig. 24. Broken “line -analysis on weight gain of juvenile ‘eel fed the diets

containing different AA levels-for 12 weeks.
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Fig. 25. Broken line. analysis“on weight gain 7of juvenile eel fed the diets

containing different TA levels for 12 ‘weeks.
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UAlel ek A4 gl v &P/E ratio)dll 9 AFEI AREE T
a3 YA FEd AlsE W AA guld sl oy x| 19 kI / goll A
e S 45% AP TolA HA S dEUden, o8 Ed=
At W A7 P/E ratio= 24 mg protein / kI 7} A3st Ao dAdE T

AR A 1 AA Q7 HS H7Es7] 98] n-39 24 a-lenolenic

o

acid (LNA, 18:3n-3), docosahexaenoic acid (DHA, 22:6n-3), eicosapentaenoic acid
(EPA, 20:5n-3)¢} n-69 22X linoleic acid (LA, 18:2n-6), arachidonic acid (ARA,

O_u

20:40-6)S AR W FEEE A7be ARE T A Axd 28

B gol mAE B} AT A WAl Hoje AU a7
n-6 A€ LA % n-3 AlE 2 LNAS ALl 1% FFolA 111 2 129 v &
2 Al Hotel 7= Aol Agtet Ao = LERS T Arachidonic acid (ARA
20:4n-6)¢] A 7S H7tsH] A AR | FEEE UM ALR S o
sto] Al AR S Tl A, SAEI AFEE Sl thek broken-line model
4 A3, e Aoje A AlgEe FES AT AR W ot E
Abel A H7FREE 0.63% Huhs sobel pARE 0.71% ol
g Aoz FAdx et &4E3) vitamin C (ascorbic acid)®} E (a-Tocopherol,
TA)S A4 a7 %S B7kety] slell Abs W 2h2he] s = AU AR S &

ot AFSAE S s, SAEY AR E S gk broken-line model

A AT, WAoo oo JF AlREE S 9%k AFE J] vitamin C
o] AA M7+ 24 mgkg RU= Eolof dhA W 38.1 mgkg FolW

FEI Aoz AdE 1, vitamin EQ HA HIMFEFS 128 mgkghtis
=
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