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Summary

Marine fish farming is relatively young in korea. However,
marine-fish production through aquaculture has rapidly increased
in recent years as demand for live fish increased with the
increased living standard, while fisheries production decreased due
to decreased resources in the costal sea. Despite this impressive
growth in marine-fish production, not much improvement has been
noted in feeding systems.

Feed 1s a major contributing factor to fish production costs and
also to limiting in marine~-fish production because diets for marine
fish require high-quality protein that is mainly provided with
frozen raw fish and white fish meal which are not only expensive
but also highly variable in supply, quality and price.

Most marine fish farmer prepare moist pellet using 20~
50%commercial compound meal and 80~50%frozen raw fish (horse
mackerel, mackerel, sardine, etc.) with this feeding system, fish
farmers have faced many problems : feed waste, water pollution,
disease outbreaks and consquently economical loss. Demands for
high functional diets are expected to increase in future.

The objective of this study is to develop practical high

functional moist pellet (HFMP) which are cost-effective feeds for a
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activation of marine finfish culture.

I . Ingredient availability for development of

high functional moist pellet (HFMP) diet

1. Availability of ingredient in frozen raw fish
diet(FRFD)

The frozen raw fish diet used in Moist pellet (MP) mainly
derived from most available fishes like sardine, mackerel, horse
mackerel, anchovy and convenias etc.; these five species recorded
highest catches in 1988~1995. The feeding trial of 9-week and
4-week were conducted to investigate the effects of dietary flesh
fish as ingredient of FRFDs on growth and feed efficiency of
flounder and rockfish, respectively.

In this experiment, the quality of these flesh fishes were
compared. The average contents of moisture, crude protein and
crude lipid in the flesh of five fishes varied from 68.7%, 17.8%, and
3.1%to 74.0%, 20.0%and 9.6%, respectively. The whole body of
convenias contained highest moisture and crude protein, but lowest
crude lipid; the whole body of mackerel and sardine contained

highest lipid compaired to those of other fish species. However,



average crude ash of each fish species aranged from 2.5%, to
3.3%without significant changes regardless of fish species.
Average digestible energy of 1148~156.9 kd/100 g in mackerel and
to high in crude lipid of these fish species.

Two 9-week and 4-week feeding trials were conducted to
investigate the effect of dietary five flesh fishes as ingredients of
FRFDs on growth and feed efficiency of flounder and rockfish,
respectively.

In the 9-week feeding trial, 24g flounder and 8g rockfish grew
to 117.4~1435g and to 16.0~19.5g, respectively.

Percent weight gain of flounder fed the MPs containing sardine
and convenias had highest and lowest value, respectively; however,
rockfish fed the same MPs showed opposite results compared to
those of flounder.

In flounder, MPs containing sardine produced significantly
greater feed efficiency than MPs containing raw fish from mackerel
and convenias; MP with convenias produced significantly lowest
feed effictency in flounder.

The MP containing sardine produced significantly greater feed
efficiency in rockfish than the MPs containing raw fish convenias
and anchovy; The MP with anchovy produced significantly lowest
feed efficiency in rockfish.

According to the growth results in both fish species, MPs
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containing the sardine and mackerel produced higher weight gain
and feed efficiency; therfore, sardine and mackerel revealed superior
ingredients as FRFDs with high availability. However, the other
fish species also produced no significantly reduced growth. Before
we select a ingredient of FRRD just with a growth result, we
should also consider the other aspects like a self-poliution problem
from a FRFD, a stable supply by sustainable fishery catches and a
fluctuated price of raw fish resulted in a amount of catch; because
extracts from anchovy and sardine normally polluted around
aquaculture places, there fish species carefully should be used in

aquaculture.

2. Availability of commercial compound meal (CCM)

The feeding trials were conducted to investigate availability of
five different comeg/kgercial compound meal (CCM) supplemented
to a MP containing raw fish used in practical aquaculture places;
qualities of different CCMs wused comeq/kgenly in present
mariculture were evaluated through these feeding trials.

The 9-week feeding trial was conducted to investigate the
effects of MPs containing five different CCMs for flounder on
growth and body composition of fish. The 19g juvenile flounder

grew to 72.1~87.8g after 9-week. Percent weight gain of fish fed



various CCM MPs ranged from 2815%to 357.3%; The MP
containing CCM of A Co. produced -significantly greater weight
gain than the other diet (B, C, D and E Co.); The MP containing
CCM of C Co. produced significantly greater weight gain (333.4%)
than the MPs with CCM of B, C and E Co. (281.5~317.3%).

Feed efficiency values were highest (81.1%) in the MP
containing CCM of A Co. and followed by the MP (79.4%)
containing CCM of B Co. and then, MPs (67.6~725%) from the
other company. In total feed comsumption, fish fed MPs
containaing CCM of A Co. had also the greatest consumption;
therefore, the CCM of A Co. considered as having a remarkable
feed attractability.

According to the result of this study, the CCM of A Co.
produced greater weight gain, feed efficiency and feed consumption

than the other company’s CCMs.
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II. Formulation of high functional miost

pellet (HFMP) diet

1. Investigation of optimal mixing ratio of from raw
fish diet (RFD) and comeg/kgercial compound
meal (CCM).

The MPs prepared by mixigg raw fish and CCM in the ratio
of 91, 82 and 7:3 are pratically utilized by aquaculture culturists.
Higher levels of raw fish in MP led to problems such as disease
outbreak and water pollution. Therefore, feeding trials were
conducted to maximize a fish growth and to minimize a
self-pollution in fishing ground through manipulating the optimal
mixing ratio of MP with a raw fish and CCM. Experimental MPs
prepared by mixing raw fish and CCM in ratio of 9:1, 82, 7:3, 64
and 5:5. A 10-week feeding trial was conducted to evaluate the
effect of MPs mention previously, raw fish diet, CCM diet and
extruded pellet (EP: floating type) also prepared simultaneously on
growth of 48 g juvenile fish. Different mixing raw fish and CCM
in the ratios of 91, 82, 7:3, 6:4 and 55 in MPs produced various
growth (87.5~164.5 g); The MP in the ratio of 82 produced the
higher weight gain than the other diets; EP produced significantly

lowest weight gain.
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Fish fed the MP containing higher CCM tended to increase
feed efficiency. Fish fed EP produced highest feed efficiency.

The highest raw fish in MP resulted in significantly increase
lipid in whole-body of fish. Also, higher raw fish level in MPs
induced significant extracted substances from MP and then finally
caused self-pollution problem.

The mixing ratio of 82 and 7:3 in MP produced higher weight
gain, but lower feed efficiency. Also, these ratios resulted in
excessive accumulation of lipid in whol-body and flesh deterioration
of fish, and increased -self-pollution around fishing ground.
Therefore, mixing raw fish and CCM in ratios of 614 and 55
considered as the optimal ratios according to the results of this

study.

2. Investigation of opitimal dietary Energy/Protein
(E/P) ratio for development of high functional
moist pellet (HFMP)

The 8-week feeding trial was conducted to investigate the
effect of optimal dietary energy/protein (E/P) ratio in MP on
weight gain, feed efficiency and body composition of flounder; E/P
(8.7~11.8) were achieved by selecting lipid levels (0, 3, 6, 9 and

12%) in experimental diets, Fish oil used as lipid source. The 30g
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juvenile flounder grew to 65.3~85.3g after 8-weeks. Weight gain
was increased, but feed efficiency had no significantly different
values with increasing dietary E/P ratio.

Fish fed the MPs supplemented with 12%lipid was the highest
lipid in whole-body of fish. Lipid content of liver of fish fed the
MPs supplemented 9 and 12%of lipid were higher than those of fish
fed the other experimental MPs.

The optimal dietary energy/protein ratio in the MP for flounder
were determined to be 6~9%lipid supplementation and 10.1~10.3
E/P ratios, based on higher weight and feed efficiency, as well as

lower lipid deposition in the internal organs of fish.

3. supplementary effect of vitimin C, E for
development of high functional moist pellet

(HFMP)

A 8-week feeding experiment was conducted to investigate the
supplementation effects of vitamin C and E to HFMP of flounder.
The HFMPs were supplemented with vitamin C and E to provide
1,000 and 220 mg/ kg diet (dry matter), respectively. Each HFMP
was fed to groups of flounder initially averagaing 30g/fish; juvenile
flounder grew to 65.3~93.3g after 8-week feeding trial. HFMP

supplemented with vitamin E produced highest weight gain, but



weight gains were lowest in fish fed the raw fish diet and HFMPs
with raw fish and CCM at ratio of 55 without supplementating
vitiman C and E. HFMP supplemented with the vitamin E only
and vitamin C&E produced similar weight gain, but HFMP
supplemented with vitamin C produced lower weight gain than
those supplemented with vitamin E and vitamin C&E. HFMP
supplemented with vitamin E also produced highest feed efficiency,
but weight gain were lowest in fish fed the raw fish diet without
supplementating vitamin C and E. Among HFMPs supplemented
with vitamins, HFMPs supplemented with vitamin C produced
relatively lower feed efficiency, but higher weight gain and feed
efficiency than the HFMPs without vitamin supplementation.

This study suggests that supplementation of vitamin C and E
to flounder's HFMP resulted in higher weight gain and feed
efficiency with optimal lipid supplementation. Therefore, dietary
vitamin C and E at 1,000 and 220mg/kg diet should be added for

flounder's HFMP supplemented with 6%fish oil.

4. Supplementary effects of special substances for
development of high functional moist pellet
(HFMP)

A feeding trial was conducted to investigate the effects of



dietary supplementation of low-price Krill Meal (KM) on growth of
korean rockfish. The CCM was replaced by 0%({(control), 20%and
50%KM powdered from shrimp by-products in China. The 60g
juvenile fish grew to 71.0~79.3%after the 8-week feeding trial

Diets containing only CCM produced significantly higher
weight gain, feed efficiency than diets practically (20%and 50%)
replaced by KM. KM supplementation resulted in reduced total
feed consumption. KM considered as inappropriated alterative
protein source in MP of rockfish.

Feeding trial was assesed the effects of supplementing chitosan
(CS) at 0, 1, 5 and 10%, to MPs containing CCM on weight gain
and feed efficiency of juvenile rockfish. Supplemented CS powder
was processed to a form of oligo-chitosan which was a easily
digestible and absorbable low molecule by fish.

Eight-week feeding trial was conducted to investigate the
supplementation effect of dietary CS on growth and body
composition of rockfish; the 60 g rockfish grew to 69.4~77.7g.

The MP containing 5%CS produced similar weight gain and
feed efficiency to that of the control MP containing CCM only.
However, the MPs supplemented 1%and 10%CS produced lower
weight gain and feed efficiency than those of the control diet.

This experiment indicate that dietary supplementation of CS

has no beneficial effect like increasing growth and feed efficiency
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of rockfish. This CS could be supplementated 5%MPs of rockfish
for a prevention and resistance to a disease without no harmful

effect to fish.

M. Practical application and economical
analysis of mnewly developed high

functional moist pellet (HFMP)

1. preservation of high functional moist pellet

(HFMP)

The squid liver oil is rich in unsaturated lipids susceptible to
oxidation and the consequent formation of hydroperoxides and
secondary breakdown products. However, the addition of
antioxidant vitamin C and E to diets containing higher lipid
inhibited the formation of oxidant products for at least 6 months at
room temperature. Therefore, a study for purpose of practical
application of HFMP was conducted to investigate rancidity in
HFMP by various practical conditions of handling and storage and
supplementary effect of the antioxidants such as vitamin C and E

to MP,

Immediately before and after manufacturing of HFMP, the
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HFMPs were stored at 4C and -15C and then, each HFMPs
stored at these temperature were determined the rancidities from 0
to 72 hours after pelleting of experimental HFMPs. Acid Value
(AV) was highest just after pelleting due to the high temperature
and pressure of feed mixture in presseurized conditioning chamber.
AV was also high in the HFMP without the both vitamin
supplementation regardless of the storage temperature. AV of
HFMP just after pelleting were similar to those of HFMP
supplemented with the vitamins at storage time of 72 hours after
pelleting regardless of the storage temperature. No vitamin
supplementation in HFMP resulted in high Peroxide Value (POV)
at the all storage temperature; at 4'C as storage temperature, POV
was sharply increased at 24 hours after pelleting.

Under the exposure of direct sunlight at 27C, POV and AV
were tended to slightly increased at one hour after pelleting.

Therefore, combined supplementation of vitamin C and E to
HFMP produced lower rancidity, singular supplementation of
vitamin C resulted in higher antioxidant effect than the
supplementation of vitamin E.

Dietary vitamin C and E supplementation to HFMP proved to
inhibit the oxidation occured in storing and processing by lipid
addition. Also, unstable vitamins to temperature and light should

be supplemented to HFMP for the optimal growth and healthy fish.
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2. Economical analysis of high functional moist

pellet (HFMP)

A 8-week feeding trial was conducted to evaluate raw fish
diet (RFD), HFMP and EP on weight gain and feed efficiency of
flounder. Simultaneouly, three different experimental diets evaluted
to compare the production price of these three diets with weight
gain (wet weight gain/kg diet as fed) data during the experiment.

The feed cost of RFD containing mackerel was lowest, 400~
750 won. HFMP prepared by mixing raw fish and CCM in the
ratio of 91, 82, 7:3, 6:4 and 55 was 750 won, but the cost of
commercial EP was highest as 2,300 won/kg diet. However, base
on weight gain, feed efficiency and feed cost, ratios of 614 and 55
of were considered as the optimal lease-cost diets.

Supplementation of 6%fish oil and vitamin C and E in HFMP
prepared by mixing raw fish and CCM in the ratios of 6:4 and 55
increased the feed cost, but it in economically feasible in term of

fast growth.

3. Technology transfer and propagation of high
functional moist pellet (HFMP)

We have plans to apply in practical fields and to transfer
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technology of newly developed HFMP to South - west Seawater
Fish Aquaculture Cooperative. This cooperative are conducting to
establish a large-scale freezer for preservation -of raw fish and
HFMP.

The cooperation between Yosu Fisheries University and this
cooperative are conducted to develop practical feeds like HFMP
which are productive and commercially viable feeds for a activation

of main-fish aquaculture industry.
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Table 1. Catches by year and fish species used commonly in marine-fin

culture food

{Metric ton)

Horse Sand
Year | Anchovy | Sardine Mackerel Sand eel Convenias
Mackerel smelt
‘88 | 126,112| 145,870 162,828] 39,745 4,546 160 35,054
‘89 | 131,855 182,540| 163,617, 22,969 3,271 141 46, 851
‘90 | 168,101 132,9247 97,227 17,376 7,379 274 53,217
‘91 | 170,293; 44,530/ 91,538} 16,259 8,299 137 71,824

‘92 | 168,235 46,511| 116,422 27,715 8,005 120 62,457

‘93 | 249,209 31,285 174,684| 38,095] 9,632 109 71,728

‘94 | 193,398 36,707 210,442| 38,433 9,466 157 69,995

‘95 | 230,679 13,539 200,481| 12,269 9,677 199 70,394

B 2 A3 BAR U ojF oM £Fo] vlady QA oFoz:
Hz], Fole], ZFol, A7ol, Aoy 55322 eton o] oFELS
7t o] 39 oA EA L Jtad olux] ¥FE T iy olFoE AEHA
oo Yo} zyjEetg o2 QA Y8E o84 AE A 4
AY Aleg Apgstrt
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Table 2. Catches by monthly of fish species of frozen raw fish diet

{Metric ton, 1995)

Month | Anchovy | Sardine [Mackerel M::okresreel Sand eel :::ldt Convenias
1 16,310 680 12,318 370 566 56 12,564
2 14,430 163} 15,168 466 33 45 9,404
3 28,988| 4,180 9,333 749 6 26 9,418
4 | 15613 5,864 13,529 1,804 45 5| 6,492
5 19,571 848 8,320 943 145 8 5,209
6 15,311 1,286] 11,253 1,062 1,377 4 2,938
7 15,603 156 9,891 1,125 45 2 300
8 12,911 71 11,090 1,360 0 0 523
9 19,116 2641 15,271 2,375 424 3 2,870
10 22,799 24] 25,108 624 1,862 0 6,623
11 30,627 14| 29,261 538 1,115 1 7,104
12 19, 400 47| 39,939 853 4,059 49 6,348
Total | 230,679 13,539 200,481} 12,269; 89,6677 199 70,3%4

...60..



. dut AE A spasielyx] ¢

AALR hg o1FY AolA B4 Az BF 8 VL 68.7~74.0%, B
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Table 3. Nutrients content and digestible energy(DE)} of frozen raw fish

species
) Crude Crude Crude '
. AV, body | Moisture . . . DE

Fishes yeight (g) (%) pr(o;ce)m I(n;:)d (a;oh) (ked /100 g)
12.1 79.7 14.9 1.2 3.5 76.7

Horse 33.8 72.1 19.4 5.4 2.6 130.5
Mackerel 45,2 65.8 17.5 13.2 3.0 184.4
32.5 74.6 20.4 1.5 3.5 130.8

30.4 71.6 19.8 5.3 3.0 131.5

Average 30.8 72.7 18.4 5.3 3.0 125.2
32.8 66.5 16.5 15.5 3.4 198.3

40.0 70.5 13.9 13.1 2.0 167. 4

Mackerel 19.7 75.2 19.1 2.5 3.0 106.0
22.0 73.7 20.8 3.0 2.4 117.6

31.5 65,1 18.5 13.8 2.5 193.7

Average 29.2 70.2 17.8 9.6 2.7 156.9
13.9 74.9 19.2 3.2 3.2 112.0

30.8 65.8 17.8 12.8 2.8 182.5

Sardine 27.8 70.6 20.2 5.4 3.5 102.1
45.4 64.9 16.4 14.4 3.5 189.0

40.0 68,1 17.8 10.6 3.5 164.9

Average 31.6 68.7 18.3 9.3 3.3 156.8
5.4 74.7 17.5 4.6 3.2 115.6

7.9 71.6 17.0 8.3 3.2 142.9

Anchovy 12.5 67.4 18.7 10.7 3.0 169.8
18.0 69.8 18.0 7.7 3.8 142.6

35.5 68.0 17.9 10.6 3.5 165.4

Average 15.9 70.3 17.8 8.3 3.3 146.5
15.5 76.2 18.3 2.6 2.4 103.2

22.6 73.2 19.2 5.1 2.0 127.2

Convenias 19.4 - 72.6 22.1 2.2 2.6 117.1
35.4 74.0 20.6 1.8 3.2 107.1

42.5 73.8 19.2 4.0 2.5 118.4

Average 27.1 74.0 20.0 3.1 2.5 114.8

!DE : Digestible energy : based on 4.5 ld/g protein, 8 lkd/g lipid,

respectively
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Fig 1. Digestible energy(DE) of frozen raw fish diets
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weld, ol o1, oAl Z7E, AWE AR Y oA BE =
Q wsts AAELY U TR ohist Algy W, AR ¥t
LR BABY UoE GBS uA Ao DU B 42 gL
BolAEMAAR H2A Buwjgazet a2 wige] wiE AR B4
Milo] @S A Ao Holn oA X ¢pe WL A=Y oy
Aoz BAHE ol % Arbgel WL d¥e nd Rog AZAr).

aYEE, AAE oA olFe o33, oA IsE, ARE e ¥
D oAl HE WIE AR i oFY AP AR A2
o} q wEal naHolobyt FAY FUH Il LT 3ol AmY Az
7} olEojA4 Qlom ol ARE PFAlojFo] FolstdLue] nEAS

@A ol F Aatol shestelzl Azttt
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A 2 A HFMP Al=7ldE 913 BAs ¥4
o]l &8 HE

I. 9XASAE

$-2jvhet sjjate] 4] Aatare ofd 7 FME Bo 1995d0l= 28,733
B JIEHon 1996 do)E 57,799 08 2ujojAte] Aiurs Ho Z2AF

0Z Yx] ABArere 29 2138 (19964 7| )0T AHA| sfaro] oFal Aatal
o] AHut o]arg x|l gt o] 33 dxle] okale] qlo] Aty Fof AlA

t RN e 2|, dHulol T HolJEN n]Y A} ARE FA

3o} =B E G AojATlods EPAIRE Fof3ta et §PA7E

YEE Axse] d&EsE AR FAANAE ZA HEZA ol PAIR

oo wE ojg 71z AWHA FAE xestA Brl

3, AR Fojol oM Foiste FAlEdel wE FHY FFH

AEY g7l vl @3l iy &utE AA ol 7HHe] #a s3] &
A=)

ol BARY S FolstRREAN TFAY G0 Fitel W A 242

Ju

g3t gk, B, ol PAg A5 FAAAE MR AR AT
+4REY FIE THAY Gl AtedE FAIR HRE #Uste
5 A8 7 BFAA A E o7AFIVE AT

by, & dFoAde A 1 do dFAelA vy f3Fo] golsln
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FAEANM BARY LR ol ARSI Q= FEel, 1T, o],
%, Bojeld 5% PAEUE 22 feuel Fo sjato] gAY of
22U YA E ez AS HES B3l A3} AERE §F& 2ABIA 5
Fo AAEYY o883 S AESACL

2

2. Az 2 Yy

7b. Ade] W Abg#e

Aol WX (Paralichthys olivaceus)E 1996 38 HdxE A2
EAbgo] Sl I patold FE ZAR A HolE Aggaiuta ¢
A3 AIZAZ HoAE o] &3l FH3le] 2000£ Az FRo| FE&F
100ppm O.T.CE 1At ot&3tgict. AEA #F A-$S s dx 4E EP
(F. Felvteiol 43) ALRE FolstEAM 4FZ ouAS St FALS
APA AP Ao H A7 93] 2202 QP FRo] 22} 40n)y Fabe
2 miBow £4319 23 AE ARE Foldtdrh. HE AR FHJo

EBdE F AR AELE 8] 2 $2o] 200y HdE3te bR og £4
Ago] AN BAE FHLE 1996. 5. 27 ~ 8. 14 71A] 95 A% A
& Azt

AYe] AR xloje] BF NEFL 23.6~25.0g ol APFzY &
422 3¢/nin HEE 235G on HHFY 4L FFE 93 4 AY £z
of ool AEE Ax stdrt. AR JTF &2 19.6~25.6T deon AR
149 23 o}, AYLoE o] 7igA uiete] Alg HAJI €A U=
& Fo3ldA o2 WA Forh

i

ot
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532 Md Aol Fol7} BF BF 3172 HolFE mid &
Asiglen @2 ARE WISt A2 AIRE MY ThEd g Fold
AHgstgdnh. AR Fole dFYEF 64T AASIER dade A® FolE

312 ¢fgtet

U, dHas

Aol 2188 AE 8ot 2L Table 1o} Lehodct, A¥AEE
ol AFolF, AR, Ao, FojFEA £ dF AL A3 v
R g0 folsta Aitgo] gon ¢ VYA F2 ALHE AR
olF 5%3& A8 AEER Ag3idcrt. A¥el AHgH ¥Fold FF AVE
2Fo Y B 0B g FEol, Fdole 15amBF, FA 10d T,
Folgle 20mAF A Aol AHg3idct. AE AlRE wlxy Al7ld
ol o] W WHolE T2 Exte]l FYUste] HdR ZAF YHE
B (-25T)3tEA 15790 134 Hzgen ne] FEE AT AqANE
35 Beloll A 2 &0 AESto Folstdrt
HARE AEEF vdE ERst] JYSTF 1UEY dojrho] ALgs}
RE AL 479 Fol¥F €2 8L EF wUlstded A2 15Y
z38te] AHg3igict. APARSY A7l HHol7t ZRol ulet 2
ANE 238 AY MAste] Azt

32 o
AR .

rle

by

B o
wE

th. A&EF
AN EHE S A, 4F, 8F, 97 A¥ FuAd AAgden EFH 24
A2t A F MS-222 100 ppmoll miAlA el A FAE FPstdct
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Table 1. Composition and nutrient content of experimental diets

for flounder

Diet no.
Ingredient
1 2 3 4 5
Frozen raw Horse
Convenias Mackerel Anchovy Sardine
fish mackerel

Nutrients composition in wet matter (dry matter)

Moisture 71.53° 63.05% 65, 32° 70. 30° 61.44°

14.72° 18.01° 17.94° 17.73% 17.11%°
Crude protein

(51.70) (48.74) (51.73) (59.70) (44.37)

7.79° 13.34% 11,07 8.30™ 14.64%
Crude lipid

(27.36) (36.10) (31.92) (27.95) (37.97)

3.26° 2.36% 3.31° 3.30° 2.99°
Crude ash
(11.45) {6.39) {9.54) (11.11) {7.75)
DE!
129° 188% 169 146* 194
(kd/kg)

'Digestible energy : 4.5 kd/g protein, 8 /g lipid, reapectively
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BAIAL Aol AR d¥o] FolM FA92 200 F F&3le] AojA
Ut JE EME 3 EEET (-40T) e AYE FEAdE 4 AR
T2 1004 PR 223 XFY, WEEFL, AF, AL 53
F AojA it E BEHE sl W¥E B3 (-40T) stAch

Aol ARE A2 9@ oAy £ AdsidAzy, gl
Kjeldahl AA ek (NX6.25), ZRA|uh2 Soxhlet &Y (ether £24),
Z52e YAUYOE 27 LASIATH (AOKC, 1984),

ul, AA e
B E 28+ Student’s t-testE AA|dle 95%2] A {o8L AA3}

ol
3. 2z 4 3%

7 A28 E 9 YA ¥R

Table 1.o] Vehd BAIRUEY] o 8 £4 A £8& Zdolv¢t
X 77 71.5%2} 70.30%2 thE AEFEC vl H2US Urhided
(PC0.05), 15oj8} A7dol: 63.5%, 65.32%2 nwlxdtden Aojzlsl
61.44%2 71 W2 & Rk ZAY HPe oM Hdol7 F
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X7t 7.79%2} 8.30% 2 TS AP T EL 11.07~14.64%HcT} SolstA u
2 & HAdon (P.05), RIFL 2.36~3.30%% AP o] xjo]E B
ola] ¢iokrt (P>0.05). 2 HYEALES 7t4% oldz] #3to] glojME Hol
2] 7t A utgtako] &2 H|AZ 194 kd/100g &8 713 Egton 3Sojp
A 2 ZAY ¥FoZ FojE] t}FLE £ 188 ki/100g 22 LjEIYL
th. Aol FE 169 kd/100g &2 Lielton ol el HXZE W 2
28} garo T 129 kd/100g, 146 kd/100g 22 B ofuyx] ke vehy

Z2AY @3] HEIL Fta3 dyx] fFol] & 4TS nXE Ao= el

. 33 &z

9F7te] AE A= Table 2, 3.0] Yepdgict, B3 AFS A28 A4
Al 24g U8 ojadd Zo] 9FF MY FyAolE 117.4~143.5g 712 A ¥
Fztol] xpo]& Bt WA FIL BFE BN MR F& A (143.5g)
& Boon Fgo|FE (117.4g) 713 W& 43S Boch HFgME
780l 27t 413% % R W2 4FE stdey 2 tidd AHolE T (455%)
dom Fgoli HFE ANF A FFEAME Az 4L Byt
AlE E8oAl: Aol 54.9%, TS0 53.1%, tiIEoeg: Aoz
(51.8%), HAIF (50.7%) Aem Zo]i= 47.8%2 AR HEAME 7}
B Azt (PX0.05). UWFFTES 2.43~2.81%71x] A 2o uje} t}
& xpo]E Rgom dt AR HASS 4.69~5.09%% AP ZAjo]
g Bo|x] ¢kttt (P>0.05). U A YoM Folz|7el Aol
F71 0.85%2 71 & g UvetWlen Feol37t 0.74%E 1R w2 7
& yetdou o A8 S oA ZAdol it 3.24%E A & 3t
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Table 2. Performance of flounder fed the experimental diets with raw

fish for 9-week feeding trial

Horse
Diets Convenias Mackerel Anchovy Sardine
mackere!l
Av. body weight(g)
Initial 24.2° 24.0° 24.0° 24.5% 24.4°
Final 117. 4° 130.1° 137.6° 143.5* 135.5°
Number of fish 20 20 20 20 20

Total weight gain(g) 1842.6> 1974.6°  2269.0°  2008.3° 2221.4°

Total feed intake(g) 3858° 3726° 4132° 3971°  4283°
Daily feed intake(%)' 5.09" 4.69° 4.74° 4.89° 5.00°
Growth rate{%)* 381.5% 411.0° 473.0° 409.0° 455.0°
Daily weight gain(%)® 2.43° 2.49° 2.61° 2.47° 2.57°

Feed efficiency(%)* 47.8° 53.1%° 54,9 50.7* 51.8%

'Daily weight gain : (Feed intakex100)/[(Initial body wt.+Final body
wt. }/2) Xdays fed

%Growth rate : (Final body wt. - Initial body wt.)/(Initial body wt.) X100

*Daily feed intake : (Feed intakeXx100)/[(Initial body wt.+Final body
wt. }/2] Xdays fed

‘Feed efficiency : (Fish weight gainX100)/ Total feed intake
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Table 3. Availability of experimental diets for 9-week feeding trial

Horse
Diets Convenias Mackerel Anchovy Sardine
mackerel
Total feed intake(g) 3858° 3726° 4132°  3971°  4283°
Total protein intake(g) 568" 671°° 741°% 704° 733

Daily protein intake(%)'  0.74° 0.81*° 0.85" 0.78° 0.85"

Protein efficiency ratio® 3,24° 2.94° 3.06" 2.85° 3,03

Retention of protein(%)®  6.23° 5.27° 8.46° 4,66 6.26°

Total lipid intake(g) 301° 497° 457° 330° 627°

Daily lipid intake(%)" 0.39 0.60 0.61 0.36 0.73

Retention of lipid(%)* 27.07° 21,73  11.27* 4.38™ 8.57™

'Daily protein, lipid intake : [Feed (or Protein, or lipid)intake X 100]

[{Initial body wt.+ Final body wt.}/2] Xday fed
’protein efficiency ratio : Body wt. gain(g)/protein intake
3protein, lipid retention : [Protein(or lipid)gainX100]/protein{or lip

id) intake
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& Yepdch o3 &3 Z8ME 4.66~8.46%E 2 A¥Fulct tia
xpol & vehfdlen Aol 8.46%2 7t &S WM &3 1&& U
Eluich, A3 33 T LME 27.03~4.36%F HBF] AolE Liehul
oo Fdole F¢ A FHF EL 27.03%E M £ US UEid
Hh A7 2 A S 0.39%E HAT thEoE W 4L uehd

FAEYANN BARE EAINA EF AHFo}t Axisie] Hd 7
30~70%7F Aol FAE0] AR Aol wWolRe wiel AL £=
Ade] FH3A sHol P g HUsHA Hrh. F53], AR @R/
of At FRPEEEC] AHSFo FAHRBREZN AMFHA, AEZEA U2 3
3g uAA Ho fAE ARENE 28 AYLLS $R FHIBEH

Bate ol tEol Abga A B e A F¥E ARl f-¥Hrt

N

2Eol, Feolelel ¥ oMW AW ©Fol WS VAR £ LEF =T B}
Ag o] ulsf chd A Ao udyn 2 APAE HAPAMEE EA
B defold AL3HA Folstd el EF3ta A=Y F&ol Uiy

A d@RolAE A2 T, BEFE, FolA W2 AR fHo] UBY Ko
gterEich  oheld, $EARFY BRI FHAAE A i ofF AFA
Ao A1FE 7Islol & ez Az oA YF Jeist ¥z, F
olAlof mtetdE 4o W2 VL u AL UUHER Pijg Fol
AE 71EE gd ¥ AduldA A&sHA Folste Zo] uiyy¥ Ze=

BetHETh
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Fig 1. Result of growth rate fed the experimental diets with raw fish

for 9-week feeding trial
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Feed efficiency (%)

Fig 2. Result of feed efficiency fed the experimental diets with raw

fish for 9-week feeding tral
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Table 4. Proximate analysis (%) of whole body of flounder after 9-week

feeding trial

Diets

orse
Initial Convenias Mackerel Anchovy Sardine

mackerel

Moisture 76.31* 72,19  70.71° 73.39® 74.35° 71.48"™

Crude protein 15.92° 17.69° 17.69™ 19.06° 17.56™ 18.21*
Crude lipid 2.15° 6.21° 7.56° 4.73°  2.87° 4.84%

Crude ash 4.11° 2.47° 3.31° 3.35° 3.18" 3.36°

th. oA &

AY AAA e A FE2FY HolA ZEEH 43 Table 4.0 LiEh
Atk Aol 2 ¥FE AY A4 76.31%Hd Zo] AE FRF
£ 70.71~74.35% % < A FFE viepych. HdojNe =iy ¥
e Ay Al 15.92% AP Zo] 17.56~19.06%2 tiax F7IstE H¥E
2gon AzelRrt N 2 2N $IFE viebwlch
A Yol ABAAA 2.15%9d Hol HEEEFoE= F7I5td
2.87%~7.56%& Uetdlch. 53], ZdolFE AYE AR 2AW Yol
7.79%% 7Hd @2 & vetwoy AY FRF] AojAe AW ko]
350} (7.56%) of olo] 6.25%2 & A LiEht & AW Y &S e

]

Weh, olete tizF oz WA Fe A AU 23AY Pl Feole]
olo] 8.30%% WA Ueht AE FEAIY oA =AY HIFolME 2.87%
E AEFFAM /1B W2 %E YEhdrh

Table 5.0l 33|, FIu], vn=E Uehdlch 3EJvldAe
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Ztetol 3, A7Jo|E, WA LI} 1.20~1.25%% tis yoronm Aolz| el 3
SolFE A7} 1.56%2} 1.82%% tiis ¥4 veludct, W FaE] g4 of
et vle|Heg Fdol, WAF, HMIBolF+ 3.60~3.78%% tla yigton
Folel el LEo]FE 4.12%2 4.34%2 UEldrh. uwnzodE 25
71 L1982 713 &2 e uvetded Uoz]|FeME 1.07~1.10 &2 b

=¥ & Epulch

Table 5. Hepatosomatic index(HSI1), visceralsomatic index (VSI),

condition factor(CF) of flounder fed the experimental diets

for 9-week
Diets
. Horse )
Convenias Mackerel Anchovy Sardine
mackerel
HSI(%)" 1.25° 1.82° 1.21° 1.20° 1.56°
VSI(9%)* 3.78° 4.3¢4° 3.75° 3.60° 4.12°
CF’ 1.07° 1.19° 1.10° 1.07° 1.10°

'Hepatosomatic index(%) : liver wt. X100/body wt.
%Yisceralsomatic index(%) : (visceral wt+liver wt,)X100/bodywt.

3condition factor : (body wt./total length®)Xx100

Ach

ojAtY] AFpollM ZdolFE IAHA PRIt ARESAN H2Y Z
£ 2govt Al uWe ©d gY¥eE ol Yo WA=
Fatn ©d ARF LI i FHFEME el vl HAA

Rog veht} 432 thh FAu oA o] §&2 tid A UEelylth

H
=3

flo
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A5 Fe 4BE ARRE, vuEdAE 2 238 RYou
YA FHFH L3} A ARJ BN i W2 AUE Hoon AURH
Egode Zdol thLE 2 S Bided T4 F3ol Bl A¥E 7
Hl3f &3 Aol E443 2AY @] ¥ ALE nFo] Ho} Atz
Aol 3} oAU Aoz Y Ao kYl

Folzlte BRE0 UodME Aol F thgeE F2 L Hoen
AtREEN AAME A F=|A] doten A o]&Fef SojME F2
AHE R FL o] &E&E Yeldlonw £ FHoME= 5ol tEe] A
3 od& uehd o2 st Qlojof tt. EAF= 4, AREE, o
B o] g FollA EF AR F2 EH}E Holx| R¥ch HAolFE&
8%, AREE, DA o] 82T tiFEY Hold £2 ANE B 2 A
FAG BAsdoeRA 7MY $2 o/ 8&S Uehilrh

7 AEFEY o] gol 22y ©Ze Aol2 U3 o] et FA
TFE W2 oux] dFE B ARl JFEALE iAoy E
Fol wjs] 2 HolF FIHE Holx] dsten Fojgldd F¢ & oux &
Fol= 3L ARl Fol 71 UUD A2 AU FEUTC] w1 4

FII’

dPL& LFFel FEINA 4D Aoz uUHY A=Y $EUY] Yol
ol 77t Aol¥F EiztE A AlgidolPol ouix] R} wldsle WHE
Rolz] ¢} Zeg gkt

ujeld £ AFA3} Pre ol&4doM AHol, Fejel, ATl &
o2 Ueixtenl, oyt ARES A§Azte] ¥ o] &8s AFAHA £
T3 Btz 7HAEY] FAY, £EAFEES LBt JAELE AYyor ¥
Zolm qatg P& SHEAN L8 LSl HARMe wret € AolE
ojBZ tidolFof £&3l7] Hrie dAHAM F2 EAE EAd Az
9 TYAIGol vIHAY AL Holn PatRol E3t= ARFANAE
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A 9 E2F3 A £ELEE SAIER AR dE B

B3t ARRAR AT £EEH} AREE AH}E WA fME
Atzel etz e] HY FMWES ARNEEA YArY HEHY
€3 87 ARIALE HaHsle FAY &4 BENEE HaHse
A Azdol AFE Zolrh.

_'78»

3

L

ox



¥ &2 A543

1. 4 &
Sejitel sfate] JAl BPgF YA thF o2 WS GHIAE AAFE 2
s E Ao] At (o]F, 1993f), Aol el Lrizte] FAAS
22 o AP Fo=2 IS 2IEYS] FEAAN JleUa HolBE
of et A (L%, 1989 ¥F5, 1990: 1%, 1990: Hoshiai, 1977: &4 K,
Ak H6, 1982 w7, 1990: &, 1993) 7} &3] ¥R RyEY F
B iy Batv&ol 7HestAl Hol olE¥ FRY GBF Fo uuty
zy g gAY Sz AEHEAE YAt EF HIoEs 2y EY
AR AEE AT FUFN F¥: 3P iy A FEC] B2
&, 1993a,b,c,d,e, f : ¥i%, 1996). gL} x| XujEege
g3t Falorto e Z¥EYe] 233t FUYRTFES A stz
&) A7gel, msel, zhuvel, A 5o AARE IdE FIFALUL F
3] AdF Aatgo] EHuigARE FZAA FAHoE H7
E HAAR(MP)E AR glo] ol2 I3t 4 gd EFFPol mE FU4

k3

g, AERAR JT £LL A3,

_'&j
2
N
e
b
L
[>

st glch.
ERY, oyt At A 1 HollAN Madt viel go] Axd, AEE, of
ZHE 0 £330 EUFY BT ohzl I A¢ AMIZAR A PAIR
9] F3Fo] AL 7aH Zoz UUHEEF g AP UZYE A 3
Ztg ot
mieta, olgjgt EAE S WA S E Ry EY F9UY 47Y
& 23 2% MPALRSY sftte] FAS] aFFHEd £ APdAME A
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el 72, 30 vz AFH Fdol, 1o, F7Po], FX|, FHof
gl, 5% BAEYE VAL LY ER)AEDJU(HIMPIALE 8 QAR
Yoz e o] 83 E HESR ofE olFol M EL Yo uX: Y
& ZA817] fs] AR AEE HAIstLch

2. A @ Yy

7Zb. A gl 2 A S
A¥o] AR =y E e (Sebastes schlegeli)-& Ay

4
4
it
r

o] 3 of ¢l
gt Z} atol A g oojmloA] FEH AolE ASFA AL 19969 8Y
%3t 0.T.C 100ppul 2 o} & ¥ ¥ 2ton FRP $2Rej =83ttt
Z AL §l3l A EP ARE FoIstEAM 437 ouAlS S A
Al stdeh. AEA oy AU APolF FT 27Y ARY AAE A
Holo] 2202 HUYPSFZ, 3208 Abzzo] 2itH o R Ztz) 10008 48319
oo AEelY =3E U8 4 H4E s2uitl 2y $AYE HA3HA
th F4YL 3 L/mineE 23 sgon FET Ax FFE AN 4+
Zauoic} ool 2 8& AASIsct. F A% AE 7122 1996, 8. 26 ~ 1996.
9. 227t 457 olded A& J|TF L2 20T~24TCHAt. AR Fol
L1 23 ofH, AYog yiBo A &o2 Y WA Fch

U, dd4=
Aol 212" AF Atgel 24L Table 1.0 Uehfgrl. AHAEE
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ZeolF, AFolF, HAF, Aol F, ol FEA & AF AL A3} v
23 Fo] §olsta Fatge] weon g VRN F2 AMEEHE AAE
°olF 53 AY AMEE AMESIh. A s v A7 ojHEH
YEHod WEolE &2 drte] FUstq FEFEY (-25C)sHHA 15U
1384 Azstgled nez] FE& AT oA E W deloy Y &=
Adste] Folstalrt. A = I7ls U7 Z¥e wiet 2 27
& 243t A3 MAEstq Azstdrt

Table 1.Composition and nutrient content of experimental diets

for flounder

. Diet no.
Ingredient
1 2 3 4 5
Frozen raw ) Horse )
Convenias Mackerel Anchovy Sardine
fish wackerel

Nutrient composition in wet matter (dry matter)

Moisture 71.53° 63.05™ 65.32° 70. 30° 61.44°

14.72° 18.01° 17.94° 17.73% 17.11%*
Crude protein

(51.70) (48.74) (51.73) (59.70) (44.37)
7.79° 13.34% 11.07" 8.30% 14.64%
Crude lipid
(27.36) (36.10) (31.92) (27.95) (37.97)
3.26° 2.36° 3.31° 3.30° 2.99°

Crude ash

(11.45) (6.39) (9.54) (11.11) (7.75)
DE

128.6° 187.8% 169. 3> 146, 2% 1941
(kcal/kg)'

'Digestible energy : based on 4.5 kcal/g protein, 8 kcal/g lipid,

respectively
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ol FH2 AEAAe AYE T8 470 4 & stgdon 2442
Al F MS-222 100ppmo]l wh] AJZF Aol AN BAE &Fsigch. 4¥
Alzpa] A8olF F2AQE 2001E &3l HolAl EMHEoR -40To YT
Basidon AE £284 72 7% 100]4 Holy BEAMog -40Ce @5 B
B3t ch

gt B3 24

e

Ao AIRH B2 9 ol $£ELS AYUUEARY, zuwae
Kjeldahl AR (NX6.25), Rx|¥& Soxhlet &Y (ether &%), 2
FEL AP oE Ztzt B3}l (ADAC, 1984).

o}, S A A e
RE ARRE Student’s t-testE A AISte] 95%2] BAFH {AHS ZAAs)

ort.

3. A2 ¢ 3%

7 AE Az ZE 9 odyA #qF

Table 1.0] UEld BARHUESY it A& £4 A3 8 Zddo| 79
g7t 71.5%2 70.30%E e AEFE 83 23& rvehiden
(P€0.05), 1Zoj9} A7Bol:= 63.5%, 65.32%% ulxstdon Aojzls}

eiid
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61.44%2 713 W2 k& Boch  2AY @ oM ZHdolret B
X327t 7.79%%t 8.30%% THE AEFE 11.07~14.64% Kt F2jsiA ¥
2 e RAom(P.05), LS 2.36~3.30%= HEF o xlolE 2
o]z QITHPY0.05). 2} HEAEY 7t olyz] ol gloiX e Fo
2|77t A wgeko] L& VAT 194 kd/kgo 2 1A Hoton THojp i)

t=

B A UPOT Aoy rIFLE L 187 ki/kgo ® UElNICE A7
o] F+ 169 kd/kgo 2 UiElYt Oy Fddo]lF o} HXFE= W Zxw g3po
2129 kdskg, 146 kd/kge g -2 ofuiz] kg vlehf =4 ghgke]

o2

rE

37} a8 oluA] @3l & 4¥E A= AoE Urhulth

. 33 23}
Agd B AFol sgUYdgdd Zo] HE FEAoE 16.0~19.5g 7]
tha xlo]E& RHHTHPX0.05). Zdol37l 19.5g22 7M% $2 H¥E B
don Aojg|7st 71 M= . AFEAANT Fdolrt 132.6% %
1R E2S 43S B9R, 2%, Aoz FdelF vy AAE B
gdeon Fojz| 7yt g AR ¥ BAcrh (P€0.05). ALREE HolA
L Aol 7t 43.2%% 1A £ EAE JelWlew aZoirt 41.5%= H
%3 AARE Bgon WALYL 32.3%2 b ARt (P0.05). AA
&3 B AFA & 43E Bodd FdolTE AREE oA 39.1%
2 tha Azsidch ol AL Fatz uiche] GRS Aolof 7loidt
#o2 AZEHD B3 434 oyA tire] Fay ezt Ay JEY
zpol7} ol gt ANE siAgicrian HzRe] Hrh. 53|, Fwolet HAY
B9 F2E o] 2794g0 2 THE AP Fof w3} W & HoldtAd
Bolu} AtREEo] AET AL oYz §aFo] 247t 128.6
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Table 2, Performance of rockfish fed the experimental diets with raw

fish for 4-week feeding trial

Horse
Diet Convenias Mackerel Anchovy Sardine
mackerel
Av. body weight{g)
Initial 8.3" 8.1° 7.9° 8.1° 8.1°
Final 19.5° 18.9° 18.2° 17.4° 16.0°
Number of fish 100 100 100 100 100
Total weight gain(g) 1092.8° 1031.7° 1017.3  904.5°  755.3°
Total feed
2794° 2490° 2356° 2794° 2005°
consumption(g)
Growth rate(%)’ 132.6° 127.8° 130.1° 111.4% 93,0
Daily weight gain({%)' 3.47° 3.39° 3.43° 3.11° 2.76"
Feed efficiency(%)* 39.1° 41.5° 43.2° 32.3 37.7%
Daily feed intake(%)’ 8.87™ 8.18" 7.94%° 9.62% 7.33™

'Daily weight gain : (Feed intakeXx100)/[(Initial body wt.+Final body

wt. )/72] X days fed

%Growth rate : (Final body wt. - Initial body wt.)/{(Initial body wt.) X100

3paily feed intake : (Feed intakeX100)/[(Initial body wt,+Final body

wt. }/2] Xdays fed

‘Feed efficiency : (Fish weight gainX100)/ Total feed intake



Table 3. Availability of experimental diets for 9-week feeding trial

Horse
Diet Convenias Mackerel Anchovy Sardine
mackerel

Total feed intake(g) 2794° 2490° 2356° 2794*  2005°
Total protein intake(g) 411° 448° 423° 495° 343°
Protein efficiency ratio® 2.66% 2.30° 2. 40° 1.83* 2.20°
Daily protein intake(%)' 1.23° 1.38° 1.35° 1.62°  1.19°
Total lipid intake(g) 218° 332° 261° 232 294°
Daily lipid intake(%)' 0. 65 1.02° 0.83* 0.76° 1.02°
Retention of lipid(%)’ 88.99° 1.51°  83.91* -22.84° -78.23°

'Daily protein, lipid intake : [Feed (or Protein, or lipid)intakeX100]

[(Initial body wt.+ Final body wt.)/2] Xday fed

’protein efficiency ratio : Body wt. gain(g)/protein intake

Sprotein, lipid retention : [protein(or

lipid) intake

lipid)gainX100]/protein{or



kd/100g2 8 ch2 A@rol A3 Hokd R (P0.05)o] 2 dglo] stz
B4 olvh. Zdole] A9 g Frbol s 47 oA Mg 4z
%850 7%l 43S PAHAAND AMEHEZoJME a5l Ao
of uja} cix AR3F UL Bdcrh olTE HAFY File AlRY oy
gafo] e I o] AU AL Holm ol Ao Atz 443

jul

ko] ZFubo] Y B GA (Cowey F, 1975), Fx|/Fo] (Pfeffer
1982; Hilton et al., 1983), ®a}¥ol (Yong%s, 1989), HE (Jeongs,
1991) 59 o FolAN = olnl Ba®u}l gk o]o] wiaf Fojzlel nFole
7S AE Adolao] Zdold vzl AZRIFANE M E vlmdldod
ARFEEAAE Zde] Brl £ S BdEd ok A8Y & A ¥
B E ojZlo] oUAYLE AEGHEZN WA A g FIIE 8RS
o] F713t o BTl (A, 1992). AT FFEE Yol 25, AA
o7} vlstgd en WX, FojglFL tia Azt U AR Aolg
< x| 77t 9.62%2 7HY woken FolulFrt 7.33%2 s} M zstict
(P<0.05). ZHdeole Aol BF AFoM 22 ZFS Hol: uhd 4}
g ZgdoM Azs] FFolu Az EEHAN ¥ 2 BHE iehd
FaZojnl Aozt MPARS AR VEE AZY Aer WM AR
tiole] WEe] uiel Feole] Als ©wrbt We B¢ BN AR U

E Zdoly A xR, s & T AL AUE Aeg Yot

th. oA P

AY A A FEAY AoAY gyt ZEEM FAzhE Table 4.9]
Uehfidch  AojAlY £E ¥} AP AAA R Zgolrd HolR
(67.50~68.78%)& <7t ZAstg ot HAF, FolglF, Ao F(70.78~
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72.52%)& Tix $71% %8S Bodch. Zdold F¢ &2 4¥gdx E
Fa oAy i 3ol 15.03%2 AEARct AadEd ol AR
u ghla ghako] 14.72%E TIE AEF AIREr tia Yigkuld sjde A
o2 whgkxich dojae] bl ek AY sfAA9] 15.92% KT} of ¥
o] AdTolA 14.22~16.30%% 4T LAY vl FYL 2o
(P>0.05). ZA¥ ol dolME HAE, 2Folx, Aol 7.7
8~9.92%2 AE A2l 7.73%Rc} Fuislgeu @i el Folglp:
bzt 7.20%, 5.43%% ZAstE Z¥S BAch (PX0.05). 53|, Zdolre
ZAS 49X A% A AT UriktRo] Aty Ay 3ol dehE
E7sln AE FEF AN AW ¥ Aol 9.92%] oo
9.67%% UEeh} A A H3Fo] 3] wo] dolk&S ¢4 AUtk

N
M

Table 4. Proximate analysis of whole body of rockfish after 4-week

feeding trial(%)

Diets

Horse
Initial Convenias Mackerel Anchovy Sardine
mackerel

Moisture  69.90°°* 68.78%  70.78"™ 67.50° 72.52° 71.59%°

Crude protein 15.92°  15,03° 16.30° © 15.96° 14.07° 14.22°

Crude lipid 7.73%° 9.67° 7.78°° 9.92° 7.20™ 5.4%3°

Crude ash 4,25° 4,28 ° 5,56 4.75° 4.59° 5.61°




o]z o] AARYULZA vlaF 3ol ¢BH 559 AR oy o

S M G 2 EYS ggos QAR o84 AE HEES AAY
Az, 93 AHS ¥l el ZRggolu AREENAN BHolE AT
Uiz oA E Ao g vy AxE vehon whya FgoME £
< AME QY dAe| M 4% PAEL o kst E 2yE
et AL AP AL Heolst AW E £ AAE BYo A8E S
oM tha Mz ed 2Fo], Aol A} AREEIME £ 2
HE B oY Yxot RuE F ofFE o] QAR wE ¥ A
ol Bl L zuEEY XolY HF Fdyof AW YA o7 ¢ oY
2/l vl 40%et 82 EIEE dbE (o]F, 1993a) gAY il @
Fere 55%0]4 02 Bx o] (Yone, 1976: Sato and Kikuchi: 1997) o]&
¢ ZRAIY YAL F o F e T Aol AeZ vty
th ¢le] F AYE AE YU YAE Y oFoE M FL o84
& Ueld A& BA0IR B4 don nFoE mfe unFAHE ARE U
ebdch. Zdols zujB Alg AYolM 22 AFS ol Yo AR
o e, A o AP ARAES R ol HiRdes
M2 miE olo] Ty BUE sjofiioR zivthch Folale WA A
Aol E Aol thgo2 WU A4S Hdoy 2 ZuEe} A% AYd
Ae Az 43e Bdon g@xg Fojzle ulebud AjE4r ¥/H
o} glo] A7l A&A] vlelRE SAYPLR A ABY AP, "3ty Yol
L meEle 8ot ¥, gy wabg §9 (NRC, 1993) 348 AP
Aol LEHEBE oY A4A Foj uighasx] & Ao Hch
upetd £ A Az AR oY oFes MY 4% o888 & b
ZE H7olet mFololnl ARAA Aty MBI}t 1T, Aol oY
RAUoE g 7t4 FHA] 7ol AR nIE X dort Fol

rlo
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¥ 1996. 5. 27 ~ 8. 14 7Hx] 95 ALS AP HAsAch AYe) A
£33 AYole WF A2 18.9~19.2go|drt. APPSR 442 3¢
/min FE2& zAsgon] AFE AL FIFE S Z AE 2o ooja
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3] ofd, NYog wiRe] 7gA €22 WA Fch

flo
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AEARE 954 ] Folatz Aaddge] @ <52 57 HAE A%
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F2 AHE3ts AL FRel 2] dgEd AL HUxhdc},

Table 1. Proximate composition of commercial compound meal{CCM)} used

to the experimental diets{%)

Diets
A co. B co. C co. D co. E co.

Ingredients

Indicated nutrients composition levels on packing bag

Crude protein (up) 47.0 48.0 46.0 43.0 49.0
Crude lipid (up) 3.0 3.0 3.0 5.0 3.0
Crude fiber (down) 3.0 3.5 4.0 4.0 5.0
Crude ash {down) 17.0 18,0 18.0 158.0 18.0
Ca {up} 1.0 2.0 2.0 1.0 1.0

P (down) 2.7 2.7 2.7 2.7 2.7
Analytical nutrients composition of commercial compound meal (wet
matter)

Moisture 7.05"  5.88° 7.42" 7.35®  9.08"
Crude protein 47.58" 53.44° 47.28" 43.33°  45.43"
Crude lipld 5.77° 5.43° 5.36° 3.65° 6.09°
Crude ash 10.02° 16.33b 13.97° 9.88™ g.11*
NFE' 22.88° 10.72° 17.27° 28.09°  21.59°
DE (ked/kg)* 324.3° 313.9° 304.0° 302.8" 313.6"
E/P’ 6.8" 5.9° 6.4™ 7.0° 6.9°

INFE : Nitrogen free extrect : [100 - (Moisture + Crude protein
+Crude lipid+Crude ash)]
DE (kd/kg) @ Digestible energy, 4.S5kd/protein, 8kd/lipid, 2.8kd/NFE
respectively

/P : Energy/protein ratio : Digestible energy(kd/kg)/Crude protein(%)
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Table 2. Composition of the experimental diets for flounder

Ingredient (%)

Commercial compound meal'

100
(ceM)
Distill water 40
Nutrients composition in wet matter {dry matter)
Diets
A co, B co. C co. D co. E co.
Moisture 33.38° 33.08° 33.37° 33.71° 33.51°

35.70% 38.74° 34.25° 34.95° 35.66°
Crude protein
(53.59) (57.89) (51.40) (52.71) (53.55)

3.11° 3.47° 3.17 2.94° 3.74°
Crude lipid
(4.67) (5.19) (4.76) (4.44) (5.62)

7.71° 12.06° 10, 20% 8.58° 7.93°
Crude ash
(11.57) {18.02) (15.31) {12,.94) (11.91)

2.03° 1.56° 1. 60° 1.52° 2.07°
Crude fiber
(3.05) (2.33) (2.40) (2.29) (3.11)

Used 5 feed company products (A, B, C, D, E)
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Table 3. Performance of flounder fed the experimental diets for 9-week

feeding trial

Diets A co. B co. C co. D co. E co.

Av. body weight(g)

Initial 19.2° 18.9° 18.9° 19.0° 19.¢0°

Final 87.8° 72.1° 79.1° 84.0° 73.9°
Number of fish 30 30 30 30 30
Total weight gain(g) 2058.3° 1674.5° 1799.1* 1905.1° 1601.8°

Total feed consumption(g) 2537° 2110°  2480°  2728°  2368°

Growth rate(%)' 357.3% 295.3° 317.3" 334.4* 281.5°
Daily weight gain{%)* 2.37"  2.21° 227 232 2.7
Feed efficiency(%)® 81.1° 79.4° 72.5° 69.8° 67.6°
Daily feed intake(%)* 2,93 2,78  3.13* 3.32° 3.20°

'Growth rate : (Final body wt. - Initial body wt.)/(Initial body wt.)X100

Daily weight gain : (Feed intakeX100)/[(Initial body %t.+Final body
wt. )/2]) Xdays fed

Feed efficiency : (Fish weight gainX100)/ Total feed intake

‘Daily feed intake : (Feed intakeXx100)/[(Initial body wt.+Final body

wt. )/2] Xdays fed
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Table 4, Availability of experimental diets for 9-week feeding trial

Diet A co. B co. C co. D co. E co.
Total feed intake(g) 2537° 2110° 2480  2728° 2368°
Protein intake(g) 906 817° 849 953° 844°

Protein efficiency ratio' 2.27°  2.05®  2.12® 2,00 1.90°

Daily protein intake(%)* 1.05° 1.11*  1.07 1.14° 1.12°

Retention of protein(%)® 7.25 11.9° 9.86° 5.38°  11.42°

Total lipid intake(g) 79%° 73* 79% 80> 89°

Daily lipid intake(9%)* 0.09° 0.10° 0.10° 0.10° 0.12°

'Protein efficiency ratio : Body wt. gain(g)/protein intake

Daily protein, lipid intake : [Feed (or Protein, or lipid)intake X 100]

[(Initial body wt.+ Final body wt.)/2] Xday fed]
*Protein, lipid retention : [protein{or lipid)gainXx100]/protein(or

lipid) intake
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Rol2EHHAlg A XA dFHIESE HIIEHE AnEUduigrse &4
2 ol 84S AESY] ¢35 YAE U oR 9F T A1 AES HAY A
B AFS AE M 19g HdFdoy A8 FeAdE 4 HabE AR
of ufag} 72.1~87.8g 2% tlx Alo]|E RO Al A1V} 87.8g 2% U}
3 ¥ 3 AFS Vel BA A7 R W2 B3 AFE et
(P>0.05). BAE oMt Ar} ALEV} 357.3%2 /M £2 HAL Roon
(PC0.05) 713 & Hd A FS Jeldlld BAL Atz Ze HAE oAM=
295.3%2 AHZ% S Bgon EA} AlE7} 281.5%2 MR o HASS
Ltepwict (P<0/05). AtE R & QoA E Ax AlRV} 8LI%E 71F £2
AREES UetWlon ZAE, B ASANE ARY g BAd Ex} 4}
B ARESANE AZXT S Vehdigdct (P€0.05). U7 Hol Hi &
o M= DAL ARV} 3.32%2 JHY &on Al 9 2.93%E njaH w2
& Jehgdct (P>0.05). ¥bdE A F3&E EAl AlEVL JbR A =REHg
on Ax} AR MR &2 & vERidch

th. oA &

AolAe] HEEY A3} Table 5.0 Uelwion zhEan], YEIy],
B]RtE = Table 6.0] UehAct HofA +E2UFE AE MAA] 76.31%
Ayl Zol AY FRAME 72.67~75.62%2 4N LA FYS BRI
o ekl ek AP 15.92%% o AE FEAJOE 17.63~19.15% 2
RE A TN Frsidco. FdojAl =AW g3 AEA 2.15%8d A
o] AEEEF ¥ AYToM ZAsIA oYU EA} ALRFOIMT 2.25%
2 o7t Fustded (PX0.05) ol AHRU 2] #3}o] 6.09%2 7H%
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B 3 o] A ZoE oy LS HEPAIN APFo BRE
AEFolA vy & viebwlc} (PX0.05).

Table 5. Proximate analysis of whole body of flounder after 9-week

feeding trial(%)

Diets
Initial A co. B co. C co. D co. E co.
Moisture 76.31°  74.25® 72.67™ 74.28" 75.62° 73.45°

Crude protein 15.92° 18.11* 19.15° 18.71° 17.63* 19.13™

Crude lipid 2.15° 1.93° 1.04° 1.95° 2.05° 2.25°

Crude ash 4.11° 3.81° 4.68° 3.94° 3.81° 4,16°

BFFule BBl MR AW A AIRFAM 1.21%2 M A Ul
grom (PC0.05) ura] APFLEL 0.84~1.01%% ulssigct (PX0.05).
U $3u] 9] AdL AtgVE 1R Boen nigtEe] glojA s Cal Aty
7} 0.9622 7} E& & UvElRlen (PX0.05) Ax} AlRFF O tigeR
A VR RN ohdel BEFul, UAEH], HNEGNE B2 3t
& ettt 53], Ax ARTY FS BFulg URF NI} o} Al
o] RUAUFOE o2 oux|7t T i FHH Ao ity
U oA xusteke]l MY AHAIA Brp 2asle] o2 oyz|st
A2 Y 7oz e A= ¢kglr)
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Table 6. Hepatosomatic index{HSI), visceralsomatic index (VSI), condit-

ion factor(CF) of flounder fed the experimental diets for 9-week

Diets
A co. B co. C co. D co. E co.
HSI(%)' 1.21° 0.86° 0.98" 1.01% 0.84°
VSI(9%)° 4.12° 3.90° 3.91° 3.67° 3.59°
CF* 0.92° 0.88° 0.96° 0.90° 0.90°

'Hepatosomatic index(%) : liver wt. X100/body wt.
%Yisceralsomatic index(%):(visceral wt+liver wt.)X100/bbdy wt.

Ycondition factor : (body wt./total length3)Xx100

X
2
a2

0

l Fggolut Atz E&HAM AxY ALRT} TIE ALY AR
vls) £ A4F ZE Jepyich. ol ZRe Aol ZH ALY Algu
H FggE Holo] 71d Aoz FAFD BA AR Fe AR
A garo] 53.4%2 AE AMRF M w2 HHA PSS uehden

£ Ho

ks
BA At2 o] B¢ Jt4as olyx] #afo] 336.9 kd/100 g dietE AAL Algo]
olo] EA} Alm e} ¥l &2 ofux] L Usioy & A €I
Buage] 544 W2 2A ¢$akoF oux|/ehiA u|7} 6,322 A W
o oj2|gt P EFFol ARY HFE 2T ZAeoE B4t A4}
AR ALl sl4E} ofu=x] gato] 343.1 kd/100 g dietE A AR F 7}
B e B oozl ofux]s wd v 7.28 ¥lay gon AMo|¥xE
DA} A}Bof olo] F Wmjg W ¢S Bo o &2 U] YT w2
dolgo] dato] AFAQ YL & Zog AL DA AR Foe

oluz] are JHF wgtout oyl A e 7.58 ¥ ded W
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Table 7. Dietary nutrient sources of CCM used to the experimental

diets
Feeds companys Nutrients Source
fish meal, soybean meal, wheat flour, starch,
corn gluten meal, yeast, fish oil, salt,
A
calcium phosphate,
additive
fish meal, soybean meal, wheat flour, a ~
B starch, salt, corn gluten meal,, yeast, sodium
phoshate, polyacrylic acid, sodium, gua gunm
fish meal, wheat flour, soybean meal, corn
C gluten meal,, yeast, calcium phoshate, salt,
vitamin premix, mineral premix,
fish meal, soybean meal, wheat hull, salt,
calcium phoshate, fish oil, gluten feed,
D
starch, corn gluten, defatted soybean, wheat
flour
fish meal, wheat f{lour, squid meal, gluten,
E
yeast et al,
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EF, Z AEEHaby hddoz ALY WEU Y Xolx FFo 2
3S oA o2 Holid Table 3.0l 2t Al AlolN AlE4z2 W8
2 AEY 2SS Uehigded tf 2 HaloA whddes Abgste
YEE 5ol dfy, 49, SFUY S22 FA0lE Holx| Ut
th. AR E Hole AL ol FEECl 4 Haluict I wigu&o]
Z}7] oiEd 2ol e Re <thch. 53] AxL AlRe] F ¢ e 4
A Hal AlmEcr 2 A2 ARME Hoved ol EHHA AlgEcl
2o ol thh WokdR] opd Aol gHTl HMoEE A831%7]
gEAAE BHI] AU ot g Mo T2 AL vehd Ao
2 Rol HMoEPs Rrie EE HI sMedel ¥& AR gl

oR
P>
}dl kD f‘lE
ru

olg gt B Bx|s4o] (Luzier and Summerfelt, 1992: Luzier et al.,
1995), % Ato}(Gallagher and Degani, 1988: Lee and Bai, 1997) Sojl4 2
ol-8gol HuHI gtd $5(1995)2 Yojol i whuade 100%7}
Ae A7t 7HsEE Basle Pio] cha wuAddo s 43 o
8E FB3tdch  sjate] GAolRE PR S FE & WIS
Hee sty Hass IAe AU A oplel AU HE FEY 2
7} alojob gl (Cowey et al., 1974: Cowey, 1975: Wilson, 1985), &2
A2EFA 71g] ML2 BFHE o] 880l 2 244 oRE ez o
Fute] o] gdo] Holun & A (F, 1992) dojst Welropor=
M2ANS A FHez oA 713 ZAeg2 ¥ rcl (Mohsen and
Lovell, 1890: %, 1991). zeju} olejqt oA whide] A3 o &
ol Foll TAE gon ate] Atme F¢ dFE SAHA 2
o &oll 2 dF7F ulFE APojct.  felyetd] FF F GojAlEE Al
A GojAmAzAl FhiA FIFULR2A ojFe] AAsH: ulFo] yon
o] % TIRES F¢At ol Y&stn Q& HPoln (tuigs, 1995) F

4

e
1
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Fig 1. Result of growth rate fed the experimental diets for 9-week

feeding trial
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Fig 2. Result of feed efficiency fed the experimental diets for 9-week

feeding trial



o] A Ago] ot siatelfie Fakast A& Flste F4o)

2 sjatatrol QlojA el wigalgel o] AR AAolmE Yz
FHolM A U wigAE AEES AsiME cfATHAY sfito} Fol
Atzole] FHga o 2 o]8A8 L wolU] ST dF= A HyFojol ¥
Zojth. EZ MPALEO] U ¥IEE HIEE BT uUAERE QA ¥
7 AMGHEZR 3 ufgte] whE L7 YE A "HepA Aoz udyER
MPARZ ol A7t % wiAlge ECE ZAxoA 2 shio] o] FolAc}
g ey Aztdch. ol ofylA A o7 A SlojMe F4T Wy
Aol Adejo] gAMofgto] ofFo] FA HAlo 2 =&E& & Aoy A%
3 FAlolE st AEZe] € Zojrh. & A¥EZEA & Habraged w
gt FAgxtolE Hole AL A" ALY Fol ¥, sk
zpolit 7let FIiA W FL4 FFol AR tiEI] I ReE nid
th =g, Az uARY F, ouA/ehd vzt A 28L& U
Ehy Ajutatg e o] £&& &ol7] MM FE/AC oY Zeg RHo
o MPALR A ZA] AR Hrhlo uwlE HF 34 ¥ AFE UEA

Futetor & ol
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A 3 & JIAMS DolAEZE (HFMP) A= 9]

LS it = HA

A 1 E HFMP Al271dS 913t B =9
wEugase] H3 En] FE

1. A &

AR @Al Z9ulY AR olidE AR FE FoY 942X YN AF
S 2R BRE g4 FFde 4o o1F Fa3 g XXt A ¢
glutete] sjate] @AlR AtEE Wodo], shite], Folet ¢ BARE F
d FolstAu Azt B wiYANEE EYSIY AZRY RolaESN

) AEE F2 ANt gtk 53] PAlR iy 2 gEEE
ojate] Pyt @] Yol HEBEA o WA Fofo] iyt Hriyt
A& @ APagst AEL @A o F Aate] L3 FAH &£AFY W
olo] & Zefsta alrh

FAtge] oy vhE-E A, 2B f3l HIole YAzt £ )
AR E AP v&R YT WAL Adse] BFE R ok ol ¥ M
AtgE AR £5H7 4L %8S HUMY oo ¥y A
Atg Rt U P Foln o] f7of FAol utel Al V& vidtiE 23
g £9lo] AR AL AU PASHA ofFolAl HAMNA ARE A
AFlE oldo] olrh. ®EI, AaEg 1S w Bul AR R =

oY o2
x o2

i

rr
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Aoyt ¥E BURE ALY o] AR} wigrEY EYUNE o F
o] dAolut B, 4Ty Hlo] ulel 2IY $9lo] PAE TE R4
AlBTh ZA Aoy 43 FPE 1T ZHES AT AHEo] Hedcln ¥
ottt T, ol MPALRE AME3HE B4 ojstuict ARy Y u)
&o] THEE ofuel Aol oyt Y HEE wfBo] MPALE A ZA] Pa}
22l v &S A 22N FUE AE, AR FUR AT £ A JHEF
A& =8uz AUch

Zoll QojM gatge] vl go] Frstd AR R%, EH, A
ZA A dYdol A g ofeigo] A W EUmYAIRY v go] &
Zistd Edatru U1 de3EY VIR ARY 23 Ffo Pl
(Furyichi and Yone, 1980: Shimeno, 1982) & do 4 glon AR A =4
Bgo] oldE EAZ} gAagch =Y, AR} Euhigise Eitw
&of ubet oz gzt A € o oA ko] A HHBREA of
Fol Aol & %S ulXA Hch. watd, o Fe ZAL FriA s o
e ArtedE Has ¥ £ e dARe £ iy AEe FF Eyy
o] ZEI AT AAelch

2 AFoME Bl ZgFHI IdFY YA MPAIRE sty 9ls)
garget 2 widtalre] AP ZTE6E FYstLA AAse 2w wigat
2o EPuE L AE ARE AR AMS A8 S HAsh

2. A= % Iy
7h. Aol & A%
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Aol PR =(Paralichthys oilvaceus) g J Aol S o Fof
A % S8 BIAF 4810.4g9 GAE AHEIATt. AP E £ 4}
S3A AFFAUL AU FolFLR FUF Ro|A2EHIY (MP)AE
of &A7171 ¢l 25% MP (BALR: §UALE=5:5) Algo] Fuleirl g
B AIRE ou] AMSS AAsiArh. o] dEE HEA Adsio 220
¢ QAP F22} 3208 A4z o) 2tzt 2508} 30u]4] 2B og Bz 4
3te] 1057 AN AEE AAstdrl. 4 AE4RY] 4L 42 /nind
2 z3sldon FEY s FFE 98 ooj2B & AAstdrl. AE F
ol 14 23 (8:00, 17:00) %ol 7ZA Folstden A 7|59 £
22 16.5~23.8C4rct

U, d¥xs

AEAE YEE AARE 8RN ditFoR ALEHE T5E 4}
g3tgon AR E AuEE dA d§ EUAE (B FeuzeohE
Abgstgch dBARE AAERDSIY JAlse BUARY EYPNE 9 ¢
1, 8:2 7:3, 6:4, 5: 58 2P F, BUAE ¢EF, EPEYAET
9 F 8/ AEZE MAsidct. ARAZE AR YEQY 1FE 2
M2 HA Z2F Euuigrsd # THUYF Boj2EMY Azrje ¢
% Z¥sidch. EPRAZARTE (F)FeUReol 5%, 62 AIRE AM&3}
don FuAE TEFE 2unigrRY FHFE 50% AUttt 1F 4]
2F Rol2EHY AzJE2 UdE 48 dtdod HAE dEIE 1FAE
YEdeiol A melRRehe A unz] FEghg &0z Ay sy
thi] WEF Abgstdch. AREY AlEE -25TCo] ¥F RUuspAM Folstdl
oo Ayoirt FAe] et AlRAVE 2F AL
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th. oA &3

oAl FRFL Al AE A 4F, 8F, 10FFo] 4 Axslden 244
 AAAY ¥ MS-222 100 ppool]l whHF s2U oA FAE &F34A
th. A8 A 2 FRAoE oA BEEME sty AEAF 10nielE
292 F&3lo] -40Co ¥ Easiact. AE Az £4& 93t 4
Z, ARES U AAHENETS HAISIAL

gt BEEH

Aol Ag" AR U N F£E2 AYrEd=yY, zuduIe
Kjeldahl AAFa (NX6.25), AW Soxhlet F&¥ (ether $3%),
Z3 P Aoz 22t EAstath (A0AC, 1984).

nf, FA A
RE x}& & Student’s t-testE A3t 95%2] BAAH {8 AAs

olch

3. 23 ¢ 23

7. AR8E

Table 1.9] AE AR HEEY ZAAE ¥ FEUZS YARIELI
66.16%% 718 &2 S vetdlon EHuARe bl & FrIUSLE 7
A3to] 5:5MPFol A 31.35%E JHF W& @S Uehlgden FUAEUER
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Table 1. Composition of experimental diets for flounder (%)

Diet no.

Ingredients
1 2 3 4 5 6 7 8

Commercial
diet! h - - - - h B E.P

Frozen raw

fish 100 90 80 70 60 50 - -
{mackerel)

Commercial
compound - 10 20 30 40 50 100 -
meal

Distll
water - - j 3 ) - 50 3

Nutrients composition in wet matter (dry matter)

Moisture 66.16° 51.59° 49,24° 47.51° 36.55° 31.35" 35.05° 5.93%
Crude 20.04° 19.92° 24.96° 26.94° 33.88° 36.71° 39.58' 46.48°

protein  (59.22) (40.98) (49.17) (51.32) (53.41) (53.47) (60.94) (49.41)
13.69" 17.56° 16.30° 12.97° 11.39° 13.13' 3.31* 6.84"

(40.46) (36.12) (32.11) (24.71) (17.95) (19.13) (5.10) (7.27)
2.97 3.35° 5.20° 6.38° 8.86° 9.00° 11.50° 10.04°
(8.78) (6.89) (10.24) (12.15) (13.96) (13.11) (17.71) (10.67)
Crude fiber 0 0.50 1.00 1.50 2.00 2.50 3.00 3.00
NFE* 0* 7.08° 3.30° 4,70 7.32° 7.31° 7.31% 25.71°
DE’ 199.7° 249.9° 252.0° 238.2° 264.1 290.7° 225.1° 335.9'

E/P ratio' 10.0 12.5 10.1 8.8 7.8 7.9 5.7 7.22

Crude lipid

Crude ash

'Provided by Purina Korea Feeds company, EP : Extruded pellet (floating
type : Purina Korea Feeds company)

NFE : Nitrogen free extract [ 100 - (Moisture + Crude protein + Crude
lipid + Crude ash + Crude fiber)]

3Digestible energy : basd on 4 5kcal/g protein, 8kcal/g lipid,
2. 8kcal /g NFE

‘E/P ratio : Energy(kcal/kg)/Protein{%)
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= 35.05%=% 5:5MPR Mt thd w2E& uEhlch 2w gk o)g)
WelE EEuigatee vl go]l FUMYS4E A Flske AL Rty
OlAYH T2V 2hyAsleie] WU FYS B AL YARUY 2
TEEHl AR Fohuge] YSFE £EEYS FA LY U
Atge] W2 zehyagzia Eduigage] F9 zchgagiate] Aalge)
ula] 29 o] ol EuigtAlE ul o] FIIUSLE zuhyA ko] F}
¢ oz wckhch ey ginignle Fe Buuigalze dotex B
oI AlE ©EPRcl W 2ehdAdarg B AL ARARA] o
AR vlg g Eo] BRI VA3 TYHA Rt dalE @57} v
St zehad $g Bl Ao vivtdch Zx|W ¢S HYis vER
o4 13.69%& urtlen 9:17& 17.56%2 71 &2 %e Uehdon
(P<0.05) EEuigrtae] vlgo] F71g4E S tay ¥ 224 ¢
ol wiel B} AP oL) 5:57 = 13.13%2 T:ILETUIE tih L& 2
A garg vebdict (PX0.05). ZEHELS FUAEURSIEA 11.50%2 714
23S veldoz Ehiasy ulgo]l FYSLE Euuigame
ZEE g ¥ wol Fa F78te F¥E BAT) (P0.05)

ARG E g AF5TBel oM §F5FAAM W& 2hyAstg B
S AR ©EFI} 59.22% 2 EUALRTETY] 60.94%0] olo] mjg &2
whad ¥erg uetden Buwigalge] vl go]l FIlE4E Eodujgal
o w2 2P 3] AFPAAE 5% npANAER Algy
chald ko] Fx Fkske ZA¥S RAch. AFHY 2AY o] ol
ol HAlE TGEFIL 40.46%2 71 & %S vehiden Euuigal
2ol H7mZt F7ige] wiel FxP Zaste FRS BIoy s5iMpRE
6: 4P RT} HFF ol nfHrlAR ik S ZAYW YFE Uehuic
(P>0.05). ¥, RAYELY] B¢ 8:2MPFE J|ELE Eule] wlE =

Pu

PN

rl
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u. Zdgaz

105:2te] A¥ Z3p: Table 3.0] Uehfigicl. B AFS AE 7444
48g i dd 2ol H¥ FuAjol: 87.5g ~164.5g 74A] iyt 4% Az
£ »orh

BRES 8:277) 241.8%2 7MY $& 4FE HALen 9117, 7:3F, 6:4
T+, 557 197.6%~224.2%% 8:278t 2 Ao|F Holx] gigton}
(P>0.05) EP FAAEITE 82.7%F AHASAAM W& AAES uvepyc
(P€0.05).

ARE g SlojMe BT AR nlgo] FIHe] ulel 57.5%0A 90.5%
742 Bab F71ste Z¥E Ryon EP RAARTFOA 90.5%2 7MY &
AREES VAR Aarget SUviaRe vl &E AN E 5:57 7
89. 7% % EPFAALEFO] olo] £2 A8EEE LEhRch

A7t A}E Mol oM 9:1177 2.92%E I woton EP BAMALE 72U}
1.08%2 713 wgtrh. e 9117 A S5 &AM e 8:279 1.82%,
7:37-2] 1.76%0l ]3] tiA M 23R (PX0.05) ol Al®R FolAl Als
WEEY §&oly gy el woldzle] n4lcle] glrtn AztsEo
ol& Qs) tiE HI&E HIlFol us dAEOIY AMREEANME M2
Re g &M DYAARELAANE HARUEFoA 2,988 1Y &
A Uetded thge 2 7:377} 2,972 FAIRTE L olo] & A e
th A7 A HAEME FMARUEFI 0.84%2 71 koo
AR v go] FNUSFF ez Fashe FVE vetdor} 823
oM 0.68%Z 5:5729 0.69%2} Ao u]%3 ARE Uellsd ol A8
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Aol wAdAed ZAg Aoz kgl dBAAAHZ AAAE
Atz A A ol Fuidtel] wel EotHon A HHZo| dojAE o9
o2 AA #gge]l dad FHAlasYEFe EPFAAAIRIIE 66.02%,
76.67%2 o}F A Uelutth (P<0.05). Atgu olyx] #are AR}
199.7 kcal/kgo 2 7H% W& oux] #3& uUehdon EPFAALE RV}
335.9 kecal/kge 2 713 & A uelkted &% A8 ulgo] F/ESLE A}
24y ovz] ¥F¥= Ax Fristalch

BARCHEF} 9:1, Si2MPFE b o frlojTtollM FHA de] o]
2 9 EYulolnt. £ AE A3 ZARUSFY F¢ W3 gA gk
Uz gate g dagol A F713t BAR &5 FolAle Az F9 &
IsiA waoke] AlRE Eulslol tEEA AT UY HolA thE MPAE
FrEcl 2 &3E 202 udEn YR, ZARUY 2 AYEPes
3t oAl ©E& g Aol FARDEA gl FAAI ¢l
(NRC, 1983: Lee et al., 1993b: Page and Andrews, 1973).

9:IMPZ 9] Z ¢ BAlERtEFET & duA €z 73 8:2MPF
o tEo] JAFAA tih AT ARFEO] rti: HRIYEH ol
B2 AR go] g% ARRHE A3 AR WAL 53,
g B 2W2 ZAAUDR $F FejolAd AEY AJE HEstd ¢
A FEgeol BHo] EsA AE3] Foldte AERFHEES Hoy £4
o} 9P B9 2 A¥oel glolAq AEFHAHS H4H staxt YAgE
278 72T BEUARs EgAzsie ¢l WF WA Foldlde
Bo] e Eele QA4S BAon ARFolA AYI ARE Aolst]
3] chRE ABAAME AR AN EH2R A3 AEfAe]l U
A BARRETHET} AAREEAA tid A2 ZoE At} oy

ARFALS AAAA e oz} AU Y 2EE NFAAAR
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Table 2. Performance of flounder fed the experimental diets for 10-week

Diet no. 1 2 3 4 5 6 7 8
Av. body
weight(g)

Initial 48.0 48.0 48.1 48.1 48.1 48.0 47.9 47.9

Final 141.8% 145.7%° 164.5° 155.8° 143.1°° 146.1™ 124.8° 87.5°

Number of

. 55 55 55 55 55 55 55 55
fish
Total weight
o8’ VEIBN 5161.2° 5377.0° 6398,8° 5926.8° 5224.6° 5394.7° 4229.9' 2179.2°
gain{(g)
w
Total feed o gg50° 9345° 9381° 7402° 6186° 6011°  6021° 2407
consumption ;
() v 2927°  4524°  4762° 3885° 3925°  4115° 3911° 2264
Yy
G th
rovth 195.6° 203.8° 241.8° 224.2° 197.6° 204.5° 160.7° 82.7°
rate{%)
Daily weight
ATy NEUBNL 165 1.68™ 1.82° 1.76™ 1.66™ 1.69® 1.49° 0,98°
gain{9%)
w
Fed e 59.7° 57.5° 68.2" 80.1™ 84.5° 89.7% 70,3 90,58
efficiency t
(%)3 d 1O ar vet
r 176.3° 118.9% 134.4™ 152.6™ 133.1" 130.7°'% 108,2° 96.3°
Y
il d
Daily feed =) Jom 5 g2° 2.67° 2,20 1.96% 1.88ce 2.11° 1.08'
intake{%)

'Growth rate : (Final body wt. - Initial body wt.)/(Initial body wt.) X100

Daily weight gain : (Feed intakeX100)/[(Initial body wt.+Final body
wt, )/2] Xdays fed

‘Feed efficiency : (Fish weight gainX100)/ Total feed intake

‘Daily feed intake : (Feed intakeX100)/[(Initial body wt.+Final body

wt. }/2] Xdays fed
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Table 3. Availability of experimental diets for 10-week feeding trial

Diet no.

1 2 3 4 5 6 7 8

Total

8650° 9345° 9381° 7402° 6186° 6011° 6021° 2407
feed intake(g)

Total

1733% 1862° 2341° 1994° 2096 2207° 2383 1119°
protein intake(g)

Protein
2.98° 2.83" 2.73" 2.97" 2.49° 2.44° 1.78° 1.95°
efficiency ratio!

Daily
protein 0.55% 0.58™ 0.68% 0.59* 0.66* 0.69*° 0.84* 0.50°

intake(9%)?

Retention
6.13° -0.23° 4.37* 7.20° 8.66° 7.70° 8.31° 22.06°
of protein(%)®

Total
1184* 1641° 1529 960° 705 789 199 165°
lipid intake(g)

Daily
0.38° 0.51® 0.44> 0.29°" 0.22* 0.25**' 0,07* 0,07"
lipid intake(%)?

Retention
34,18 21.21°22.09°™ 30.09° 38.85° 25.92°° 66.02° 76.67°
of lipid(%)®

'Protein efficiency ratio : Body wt. gain(g)/protein intake

’Daily protein, lipid intake : [Feed(or Protein, or lipid)intakex100]

[(Initial body wt.+Final body wt,)/2] Xdays fed
%protein, lipid retention : [Protein{or lipid)gainX100]/protein(or

lipid) intake
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dntdo g ZtFPule o] Aol Zelxlo] FHFo] FriHL} B4l

2 UETS 1, 8P ZFE ABUY B AYYLLE A ol
Ao AW AoE VYHEY oAl B APPIo] o] F AwRVT
I g4 QA TaPR ASE 8iPRo] olo] & 4B Rgow

il 5358, Y o] §EE FAMNE &2 US UEIIE Extolel
BFPJHE JAR:EUuSE AYTF MY W2 & UEho A 53
o] Tt Aol wla] A dojuhA] Ud Aoz MUetE D vtz A=
11002 713 &2 & o FNHA P4 o]&80] FFH2Z o]Fo
A ez sidgcl 53], Euuidaze gRo] FrishEA ¥ A
PrEo] oluz] gatol FristAoU 7:37E BARUEFE HAF B4
ot FUAE HSY AEFES M W2 duAUTE LU oA/
@iy b= 8.8% UEh o]t o Uit C/PH| Y] FFol T2 o

5:5MPF& B WM FlAA] doken AREEME &2 US 2
do2H £ oE&&E ushdlen oy AYEHE HIUASEY ozl
£ AAgd gl uls) Woked ole Atgu oy ¥

=
ol Mlad &ot7] WlELE wchdch

AP} FEFY HolN I ZESHEAAN AF38], URED
v], ¥t e &P FAE Table 4, 50 vehjglcth.  HojAl +ETA dlo
Ae AEA 77.31%deu AEFEAde AA AP TAM  66.25%~

73.09%8 BF ZAste Z¥E Ustdded 23 7:337 713 & £
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Table 4, Proximate analysis of whole body of flounder after 10-week

feeding trial(%)

Diet no,

Initial 1 2 3 4 5 6 7 8

Moisture 77.31° 69.75° 71.95* 69.70 66.25° 71.57" 72,11% 72.68" 73.08™

Crude

15.29° 17.22" 15.21™ 17.15™ 17.90% 18.59° 18.38™ 18.89™ 19.78™
protein
Crude

0.89° §.25 7.22° 7.03° 6.14° 587" 4.63° 3.28° 3,19
lipid
Crude

4, 58° 3.54° 3.22° 3.40™° 3,40 3.81%” 3.69* 3.71™ 3.76
ash

Farg vepicl,  zebgAgad Aol A8 AAAl 15.29%H e A
QE Rl 9:1MPTY 15.21%S AYsT BF F7ists FPL Bty
9:1MPRE AbE Al W2 v ey AR FojA] €2 ARl o
QR GAR olojx FEY JYES FTIURA RUL o] 2ehuAFY

#ste] fldew wighdct

Hold AW ko] Yol ATAAAEL 0.80%2 B mA AL
Harh, A¥ ZEAHE 3.19~8.25%% RE AB TN FI8ts AYS
Uehith, B8], MARTE 82 YA 2Uam ulew ¥rFeld

L QAR ulgo] F/USLE AAEY w2 AUYFLE HoN =AY
gare Z7bstE A8S Vehidch ZUEE HEAAAY 4.58%Rct B
T Zaste 3.22~3.81%E AETY RFAFHA AEe Holx] sl
(P>0.05).

AEERFY 3 PuloAe o2 PAR HEo] £EFF T
7t A Uetxten oloytyl yAFFule w2 FE Urhdch ol A4

flo

- 118 -



A

o] o] L3 ouxid oz HEHA R3ta Ayger
AP Zes dtr =g Aol FEY 2 ZAYYUPo] ol & St
ch &4 ok e wiRkEe] oM 7:3, 6:4F7} tiE o] vl tf
2 A uUetgen Mazzsl 0.94%2 sHF we 711e Uehidsy
(P>0.05) ol Atgul W2 hfusiarat w2 oux] dFes FIEY B

T FHo| o] Folxx] IgtIE U4t

fu
=
lo
52
(o
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N

(N

S5Table 5. Hepatosomatic index(HSI), visceralsomatic index (VSI),
condition factdr(CF) of flounder fed the experimental diets

for 9-week

Diet no.

1 2 3 4 5 6 7 8

HSI(%)' 1.67*° 1.6%° 1.76° 1.53® 1.60* 1.68° 1.12° 1.30°
VSI(%)* 5.49™ 5.05°% 4,75 4.26™ 4.20°° 4.47*° 3.63' 4.,67°

CF? 1.05° 1.03° 1.06° 1.10° 1.09° 1.03° 1.01° 0,94°

'Hepatosomatic index(%) : liver wt. X100/body wt.
%Yisceralsomatic index(9%):(visceral wt.+liver wt.)X100/body wt.

*Condition factor : (body wt./total length3) X100

B AEAY AAEdEIE v SR SEuidARe Z3ued
AR FAME ANHQ AN E S Ao]E Holx]| oo} Agd&d
oM EHALRE&o] F7ETE w2 US Boden odyx e FIt
2 AlmA 2 Bo] Zayel ol AR E S ARSI AR T B
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feeding trial
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Fig 2. Result of feed efficiency fed the experimental diets for

10-week feeding trial
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el o A "ol FAAA FoA vfe 4 oz puiw
th 53], BAEDETF 9:1, 8:2F9 FLE ARRAUE A ARHALY
g wdes AYd, dolR xted, F2UALFTY 87 o] oy
M2 do® xA|stoiol ¥ ez Hold 7:3, 6:4, 5:5MPFE FHoE
AR 3 WEolU A 1 FolM 478 ZA(E BEUE AR Ad
THE U4 Wio] gie] I wigns &S At AgIlojol ¥ Rew
kgt EIF MPALR S HAER o ey Y FHE T guw v
BALS BAsta A= oux§Po] o AR AL wjEE J15H
THLEE Tolo} YA T YIHER 4% WPALRY A3 oyx|/gt
WA ule] FPo] Slujeiol & Ao B
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A 2 A HFMP A127dS 18 P oY=/
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X
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BolAEWY (W) ALY VEE ASHE PRARE 29 of o]
%2 A8H7) UEel 7do]l BT FUUNT ASHL HAR I 43
o9 2393 AGel 4 sAe 5, AF L 8B Fue Ao} S
A ol7t7 BE old e AL ol Lske o] iR HEH o] go] A
NPTy

olfel BEI} ARolE We APLst U Washt 1% T
RS 4T A4 22T UL JVE YYD gdow A IR
22 wdo] Axste W&ol WS wrh TSl siatel AR AP
so AEET} GNA 7ol BE Bulohzl UHUYLE sty ol
of 1857 TRl HAL WM o] 8L Amu] Bl WS Fositin
g4 grh. B8 Az oluA BBl UT wow oAue wyUe) &
5ol UAUSE SATe] ol SHEEN WA o] Yol A2E
o gmALe] we WA sl ARAZ W8 S/ Aol Eolx
A Bk oldw 2ske wuAe WLERE el uNYeE FT d7
Hol & e UrE AP VLREBY P A g¥ Rolur
(Beamish and Medland, 1986: De silva et al., 1991: Degani and Viola,
1987).

S, NS qUAPoEA TULU BERE Bt oy 7Est Fot
Herare dzlol mhe el VUAE BUUS e B opieh X8y
wetdlel AYA 4TS She 308 gPaolth AU, aEe oyt
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ZHUR godd HA 3o oy 444 oA, dfotuldt, njyyd
252 37t By es Fo] ZFo] AL A2 o iz]71 oo |
AR H3Eo AF 7IxE A3} AlZItt (NRC 1983: Lee et al., 1993b: Page
and Andrews, 1973). EZ, AL=u] ofuxl/chd uje] Frto]l ulel =y
of ™A ujMd o] %78ty (Jayaran and Beamish, 1992: Kim and Jin,
1995: Kim et al., 1996) H}EF uxlE 4 EY F2t= /1A o F
o dRE A ez eyt wEly, i &S FUhe ¥4
FAole] FHL B AR £ 2E& 230317 HMAE AR AzA
o x]/ e uj7} AF3HA e ojof gl

v AES YAE RolA2EMA (M) AlEe AP A HFJES F9Ysty]
218t MP Atz A S AR AEUlste] ouyAl /el ulE 23T A
¥ AR E Azt YA B, AEEE, W oA HE 24 Wi o)X

fr
of,
o%
tlo
P
>,
o
32
0

2. s 99y

7b. Agol ¢ A

Aol AMelds: REF AFEo] AT PoljF 2T HE YoliE £4
3lol 2ton FRP$Zoll 0.T.C 100 ppn 22 ¢}&%F $£&3lort. HE 13:
AY A7]9] EP Alge] vlEIR (F, ¥F) & FAs} Agsdon o3
5 A" Fol moist pellet (AR B LA}E=5:5) A}.ﬁ.é 4370 ofjn] A}
5% 3717 28 AL st HEAR AHgIAL

Agole] BFAFS 31.410.7 g olglen 2200 JP=29} 3200 Az
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2ol 2zt 30u¥ 24ty B2 £83le §F L AAFHEE AL
422z} Ay 4zolct 58 /min 22 RASIE oD 2EY N4 FIFE
glsted 2zt zujth oloj2 B HAstdTh. AM% 7[FY 22 19.5~
22.3C gdeon A8 FTFL 1¢ 25 (8:00, 17:00) & ipo] o] 7iztA

&£o02 WA Frct

U Agas

AARE D50 g5} 2Hojet A YA A& EUANE (F. FE
vdelol) & 5:52¢ MPALR AT, EEE AFYLEHN off (5. olH
f2) & Zz 3%, 6%, 9%, 12%7tx] EIIY MPALR AEFE HA3HA o]
E 985S & EYUEFT poist pellet AZRINE GBHE st Azd
g2 ouxl/tyd ulE PAE HEE AMSE 2Fold AAUP] S
BAZ ths &2 8.7~11.8 U ZE o HiLY F7tol ulet F7stsdct

c}. AAANFA

Ago] &3S A¥ MAF 3F, 65, 8Fo] I 4H F2 +8d AE
olE 24A|7 AAIE MS~222 100ppm o2 mpA|A AN EAE A8ty
Tl AEA HdgolF FAHE 100]E &3l ol FEEHELE ALE
steich. AE FEF ZFE, ARRE, dTEHE, 4 AR MHolE&sS
zapstd o Aoy Yt £4S Sl 4 AEIT Sujy e Fee
F23to JBEU(-45C)3tAT]
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gt 238 &3

2 Ayol QojM £3& FF L AS Yol BF EYF 24T AE
E HAAY g E48o2 AEND E2 M¥E LR Table 2.0
vrehd uhel Zo] A AEES AREAR st WA £3EE 53317 9
sted 43hg AR R4 wel 438 FF ARE ARt Feldtddrh
Atz Fole 149 23 wEo A Folstdon FAAAHA Folet Aol #F
£ 37} AR 3Y FRE AR Fo] 1A% Fol FoEA A¥ol F4
Folol E TEEES GA &1t 2 Aui] upste] £& 3
T AL 1747 AEstden £39 £ SetaE AE¥ (100me) o
Yol -25C o] WEile] RAsic £MA Selo] o8 110T oA 24X R E

452 283 AAQLT 7 P20l YU HES BNstel olulst Be A
o

( I At25 2] Cri0s(%) «r-%«} G A(%)
59 Cra0(%) *}i‘%‘—‘ﬂ%“’c} (%)

Ago] A8¥ A¥AE, €5 %2 ¢ oAy FE2 FUrtEd=
¥, 2ehAde Kjeldahl AR (NX6.25), AP Soxhlet FEY
(ether &%), ZHEL AAYIPYPo2 zt7t FA3tdrt (A0AC, 1984).
At3}3 82 Purukawa and Tsukahara(1966)2] ol ubel &4 stgrch.

vt $AA €
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BE 2§ E Student’s t-testE A5t 95%2] BAH {AAH S HAA

e

3. A3 ¢ 3

7h A€

APARY 2o o} GUIEE A 2 oyAu, ey=ly
ol Wl E Table 1.of Uehiglth AR 2] wtE ¢EEUF ] oM
AAE I} 63.04%% JHE 2 £¥ ¥¥E vehled XA Higk
ol Zrigte] utel 23¥ LA ZYS veiwion zuhy gake] 9o
Ae AR @527 $F530 AdolA 17.23%2 Mg o2 @S Hdoy
AF%ol Aol AA 6%l FI/EE Hrl the £& 2udd #S
vetion Aa A7pEe] deldE §F¥N FY EF A AT
714 E zuwd g3do] 23Y P4t Z¥E veidch olM¥ A
3 2T gl EuujgaAls v 8o] 5:58 FUgols Bsin XA
Jhede] izl EEH 2hYA Yol B AP AL AW H o) ute}
z ol Azl F71sto oo wlHstd £E3 2wy 3ol 234
zZasidt. zIE gPo] oM BAE TWHEFOA 2.85%2 Y U
S e uveiWen umz] 4o E 2ot EUulygAlE ulgo] 2
< TAZ ExfolE HolA] ¢dlrh

AR Ftast oyA #ate] gdojMe BAE TEFIL 202.9 ki/kg
o2 71 W g viehd U, oy vl AR &7}
oux] kst dclE 11,88 7HE & 4S Ul 493 Q E38S
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Table 1. Compotion of experimental diets for flounder{3%)

. Diet no. ’
Ingredients 1 3 3 7 5 6
Commercial compound
- 50 50 50 50 50
meal’
Frozen raw
100 50 50 50 50 50
fish{mackerel) '
Squid liver oil® - - 3 6 9 12
E/P ratio’ 11.8 8.7 8.9 10.1 10.3 11.0
Nutrients composition in wet matter ( dry matter )
Moisture 63.04° 31.28° 30.69° 30.05° 28.94° 27.08°
17.23* 32.94° 33.13° 31.20° 31.58° 31.18°
Crude protein
(46.62) (47.93) (47.80) (44.60) (44.44) (42.76)
15,02 11.81° 13.34™ 17.05° 18.48“ 21.14°
Crude lipid
(40.64) (17.19) (19.25) (24.37) (26.01) (28.99)
2.85° 8.70° 9.07° 8.22° 8.42° 8.46°
Crude ash
(7.71) (12.66) (13.09) (11.75) (11.85) (11.60)
NFE* 1.86° 15.27° 13.77"° 13.48° 12.58° 12.14°
DE(kﬁlkg)s 202.9° 285.5° 294.4> 314.5™ 325.2° 343.4°

'Provided by Purina Korea Feeds company

“Used lhwa yuji company products

*energy(kcal /kg)/Protein(%) ratio

NFE

: basd on 4.5kcal/g protein, 8kcal/g

lipid, 2.8kcal/g NFE

Nitrogen free extract [ 100 - (Moisture + Crude protein + Crude

lipid + Crude ash)]

Dlgestible energy : basd on 4.5 kcal/g protein, 8 kcal/g lipid,

2.8 kcal/g NFE
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Hdon o] {FHIRoME oy 33} nfA7IX 2 o] {FHIIge] F1%
of wje} 8.7~ 11.071x] ©tAIH o F-7}sidct.

18 MR

Yxg Rol2EM Atz A ouzl/chga vl E XA 93 Als
W AAE GAEE HIIRE MPALREE A3t 87 AYY A FF NF
2 65.3g~85.8g 7t A Aslstt.  Table 2.0 UER vlS} o] HAEo
AoAME 111.9%~172.7%2 U]/t w7t F71d+-F Fa it
g& Boch A7 FF8o doiMe FARUSETe A EH I
lojME 1.50%% & A(E uvepony AR QlolME oz,

B3 w7} FHESE 1.64~1.93%712] F7iste ZA¥S 24ch ARE

oﬁi

;o

r(’(

o dlojM e 67.5%~71.7%% A E FiFLoe & AolE Eolx] U
th AR A M E ouA] ol JHR Wi Haw dEF
7} 3.26%2 M &L %S uvetWon A HiFME Uz gado
37t &5 d7 AR HALE Sl BYE Rk 47y 43
ol dolAE Atgu WA o] P WD FARTLHFFAA 0.56%
2 718 9A detwch  Ex1AdA2 4 A"AGANFS A2 Foigol
ENEFE EolAle ZHS Ustdon PAlE ©EZY ZFe 4% AF A
zaro] A 9%H 79 vlx¥ £X& vetdch. 2y AAFH G A
oA A Hrigko]l FUU4SE L4 ZYE Ueidied dAaswER
o] ZAe AT AFFAZl A 9%FIER HiRIAZAE S
-2.12%E Jeldied ol AlEu) S A o] WE Al2u W o
Uz gatoe ojfe] ¥Eat tia 2ol glojA A Wo] ouyAdos cf

B 2450l 22FASE A ARt sjitol e WA o3 HE =
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Table 2. Performance of

feeding trial

flounder fed the experimental diets for 8-week

Diet no, 1 2 3 4 5 6
Av. body weight(g)
Inital 30.7 31.1 32.1 31.4 31.2 31.5
Final 65.3° 66.0° 73.5" 76.0™° 84.0" 85.8°
Number of fish 30 30 30 30 30 30

Total weight gain{g)

Total feed

consumption{g)

Growth rate{%)’

Daily weight gain{%)‘

Feed wet

efficiency(%)?
dry

Daily feed intake(%)*

1037.9" 1044.9° 1242.7° 1337.3°*1585.6° 1630. 3°

2257°

112.6°

1.50%

46.0°

124.4°

3.26°

1547°

111.9°

1.50°

67.5°

98.3"

2.21%

1733° 1869° 2252° 23a52°

129.2 141.9™° 169.7° 172.7°

1.64> 1.73* 1.91° 1.93°

71.7° 71.6° 70.4° 69.3°

103.5° 102.3° 99.1° 95.1°

2.28™ 2,42 2.72° 2.79°

'Growth rate : (Final body wt. - Initial body wt.)/{Initial body wt.) X100

Daily weight gain : (Feed intakeXx100)/[(Initial body wt.+Final body

wt, )/2] Xdays fed

Feed efficiency : (Fish weight gainX100)/ Total feed intake

‘Daily feed intake : (Feed intakeXx100)/[(Initial body wt.+Final body

wt. )/72] Xdays fed
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Table 3. Availability of experimental diets for 8-week feeding trial

Diet no. 1 2 3 4 5 6

Total feed intake{g) 2257°  1547° 1733° 1869° 2252° 2352°

Total protein intake(g) 389° 510° 574> 583" 711° 733

Protrin efficiency

2.67° 2.05° 2.18° 2.29° 2.23° 2.22°
r‘a‘.:iox
Daily protein intake(%)‘ 0.56° 0.73* 0.75" 0.75" 0.86 0.87°

Total lipid intake(g) 339° 183° 231° 319° 416" 497°

Daily lipid intake(%)*  0.49™ 0.26° 0.30* 0.41" 0.50® 0.59°

Retention of lipid(%)® -2.12° 12.95° 44,16° 24.27° 25.02° 21.30°

'Protein efficiency ratio : Body wt. gain{g)/protein intake

*Daily protein, lipid intake : [Feed(or Protein, or lipid)intake X100}

[(Initial body wt.+Final body wt. )/2] Xdays fed]
*Protein, lipid retention : [Protein{or lipid)gainx100]/protein(or

lipid) intake
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B Ee 40%(Lee et al., 1993b), wof, HE W Yx|& 55%(Takeda et.,
1975: Yone, 1976) © & X3S0} glon} & Alde] A2H Alge] HS Atz
W He £F g¥es d3 oA o] Aaxden gy A ¥y
o] F71dell wel AREES vkt oLt ABMAHE, YAEF S
AL A Ftaztg udsch #FEY FS A 4FE AT ARY o
Wz 3ekS 4,000 kcal/kgl. & R 31 (Takeuchi et al., 1991) 3t32 ¢lov}
£ 43 B olFol = E 3h satold g ZIUS B¢ H¥o A
48 A2 Hu) ofuz] o] yt2 whd o =w <3| 3343 keal/kg
o2 T #AlFY HBE, Yol o] MY (Takeuchi et al., 1991:
Shiemeno et al., 1996) 2} w]m3jd W& ofuix] & vietulc).

th AP E

oA & 24 W3tE Table 4.0f Ltehfddch. AYA ojxe +§ ¥
B 713.9%4 o0 AEFEFE A 3%Y7IFolA 68.18%2 2F WA U
Eigton ohE AEFES & zlol& Rolx] sl

ojaje] zxhwA e AUA 17.9%P U AE FRFe 2 3o =gt
W2 ke 15.8%~16.5%% ¢ astach

olAle] Fxy TS AEA 3.8%YUd W AE FEA A 12%¥ 7
L 7.3%2 1% & $x2 uelygdch Table 5.6] UEld A¥ 2g®
o] o] =AW ¥Fol doMxE XA HIFF (9%, 12%) 7t 39.83%2}
43.31%2 thE A¥ 7ol sl &A Vel oA Ay Y 6y 3
g vetdch o] 3 AL AR A Y A o=
ks e At oluz] ¥ At ¥A AyA] o] &&o] FEUA
249 Aog gl

b
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Fig 1. Result of growth rate fed the experimental diets for 8-week

feeding trial
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Fig 2. Result of feed efficiency fed the experimental diets for

8-week feeding trial
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Table 4. Chemical composition of whole body after 8-

week feeding trial (%)

Diet no.
Initial 1 2 3 4 5 6
Moisture 73.92° 74.31° 71.56° 68.18° 71.84° 72.45° 72.41°
Crude protein 17.92* 16.25° 16.20° 16.52° 16.48™ 15.80° 15.89°
Crude lipid 3.77° 3.53° 4,56 7.17° 6.35° 7.24° 7.30°
Crude ash 3.64 3.27° 3.65 3,53 3.57*° 3.28° 3.74°

Table 5. The contents of lipid in liver of flounder fed the experimental

diets for 8-week(%)

Biet no.
1 2 3 4 5 6
Moisture 51.74° 63.79° 46.61°  45,97° 39.12° 40.64'
21.42° 24.09° 34.31° 34.75° 39, 83° 43.31'
Crude lipid
(44.38)" (66.53) (64,26) (64.32) (65.32) (72.96)

Y(dry matter)
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Table 6. Hepatosomatic index(HS1), visceralsomatic inde(VSI), condition
factor{CF), hematocrit(Ht), hemoglo bin(Hb) of flounder fed

the experimenter diets for 8-week

Diet no,
1 2 3 4 5 6
HSI{%)"' 1.19° 1.47° 1.65°  2.08° 2.10° 1.88°
VSI(%)* 4.44% 4.51* 4.33° 5.37° 4,96 4.51°
CF* 0.89° 0.98° 0.96° 1.00° 0. 88" 0.84°
Ht(%) 22.4° 24.2° 20. 8° 27.8" 26.8° 26.7°

Hb(g/dl) 3.64° 3.57° 3.53° 3.79° 3.67° 4.34°

lHepeﬂ:ascmatic index{%) : liver wt. X100/body wt,
%yisceralsomatic index(%) : {(visceral wt.+liver wt.)X100/body wt.

3condition factor : (body wt./total length3) X100

Table 6.of Uteld ZtE#ulo] Qloixe ALY oUzl/ehyd w7t F7id
45 EolxItizt A A 9%F TN 2.10%2 H2E Ueldlen] AW 12%
Bl E 1.88%E2 ZAdtE Z¥S Uehlch WA FFule] dodME
AR 6%¥7/AE7 MR Bon 3 thgol AW 6%¥IFE Urlkted U
o] APTE 4,44~4.51%F vl vigtxoME A 6%E It
74 e e ueldon Ad 9%, 12%E7tFoME 0.88~0.898 clE
Ao vl3) tix ¥ £ & vetuich HolEISNEGME AW 6%H
7477t 27.8%2 1R B2 & Bo 2EYu], UASI, ¥ivEFH o
o] &2 & Yehdion FRIZYUFLS AW 12%H7rolA 4.34 g/de
2 g ue g vetden A e%E e 3.79 g/dt E A 12%3H 7}

Fof olo] @ & ueiuich

2

o
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gh. £38 A% 28 2 38
ol foll dlojA Atz B4 ol&E&S FUIste WHE MIF V2

B Ee shirt Alzd 4G4 42588 FHsE Zolvh. 43ed &3
Eesd

e 7 das] o]88S EPslel AR A=A olo] YPE Y2 Y
At we ol FAPY ARE AT £V FS a2 Y4 UES
ste Zolth,

ool Qata A3g 23 whels RE WA A= U]
Y B$ APl S chambers] +§3to] HolF FIslojol S22 ofof
ME AYolel 2EHAZ ) oel ALL WS AVHoH EY, ol
g 273 Whols SHY PA7F YRHEEZ olo] WE AAHLEL
e A 23g YL 27} HAYLS AREAL AU Arleto
AREYL BN BN 2388 ZWsE PYLE ofF ofFol ol 3
2xlo] AlRE = uvolr]l (Nose, 1960 a,b: Hasting, 1969: Hajen et al.,
1993 a,b: Smith and Lovell, 1971, 1973:;: Windell et al., 1978 Z %,

1996; o, 1997). o]& ¥ %FA 438 FHFYPYLR & FAUSIE Y=
1) 445 ol &3te i, 2) ¥ FHE =3A 22 #hie ¥4, 3)
2& AASHE By, 4) Aol wdE & siphoondts WY, 5) ¥E

Heolel & F{lst= Wy (Smith, 1971: Cho and Slinger, 1979: Cho et
al., 1982: Choubert et al., 1982: Cho and Kaushik, 1985, 1990) Ho] 9l
on o3 E4AWEE ol€3le] £3&E FHSE Wl JMF dz] AHEH
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Table 7. Composition of test diets for apparent digestibility (%)

Diet no,
Ingredients

1 2 3 4 5 6
Commercial compound

- 48.5 48 46.5 45 43.5
meal’
Frozen raw

90 49.5 48 46.5 45 43.5
fish{mackerel)
Squid liver oil® - - 3 6 g 12
Cr;04 0.5 0.5 0.5 0.5 0.5 0.5
c.M.c’ 9.5 0.5 0.5 0.5 0.5 0.5

Nutrients coumposition in wet matter { dry matter )

Moisture 50.35* 35.20° 30.91° 2898

16.54* 33.11° 32.72° 31.74°
Crude protein

(33.31) (48.13) (47.36) (44.69)

17.63° 12.38° 13.59° 16.78°
Crude lipid
(35.51) (17.99) (19.67) (23.63)

4.62° g.53° 9.37° 8.93°
Crude ash

(9.31) (13.85) (13.56) (12.57)

27.38% 25.29°

29,95° 29.97°
(41.24) (40.12)
20.71° 23.93°
(28.52) (32.03)
8.74° 8.72°
(12.04) (11.67)

'Provided by Purina Korea feeds company

*Ihwa yuji company products

3C.M.C : Carboxymethyl cellulose (Junsei Chemical Co
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ehiiglch. 438 Alg AzA AZEHRS AHIES AHEstden o Hot
B2 0.5%% 3tglen CM.CE 0.5% Avistdct. BAswse] ZF9 a3}
AF A7t oy 2orlz BNy FFAE CMCE 8.5% A/ ohd
AP A ES Auislded ol2 Us) AUYARY FL AEE UL T
o8 A2 hE 43g AR AZRE YU 7[EL 2 ARF Halge}
Edeiiarge] vl 5:58 BUsht AlRel HFuisEle izt Byl
gatge 2 ABAE, CM.C, oF H712 43 cha 74

423 Al HEEY A +E P Aol HalE w5 B
50.35%% 713 &< & UEIEoU CMC HBIIE A3 ASAE Alse)
FEUE 63.04%H Tt Yol ZaAen Unx] APRFEME A2t F
g REou & xolE RHolxlE: ggith. 2xhgA o] ojMdE A
B7rgol o1kl utel 47 Fotste BUE R AEFL E Kol
g HolA:= sttt AAg ©EFY ZS CMC VIR £E ¥¥Y 24
ot @A ALRA A HIlEle ARy pAE AFFo] ol AgAHY
g9l 44.62%HT ] ZhA3 33.31%E RAow A ko] watw
ol f 9%, 12%AET] FeE A Yol tix @2 FAZ & ¥
7 z2ebyd ¥ (dFH) o] 4T LAste 3
S AARTELE CMC 72 ASHEAE ¥R 3T Zasigde
o Uojx] AEIELS WY JE0E 2318 A8 E AR BAZ ASAY

AR 22y YFHT} 4t Fobstes B¥E EArh

F& oot =AY A

of. &3&
238 Alge @A 2P 438 A4 ZAAE Table 8.0 Vel
th §35% 9UE a8 o= BAR IdHTFI} 3B.07%E 1R Wk
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o A H7lFoME AH 6%ANTI 41.31%2 FAg ©BER e
2 W2 2388 HAon AFY 438 YoM HAEIL 64.49%2
713 A Uetd 3% 42583 i @48 2den AA 6%H I
Me BFY 2380 dolMxE 7 ¥ e Bgou ¥ e 2 %
ol & Holx& ¢kalrt.

FTY AW AL YARUELIL 93.48%2 MY S UL Roey
A A FrrFol e A3 Hotero] Sl ubel A¥pgo] Bx Zasierl.
A5 £380 oM WANRLER M & 4HEL Urldion
TF 4383 npAVAE A A HiPge] FtEe] wel 43bgo] Bxa 2
et

oI 7Y dPL AHZE oFolut &, AEUEY FF Tl uie} xo
€ uehin &3 Yol utetdE o8 shx] xe]& vlebdcl ( NRC, 1983
Smith, 1989). & A EY ZA§ vy AL 57.51~64.49% (AF L)
)2 chE sfade] ofFY A 43g3 ulas BE, {34 B
94%(Spyridakis et al., 1989), & 86% (Furuichi and Yone, 1982), Zu]
3 90% (o]%, 1993) 2} ujzsfr] of$ W2 i 4338 By
ol & AYe S HAEARI WwHelZ Azxo] AMgH whE e} Mg
2 o2 HelE 713" oA g FAANE Yel2 A 2st] AP AHg

B o
11

Ol
du 32

B Adgelae] Aue 4382 96.54~72.18% (AEH 71F) 2 23 2
7tgol F7igtel wet Fa Zastaded ol fYAr 5ol 97%(Spyridakis
et al., 1989), tirle} ci# 98% (Lie et al., 1988), &I &g} 94% (o]

T, 1995) B BAlg 5T Zf 96.54%% o9} uiRy L3S L B

U 21d driske] SrtAels A 45go] HA ZALsiych 2y, A
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A% TR AL XA Yol 17.63%E AT HLolE EF3tn €}
AETE} 2 £3Fo] AW AL AEY W oy sk Aol
dUzRe R glo] FHUHERZA AL F4E ENUY Aoz 3] Act,

Table 8. Apparent digestibility of fed the test diets for flounder(%)

(dry matter)

Diet no.
1 2 3 4 5 6
33.07° 45.67° 50. 34° 41.31° 45.41° 51.62°
Protein
(64.49) (59.02) (62.86) (57.51) (59.24) (62.73)
93.48°  81.99°  83.66° 73. 54° 72.43° 63.94°
Lipid
(96.54) (87.55) (87.80) (80.66) (79.42) (72.18)
2 1007 [ Protein M Lipid
A i Ea
Z 80+
o
@ 60
D
2 40
| o
o
g 20
o
<
01 1

Diet no.

Fig 3. Apparent digestibility(%) of fed the test diets for flounder
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Fe A2 S $RE duAlde]l ¥F31A HE HEFolu} tirel W
g oURE Bt i3] ©AE st ALEIERA wde] Y
of 33l A& A Rt HFFY oludo] HIHAS F¢ Hi® ¢
Haol ZAE fl3] 2ol FEo] YolABEZA ©wid o]&&o] FuHn
AMREE T e ol AL E HAdds JdE ANE VdYs
glt} (Stickeney, 1977: Wilson, 1977a,b). 2 A¥o] ol MAESTIER
o Bee @2 oy ggos A ArHAZS FUBIALY AR 2y
W olly=] gtako] eluE e AMAES $£202 Uehd whd ofux] /gy
A e 11.82 718 A uehd ofux] &332 vyl e EFyes
B2 AeREo] ARY FE viepdith. AA HilFo] el AA A
7rgol F7itel utel Al AL GRSl A Fobstdrt. 2y oy
/b8 wlzh 11,020 A 12%38 7] Z9 oluvxl/ehdA ulst 10.3¢
A2 9%E 7ol vld B Ad2S ddeu AMEHEZAMAE ARY UL
Boon thilld FHLAME ofF 9%H7/FEe oF 6%V IIFol vls] Az
¢ AS BAE Elopuel oAU A Y T AW FIFYo] N &
2 U B ALY U7t T3} oA A YeT FAE o] gy Fo
H3rb vepuA g2 Aog gicidch Y, olf MRl FU4E
cha 43182 A vz & Ushidou AW 43go] dojME
2 Zatte Z¥E Bded ot duxdez HIE AEY o/t &
2 ouxgger Asf FE3] FFHA R £L2 w8 R 3gd
Hoj o]l2 ] FA ol BVHL 712d Zo= wivisio] Axg of
Yzl 873 xdMdE B3 EoldS 2d4Y ZAes kil
DolAEM g AAYLE Yol AEHE ojft LT EXHA| YA
(n-3 Highly unsaturated fatty acids, n-3 HUFA) ©] t}&} $HEo] Q=
o] ol glojA olajyt Aate] Atgu) AU ZBAS}, el 753
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2 A% g F7te o8 7Rl ool UASIA Hr} (Watanabe et
al., 1974a: Vatanabe and Takeuchi, 1976: Takeuchi et al., 1979a: Bell
et al., 1985: Watanabe et al., 1989a,b: Takeuchi, et al , 1990: Bell et
al.,1991: Lemaire et al., 1991: Kalogerogoulos et al,, 1992). @i},
237 ol e Agae 23y EAE AHIA¥re Haix Qv
(Takeuchi and Watanabe, 1979). 3}, o] ¥t x| Wite AU FHol
upet il 2gule] o]z Q) oJFo 4o L vXE LUST
ZvE% ] (Austreng et al.,1980: Takeuchi et al,, 1978, 1979; Lie et
al., 1986) E¥ =W §d AU $2o] YHNT A Paty 43180)
detd e A2BE (Lee, 1997) A 7HHE ol ulE Az} A £
U HR Atge F3E Suketol @ Relrh

MPALE Sl B¢ Abmu) ouix] & Eol7lfls) AVAA wage] A
S HIMH Z 9 olo] wE ofFY A A3yt £ EY £ A¥NE 2
AA FBIHE (12%) o A% 43 A4 glo] ARI L] A3}sta A9}
of & yA7t A2 FAEE Aol A N BEE A3}t
XA A7e upgAstA] e Reg gichHEth,  ®ER, ol fe] Hilste
ANE AR R AlREE o f7t AA oA Ao wet oMY A
3 o] A HIBEE oRANFS AR Y dor oo L 3=
w3 2ol & Aoz Hlrh
2 AP Az Ay oy vist Fri3el wel 3¢ Frist
ot oyl /e w7l 11,0014 &8 Uzt B3t oAy Ay
¥FgE F7HA Falold EAE AMIIIE A3 (Lee et al., 1993b:
Page and Andrews, 1973) & X & ¥ 7ls4o] RLoBE ALY 9 23
H7te uisbRsla] RY 2oz AZse £ A48 A3 ¢A] vpriae] A
o uz]/xh i wlE 10.1~10.3 (ol 6~9%H71) &2 UxiF et

A

32

o

Al
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A3 A HFMP Al=7d-S $13 wietdl C.E Fstaz)

1. A &

MBI F o] glojM 4%, g U tabslpol vlay e oz 2
23 A4S st v FHYESA BAo] V=] ey Wsggas
daA olch
ol HlElNL {4 ERHEFE Buohz} ARAME FoT Bsse
AUa glovt, vl A thEEe o FolA Al Yol o]Fox|x
X3tEE (Kitamura et al., 1965: Poston, 1967: Halver et al., 1969:
Wilson, 1973: Dabowski, 1990) ojFo] I A A& AL Alg4z
Al HlER] ZYE (premix) PelZ HE wiiste] HFulstojopwt gt 23
L}, vlElel E¥Eo] FUIEHE vEIRIEL o3 9 Z3YE d23m A4
Zeol wetk=s 2t7h vlelgle] Q7S delsta & #utohel B&4]
BRA e S8 Aol <3ld AYF A (Halver, 1972)& vElin, 48
BHIEII R AAAY ARAZA P8l ¥ FHIF AU el Az
i A] Zhzhe] wlen] Hrpgke] &3] e oA of gl
53], vlElRl F C, Ex AuAog g2 A7t o] Foj ulelqle FH=
A vlElgl ¢ 8o 2 Yo 83 SY4oin (Sandel alnd
Paniel, 1988) wlelal E9} 7 2ol 43S HAdle ¥ PU ol
2} (Heikkila and Manzino, 1987), olf¢] dWHNAd=E & &g 3= A
o2 2 dA ded oFfI BZEY AEH20 x2S UWeSA Eujy=
cortisol (Ainsworth and Bowser, 1985: Robevtson et al., 1987)%] Z7}&
AqA 7= Aes deAct. agu, vER C: 84 uElleE e
XSt AR E A HAA G A U2 EAo] LT A2 x|
Al 371, @, Woll nif sl 6Futo] 90%F o EHo] doldrte &
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FEI% 9lt} (Steffens, 1989 Skelbaek et al., 1990). o] ufjFof ulejml
CEt AR 83 vl £ £F28 AJste o] Lot
3, uleln] B AAE, 2ged oela 2y 53] BXx Y] 3
AEAE 2 7leE Pt g8A don a2 AFolrLt AR F
& {3, Hs)E ZYsiA At GAAEE BAHE B3 Utk E3E ¥
EiRl Ex 7Y dHAAE WS 9% (Blazer and Wolke, 1984)& n]x
t Aoz oA k. o fel ool uiElwl EY o]&4o] 4¥E F=
L4ZE ool gloy 1%, axEXsx Y] o] A e o

——

89 uli=t] (Murai and Anderews, 1974; Hung et al., 1981: Cowey et al.,
1984: Watanabe et al., 1981) 53], A2 I = EXHX]Wate] FI}3}d
BlElR] E&] QP 8ko] Lolxl: Re® WII X glci(Schwartz et al,,
1988: Roem et al., 1990)

oM d HIEIIZ ofFe A2} dgNA WL V& vX oy 2}
B AUPZelx VL vlAe dolrtgol oA WEA] Hrlg el 3}
t $88 gFLolrh. o]F ulEidl € Ex 53] o Fd dloiM F24] H
t BYLEE AF7A A ofFo SolM I 23Tl YA glon
(Lall et al., 1988: Robinson, 1990: Dabrowski et al., 1988: Hamre and
Lie, 1995; Woodall et al., 1964: Halver, 1972: Murai and Andrews, 1974 )
FoAtzY AANEA we FEHE 2 dok

upehd, 2 A deMPAlE S ¢13] MPALERY AP HEIRLS
HE3I2A} j4to]F (Shimeno, 1991)9] HlEIRI C, EQ-F&o] ZTA3}o] MPA}
& AzA vEiRlE Friste] YA E e ASHE S Folo] vieky A
Ztol W& YRERE FEINERHN 34 WPALRS FH AR ulEpwl C, EARL

¥E Tzt st
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2. Az g Py

b A8 A
Aol A12H HEAIREL 24 Table 1.0 vehlgdct. AdAls: A
AtE RS, AR EUAERS 5:52 EYS A=Y 5:5 MPF, 5:5MPF
of Af6%E FII ol R 6%WIHF, of6%+ulEkl CHIIR, o §6%+ 1]
EfRl EX7HF, ol R6%+ ulEld C-E Hr17E BE 67075 ARt
MPAtE Aol olo] PAlEYog IFolE AMgslded of(F. oy
A)e LABATRE B A 2 Y ouA/ /A v AEA} FF F
7oz N 6%2 IFstAc EWPAEE (F) FAUAIRY ¥x
A8 EUARE AHgsden HIAZE AHgE vl g Ex (F)t)4d o)
BEAF Aol o= sto] ulElYl C& L-ascorbic acid (MEAMALFIY, &
= 90%)E MlElW EE €% 50%°] HYAHE glucosest YHH DL-a
-tochopherol ®] #efe] A& ARg-stalch. ulelql col Eo] Hrlgke ojn] 3
Aol Fol wE A Mzt MPAIE WL 40%7138] SRR L B Ade A}
€2 el c8} EY &2 & 23t AZAE 1k vl CE 1000 ng/kg
AzAR, el EE 220 mg/kgo]l ARARIT HES Hislddc). E3,
HlelRl e 484 vlEIRe R £8, o, Yo ol B3] wifo] Mpa}
BU W 2R AEARAY &4 5§ 7Ast Lol @Ak )
Artg ARstden vElgl Ex ol o7 vy gy

AEAzE BAE A5FY ¥ dFAFAE
2712 meFEng Agsta HH AAsid 8P ¥FF Folstden y

HA APEFES BUsigArEed vEml, ofE 2F 4L ¥ 2z &

(o
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AzH ARE FEFES 498 vdE EZF ARZo] gof -25T
ojstd e AlRAII= MECIZL 4Bl ulet 2
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X
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U, Ao & a5

A¥ol= x| (Paralichthy olivaceus)X|o}& Algstgon, Azldz &
=F AFeE FE HolxlE HH¥E 2ton FRP 230 0.T.C 100ppnl &2 <}
EF $8&3t] AE 15 P 3719 EPALRC FY dElRI(F. ¥F)E
FRAA 1S3t en ol Fx AP Fo RolAE HIAXNR(PAR: &
UALZ = 5:5)% 457 oAHAISFE 277t 2E A& AHdste] APz 4
&stolct. HEole FF AF2 31.4
29} 320 FRP Abzb=Zof 2tzt 30m|y) 2R og Fapg] £&3qed, 7t
Az FTALE 432 ABAFA 24/pin0] 2 A7 B3R

ZIAFA ABZEANE 52 /pinPtA] HEE xASige

4
e
~3

golgler, 2204 FRP H¥ 4

2
)
L)
o
i
o
o Mo
ojN

3 93 &4 Roit} o288 & At

AL 83 g e A5 § 22 19.5C~23.5CH e
AtE ol 14 23](08 : 30, 17 : 00)& o] ALERAZIZL ulehe] wx]
UESE & MRS &og dA Fort..

th ol &%
Ao §3-2 A¥NAAL, 45, 8F7F o MS-222 100ppme 2 ul3|t ¥ 3
oAl FAE FFstden, AHA d¥elF 100§ FE3I HojA ZER
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MEgog Atgsidct. 2dEFE F I, AF, BFY, UXZY¥ 58 5
Zotdon HolA UuitdE BHME sIste 2 AP 7w sujely Ratelz
F&3te] YERU/(-45C)stdr]

et & ¥4

e

Adde] AHg¥ AEAE, £33 d%4a 2 Holxo HEEMS
AGAC(1984)2] o] ulel 482 Zdrtddzy, 2IYA L Kjeldahl I
AWM (NX6.25), RAYL Folch et al. (1957)%Y U 2L Ay
Heog EMstdrh. 434 BPLHE &3S AU AE ELU 43 E
& Furukawa and Tsukahara (1966) 2] ol wiel B4 3}eict,

HlElY) C £ Hydrazine B|AM 03 gAake] AJRE AT 50401418
A Yol FAHVE uviF A Re AA Z5ATE st tia] 5%U4E
Ao T 100w B3], A8 2mE& 23l 0.2%UEHELY 1YL AT
E] 2 -¢eotlAtg 42t DNPE 247} 2ml: 1w ¢XIH LR HILF 37ColA 3
128 2hg¥F A8 85%% At 5meg Vit FFEE &Aoo, wlelyl E

B2 test tubed] A E dAEY A=FFE 0, 1g ascorbic acidz} ethanol 5

o

n¢ BI7LE oAl 2l o} E 2083} hexane SmlS B 7}slto] 31§ wx| 3l g
test tubeE vortex¥t T 1000rpml & 58 ¢t 3uiE JAEZAA s
nte F&EF AL JIAZ hexaned HWAIF TS hexane 1mlE AHLFE
HPLC( i Bondapak™ Cis 3.9X300mn column)E H¥A3t4gc}.

np. £3H257%
£ ugel Qlolq A% P A% APl BT BUF 247 Ao
£ AT BYEoE WEHD U UYolE TUOE Table 6.0
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LtElsE uie} Zho] AMSAES X EEUE st WA £3&E FA3] ¢
sto] 4312 Alg 24 ulel 438 FF ARE ARst JFolFUcrh
AlRFole 149 23 2t JizAl Felstden FFAA Folot ol ¥F
2 3171 A1 3UFFE Alm Fol 1A Fell FstEA HdHY 54U

A &7ttes Aua] ofusie & 43stAch

T FHLS 154 A4stden 3" £2 EehaY AEW (100o2)o] @

-
i?‘
lo
o%
A
4
e
A
tlo
N

o] -25Te] WE o] RAsic BEAA Tealo]2 8 110CoA 2413 £
T& T3] AARFE 7 gL gt FEL B3l oluel T2 Al
oste] 7ty 4238 E A1

At252] Cra0s(%) w%‘.—] oF A (%)
E59 Cra05(%) A}i%,]ogogx(%

) )x]OO

vl S AA

=

B E 2l® & Student’s t-testE AlA]S}o] 95%2] BAlY FoH-& AR

odrh.

24 3% 9 23

7t. Ar4dE

AE g 240 wtE iR EMZ2 ¢ viEtwl ¥FE Table 1.0
vepfiodch AR ZAo] whE 2Pl sl AR 63.04%=2 71
¥ TEELS UetWed ynz] AR FEME A RF2Y
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Table 1. Composition of experimental diets for flounder(%)

Diet no.
Ingredients
1 2 3 4 5 6
Commercial compound
- 50 50 50 50 50
peal’
Frozen raw fish
100 50 50 50 50 50
(Mackerel)
Squid liver oil® - - 6 6 6 6
. . 3
Vitamin C - - - 1851.8 -  1851.8

(mg/kg diet)

Vitamin E*
(mg/kg diet)!

- - - - 733.3 733.3

Nutrients composition in wet matter (dry matter)

Moisture

Crude protein

Crude lipid

Crude ash

Vitamin C(mg/kg)’

Vitamin E(mg/kg)®

63.04> 31.28° 30.05° 30.09° 28.47° 28.26"
17.23° 32.94° 31.20° 31.23° 32.47° 32.08°

(46.42) (47.93) (44.60) (45.20) (45.39) (44.72)
15.02* 11.81° 17.05° 16.09° 16.04* 17.06°

(40.64) (17.19) (24.37) (23.29) (22.42) (23.78)
2.85° 8.70° 8.22° 8.41° 8.56° 8.58°

(7.71) (12.66) (11.75) (12.17) (11.97) (11.96)

7.15 tr tr 798.5 tr 800.8

8.87 36.53 37.76 35.29 150.65 145.70

'Provided by Purina Korea Feeds company

%Used lhwa-yuji company products

*Dae Sung Micro Biological Labs(Purity:90%, L-ascorbic acid)

‘Dae Sung Micro Biological Labs(Purity:50%, DL- a -tocopheol)

5Dry matter
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Table 2, Contents of vitamin C, E in dietary protein source for MP

Mackerel Conpound meal
Vitamin C{mg/kg) 7.15 10.16
Vitamin E(mg/kg) 8.87 30.66

5:5MP7-7}F 31.28% % olfr 6%E/IFE (28.3~30.1)of wjaf} & &gO
2 xpol= o]z ¢hgith (P>0.05). Zxhwal o] QlojME AR &
Fol dolAE 17.23%2.2 M3 @2 ¥FE Roort AF Yo dodME
olf 6%B7ITE (44.60%)2} vIET MIIALE (44.72~45.20%)Ht} tis =
ot3l 5:5MPF2] 47.93% K. ti= w2 1S viehulch,  RApy d$arE 5:5Mpp
7} 11.80%2 718 Hka (P<0.05) o7t 6%E7E AP FEAME 16.0
4~17.06%% TUdY AMAAMNFeR HAPL Lo AolE Holxls ot}

£

(P>0.05). rlg wtEFe B¢ §FPolME 22 ¥Tol 15.02%2 21t
AFBolAME 40.64%2 Ehfo] ul3) W3] A uYetych 2P
BARDEZAM 2.85%2 7MY Woked (P0.05) ThE AETFEL 8.2
2%~8.70% 2 vlxstdEd (P>0.05) oA E BAETSEFI} umx] Ay
3 HEULY AolE B AL WPAE HAYFES EUiAlE 7} 50%3E
7HE BAZ £8ARY &2 P F¥S ol IF Il FAY A

o2 actdc

e

Table 2.0l& AtRAZA] UE2 AMEH AEYQ] 3Toljet SHuigial
29 wElR ¢, EYHE vehidrh o] Y2 YAY HEE MyPeF A
23 A1z AzF FFH viell FF vEk CY VoA HlERo]
A7bE wlepd cEslet wlehwl C-ERVIRIE ARAZAFAA AE2Y &
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< $E3 pelletzapgolMe] 22, o] o3 tha e ooy
798.5mg/kg, 800.8mg/kg &2 WlEIR! C7} HIIEA] o3& thE AE ol w3y
A vt BARGSRE 7.15m/kg ©2 UEIEOD 5:5MPF9} A
6%d71tel & vleldl o7 AEEHA dgked ol BARUSETY He
EAEF HelodM dFaNe AEF BHol Agstd ot s:sMprel 23
6%d7tFE ALEA XA QAR E 2M2 EHste A g, oA
pellet712 &3P st AFolA Palzeh Euuighrtgo] ghEol AUdd
2% vletyl C7t o R-E T oS mh¥ch

slElRl EZero] glelAE& wlebwl EvF H7Hd wlebwl EAsbe} wlelwl CE
B7tFol A 150.65mg/kg, 145, 70mg/kg 2 &2 & UEhjdz HrAsgs
T 8.87Tng/kg2 2 JbY W2 T2 Hoen wiepl EX FiEA] ¢
2] Fo M= At Eduigasd BRE uletnl ERRPo] o) A}
SETHEFECE s &2 35.29~37.76mg/kg o & vy g Yehulch

g 4% 2n

243% weAbzel wlEb C, ES AP W FHS Asle mE 4R &
38 AES] S8l UAE oS AR 8728 ALSUY ATHE Table
3.0] Uehhglth. BEAF QoM UY AAA g UALY Zo 65,
3~93.3g 77| 4ol E MATH AATVETI B2 AFUME 65350
2 4% Azstden Hem EISHAATA 3 &S BIAEE Yehd
U U7 238, 438 YoMl el E 95 WskFel wekw c, E
HATI R 2 AR Uehion] WASUST PR Be 47
& uetdch. AR 6%EFEY B ofH6%+ulElRl HIlFERT} A 3o

tlA Az ol BAEUETe 5:5MPFo] AL o RS el
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Table 3. Performance of flounder fed the experimental diets for 8-week

feeding trial

Diet no. 1 2 3 4 5 6

Av. body weight(g)

Initial 30.7 31.1 31.4 31.5 31.8 31.4
Final 65.3* 66.0° 76.0° 87.7° 93.3* 92.1°
Number of fish 30 30 30 30 30 30

Total weight gain(g) 1037.9° 1044.9% 1337.3° 1686.8° 1844.9° 1820.6°

Daily weight gain{%) 1.50°  1.50° 1.73% 1.79® 2.05° 2.05°

Feed efficiency(%) 46.0° 67.5° 71.8° 79.77 84.4° 80.3°
Growth rate(%) 112.6> 111.9° 141.9° 178.5° 193.5° 193.2°
Total feed

2257 1547  1869° 2117 2189™  2268°
concumption{g)

Daily feed intake(%) 3.26°  2.21%  2.42% 2,47 2.43*° 2,55

'Growth rate : (Final body wt. - Initial body wt.)/(Initial body wt.)X100

Daily weight gain : (Feed intakeX100)/[(Initial body wt.+Final bady
wt, )/2]} X days fed

SFeed efficiency : (Fish weight gainX100)/ Total feed intake

‘Daily feed intake : (Feed intakeX100)/[(Initial body wt.+Final body

wt, )/2) Xdays fed
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Table 4. Availability of experimental diets for 8-week feeding trial

Diet no 1 2 3 4 5 6

Total feed intake(g) 2257% 1547° 1869° 2117° 2189> 2268°

Total protein

389° 510° 583° 661°° 711 728"
intake(g)

Protein efficiency

. 2.67°  2.05° 2.29" 2,55 2.59° 250°
ratio

Daily protein

. 0.56* 0.73* 0.75° 0.77° 0.79° 0.82°
intake{%)

Total lipid

339° 183° 319° 340° 351° 387°
intake(g)

Daily lipid
0.49° 0.26° 0.41° 0.40° 0.39° 0.44°
intake(%)?

Retention of

15.6° 13.0° 24.3° 19.0°° 21.1° 13.8°
lipid(%)®

'Protein efficiency ratio : Body wt. gain(g)/protein intake

Daily protein, lipid inake : [Feed(or Protein, or lipid)intakeX100]

[(Initial body wt.+Final body wt.)/2] Xdays fed]
%protein, lipid retention : [Protein(or lipid)gainX100]/protein(or

lipid) intake
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Fig 1. Result of growth rate fed the experimental diets(MP) for 8-week

feeding trial
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Fig 2. Result of feed efficiency fed the experimental diets(MP) for

8-week feeding trial
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MPALZ U ol i E7te] "e’de AAbglct

FAadAPg dUAEHAPBANE BARYEEFT 1R w2ty 43
TE Ryon s5:sMPrE dUARHARY FARHAUYl ARENTS
Hl3] T Wglton o] {fHINREL vy AR H3 3L Byl &3], y
ElRl HIIFES dArEE ol AR6%TEETgE vxdln BAR
Mot "4 32 H3APE 2Autd G dMe ZAE vehdedy o)
t 26l ARAE ¥FoE ettt ARELANE BARUSETI 7}
B WS e BAon] vERIANFELS 79.7~84.4%E EMUE Fo] u]3] &
< AREES Vel (P.05). o Fb6%IEEIIT FeE 5:5MPFof
Hj3] ALY ohel AAREEAMNE FoLt (P0.05) olf ALY F84
< A¥U g4 AUt

dziera Haate] dojMi BARUEFIL 0.56%F 7h3 w2 g

kW

2] APl AAEUSIR g 5 IYAYZeT I3

£

WAz aro] Zs1stgdeny HEIRICERIIFOA 0.82%2 Zpawle Az e
& et @3 AREEME BARYEETI 2,672 M &2 U

o

Vel on e ulelnl #rppEo] 2.50~2.598 £& whual Ay
EES UEIUR o #6% 877 HA] 5:5MPTETE Ol ARFZME £
Sttt (PX0.05). LA Po] dojME ALY AYFPo] t}E A
ol wls] cha Wb 5:5MPofAM 0.26%2 JHY W ghe Bgon
etnl HI7IFE FolA e vletwl CERZFFIL 13.8%% W2 e vetded
Uz dEFES vixdtgdret (PX0.05).

Tl oA B
ABERF Aolx H4E 4 ZA}E: Table 5.0 Liehdct, SE§ta)



< AEA 73.92%%0 01 APFEA] BAREEFAT 74.92%2 tia F
7t e oz APIES tha Fasle F¥S ot wEiwl ¢, E
ol fegor zasiart (P0.05), ol zehagisrs Ay
ATl HEA2A] B} ozt zasigdon AEFRolNE Hxjo]E B
olx] ¢kttt ZAWYPL APA 3.77%AY o] HUFRA 4.56%~
6.73%7tx Z7bstgch. A ARFILFEQA 5:5MPF7F 4.56%2 M whe e
Boon uvna] WA Fo = vlEll CEXZIE7 6.73%2 71 &2
e Rdo} Ayzhd feolxtol: At (P0.05). ZFEo] ojMde
HENAIA 3,649 EThE H3E Bolz| ¢ AETEE A vy Y
& LERITHP0.05).

o] FZ AU vlElY C, ES] 23 A3} Table 6.0 VENNTE Zho]Afe]
HlElY] C F3 P APNAA] 16.004g/g0] 9 Rol AEFEF wlEinl C-
E H7IMProlA 548/g08 71 &4 AR TEFoAM 7.7m,/gl 2 7}
A wokeh (P€0.05). wlElR) E FH3 Al AHEMNAIA 5.38ug/gold ont
AEEEF vlEpY C-ERIMPROIAM 124.51/82 82 71 & A UElgtod
AR THETLOA 11,0948/ 2 7H WA LERRETE (P<O.05).

5ol uletyl cxAape] F-¢ AREMAIA] 10.20g/g0195 W Zo] A Y
ZF8% vlelgl C-E BIWMPTolA 14.80u8/82 71A UL AR s
A 3.41m/g® VA ubatrh (P<0.05). ulERYl ES] ZE9 Al AHAAIA
0.55¢8/g ol@ ot AEERF uvlelql C-EHIIMPROA 8.701/g2 8 713
A Uelga BAR ©5FolA 3.461/g2F 71 Wttt (P<0.05).

ol Ay wlelyl FAPS 283 oA wlEM C, EFF o] wEln] H
7§ Atolo A& ulElR] EREF7L eyl C ER7IF R Wotont el
H)3f A uebdch 238 220 vlElgl 3] N E 2 &ETHE Z
8 #A7o| gon, YAE GETF-F Lol HlEIR C& Hilo]ito
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Table 5. Chemical composition of whole boby of flounder fed the experi-

mental diets for 8-week(9%).

Diet no.
Initial 1 2 3 4 5 6
Moisture 73.92° 74.31° 71.56% 71.84™ 71.85° 72.68° 70.76°

Crude protein 17.92° 16.25" 16.20° 16.48" 16.12° 16.13° 16.73°

Crude lipid 3.77° 5.53® 4,56 6.35° 5.92° 6.24 6.72°

Crude ash 3.64 3.27° 3.65° 3577 379" 3.5 3.78°

Table 6. The contents of vitamin C{ug/g), E(ug/g) in muscle and liver

fed the experimental diets for 8-week

Diet no,

Initial 1 2 3 4 5 6

Vitamin C 16.00° 7.70° 16.45% 18.10° 46.60° 20.70° 54.00°
Liver

Vitamin E  5.38° 11.09° 20.62° 25.92° 53.84° 88,18 124.51'

Vitamin C  10.20* 3.41° 8.82% 9.77° 14.23° 10.67° 14.80°
Muscle
Vitamin E = 0.55° 3.46° 3.78° 5.32° 4.02° 6.05° 8.70'
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3 wiElR] Ex 2wfo] el F71E uvehglch. 2y, el viEnl
Ce AgMAAIRT} W2 A8 ¥ td uepy] ER7MFAE 82 &
A& vehdiglel.  oletto] uleldl Col= &) ulEln] Ex 3t ZHolA
2 HEUEFY vEp RFEABFAME BRF AEAAARD ¥

FHBE Uehdied 2 olf+& AXAEY siAEY vEld Ce AR AR
HRoA P2 &Aool LA e vlEl Ex O SHFO] TiL 3ol of

38E & ALE Ui

rr

>
2
2
ok
™

2 e 22y YT Table 7.Vehfddct. kR 22 #3324
AETHE T} 21.42%, 5:5MPF7F 24.09%2 W & Roon vioix] Ay
Fol e 34.01~39.98%% tha &A ueldrh (P<0.05). 2y, AFgo]
Aol M e BARTET Y 44.38%E A3t 64.32~74.35%2 & Aol &
Rolx& Qo

Table 7. The contents of lipid in liver of flounder fed the experimental

diet for 8-week(%)

Diet no,

Moisture 51.74* 63.79° 45.97° 41.78° 46.23° 52.37°

21.42° 24.09° 34.75° 39.02° 39.98°  34.01°
Crude lipid
(44.38)' (66.53) (64.32) (67.02) (74.35) (71.40)

'( dry matter )
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Table 8.0 Uephd ZHF o o {2t uleinlo] H7H HPFolN 2
e vehdden gangdseM b3 e 1.19%E JeliTh(P0, 05).
WZEZulol e o 6%E 27t 5.37%2 713 &A Ueldton vlelw ¢
7t 74277} 4.93%, wlERR] C.EVF H7MEpoldE 4.83%2 A uUely
th HiRtEoME ORIl HlElR]l Bl Aoz ot
e Roon HuleaslEe} HRIZUGGME o FH 7129t vlelrld s}
Fold BT &2 3S Vel vletri off8 Mzt oAU HAAAIAY
A7 =ol 98& nxE ez Uelyrh

Table 8, Hepatosmatic index{HSI), visceralsomatic index{VSI}, condition
factor(CF), hematocrit(Ht), hemoglobin(Hb) of flounder fed the

experimental diets for 8-week

Diet no,

1 2 3 4 5 6

HSI(%)' 1.19° 1.47° 2.08° 2.11° 1.89° 2.05°

VSI(%)* 4. 44° 4.51° 5.37° 4.93° 4,53 4,83

CF? 0.89° 0.98° 1.00° 1.02° 0.95° 1.00°
Ht (%) 22.4° 24.2° 27.8° 27.2° 26.4° 27.0°
Hb(%) 3.64° 3.57° 3.79° 4.99° 4.55° 5.07°

'Hepatosomatic index(%) : liver wt. X100/body wt.
%isceralsomatic index(%) : (visceral wt.+liver wt.)X100/body wt.

3Condition factor : (body wt./total lengtha)XIOO
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gl &3 AdEzyd @ 48

= Ad¥ell dojAM A3E FFL ol AEA A 2 F oyRl/eyA v
AEY 432 £33 59 Yoz dAsHG ey £ Yo AH8H 43
28 24 2 JEENZA}E Table 9.0] VYehfddch

438 ANEAZA ARELS AHIAEE A3t 2 FAMSES Alge
0.5% (U712 slgden CM.CE 0.5%8 7139t 238 A8
A 2 oA Aey ulel Zo] YrlatsT o] F¢ AHRAE FrL
272 EH0F AAALZ CMCE 9.5%H 713 b2 AIAES At
tdl °l2 U3 ASAPAEY F¢ ARE JUE VIELE A2Y P
4238 AR AZRE UYL 7E0E FARFHo] MAES} FuuigtrlEe )
Yol 5:52 FUI AlRe] BriEE HAatmst FusiyAbee 42 4tst
AE, CMC, olf H7tZ J3) tix ZLsoTh

A3 AR HJEEH Az £EUP oML ASHY AR u)3
vlelgl CHIIRGE oFzte] ZI1E RES ¥ Uz AEFENE BF
4% Z¥E RArh ok 438 A2 UUS JELE BN 5
Paro] 2 AAE HFugol €97 YELE UG PAalggiEe]
AL 913 CM.CE 9.5%B/BIE2 A 2§30 50.35%2 B Y 7o
B3] £ FEUFS Ry ASHEARR: 4R 24T 3P
& uebdch  zehd ko] gloldE FARTSTFI 16.54%E by U
2 %e Edon ynx] APTENME 5:5MPF7} 33.11% 2 tha & Y
& UEeh o} 30.29~33.11%% & lol& Rolx ottt 2AW o
ol 5:5MPo A 12.38%E TlA WAl UEelkteu unia] AEFEA
£ 16.37~17.63%2 2 AolE Ro|x] doten XIF UFS AR 79
Z¢ CMCHIIZ ASHYPAR Z3E ¥PB} th: F718te] 4.62%2
Eigton ymx] APFEL PAEe Bl v go]l BYY VAR

ol

Hr

£~

'
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Table 9. Composition of test diets for apparent digestibility(%)

: iont Diet no,

ngredients 1 2 3 4 5 6
C ial d
ommercial compoun _ 50 50 50 50 50

meal’

Frozen raw fish

0
(Mackerel ) 100 50 5 50 50 50

Squid liver oil® - - 6 6 6 6
Cr0; 0.5 - 0.5 0.5 0.5 0.5 0.5
cM.C 9.5 0.5 0.5 0.5 0.5 0.5
Vitamin C'

- - - 1851.8 - 1851.8
(mg/kg)
Vitamin E°

- - - - 733.3 733.3
(mg/kg diet)

Nutrients composition of wet matter (Dry matter)

Moisture 50.35° 31.2° 28.98™ 31.93° 27.72° 27.93°

16.54° 33.11° 31.74° 30.29° 32.36° 32.28°
Crude protein
(33.31) (48.13) (44.69) (44.50) (44.77) (44.79)

17.63° 12.38" 16.78° 16.37° 17.56" 17.25°
Crude lipid

(33.53) (17.99) (23.63) (24.05) (24,29) (23.94)

4.62° 9.53° 8.93° 9.09° 9.09° 9.61°

Crude ash
(9.310 (13.85) (12.57) (13.35) (12.58) (13.33)

'Provided by Purina Korea Feeds company

%Used lhwa-yuji company products

3Carboxymethyl cellulose (Junsei Chemical Co., Ltd.)

‘Dae Sung Micro Biological Labs(Purity:90%, L-ascorbic acid)

Dae Sung Micro Biological Labs(Purity:50%, DL- a -tocopheol)
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op. &%g

AE Atz Az el vy 43%& 3 HAAE Table 10,0 o}
Ehufodct. b A3t glolde $E3PAAE BARDELIL 33.07%
E R 9 @E B vhE AFFoME ol thRA 0T 64.69%% 7}
w2 £38HEE vehulch  Una] AYPFELS 56.18~59.30% (HFP)=
HUE XpolE HolA| glot wlelyl Aste] whE £23&e] W3 vehx|
dotrh. Ay A3pge dlolME MARWUSEFI AFH, FFY RTOA
Mg B £38g Baon A 6%Hl Lo 5:5MPFRTL AW 4318
o] Zastdxed ol A 23 olyx/ehyA bl AY ZAjelA vehdut gl
th 2y, A 6%et ¥ vlEldo] HEIHE AP oML AT 6%H )
¥ AEFET} 2880 A AMFHAL uleinl ERILFY] F S 5:5MP

T2t =¥ £3EE Holou viEldl 7 HUHE F A¥FAME A¥a
gol 71% sUY FARTUETY AL Hixy £HEE Bol 4FY 43

£ NAA}E HAFch

Table 10. Apparent digestibility(%) fed the test diets for flounder

Diets no, 1 2 3 4 5 6

33.07° 45.67* 41.30° 43.31™ 42.99™ 45 48"
Protein

(64.49) (59.02) (57.13) (57.51) (56.18) (59. 30)

93,48 81.99° 73.54° 90.41° 82.35° 9],59*
Lipid
(96.54) (87.55) (80.66) (92.81) (86.41) (93.73)

"(dry matter)
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Fig 3. Apparent digestibility(%) of fed the test diets for flounder

2 AgA vete 2720l BARVETLL 5P, ol H6%EHS 7}
Fol wlal 25 Fold 443 A2ELe HAow ABNALE 2A F7
st But ohlzl o] WE v AT E7ie} ¢l wwy AmE
g% 37 F7stmeA vl F7lEas U S4sideg Uehyac
=g, el HIA o188 AU BT 2¥go] wAHL e
Uehigz olalu X% $EE 3A Frshx Qe 2wk ofel zhof
dolME The Ayl usl 2A FAHA YLo2TA Aol UYL
2 280 BeEEeA vuUdo] 47 UEE SUHE ATE B O
W getaalE sis) AL Wy wEle ©A st Fo@ 1 %
3} 3oist A 4 g Rex yrihch welRl oo} Ee Zze WrAm
ol gloldE A3 ARELA BlEH CISHIAFROE e EUS
ARt the B e S UEIAOU Aute) 238 gojAL Heh C
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FotrEohe v w2 & vebdch wlebd CERIMZAANE 4R A}
SR EA vlelRl ERFEHETI o 2A HAR] g NE 285G E 22
EE Bodon HAYGFoNE ¢BFH AE B gadez & A
& uetdich  wlElRIE o] Fo] wel thh xto]s} glen} HlEM C, uElq)
E, inositol, choline 58 ti¥£2] vlelglEL oJ 7 FAHA ZFol nj
S UFLE RIHER olF F ¥ AEelelx AUHALE B Udel ¢
Pl A3t o AYWSZAF (NRC, 1983, 1993: Halver, 1972)o] r}E}
U] wiZol vietnlY g5 HstRcHE C-ES E3E /MY Premix ¥ele] 3
717} 8 &3Foletn & 4 AT} (Lee and Kim, 1996).

E3], vleiql g, +&, Wol uf¢ E¢Fst] ARARA 30~40%7}
ol 327t Yoyt 65328 A2 B el oF 90%713] 44| Ytz
BIE3 glon (Steffens, 1989: Skelbaek et al., 1990) Qutdel Ale

r[r
r

Bale] wlepnl ¢ 44 WAV of 6~10F Fxetn oA 2crk(Lovell
and Lim, 1978: Hilton et al., 1977). & AFPoAME A% AR AF &3
H ulEiRl CYP H3olA of 20%e] wielwl CulH & Uehided 53], y
Bl C= 3o 4% BAZ BAlg &S F7HAA WPE AzAde 2
A= o Ad FEE URHEZ o] Atmof ulelyl CHAMA o A
ZA19] & BUuRPo Y EAlo] FE3| AL ojol ¥ Zojrt.

vlElR] ES] Bex HIIRErE Al 2T FHFo] 9 AP o&
Atg A zUA G BlEllS G AFA ALEste Fejol stA ol
EHE vlepy e ¢xvt ol W%z FEAIE wol ERFH AU R o}
Uzt g8z AREHE Ag v AHE3toiA ohE vlElnl Hot AP
25 ex7t 52 el S FAAE P2 Aol SA S Hadste F
Sote AR AF ol AU wlElUS X Xlo|7} o] AAE U}
Ao 2 zigtgct, wiEl] Ex AlEJ IRIHEEIA YAl gowd oy

29

<
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olFollx nlelgl EQ £F3Fo] EolActz RIFI 9d+d (Scheartz et
al., 1988: Roem et al., 1990) MPAIS 2] ZA$ Tiwiaelog A1&EE: A}
e} AAskda vyl FAaE 3 HrlEe ol fd et xsiay
Ato] cief Rxeol glo] MPALE FEfY] Al Fol AAlAE vlEtY 278
A3 z3s|ojof & Fog Helrh dEl C, EXFVlo] whE Fjo} Mp
A2d HF BIRE 5] s AAY 2 AEZA 3 vjERl CE Ao
utel B3 ARFESO] AA FAHALYU ARzl BAAF N
o &4, =3 WPAIEUS W £EEP A% el ¢ &4, o8 B
Atzol tigo 2 ¥HEel U A EXA YA utE vlEl Eo 23
o] F7te st FE3] ol FojAHor & Aol ojfe] AU AIRFFA
E&o £45E A8 AES ZUstd F/F ety Hulskel AR o}

flo

28% MPAEW AR ulElRl ¢, EXVIRS £ AEY 4AFUE o] Fo
Hol vlElR C& 1000mg/kg ZAZALE, HIEIR] E& 220mg/kg ARAIEE §lof
AR SABEE AULEE F9 2 MdEAH HG gEcies o w
ool wiepwl c, E7} dIixlojol ® Zeog 3ddE o IFF MPAlRY FHY
vlelgl ¢, E A3 FHulgo] oy BF AF7 Huetol ¢ Zog Helr)
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] 4 A HFMP ALE/EE 4 5543 71E9

G R R 2 R

I. Krill meal?] Buhwi3irls NE} A%

1. 4 &

ol R SAEEN HfolFoe @l §aldo] Folo vyl gy
o] ol AlE 4717} dpolfe] AlRo] B3] &2 Hojrt =T AEAH ¢
o] olgigdo] wAl U7l WEe] oflie] AMmARA FhYYLE AL H
2otk ol o EEL thAZ RebwA Ygko] 60% oJALE 1 ofF
of WAt i 53| ofukdl RYo] 1T zZtFolx AL thulglo]zl
st shAol vt F3o] BT A F A8 4 EAEE YEsz o
=5

BolAEMA(MP) AR AHZA] AMESEl= EUuiAEs Sudddo] i
o2 olfeolA Az ©rirl 7] dfFo Alm A= Fu] FRE slEiA
£ UudaRe b o did¥ds de dxn FFol ¢33
d oA Dad g e o] AIFT AFelch

tha chuiglof= AEAIN FEAY HEE Ues Ued EY dREE
i, WAl 2259y, AFY Fol don FEY JY8EE: §ITE,

T, $E, $EE Bol don olF o83t gy o Eg uAst: @
53 9lr}l (Wee and Wang, 1987 : Ng and Wee, 1889 : Hardy and
Masumoto, 1990). ©o]& tiFu A8 e s i thiy 3hato] 40%0]

-4
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Bolal ofniit Aol ¥R XY By ohyzl stFo] # FZo] ¢
B Aololx 71 wlo] A (Andrews and Page, 1974 : Cho et al., 1974 ;
Yamamoto and Akiyama, 1991 : Pongmaneerant and Watanabe, 1993)%|o] w2
o] AtRol de] o]gHI glon 244 offed Yoot Yzlvloly Fox
AU ES AY ciFeg it stesitla B3 53 glct (Mohsen and
Lovell, 1890 : %, 1991). Y748 o FUA FAA Fojo] glojME 1 o] &
8ol Hlad ye BAZ o FY 70%7A] oA sMeditis e ¥auEHa
glt} (Watanabe and Pongmaneert, 1993). 3j4to]{Ql ®ojo] QlojAx &
i} o] 824 (Shimeno et al., 1993a, 1993b)oll ths} ¢l u} Qlc}.

Krill meald 7I2E|Xxol=§ Wol /3t o] o F AYAQHUS g
Aol dojM AtE HIIAE AlEEo] gton (Ha et al., 1993: Kang and
Ha, 1994) Xojof glojA atgtd Algo] Hilsle] atetgz YAL Loy
o] (Verakunpiriya et al., 1997)E 3 glo1} oJ& tix] timsl o2 e
o] &of T AFLE v]FY AAorh

< ABolMEe siidolg 8% RolAEMHAE sdo] glojA Aity]
A 2FHY AR LS 23t &Y ol WAl o thuyos
ool NEA, TEA WMol old A7 $24 UYL Hristy
BEolAEH AR A2A] FIE e SUviPAR g ¢ad oy st
& T8 7Y A dot FH3E ARSI Hste zyEgs yges
AS AES AAstgdct

2. A8 9 ¥y
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7t. Aol W A

APolQ) Z¥| B (Sabastes schegeli)s 19963 39 V=3 ajztdo] 9
A A4t JHFelod AA8EY RE YolxE o]l £4F 0.T.C
80 ppm of 1A% ¢ F&F &3t AR BR AT 7930
Azt EPALREE FolstdA ou] AHS-E HAFEen FAS 4@ AY 4
Bo Hg AF17] Sl3 # £2 400 g £831 179 HY ARE
ol stdA HE oyl AHRE A sttt FAMS HEA 220204y $£2
of BF AF 60 g e]e] zujBeg 2t £27 3004 AEste dEo] A
A FAE FFLF 2iBoE £834rt. FHYPE 3L /minlE ZF5Y
om 7} sZujtt FEE AL FFE A oodAEL HA Fdct. AR
Fole 1d 282 ofd, HYeg Uiro Fgon nEo A S22 o
A Fodch

AE 712 1996, 6, 12~1996, 7, 2774x] 837 ojglom AE |79
+2L2 19.6~25.6TC 4Ar}.

. Adgas

2 AAREE AR 238 g 2Y AR (F, HAA4Y $88)E 4
g3t o K-27E BUAE 80%0] 2 20%, K-3F& EWALE 50%0] 2
d 509%2] v]&E stych.

AEAE Az 268 488 3 TYVF SF4E A8 1 kg ¥ 400me
2 A7ste] 2F AHLF Moist pelletdZ7]2 ¢& d¥sladct. #Az"
AgE vld A Yol LSUF ARl Yol -25TC YF ol Rt
A Folstath. Table 3. o= Aol &Y Btz TP FA

B AEYDS Vel AlEu 2o ke 42 0%ol4 ojgdon =
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Table 1. Experimental diets of additive for rockfish(%)

Diet no.
Ingredients
K-1 K-2 K-3
Commercial
100 80 50
compound meal®’
Krill meal - 20 50
Distill water 40 40 40
Nutrients composition in wet mwatter (dry matter)
33.98° 34.11° 34.16%
Moisture
{66.02) (65.89) (65.84)
31.19° 27.86° 31.30°
Crude protein
(47.24) (42.28) (47.54)
2.30° 2.27° 2.10°
Crude lipid
(3.7) (3.45) (3.19)
17.21° 11.00° 16.14°
Crude ash
(26.07) (16.69) (24.51)
1.41° 2.54° 3.96°
Crude fiber
(2.14) (3.85) {6.01)
IUsed Chun-ha jeil Feeds company ( CP 42%)
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Table 2. Proximate analysis of krill meal for the experimental diets(%)

composition (%)
Moisture 9.563
Crude protein 41.54(45,92)
Crude lipid 2.02(2.23)
Crude fiber 7.05(7.79)
Crude ash 33.68(40.76)"

Ydry matter)

Table 3. Proximate composition of commercial compound meal

Nutrients composition (%)
Crude protein 42.0 (up)
Crude lipid 3.0 (up)
Crude fiber 4.0 (down)
Crude ash 15.0 (down)
Ca 1.0 (up)
P 2.7 (down)
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t}. oA &%
olal &3 H¥A, 45, 8F AEI A HA stden SH¥A 1A T
A ¥ MS~222 100 ppmoll mt3AI# HEe] AN FAE FFstAch

e. 3

Aol A8 Al FE2 AUZiddzy, 2INAL Kjeldahl F&F
2 (NX6.25), AL Soxhlet &Y (ether F+&Y), XHTL Y
spjog 2tz EAstac} (A0AC, 1984).

TR

e

ul. FAAE
RE x}8E Student’s t-testS AAIS}Y] 95%2] BAA FAHE AR

st
3. 23 ¢ 3%

7. AEBE 4

Table 2. oﬂ%: thala oA e® A2 Krill meal?] WUt HE UjS
Lebyith. Krill meal®] Zeh¥ad §FE 41.54%2 ciA ©@yjddoeg
A7EE cfFue] 45~50%0] Hl3| tha HWrle ol 2 2Tk ¥
& Baon A$EY (Shrimp meal) 40%Wi2iet A w3t 4EEFS U

bWt} (NRC, 1993). Krill meal®] R g 2.02%% oy Z4¥ &

o
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l

2 7.05%uUElton] I ES 36.88%F Al$EY (Shrimp meal)?] 279%%}
thFte] 6%9} Ml &2 ¥ xtol& Uehfr} (NRC, 1993). o)g}
< AR UALE G Krill meald HF u]g&2 TSI AZT g
b B2 AZE Table 1.0 VRt $E3t2re 33.98~34.16%2 A

i

¢4
ok,

lo

3t 21S Bgon Zohyagare 27.86~31.30%2 K-23ojlA] ciax
v 71S Bt R UL 2.10~2.30%F vl UL Bgory =
A ¥FL Krill peal ¥afo] ZULF s FI18lE FPS Barch

u. 33az

A 7te] 234 Krill mealE Ro|AEM AR FUgedl EdhujiialRol
chE oiA] ZE AESh obgd A A M8 & AESLA QAR
852t AlgAE A BF MFol UM AE A2 60 g U dd
Zol A¥ FEAlE 79.3g~71.0g 7tA Z AlE Heolzx gt}
(P>0.05), AAEo] QojHE Krill meal® H7lelA] 9 EurEcisr
7} 27.3%2 Krill Meal 20%387}7¢] 19.4%%} Krill meal 50%3 7} 17.6%
Brl &2 ZFEE UEhdcl (PX0.05). AR A L] dojME Eudrgcts
F7t AUENFEL} 52 AREES EAon (P 0.05) AR &
ol EuAlEctS 29} Krill meal 50%8 7F77t 1.93%2} 1.96% 2 v]%:
3 & JEbdc} (PX0.05). Iy dRFEE&S FUAERUETI B A
vettt A2 & 4F 8N £ A2E Yebydch

2 A¥E 23 Krill meald] 7t 43 AgZ BN Eduigtrgo

2R AL Ao yeht WAL FURd BhuigalRy adess
FAYUL Aoz urisqct

- 171 -



Table 4, Performance of rockfish fed the experimental diets with

additive for §-week feeding trial

Diets K-1 K-2 K-3

Av. body weight(g)

Initial 60.9 59.7 60.0

Final 79. 3° 71.0° 71.7°
Number of fish 30 30 30
Total weight gain(g) 499.4° 310.6° 316.3°
Total feed

1919*° 1601° 1839°

consumption{g)
Growth rate(%)' 27.3° 17.4° 17.6°
Daily weight gain(%)' 0.50" 0.33° 0.34"
Feed efficiency(%)’ 26.0° 19.4° 17.2°
Daily feed intake(%)* 1.93° 1.71° 1.96°

'Growth rate : (Final body wt,-Initial body wt.)/(Initial body wt.)
X100
Dajly weight gain : (Feed intakeX100)/[(Initial body wt.+Final body
wt. }/2] Xdays fed
reed efficiency : (Fish weight gainXx100)/ Total feed intake
‘Daily feed intake : (Feed intakeXx100)/[(Initial body wt,+Final body

wt. }/2) Xdays fed
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olEE ¥oJAIR A RA 7} wol HiE e Bl shut stAe] wix
3 FFol BTl olF sjAsI] S 27t oEE A e

oA ehdg e Aol AT Aol VR AUt ARFA iy ©
Hadoz NENN FEAY LB/ ABY sjateld B Aol s}
hijd e7eo] kon g FAVL HE AL U8 Ypolulxit ¥
o dx) @3EHE iy 9udES o & us) Wolnjeite) §F FF
B-Z31 Zlo] tf¥-Eojr} (NRC, 1993). ©]& 7§41 3trlels] ol £-& i &
2o otnjeilg BT HHEARE ARSI AFUES HAISA T chf-&
o] #e O BREZNE @77t ¥ECE (Andrew and Page 1974 @ o] %,
1991: Lim and Dominy, 1989). ol 2 o]F9 ofuliat 27| FPH
Az 3 o3 HLL opuikdt 2Y S HABII YEV] dEY Aoz
petEich 2 Aol AR Krill meald] F-¢ FEEH A =

4 o] 40% ol 2R oiX] PuAL o R A o]& It E AAbst gleut
2ol vlal WS AN AREES BA AL Ypolueaty FAdo] t}
27 W8 Ao ughEith. Table 5. ol NRC (1993)o]l4 EAJ 3 wiao]
B3 s, AS2dy 2yl g 2424 ofmlkat P4 LEhidd
th FIAQ2 AYols HF olnjicatg Faro] MAEA AU A AY
oje] Zgoji} ofB3 ¥A 7|E WAE ol AgEHE WAL (Klein
and Halver, 1970; Wilson et al., 1977; Arai, 1981: Ogata et al.,1983)2
2 XA RAFE 2ebyAyege] ol 87.3%2 oj&9] 62.2%
Hrl 94 & g Byon olmkilrdod s ANFHor FFPYY 2

r

R A 3

)

A& Bolx grh. L}, Krill meal?} A3 Hefe] grizgdel Aok
el Z9E Krill mealz} §ARR} 2ubgd, 2P, 24K, HEUEZS
Bgout (MNRC, 1993) t}E @A FHAQl, ol Rt 2 3ol

w$g B ol el ofnjieat 240 SlojAs o 23 HlAWESA] AAHE
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Table 5. Amino acid composition of ingredients commonly used in

fish feed(as-feed basis)

Protein source

Ingredient
Fish meal{white) Casein Shrimp meal
Crude protein 62.2 87.3 39.9
Arg 4.21 3.40 2.35
His 1.34 2.59 0.90
Ile 2.67 5.00 1.46
Leu 4.52 8.46 2.60
Lys 4.53 6.92 2.17
Met 1.68 2.67 0.82
Cys 0.75 0.31 0.59
Phe 2.34 4.52 1.59
Tyr 1.94 4,60 1.45
Thr 2.57 3.81 1.42
Trp 0.60 1.21 0.42
Val 3.02 6.71 1.83

Quotations from NRC, 1993
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Fig 1. Result of growth rate fed the experimental diets with Krill Meal

for 8-week feeding trial
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Fig 2. Result of feed efficiency fed the experimental diets with

Krill Meal for 8-week feeding trial
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we PFe Bel ool wEE Pelel chAVHALA Krill mealo] ojA
Mol ojmeat Féo] W AoT ol B APAe] dolNE U
£ 4@g Ui Aoz Btk I olaE oE tAude ty
A7 A4l il PULE PHstlolRt FHFo] WM $30] olze
Rol gt EEE Y4 A2 Rolth B3, $Ayele) Fe A=A
A AgHE AR thiEEo] ol JEstL AL AFo|RE oA T
del 7Re ul Fosit) shck B AE A3 Keill Meal ol £ o)
tges $AYY AAE Uehdou oael Mug FAstn Mele

Aol B2 E4 Ak YANSAL ¥ Ao VYHH olgdx

_?_.
44 7HE FAE 52 oAU e A4 A7 dwLnE
% Ao

}ﬂ
23
2

2

N
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II. Chitosan B7lf 7 ZJE

1. H &

atol = SATEN ol Tt el Sl At Wy o7
o] o} A2 U7t @40l {HeY Al ul3] &2 HWolrl. =3 AEAY
B2 ojggdo] A 7] WEel ool AlRARA FUudog algE
32 ol ol ARELS tiAE ZehA Yo 60%E olHoR I
ojfol Loy P4 53| ofujial 2ol 2T ZFolA gAY Yy
Yol 3t 7tHo] v FFo] ELBY A F A7 72 EAFEL
23t olct.

HEolAEMAIR AzxA] AMSHE SMUYAES Fehydo] e o
TLE o]FolA Az wrI} £ dfo] At Az By ARE dAAE
SR Fhudded oS il dE UMD F
oA e g e o] AFYE AAolrh

oA dels AEAG} FTEA 4EE Us$ oy HEA drE:
tiFuh, dAly, EZFFEY, AFH Fol deon FEY YERE $2E

Tol en olF o[&3l % AL At o
Al4x 32 glcl (Wee and Wang, 1987 : Ng and Wee, 1989 : Hardy and
Masamoto, 1990). ©]F tiF%2 AEd whyd oz thia gharo] 40%0]
o5l ofnl=it /o] Wl I Pt ope} shFol #a FFol ¢

il
1o

Hm
o
)
Hm

Q
» Y

-4
N

AHolojA 7}1A ulo] @ (Andrews and Page, 1974 ; Cho et al., 1974 :

Yamamoto and Akiyama, 1991 : Pongmaneerant and Watanabe, 1993)F o] @<
of Atge] dz] o]&Ha glon 244 offd 9ol Heluloty] HeE
e AN AY tFEuteE oAt b3Sttt (Mohsen and Lovell, 1990 ;

- 177 -



A, 1991). W54 oAFA FAA Fojol dolME I o] §Ao] vlay ¢
2 BAZ o8] 70%7HA tiA] shesiche A2 ¥ 3aE 3 gt (Watanabe
and Pongmaneert, 1993). 3#4tolRQ Yolo] UM E cif ]84
(Shilmeno et al., 1993a, 1993b)ol cthsf «-7¥u} 2}

B HI 2P A AAE ol AEAMC] Ha glE vjolg
HAAALQA 718, 7| EALY] 7ot o] FES| AYS o] AF, AAE §
o FYgEokolA olo] B A7t Fys] W Folrt (Evans and Kent,
1962: Hadwiger et al., 1965). ol&j¥t F|EAIZ ojfol QlojAx W 4
Z FEtel AgFuiE st Jvisle] 4F gGAA $AE AES Austd
FAE RN Azl Brbstel AT oy A7, At o Fe R
oL} Mg A] nxe FHY AR nFH AHolth

B APME itelg 2% Zo|AEMAAR el olojM iy
A3 2EAL A8 ALE #5tq 7IEY ofF Oy oA oz
o] & Eol& AEA, FEA whyo] oid FIEAE HIIst RojaEMY
A A zA] BriEE HIFEA AT FAlold 4% #F AME B3 2ty
iy Heot F3E AEIN] Sistd 2IEYUE iR AS AEES 44

stadch

.

2. Mg R ¥y

7h Aol W A
Al¥olol zujEel (Sebastes schlegeli)Z 1996 39 X F njgkdo

Z
X APt FHEAN AKFY & BoRAE o83 +4F 0.T.C
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80 ppm o] 1At T F&F &3l AMEL B AT S
Al EPALR (F. Feub Zeloh)E FoldtdEAM ou] A& & AAstden
AR G A7 $13 4 £27 003 & £83e] 17dT AE A
2E Fol s1EA AF o] ASE AA gt FAHS A8 7 #2249

30ujy ddste] Aol AN FAE FPTF 5oz £&3dct. F4
P2 3L/minlE 2F3GLen 7 sRuict FEY Ax FFE $l3] oo
£E8E 4A stdrl. AlgEFels 19 232 of, AYeg by niHd

A o2 WA Fr).
Ayole] B FAlE 60 g ] doeny AY 710 1996, 6, 12~1996,
7, 2171x] 8% ol AIS AR JNFY $£22 19.6~25.6C 4rl.

U A8

2 A3 2u)Ee 18 U ARE Agdglen JEAL 43 F
7} M3 E AR UHE A2y EY Fejo g AR stAch 7
B4 BB 1%, 5%, 10%2 2Fstoct. AgAs A2 41 £
Atgel] FIEANE F ZUVF FHFTE AR Yol IF AHSF Moist
pellet AZXJ|Z ¢4& 43 sigdch. AZY AIEE v]d Exlo] Yol 8 ¥
F A8 B Yol -25C Y¥E o] B stdch. AHolrt A wpel A}
8 asg =4yt

th. oA &%
ol FF2 ¥, 45, 8F AEFEAlM A4 stoden HFA 2442
AAF MS~222 100 ppo o niAlA AHol FA e FAE FFstAdch



Table 1. Experimental diets of additive for rockfish{%)

Diets
Ingredients

C-1 c-2 Cc-3 C-4
Commercial
compound 100 100 100 100
meal®
Chitosan 1 5 10
Distill water 40 39 35 30

Nutrients composition in wet matter (dry matter)

33.98° 31.63° 31.27° 23. 45°
Moisture .
{66.02) (68.37) (68.71) {76.55)
31.19° 32.46° 32.38™ 32.84°
Crude protein
(47.24) (47.48) (47.13) (42.90)
2.30° 2.27° 1.96° 1.96°
Crude lipid
(3.7) (3.32) (2.85) (2.56)
17.21° 7.67° 7.41% 7.32°
Crude ash
(26.07) (11.22) (10.78) (9.56)
1.41° 1.77° 2.14° 2.13°
Crude fiber
(2.14) (2.59) (3.11) (2.78)

!Used Chun-ha jeil feeds company
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Table 2. Proximate composition of commercial compound meal

Composition (%)

Crude protein 42.0 (up)

Crude lipid 3.0 (up)

Crude fiber 4.0 (down)

Crude ash : 15.0 (down)

Ca 1.0 (up)

P 2.7 (down)

% 3EEy

Aol AR ARY 22 AUrtddzy, 2L Kjeldahl 4
Y (NX6.25), ZA|WL Soxhlet $& (ether &%), 2¥EL A

o R bz} FA{3lgtt (ADAC, 1984).

o, BA A
BEE AR Student’s t-testE A28t 95%2] BAH K8& BAsL

gt

- 181 -



3. 23 ¢ 2%

7}, AlmdE

Agatse] ot JEENZ A AP ALY EYARY TR o] FA
¥} S Table 1.2} Table 2.of Vehidrt. AEALE A Zof A}
g Ag FUiE (F, A= 2E9A @€3Fo] 42%014,

T 3.0%018, ZHRE 4.0%013, ZHIL 15.0%0]312 F4]

Mogm
o
AR S R -2
o or
A
Az

(o]

I

o Ca®} Px= Z}Z} 1.0%0l4, 2.7%°|3l2 HIJIH ZAe=E EAHAL)
3t BEutalgo] JIEAZ FH4E AUsH ARE AEAIEY it A
A Az $EE 23.45~33.98% 2 F|EAITES] ZJ)9) ¢ 2HLUS

ZQoE sl £ Hyo] A BASE FTE Ushion zuuy @

o W W
r{mﬂtiﬁ

e

23231.19~32.84% % HTIE Xol& Holx] ottt AW Tarol glojA
= JIEA Asisko] F7tye] ulel tia A4t ZHYE Hoon RIELS
7.21~7.67%% A8 vlxsded 2ERE JIEA HoMF gz

2t %A Yelsch

v 3353
22F FAA 2T AAEA JIENY ARY FUto whE Z3az
g zAsla JF AoE B 3 2y EYE e s8R AMS
AES AAY A3 B AFS AEA 60 g ] 29 o] A8 FRA
= 69.4 g~77.7 g2 FE & Aol & Hojx golrt. I EA 5%HAT
7} 77.7 g 22 1R £ ARE Bdoen JIEA 10%H I b W2
g By, 2R3N E FIEA 5%HEITEIL 27.8%, thERET} 27.3%
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with

Table 3., Performance of rockfish fed the experimental diets

additive for 8-week feeding trial

Diets C-1 Cc-2 c-3 C-4
Av, body weight(g)

Initial 60.9° 60.5° 60.8° 59,3°

Final 77.5° 69.7° 77.7° 69.4°
Number of fish 30 30 30 30
Total weight gain(g) 499, 4° 277.1° 507. 3" 301.1°
Total feed

1919° 1601° 1844° 1524°

consumption{g)
Growth rate(%)' 27.3° 15.3° 27.8° 17.0°
Daily weight gain(%)* 0.50° 0.30° 0.51° 0.32°
Feed efficiency(%)* 26.0° 17.3° 27.5° 19.8°
Daily feed intake(%)* 1.93° 1.71° 1.85° 1.64°

IGrowth rate : (Final body wt. - Initial body wt.)/(Initial body wt.)

X100

2Daily wéight gain

(Feed intakeX100)/[(Initial body wt,+Final body

wt. )/2] Xdays fe

d

Feed efficiency : (Fish weight gainX100)/ Total feed intake

‘Daily feed intake :

{Feed intakeX100)/[(Initial body wt.+Final body

wt. )72} Xdays fed
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Growth rate(%)

C—1 ! c-2 | C-3 C-4
Diet no.
Fig 1. Result of growth rate fed the experimental diets with Chitosan

for 8-week feeding trial

1
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Feed efficiency(%)

o

Diet no.
Fig 2. Result of feed efficiency fed the experimental diets with

Chitosan for 8-week feeding trial
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2 oy 43E Bdon JIEA 1%W 779 10%B 717 thae Az g
th 47 FFBAME JEA 5%UIFLL R} thh B2 £XE BY
oo A AR MHolgdAdE WRII 4 & UL uehdch  Krill
meal H/MIP FIEAL H7PAYo] AolM AYeld =zyEete] AN
daolu AR E Fol Az2UY AT o] A7 0F He ¥YPA T
of 2wyl G802 U3 HYolo] AEHAE JIFAA oFY AR}
of FAUS L ulA oY 4 A3 ¢ Ao U AZAZY
ZY £ 94 19~25.6C & AR 142S FAS 1420 gy
Adola Ztax Az e ¥ delog nigkgdch
E Agdz z2uEe MPalgo O JEAY] AstEE 433 AlEX
oA gAY AhERE €5 dden o & 2&E FA 4Uud
o2 uctEn offeo Aoyolt 3HAY FulE Sl FENS AL
thd AAHM AR U 5% R FUU AHY Ao AzHc}
FNEADES A, A 59 2dzFeg 25F oy A7 5o ARy F
of FAsstAl S &= ESHE 4T 1004 E B2 A F440N HE
2o thEo g go] AR g Edoltt (FHEWK, 1986). 7Y,
Eate] A3 A 19708 YoM AlztEo] W] dEME 47 ¢
4508 8] F|EAte] gatslz gleon Seitete] B¢ oot FHY 2w}
dol Y PP df gdoy 43R FARAA JIY, FIEAte] ity
3otk 53, JR, JIEANY BIHEU JIEA SawS ¥R, yut
Fgol 71 obel A dY s 23 AY (Hodwiger et

al., 1965: Allan and Hadwiger, 1979: Stossel and Leuba, 1984: Hirano

]

rlo

and Nagao, 1989)& 3}7] wjo] 2JetE, AE, & AL, FAAE, &
olAlg Fof uo] MJlElo] A&Hrt JIEA LlIiYL D-Z

=
=
B-1,4 AYLE 2~107) ZAYUY ZIYLE JEAE FIE7IeE3std



e Aon 53| 69 792 HY A3 g e ALo® dyA gl
th ol JNEA Znge offol o] ARl HIlst FolstdS #
S A&, Aoy, w3 Ay sjd, gewy, Hd8 A3 34
gz T RAE BAHLE HI A FAM AHE H=It B Folsla
e dPolnh. Iy & A 23 4% AREEM L2 EHE U
Ehx] ot ole AE AMEE FEAIC] EIAYLE orFHx Jis
38 ejdx] B U Qo] JIEA Bl ¥ HTE FHI
AZsl7)ols tha ofagol lalth. Kono (1987) 52 AlgY 7€, J|&

A, AERLAE ISt o 4&el nAE= $¥E 2AY A JE
A R =& FA 4 thRF R} FAe] Ak S Ueide

o 7]Ele] Z2E oflfe HA ANEEES wWol A4
33tz it E3FH, Kono (1987) 5 7%l Arjstel A

FE Aoy ¥
ol A 10%2] 7t
7t BFol Y we ELE FE ROE BIFIT 9om Chitinase,
Chitosanase ¥4 B Ao FlE|totne] A& HolL} Chitosanase
o] BEL WAY 4 gz JIEALS AEY Fp, 43 Fo] 22 FAY

2313 ZAAN Yelo] HE Zog B AY Alel fAIY APS B
dch. 3, olAZR] offFol oA JEAY I3} AFol Y A7
o] &3t AFolng oo AY ALHAHA AFE AKINBRA AFAo)A o}
F ZEA BAHE JEAES FolrEe] BRIl MEL FIAEZA H
HA D AEE &3 AFI} o|FojHof & Felr},
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Al 4 & IMS 20o|AEIE (HFMP) Al 2 2]
AlZslel HAMEAM A J]&0|A

A 1 d HFMP At81dS 18 F4stA Jstaz
2E

sfato] Aol glojA RoJAEMAAE (MP) X ZRA| BAIRULE A}RH
T AU Y AF2 2 dF A3 ofF W oAM=, YA Jle] ue} A
A gPgol SalelE vehiiden izl ofAu Ay B 3.1%04 H2
15.5%7Hx] UEUAL glth. o]l F 4A Rl BAsdezd s s
o] W& 1T Z% A o] 10%0] LT nf¢ Fo} ojYF 2, A
B, MP Az olA Ats7t dojd sHeAdol mi¢ rh

olgt A MPALR A=A 78] whiAlg Aetsty] ¢l3] AP ofF
§ 1A HEsA Alzy Az 9 4G, B8 AP Atz dojd
7hs7del uilg & Bul ohel AY ARE G4 AFolA Fol A&
ZE BN A o JA AEE FUAA B2 ofFel 2 nHE F
¥t} (Yokoto, 1970: Roald and Amstrong, 1981; =& &} &, 1990).

53] Qgojiatzol del HEIIHI 9 off+ EPAL DHASL 2 n-3 IE
EX3 Aol o R glo] 22AU B wio BI1F5Y s,
g, B T g3 HA AHRE dosa Aol E APy B4
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o2 ooyl AAwel HE T UZ G¥E 2AY seidol Er}
(Bidlack et al., 1973: Vergroeson, 1977: Saito, 1988). o]aj¥ Alg 29
2 gakelnt vlElwl Fo F8 3 BEY A UYAE FFog spatsix s
AMgE e dd P2 vER ¢, EE 471 2l dF ¥4 3t
slAl2 oAl AlREof de] ol Z ST BHT (Butylated-hydroxytoluene),
BHA {Butylated-hydroxyanisole), ollE ]3]l (Feher et al., 1987: Murai et
al., 1988: Kajima et al., 1991: Hwang et al., 1992) So] Qlc}. =¥ A
A a2 vlelRl Ce 84 FAAHAR A AW dxpute] abs}
E A uigte] £xi3ts E-ell 3l dojule As whgo] tislei:
stars} o] ¢Ant (Nik et al., 1985) ulE}ql E&} Az oz =gl
slElRl ES] FIHYEE HAFE LT d8A gt} (Heikkila and

3 oE AAolch U vl EE U950 AMEEH AW E adae
Aol o Aol v ofs) tiE At} FIA AbgHjol of F2 &
& ¥&4 9o Murai and Andrews (1974)& AUF A BHatsixal o &4
Yol vletql E2] H¥E cfildvie AFPAE Rasta oo Wzl Yol
Atgo] garxAlz del AMEEHI ok oy UFYY A Ayl
#rer2 BHAS} BHTE AW Eare] 0.02%oln ol BAHUL 150 mg/kg diet & )
gr3lsL itk (NRC, 1993).
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E3E gojato] ololxe BIEM Premixis YWIA O R tfiolRrt o
3= 13~14F 8] 213 vielylo] FZiE R glen, ol& uleiulEe] HigE
HElIY] @ 7S FHAIIE o] AUHY o F, F2AFLE FAF3lH
AgAz @ 2P B o] vAHE 483 vl {E 2FYET Y
< o] AZH I gch. 53], ulEirl ¢, E: A V5 E ANE2E2H
AgAzAl AR R @ Fol AUER e AR, oy
Bxog AlgajzA] AiEE vlelgl premixol]l thit 3343} Zabo] I A
EE A o]FolAA] 42 Aefolrt. uizly £ dFdME WPAIRA] EY
He Eusigibie] ZyE o] olE HElR premix®t Fojilm A4 de
AR E G Qe AV AR dEAH L Aol f, AddARE A7 A
Yatgol] Aulsty YA E P2 A Jed 2

.

2. Az 9 Wy

7. AgAE

Z Age 8F ARG FABYAAN F2 ALEHI de BARe
Bug 8:28 EUN MPE AHEstden Uojx] AYIFELS 8:2PALE Y o
& (Aol g, Azl ), At Alprenix L oFA|o] AIH =, gtz
Hprepix+Al o] -G B 77, ¥Aat3tAlprenix+At3to] §+o] HAIF B, Aty
Alpremix+AtEtol -+ BAY A2 57 E HAB3IAch ¥ AprevixE
AlE 1 kg 0.3%E HAsstgdon A3 242 Dry oven 30T oA 10x] 2t
Arst A1 RAg Agstdch dlEBAIYE Aol fet Atgelg 2zt 127 0.3
g 4 BAJlsiden -25C QAo RBIUA AR AR APGPL AL
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stgich. AlEAzE Sul¥ R YuHAprenixE EYJE H ¥
BAEYY 2Fol, AAEL FWHAE (. FeluIeont sty
moist pelletA 7|2 & JPHLF vldo] Yol YBFE ARFo] Yo Y
FTEH (-25C) 3AA Folstdrh

. dgel 9 A5

AlgolQl \dx|(Paralichthys olivaceus)= A 5T 12 X0 93
3 ojP o RE WolAE $43lo 2ton FRPFZ| 0.T.C 100 ppn &8
G&F F&3tdTh. A 1FE AP 2719 EP ALRo vElNg Fitsio
Argstgon o=Fr Y Fo] RojAEMIY (HAFE: BUAE=5:5)4
B2 4337 ou] ASF AUV 2T AT ANE AEsted Aoy 4}
g3taich. Aol HWIAFS 31.4%0.7 g olgom 22004y £z}
320 ¢ Atz Szoll 2} 30u]% 2uEE R A9R 4835t 837 Al AP L A
drh. 4R 4 AE $£Zvict 44/nin 28 ZFIPgon FEN
ttd FFE St 2 oot ooj2BE HX gt A a4

< 19.5~22.3C o AR FF2 1Y 2% (8:00, 17:00)% o] o
ol M7 77t B UEF wEo A &2 WA For}

>

—

15

9

flo

th. ol §3
ol &P AEA, 45, 8F HEFEAo] HA] sldlon A ux
HAF MS~222 100 ppu o o AlA HHol FA BAE FAsigr)
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Table 1. Composition of experimental diets for flounder.

Diet no.
Ingredients
1 2 3 4 5
Commercial
. - 20 20 20 20
compound meal’
Frozen raw fish
100 80 80 80 80
{mackerel)
Squid liver oil®
Fresh oil - - 3 3 -
Oxidized oil’ - - - - 3
Ethoxiquin' - - - 0.03 0.03
Antioxidant premix' - - 0.3 0.3 0.3

Nutrients composition of wet matter (dry matter)

Moisture 63.04" 52.82° 51.56° 51.71°  50.94°

17.23° 23.88° 23.46° 23.15° 23.95°
Crude protein
(46.62) (50.61) (48.43) (48.29) (48.82)

15.02° 13.86° 15.50° 15.91° 15, 64°
Crude lipid ’
(40.64) (29.38) (32.00) (32.95) (31.88)

2.85° 3.95° 4.53° 4.47° 3.96°
Crude ash
{(7.71) (8.37) (9.35) (9.26) (8.07)

'Provided by Purina Korea feeds company
%Used Ihwa yuji company products

3After 10hour oxidation to the dry oven at 30T
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gf. BEEH

Aol 218" g 8 Fdvtddzy,. 2YUAL Kjeldahl A&
ey (NX6.25), 2L Soxhlet $&4 (ether £2%), ZYEL 23
sisiog zhzh EAstgrt (AGAC, 1984).

ul, BAA e
RBE 2B E Student’s t-testE AAIBIA 95%2 FAH FoHde ARt

ot

Table 2. Composition of antioxidant premix added to the experimental

diets for flounder

Composition ( %) Kg
Vitamin C' 50 3X0.5=1.5
Vitamin E* 20 3%0.2=0.6
Ethoxyquin® 7.5 3%0.075 = 0.23
Wheat flour 22.5 3%0.225 = 0.67
Total 100 3

YWitamin C Purity is 10%
%Yitamin E Purity is 50%

*Ethoxyquin Purity is 66.
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Table 3. Compostion of squid liver oil added to the expermental diets

for flounder

-Ingredients Standards
Acid value 0.5 (Max.)
Peroxide value 3.0 (Max.)
w’'-HUFA 26.0%(Min. )
Unsaponifiable matter 5%

The main ingredients

Vitamin A' 4,000 (Min.)
Vitamin Dj' 200 (Min.)

Vitamin E° 50 (Min.)

B.H.T* 0.02 (Max.)
'A unit @ IU/g

A unit : mg/kg

SAntioxidant : Butylated - hydroxytoluene (%)

3. 24 ¢ 23

7t. A4 E

Table 1.0 Ueld HPA1E2 AHBREEFT T2 BHELE 63.04 %2
713 B2 £EYZE Vehden Yoz A@FE= PAlae FUuAEY
Zu7l 8:28 BAE u]Eo] tlA £ FAR 50.94~52.82%F e}y
th, zehaa e FAIEPute] 17.23%2 EMEFES} 2jol (P0.05)E
Boon Unmz AEFES ZARs EdniPgrtze] Eulgol BF 2
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BAR 23.15~23.95%2 AL 22 & vetdch RAYEJ LS 2yge] I
b=l 2] k& 3 (Diet 2)Wto] 13.86% % Tl4: W& £ & Uellion vz
AEFES 15.02~15.91%2 vlx¥ S vetdich 23E fdo] Aoy
t BAE 9EFyto] 2.85%F Tha WASE Unx] UEIELS 3.95~
4,53 %2 HchE xjol& Bo|x] ¢ttt Atmol] AV 2o ZHy9 Pov,
AV &3zt POV, AV BT AEA o fe} AEE A7 UYL olf, =Y

garstA] H7t /5ol wet HohE Aol E Hojx| dx Hls3tAch

Table 4. POV and AV of squid liver oil added to the experiental diets

for flounder

Fresh oil Oxidized oil
Fresh oil
+ Ethoxiquin 0,03% + Ethoxiquin 0.03%
POV{meq/kg) 16.8 17.7 17.3
AV(mg) 3.1 2.9 3.0

L2 e

Aol Aoz ARA offol HIE gatsix) gL A=)
71 f1ste] Y& v e s 8730 4% AW A3 4% AAA BF AF
o] 40 g W9l Zo| A¥E FE4] B AFo] 83.8~106.8 g 71x] &
ol& XHyrt. AHAZoME R FAETAAE 138.3%, oR7 A7)

2] Q42 8:2MPFol A= 108.3% % o] F9f FARAEHYEQ 167.1%%c} y
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Table 5. Performance of flounder fed the experimental diets for 8-week

feeding trial

Diet no.
1 2 3 4 5
Number of fish 30 30 30 30 30
Av. body weight (g)
Initial 40.5 40.3 40.0 40.1 40.8
Final 96.5 83.8° 106.8° 95.2" 99.9%
Total weight gain (g) 1680.5 1307.8° 2004.8° 1654.7° 1773.1°

Total feed consumption(g) 3687  2637° 3584  3083° 3202°

Growth rate(%)' 138.3° 108.3° 167.1° 137.6" 145.0°
Daily weight gain(%)* 1.70®  1.46° 1.90° 1.70® 1.75%
Feed efficiency{%)* 45,6 49.0° 55.9° 53.7° 55.4°
Daily feed intake(%)* 3.3 2,95 3.39° 3.16° 3.16"

!Growth rate : (Final body wt. - Initial body wt.)/(Initial body wt.)
X100
Daily weight gain :@ (Feed intakeX100)/[(Initial body wt.+Final body
wt. )/2] Xdays fed .
Feed efficiency : (Fish weight gainX100)/ Total feed intake
‘Daily feed intake : (Feed intakeX100)/[(Initial body wt.+Final ‘body

wt, }/2] Xdays fe
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Table 6, Availability of experimental diets for 8-week feeding trial

Diet no. 1 2 3 4 5
Total feed intake(g) 3687° 2637° 3584° 3083° 3202°
Total protein intake(g) 635° 630° 841° 714° 767°

Protrin efficiency

2.65% 2.08° 2.38" 2.32° 2.31°
ratio'

Daily protein
0.64° 0.71° 0. 80° 0.73° 0. 76

intake(%)?
Total lipid intake(%) 554° 365° 556° 491°¢ 501°¢

Daily lipid intake(%)* 0.56° 0.41° 0.53*  0.50°  0.49°

Retention of lipid(%)* 3.51° -9.10° 24.38° 20.85 24.07°

'Protein efficiency ratio : Body wt. gain(g)/protein intake

Daily protein, lipid intake : [Feed(or Protein, or lipid)intakeX100]

[(Initial body wt,+Final body wt,)/2] Xdays fed]
3protein, lipid retention : [Protein(or lipid)gainX100]/protein(or

lipid) intake
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< BAES Bt Aol { (Diet 4)9} A3} of-§ (Diet 5)o) EAIF
& AN FoME HIELS 137.6% 145.0%, AlE FLL 53.7%%}
55.4%2 Halo] & Holx] Qlotrt. UZ P Eo] YolME HAlE THEZI}
1.46% % CHE A @7l ¥l3) chas ¥ e Urhigon off+8: 24P}
1L.90%= 718 &2 4 8¥E&E Roen Uz FEE 1.70~1.75%%
st 4AE Bt 40 ARAHOl &S ol f+8: 2Pt 3.39%E MM &
stom 8:2MP7} 2.95% % 1 W %S RAT 43 u9wd M godMs
o] -f+8: 2P 7 7R & & Urhden A g MY we e el
Wk 227 ALY 42 AL YABDIAE AP ol §7t BAAYA
o2 g:2wP77t ZHY wotem unAl A FES AR AW o] )
S BAZ FAPAANE 2 Aol & vehix] gisir

th ol A&
8T AHFETFY oA 42 HHE Table 7.0 Liehfigdc), ojx A
T TEETS AR 13.92%9 e AEFEFol= vl o f7t

7hEl 2] Q2 AARTET 8:2MPF oA gt 79.80%2} 77.83%% AP n
vlElRla} o] RHIITE 67.12~71.46%2 BF F713 A¥E By =g
WA qFolNe dEAAAY 17.92%5 0t BF @2 & Yeied, 213

ANEVS T} 8:2MPFE 15.35%, 15.72%2 Er 2 e UEhc. =
AggPgoiAe vietnz offr7t HrEA ¢ Mgt} 8: 24P}
WS e Rgon uElRl olfrt AE T A¥AANAY 3.77%ET}
YR 52 7.19~8.28%8] AU ¥3S LlelWich Table 8.0) UEhd 712
gal, WRFH, vinzo M vletnd} offrt HIH AYITEo] MAR
THE-Z9} 8:2MPF o) ¥l BEF & & uehidch
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Table 7. Chemical composition of whole body after 8-week feeding

trial for flounder.

Diets Initial 1 2 3 4 5
Moisture 73.92°  79.80°  77.83°  67.12°° 71.46  68.66°
Crude

17.92° 15, 35° 15.72° 17.11° 16. 64° 17.83*
Protein
Crude
3.77° 4.42° 2. 66 8.28° 7.19° 7.79°
Lipid

Crude Ash 3.64° 3.2¢4° 3.52° 3.52° 3.47° 3.63°

Table 8. Hepatosomatic index(HSI), visceralsomatic index{VSI),
condition factor(CF), hematocrit(Ht), hemoglobin(Hb) of

flounder fed experimental for 8-week

Diet no.
1 2 3 4 5
HSI1(%)' 1.23° 1.1 2,39° 2,28  2.55°
VSI(%)* 4.80° 4.73% 6.59™ 5.89°  6.48"
CF? 0.90° 0.89° 1.02° 0.94° 0.99°
Ht(9%) 22.0° 28.5° 24.0° 255 @ 23.4°
Hb(g/d1) 8.4 7.3 88 9.2 8.4°

'Hepatosomatic index : liver wt, X100/body wt.
%yisceralsomatic index : (visceral wt,+liver wt.)X100/body wt.

3condition factor : (body wt./total length®) X100

- 198 -



200 T

160 1

120 1
80 |
40 |
0-
o2 g Ty 5

Diet no.

Fig 1. Result of growth rate fed the experimental diets for 8-week
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feeding trial
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Fig 2. Result of feed efficiency fed the experimental diets for 8-week

feeding trial
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GAjoj7toll A MPALR A ZA] AMEEl = AR S} ool Tty ¥RH Euu)
PAEE BF A=SXH 2 Yde] dREo0] Ao idnje slede]l i &
th. oo ZFe Ay AL YEE XY AEE ARE FIN T
AE B¢ WY, ceroidyy, FAYE T A8 712 Py HAP
Aol AsiH F=rt A3t slrto] o]=2A Hrt (Yokoto 1970: Roald
and Amstrong, 1981: Z 2} A 1990). & H¥] H$ FJE o7 FF/
upgl 4% Aolut #HAHEY AolE E4 ddEd ol Table 4.0 el
ule} Zho] =elo] oA 1047 AFAIZ o] {7} o] fol MHE & =
2 8] 4 5A gsEd 2 Aol glrt At oA E =elole
ol A 10A] oLt AAHAIY o {7t FE3] AHEA] ¢ AL Table 3.9
Vel ZAE M2 A of{FE A=Y of Vitawin A, D, E9} &7 ¥4
Al BHTE 43T H/BIE2AM A7 A" Zeg g
I EAHI T H/E A Zenix olf{rt FE3] AsEA] 9o}
satstAe] dEgx FE3] AEY 4+ vk vwiEluY F9 yabsiyg g%

S 3= AEog:= dlElnl c EE E4 &Y (Takeda et al., 1989:

fau)
i)
H
e

Kosutark et al., 1995) o]8j¥t FEEo] ¥uHAZA &g str¢ls) 4t
SiE Algel AJHE 48 dol, "etmol, Adurle] glojM i} AR
kg% H¥)EM E (@ ~tocopherol) 50~100 mg, ¥IEIR C (L-ascorbic acid)
= 40~100 mgo® HIE I 9t} (Gatlin et al., 1986: Sato et al.,
1991). & A¥e] HrbY vlElRl C, EY AU YAabsiA] Aolzko] €RH
vlelRl C, EQ] ¥ado] whel A4 Az vjebyl C= 15 mg/kg diet, H]ER
= 30 mg/100 diet® atEA 2N g 378y Fsistole oAz &2
g o1} Diet 59 4tzto]f F7I7e FAolLt AEEE Fol Diet 3, 49 &
xpolE Holx| Uuw e AYoel ALY o fRAo] vlElRl E9 atsA
7} A7t o] Atstol {7t SE3] AIEA] ol ¥AEA JeE Byoz I
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74 st Zelgart 2 e VsFBLeRE B8E Aoz udd
ch.

B Ay Pads Zegdaes A q¥yche G R @
BYZ Fof ZYAE FIEHA] 23 BAARcIEF e 8:2MPF R ¥
ojyt 4 BULEH MPALR A ZA] HEX] Hlojol ¥ Zeg Holn
MPALEE &2 ANE BR3 oo FFdE dS F¥Y Alay 229
atsjoll #T FAIHQA A7} slojop & Aog migkhAct = ulERI C
EQ] 3AbstAo] U2 Mol HIIFEW ohel S Jldishs] ¢ 24
5 MPALE S AF F el oiyt FAR A A3t Auetol ¥ Rojct

U
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] 2 A HFMP A& 2] APY FE

1. & &

YgtA o2 ogolalR R o AMEHI Ae Ro|2EMI(MP)AREE ity
ot BUYAEE 3P 8|82 EYslA A", PAgE Kol dair
Yy olFES H2¥P S X EPALL DHASE & =2 EXsixwyite r}

TR Qo] olEY gAYt QLR olE AEEIXHA|WAEY
2 k&0 % MPALE S Atirbsido] wTh EY MPAIR A zA] EyE
iy Atz cfRE& A3t A& o2 A FAs} dojus] ¥

IEESXHA Y] vl A ¥R Ho & ¥ ol ojEE =

HRFoA ZFoltt g F no]le 2z} HEZIZUE AASA g
224 APt E 4 (lipoxidase)o] 2% 2| A&y} &g ny, de 7}
T ABME A3 atzte] FgE ¥t (A, 1989), olg} T2 AWy
Eo] olfY 2 AAslol ZARTY Aol Ay A@ste LIz =
ceroid7t FAg=ol olFe gzl Fois} AU &4o8 HAdSYo
AA AstEAAN HLEd Agol AeA =Ho HY B9 oid salelzix] o

E2A ste= § o7t ASHd] 2 EXFLeE FAHT Qo (- A,

—

ar o o

o

rir

1990).

dH AL T B Qe AR AR AHE YA feie &
ABAEH EE BolFe UEES Batstel Aoy BHt opgy )
ehal $Zo] o wiEhl AWE WA AUE AlRo] oY ASHALE
glstel et cof Esb AASD glth ER. Smith (1979)¢ ®E
(1981) WUARE AFolA ge o Uehhs g3 Wa)7t vepals
S 2% GUAS MolA Hold ofwd 4 dvis A7ANE Bustar.
eba, slarol ol SlolMe olF wlehdl Eof tiRt WA Zuish wars)
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BAE T AR F7IPol B A7 A At ol F FAGANY F
2 AREHE G SWNUANRE 8:28 TYste A8 MPALREE 2
SEXHAYALE Y BRI e Aalge T oAl BE A MPA}
Bol thd Az, i T AFHFANY AR Alvfo] 7 o}gdFEo] ¢
HE zhagt Fo471 2449t

wheid 2 AdYo]He YA§ MPALR A2A] MPALRESL] BEEE FoiAld)
71 f13te] IEEEAPYA] U FRH off (LBARR)IE H7H6E%)
ste] A MPALRE A ZStREH tiFe] x| AHTte] ¥ isjrt ¢y
o] JatstAz4 vlEll Co EE HF7Iste], 2A MPALR Y] A 2AY A=z
#, AzxF A2 94 ARZY g dZ=E3toMY dF e} vEtw
Cot E Hubol whE Abst ZAE zAMSIoATh

2. g 9

o

A

7t. AEAR

Agatge AEz4 @ HEEMNEAE Tabel 1.0] Urhigdch zay
MPALE Q] A ZA] AMELE ZXA 7] 918t datzel Euwigatge vge
Uyt galojrtol A de] AHEH 3 e 8:28 EYUR F o AANRE 6%
74k 2R MPALE St A MPALE] ¥lERY] C (1000mg/kg WZEALR), H]
Eldl E (220mg/kg W ZALZ), BlEIRL C-E (1000mg/kg, 220mg/kg ZZRALRE)
g 77t AU 470 HEAETE dFsdch. A¥AR AP wE
2 A 3% A 3 d vEely ¢, E AUto] wfE BF B HdBolA A1EH
4% AF3 FPE AE3tdct AdPARAzRE EduPrtE e vlE}
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2, o f (RFoNF 6%)E TUE I TPt 2HIE 4T 259
o} ThA] & EUR F ROAEHA AzJ2 &4 Esidct. A=Y AP

AtRE M ZAEE FA] A AP 48 AAstdcL

Table 1. Composition of experimental diets(%)

Diet no.
Ingredient

1 2 3 4
Commercial compound meal’ 20 20 20 20
Frozen raw fish(Mackerel) 80 80 80 80
Squid liver oil® 6 6 6 6
Vitamin C(mg/kg diet)?® - 1851.8 - 1851.8
Vitamin E(mg/kg diet)! - - 733.3  733.3
Vitamin C, E Content in moist pellet
Vitamin C (mg/kg) tr 731.1 113.4 850.7
Vitamin E(mg/kg) 29.99 41,60 145.92 133.16

! Provided by Purina Korea feeds compony
*1hwa yuji compony products
Dae Sung Micro Biological Labs(Purity:90%, L-ascorbic acid)

‘Dae Sung Micro Biological Labs(Purity:50%, DL- @ -tocopheol)

_204._



Table 2. Composition of squid

liver oil added expermental

diets

Ingredients

Standards

Acid value

Peroxide value

0.5(Max. )

3. 0(Max. )

w3-HUFA 26.0%(Min. )
Unsaponifiable matter 5%

The main ingredients

Vitamin A’ 4,000(Min, )
Vitamin D' 200(Min. )
Vitamin E° 50(Min, )
B.H.T’ 0. 02(Max. )
A unit : IU/g

A unit : mg/kg

SAntioxidant : Butylated - Hydroxytoluene(%)
U, AR 23 4 B4 ¥5

AR Az % BE 5 AFAYoIMY A AP} viepw C,

ER7bol 3 PArHBRE 2SI S8t MPALR A=
g} -15°CH A& zAslA 6413, 12412,
o A2 E &5t dFxE HEo g Az FH S
o] Aalgd (27C)3HolA AR E Azt U

¥ 3

...205_

7H2

olgted A& &

ZAFo AzF 4T
24A1 7Y, 48A17ZF, T2AIZY AAF
Joll A

¥



ko

A ZHE olAgste] 1A1E, 2413, 3AIZ HARHEE (37 LUXOlA) ¥ ¢

>

HAEE 2Fsidnt. =Y, 2A% MRS FLEA PAE (25
o} BuuigaRe] A7tE ERstdon, WAz Ffols NEIsY A
A 25019} MPAR AZLLE ALHE YEILECS MAES xa}s
grh. 23, MPALES dst viEtme ARED (AP, LE)e wE Aw
U ulebal gare EAsiech

th. ¥4 3y

Agarge] alsis Hries 2AAr3EI} (Peroxide Value)®t 417} (Acid
Value)& 712} &33slg 2o, AVS} POVE Bligh and Dyer ¥ o8 A are]
ABE YOI 22 FE2F AV: dAEetaTo P A8 (2
Wa2E)e] BAE &% Tl ether : ethanol(l : 1) 100m ¥7}%
1%phenolpthalein 1%W&-& #7131 0.IN KOH-ethanol x|A|ete g A5ty
oo povE FHEetA30 ARF 1g3E FAE &3 F chloroforn : ¥z
At EBKI = 15mé 15wl ¢ 1wl AR FIE obd dLstcz o 30
23E ABF Qawx Auch 2

¥ 0.0IN NasS;052| Al o} 2 2 Aslo] ofefet L2 Aoz Ab&sigrct,

—

et 23 75n¢ SR, AEA R gL Fog

@ AVSL POVE] AAbY

@O AV(Acid Value) = (56.11 XaXbXF)/S
a : KOH A=

: KOH %8 =(0.1N)

: KOH factor

n =

: Sample®
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@ POV(Peroxide Value) = [(a-b)XF/S] X10
: NagS:0s A Az}
¢ Blank A A X

: NasSp03 factor

o]

w m o

: Sample

3 ARARY BlE C, EEH S ARA R F A2F 4T -15T
ARz oA 124178, 24417, 46A13Y, 7247 BAF 2tz ZFsgon
4 a3 % A 3 A viEk ¢, E FkE o] & JAa o)A
A TUYT Y P e Agshach

5. Az ¢ 3%

7b. MPALE =8 Ave} POV

Table 3.2 wWigrlR e} Wi Fel 2ela YEaix] ¢ 443 250y
AVe} POVE UEhHL gith. Avel glo] viyAlE 7l 19.14mg 22 W50l
(11.20mg) Wb B53x] 9k& A4 T50) (16.83mg) BT} £ e UEh)
geom, POVY ZF-¢ BF3A e A3 1Fojs} 17.68meq/kgE M &
elsl 1 T2 ® uiYALE (9.90meq/kg), WEILEo] (6.60meqrkg)EoB
vtetydth $EsiA] o2 AANY 1Fost BE AT R} AVe} Povel glo
H & $AE Uetlled ot ¥EiEe A% TYF vl WEE 4
FIv ¥581A] o2 AT 25 (oA FA A Eo FEEHE WAL
o] 150 ZF¢ EYF B o] Fo g PAINAL ajE §EALLE
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BEo]| =& E ATo] ZAojA YEAFolHTL 2 AV POVE Ul
Adct,  mhetd, MPALE AZRA] BAR HEE AEHE ¥Fols

»o%

og X
Stolut A F AR HAY FAE JlSArhd FARLLE A idvfY

A& & Aoz wchdch

Table 3. POV and AV of each dietary protein source for MP

Protein source

Frozen fish Fresh fish Compound
(Mackerel) (Mackerel ) meal
POV (meq/kg) 6. 60 17.68 9.90
AV (mg) 11.20 16.83 19.14

Y. AZAL @ AFxe] ulE AVe} Pove] W}

MPAIR 8] A AL2EE (4T, -15C), ujElyl Hlo] wpE AVEEE Table
4.0] EAE uijgo] RoJ2EHEIY itz ARAF (042) 8:2MPRA
11.86mg & 8 &2 AVE Uehigdon vletdl CHEH 77 10.42mg, vlER
ExHEE 717+ 10.87mg, BIENY C - E¥7HE 10.34mgS Uehdch.

4C AA LxoAE 8:2MPFE ARAF 11.86mgol A Hol 724 17 2}
¥ 19.83mg o 2 Wil oy -15Co & 11.86mgol A Zo] 16.65mge= U
Ef} 4CRTHE W AVE Uehdgich  HERR CRES ALY A S Az
F2E 72277128 MEEL 4T B9 10.42mg~14.83mgo] P o -15T
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£10.420g~11.95mg 2 2 83T ulElR] ERRSAIIFE 4TolA 10.87
mg~14.15mg 22 -15ColA & 10.87mg~13.13mg 22 et o u[elyl C,E
BIHFe] B9 4T E 10.34mg~12. 18mgo] P o0 -15C8] H$ 10.34mg~
11.86mg 2.2 U319 & viehjo] ulelwl A7AlE 4] 8:2MPF2} nhas
A2 4CRCTE -15CoA AVe] HE o] & AL £ £ gl ol =
8:2MP2} Bl LEfA wlElR] FIPFo] AdojA 72A 7R E= AL T A
glol Atsizt A dojutA] A& AlAHE FAlo] ulelwl ¢, EJ} #atst
ERE vehla ke A& $9te Aolth

MPAFE 2] POV &R A3E Table 5.0 Vet 8:2Mp o HRAF
4. 46meq/kge] POVE ‘IEhjz ¢lewm uleln]l CxtS Al 3 85meq/kg, Y]
elnl ExtEE73E 4.00meq/kg, BIEIR CE H7l7: 2.72meqrkg?] POVE
vehfaict.

4T AR 2=oA POV EFF A §:PFARE TZARZHF
6.41meq/kgE W33 -15Col A= 6.35meq/kg® LIE}NICE E }
CHEANTFE 4CollA 72X H 23F 5. 21meq/kgE, -15Coj A= 3.96meq/ke
2 st wElRl EREAEVIRANE 72AIRREAE 4TodME
6.25meq/kg, -15TColA = 4. 72meq/kg® H3pg o ulelnl C EXHIIRE 724]

d

u)

o
=t

73 2F 4, 34meq/kg, -15TColA = 3.92meq/kg® WHslgc).  olAd A
BHE Aol slo] 4TCAHA T2A 2T 6.41meq/kgE 7HE wWol BAEE AL
o, AZAF dlepgl C-EFIIALROA 2.72neq/kgR 71 WA B E )

AR 8H27C )l M 8] AVS} POV &8 A3t Table 6.0 Ll AV
L 8:oMPFollA ALRAZZF 11.86mgoll A Aol ZAyte] wiel BA F7}
stod A1 F }A] 18.20mg 2 2 LlElyton wlelwl CRHEHIIZE AlRAZRA
F 10, 42mgol QA Zo] A NAAF 14.91mgl T FUlstgd . ulelul ExrER
7t A=A Fo|A X THEA7A] 10.87mg~12.90mg 0.8 BE A}E o)A A
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Table 4. The changes of AV in experimental diets with storage time and

storage temperature

Diet no.
Temp. {C) Tine
1 2 3 4
Ohr 11.86 10.42 10.87 10.34
6hr 12.29 11,33 11.46 11.70
12hr 13.60 11.77 11.58 11.72
4T
24hr 15.70 12.25 13.47 12.05
48hr 18.89 13.54 13.15 12.29
72hr 19.83 14.83 14,15 12.18
Ohr 11.86 10.42 10. 87 10.34
6hr 13.05 11,22 10.73 11.65
12hr 14,51 11.31 10,78 11.85
-15TC
24hr 15.56 11.62 11.40 12.33
48hr 16.10 11.92 12.87 12.62
72hr 16.65 11,95 13.13 11.86
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Table 5. The changes of POV in experimental diets with storage time and

storage temperature

Diet no.
Temp. (T) Time
1 2 3 4
Ohr 4.46 3.85 4.00 2.72
6hr 5.00 4,12 4,13 3.01
12hr 5.12 4.20 4,52 3.75
4C
24hr 5.57 4.30 4,62 3.83
48hr 6.27 4,89 5.54 4.22
72hr 6. 41 5.21 6.25 4.34
Ohr 4,46 3.85 4,00 2,72
6hr 5.90 3.95 3.92 2.55
12hr 6.02 3.95 4,01 2.68
-15TC
24hr 5.93 3.95 3,93 3.04
48hr 6.30 3.95 4,19 3.17
72hr 6.35 3.95 4.72 3.92
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Table 6. The changes of POV and AV in experimental diets under the expo

sure of direct sunlight at 27T

Diet no.
Time
1 2 3 4

Ohr 4.46 3.85 4,00 2.72

l1hr 4.91 4.12 4.27 2.56
POV

2hr 4.08 3.60 4.15 2.25

3hr 3.77 3.54 4,01 2.20

Ohr 11.86 10.42 10.87 10.34

thr 12.45 12.43 12.20 10,10
AV

2hr 14,48 12.64 12.25 12,01

3hr 18.20 14,91 14.47 12.90

7ol Aol whet AV ZAHES B 4 Atk F3), 8:24p7s} wjeh
AR B2 £X& Jehdddct. Pove F§ ALRAZAF gaMpEE
4. 46meq/kgS VIER QL dlEIR CxE&SE I+ 3.85meq/kg, BIE}R EXHE
7}FE 4.00meq/kg, HIEN CEE7IF& 2.27meq/kgs Yehidch =24
Zto]l ol ubel 1A)7t7}R]| &= 8:2MP-7} 4. 46meq/kg~4.91meq/kgE Z7}3}
deon ulepgl H7gol dlojMe el CHEEHIFIL 3.85meqrkg~
4.12meq/kg, H]EIR ER?SH 712+ 4.00meq/kg~4.27meq/kg, BlEIR C EX I}
FL&  2.27meq/kg~2.56meq/kg®  F7IBITIZ} 2 Zto] AtElES] 4=
8:2MPL:  4.91~4.08meq/kgmeq/kg, HIEIY CHEHIITE 4. 12meq/kg~
3.60meq/kg, BIE}R) Ext&EE 712 4. 27meq/kg~4.15meq/kg, HIEMY C EX 7}

F 2.56meq/kg~2.25meq/kgR ¢t ZrA¥r F S viebuich s g:oMp
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F7} ulelgl BIAEEC W2 AVe} POVE UEeEh gloul ZalZadsH(2
7CYolA 8:2MPoll gloj AJZr2] FHzie] whE FAY AVS} POVE LA
oottt ol Table 2.oA Ri-ule} o] AEAZA] FIlH ooty

(6%) ztAof] Hxol gl vElN} FatstAle] Rz Aste] AP sl
o o] A FAY ARE HPFE gAY W g wekAc),

th. AR zdo] W g vlEMY C,EQ Pz}

AReE W A RF o] wtE A2 wleb C¥EM L Table 7. 0]
vehdigict.  wlEbd cof A ZZF vl C,E F7HolA 850. 7mg/kg
o2 ulepul CRESAH7FF2] 731.1ug/kgRTt A UElxton, §:2MProA &
vlebel 7t AY ZBolEA gttt 72X AAFoE A ulely ¢ BE
M 7pre] 548, 6mg/kg(-15C) R} vl C EBIITe -15ColA 646.8mg/ke
o8 £A uveht dletyl ctEAJtrRchE vEl CERFI A &2
¥ velyWich 3t MPALE A ZA] 1000mg/kg diet o] HlEMY C& Y
out A zAF viEpy]l CHEFEII2AE 731, 1mg/kg, BIEPN C EH 7ol A
t 850.7mg/kglE HUlFET @2 ¥ vehyz gl

AR

rr

o ol AlEAZ
A AELE EYF 5T~8THY A&7 ARAZRFE WA vlE UL
AHE 227} 13C~15CE Vely Az 192 Q3 vlepyl &40
7ty & Q9 Zeg g™t =Y, Ao glojA -15THT} 4Tof
A e ARPFE Uehia ded ol ARF2Ee glo] -15THT] 4T
7} atEist o cgte] o] A £ AF S Aabste Zolth. ulElR C ¥
olel uletyl ¢ BEH7F Rl viEtrl CERZIRAA o &2 ¥FE el
3 Qe o]t ulelml EZ} 3asiAlE WA Zdso] uwlelyl ¢, ERILT)
Ae vlElRl E7} WA £RFHE2 4 dER] o $aA R s JAH 5L
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Table 7. The changes of Vitamin C content (mg/kg) with storge period

and storge temperature

Diet no.
Total' 0-T* Total O-T Total O-T Total O-T
4C tr tr 73.11 3.53 11.34 8.9 85.07 7.94
Ohr
-15¢C tr ir 73.11 3,53 °11.34 89 8507 7.94
4T tr tr 62.47 27.56 5.92 4,08 69.09 49.18
12hr
-15¢C tr tr 70.16 16,56 7.41 4.97 72.80 44.17
4T tr tr 58.42 53.12 3.29 2.8 68.83 51.11
24hr
-15 ir tr 63.67 40.01 6.99 3.78 70.72 47.64
4T tr tr 50.96 27.56 12.9 0.16 59.17 46.86
48hr
-15C tr tr 60.40 39.23 5,27 4.10 69.73 57.72
4T tr tr 48.79 26.18 tr tr 56.72 46.36
72hr
-15¢C tr tr 54.96 31.11 tr tr  64.68 52.27

oxidation type

*Oxidation type + Reduction type

HEugA vjeigl co #3fo] thd wA vehd Aog chHc),

vlElnl E2] eHElE= Table 8.0 Riule} Zo] Z¢ Azz% uleiql
ESHE M 7127 145.9mg/kg 2 2 BlE}] C,EH 772 133.16mg/kg BTl &7
velgto} 7241 2ke] Zapyo] wlelwl EXRSEIEFIE 4TolAM 98, 50mg/ke,
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-15Col A= 120.96ng/kg . B ulElR] CEXZIAIE 7 o &4 JEbtcl.

Z MPAl® A ZA] vlEMR E

(il

ol MPALR AHZzA2] nEER

Table 8. The changes of Vitamin E content (mg/kg) with storge time

B3 ke 220mg/kgE H7Istd o} Az 3
& uje}ql EoflA: 145.92mg/kgl 2 ulElRl C ERA7}7olA] 133.06mg/kgl 8

e e Ueisich olAY MY Hroh AzF o AL S vehd

Qi3 d3rel

T L. O

and storge temperature

Aoz perHL)

Diet no.
1 2 3 4
4C 29.99 41.60 145.92 133.16
Ohr
-15C 29.99 41,60 145.92 133.16
4C 23.04 31.53 149. 90 131.05
12hr
-15C 25. 69 31.77 144.11 134.39
4C 19.45 22.92 127.62 127.71
24hr
-15 19.80 30.71 137.41 128.61
4C 17.52 28.03 118. 41 121.68
48hr
-15¢C 19.66 28.75 127.25 127.89
4T 15.41 26,32 98.50 113.45
72hr
-15C 16.99 26.72 121.1 120.96
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gz gl sfate] g ARFAMAE PR wEFq
EIAU dF MPAIRE AHE3tE oj7lolME tifE BAEY HLS &
Al ste] Abgsta glth. B3], BAlRE EXspaatoe] tik 8o g
S8k ohyel MPALE Azl e FQEAE 8] HIlEHE ouxigd
ol foll oAM= cizgte] Exsix|utdo] §FEO glo] o|E YRR ARE
AzAlole Azl gido] oS Hrixn @ £ 9rh. EE, MPALE Az
4B ¥ HUEE EUARG YdolNE FohdUdos ALEE oy
ZE= 71EABA TFoly HAFe] njeZ 2 (myoglobin)olu} #l22
Zul(hemoglobin) & A AR ¢oermg HRNAY FaU Qo] xyatss
Z3A71A "k (A, 1989).

A (1989)2 WEHolelE 2olAd Ea7le]l ZolM PVE ZHF A
12neg/kg AE2 FAXE velded £ AdoA A18¥ HAsdY ¥
35018 B AF LY ol M B Aol oLt 6.60meq/kg
2 rha W US Ryon £ siYAEE 9.90meq/kg 2 LiElYTE o]
E HE% 8 MPAIRE ARY A} 4.46meq/kglE UEN} Al oA i
Hog e & Urhldon 3dzte] AHFFAE 4T, -15C BF ti4
Z71%t 6.31-6. 41meq/kg 2 2 VIENITE.  o]A Y ulElRl HIpr#gl oz}
vlelYl 7Pt deF T AlviEolA tiAyo R A3trt IA APE=A ¢
ol EuuiyAtEY EIY viells} off zAo] FIilHARN dFg
d3atsla], wlelgl Hol AtEE A sted A 73t 2o e}

MPALE A ZAl Atge] Alsf& ¥AI317] ¢13)] HAri"HE FrlA=E vEa
ol 138 AT ded olF P de] ditdeg ASHE R
vlell co} En o|FolAM % ulElYl E: A AR A de o] gy
glor wlERICE 7 FUIAE B9 2 23V FuEHE Rez &z
T} (A, 1989). &£ AP UM A3} %o ubE POV o} AV &F A

flo
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z} vlelglo] Aix]z] oIS APt uletnlo] H /M AP F R} POV, AVIL
o2 A Uehln2A vlepql co} B ArtelA] zgo] ANk =
3, uwlElR) Cce} EQ] BMIFIL BE g, Alg¥ T 7oA Pov, AVZ} 7}
A sh2gke yvebd ulebwl cot ES] FAl FuhAe] Aty ;s Fojgch
= A (1989)8] oAz dxstdct. £ A¥ol A12" wEly] ¢, EY H
B2 ojde] AYEQ el C, ERVl] OE HFE} HBAM 21838 HIL
3t BY3tA Fristded olgy FPE BFdE we 18 IAY
S B9 ol ARHHANE £ H}E R MPAIR ARA 2 ¥
A AMGE BURE €2 o € A7) Qoo & e Rk §
3], vElRFY F¢ 2, ngol vi$ EhEtd wetwl co AS 53
Bt gz A3 F 40%e EAdo] WA, 4 RA|A 3, ¢
oz del o) 6Fgre] o 90%vio] £alo]l HIFI ey
(Steffens, 1989: Skelback et al., 1990) £ ABAz}oAE A1EAZ2HE
oA oF 20 -30%] EAlo] UAstd o 33Ut 4T BB dE 23 50%
o] &Alo] WSl en -150|HE 45%2] &Alo] wWAsigrt. E3], MP A}
Bl £Eo] tiFLE UHFH 39 olFol= o W I HIERICY
£alo] ojAHEZ WEhy CE MY WARE AZY Fol: i 29 ¢
ol Foldte Zo] AAY Zoz wgict. olodly Alme AF =0
uE Hleo] g Eolol BT Holedy & Ao AMRH At
AFols} FuuEAEe UARE W HUHEIE RY2E A olF UER

28 A8 9A FAEIHPV)IL Al o2 WA UEl o] & o FolA
] dciE EAZE 48Y Ao Hox: gtk Ll 4yl ¢4
Yol MPALE A 2A] AMREHE AAEE Z7] AHEolFo] TIER ohsl
AALE, THAZL, APH, ARF Fol wE A 27 of¢ &

of o] YRE 183} ARE ARAlele AR isir} wi2A Ay

rir

- =Y

ol
il
bl
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o uictHch ol o]yt Al ALET} o] feo] FHHUE B L A
A st} ¥A ceroidFolut myopathyZFo] A¥E 28 (Lee, 1993:
Endoetal, 1979 :Roalol et al., 1981) 7} &2} o]Hejl &3 ule} o)

o] Atwjrtmoel %t FAoje FHA} F& WAG] ¢ E 3

o
r

3tA] Bl =] o] Fo|A dle=d IFoAM X uwiElwl €, EQ] FHIIo 34t
3] LR oLzl FF FHolL ofFe] WA FAox A FHAo)
B2 (Andrew and Murai, 1975: Lim and Lovell, 1978) <tAloj&{F o] MPAIR®

Az Aol vlEIRIC, ES] 717} U3| o] Fojxo} ¥ Reg gichyr]

—
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A 3 A HFMP At 2] BAQ 4 W 7<)

1. A &

AtgH &L o] Fe FRol wel xlolzh slon} iAo R sate] AlSof
Aol AN ZFgul9 50~60%E AAstT Qlo} gz AFL A8
B oies] Fasict @ 4 k. 28y, X271 ARy g8 o
oj2& ol A Fo] 8ol YHEARE ui® M F3lo] Zoldl: e
of g&stdey BAg i o1Fe] xdY a9 Yoz A3 AR
$39 B34 9 JHAESI AR Folo] 3 Al2fAle] wE "
FI1E +F FAUALE A oY AIREE FUAIII Lolrt kA
opx] A A Qo] slatel FAle] HAY AlEe] o] AZFE A Fol
th ol Atz Folol 3 A7 six] @@L BUAstux A2 A=
o EUuiYAEE U uI&E ZTUY RolAEMA (MP)ALEI} sHuE o]
Abgol HoiEln glout AHEHE S ol FH G Hoh), 43R
2, TYulgol wE FFAtelU AW FA 5 FAAA LA A=
U ZAE 287t Qlol AzE o] FolH glo] ojo AZ slxFHA ARy
A1 FT AFolth

¥H, & dFoMe F9H F¥ol 1T ZAFoI VR LES £dF
AdE ol 245 WPALR S /LS ¢l3) Haige o]8d HAE, Au £
dujdatge] o] ZE, AAE W Euuigase HAy Yy 74, &
FAMES Artan AR, 2485 WAIR EE AT A3 oduyx/ugd
8] ZE, 148% MPAR JES A8 ujElRl C, E HtE BE, I8E WP
A2 NRY ZE T AFE B BF AHo|n g4y FYPo) 7R
old 1% MPALRE Ush: 7 AR E ulRstgdch. Ty, oyt

b d

iy
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AFAREL AZ ZAHA B IJE | o|FojAo} ¥ Row huiy
B2 B A@dAE 2% MPALRS ZFAAY BENL st A, MPalg
o EPALEE o] g3l 4% ABLS B3l 4%, AREE £ At A
Az 285 E ARTIME vlasted % MPALES] AAHS BESHA

t}.

2. Mg 9 Yy

7t Adgeol 2 A

Agole A AHTo] AANY Jol B 3T {4 Fd FIAF 48+
0.4 g o] YXI& A&t HEolE & AU Apfaiida g
3 gojgoR ZAF Bol2rEH ALZ(MP)o] FHZA]F|7] ¢ls] 253 MP
(RBAtE: B WA E=5:5)Algo] FHYuE (5. TF)E& BZL AIEE oy
215 Aalstgdch. o] A¥olE MW AEIo 220209y =29 3204
Atzh szol zizh 25u] 9} 30m|y 2utE o2 Baeg $£R8310] 10577 A
AP AAstdcet. 4 dEgezY F4YL 4L/ain2E Z2HsAey F
B3 Atk ZFE 93 oola2BS AMAIdch. AR Fole 1Y 29
(8:00, 17:00) ghEo] 7tgA Folstded AS 7BFe £L 16.5~
23.8C 4rcl.

. ddAE
AEAE Y82 PARE GAEHAA ditges ALHE 3150/ A}
gsigdon EudAEEe AUsEs YA A& FLAE (F. Fevzeel) &
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g5t ABARE AARUSETe} YArget BUAlREY EYRIE 9 ¢
1, 8:2, 73, 6:4, 5: 52 23F F, EPRAAETSY F 779 HAYEF
g BAR 42 AFE 2MIE A Z2F
gl 18 JSF Fuld YEE F ETYsle] RojAEWY A=
712 & 4¥sidel. EPEZARTE (F) Heudeo} 55, 6% ARE
Apgstadch, A2E ARE -25T o U5 BFIEAN Folsigen AE
7t BRG] utel BARYSEFE FVE A 2AdY Azxsded 35
ol & WEAelolA meFEWE MY vnjx] FEE o Y A4

slo] thA] Wste ¥E AEAIE Fel2 Folstalch

5
Azt ALRAZ

fr

tl. ARAzGI 2F

BARYeR AEE AFAE odF, AW AP s PARE F
2 FF513 e AR YR A MYt YEEHAH AL A S
stgon U AFH ©E AR 3t 3o e J1Fe] HEE 2
#5lo] 4009 /kg, 500/kg, 600/kg?] 371x1e] MAlg slHog Aatsielon
ARE o|A7]8 Hide], Fojel, WA, Fdo] T HAR oFEL % ke
o 7hFo] ztzt 6004, 600¢, 300%d, 30098 o2 Uiyt Euhujygals
s} EPALEE Az Alo] wrel 7bF xtolst tha glo] YA FAHE wiYPAlR
o} EPALRO] thyl 570 HAlolA AZ 24| uuirtFe] BFYLE AR
Axrstodch, A2 ALRL kg AR 713 100 g o] oAE 1 kg 744 F
% (900 g) Al7ledo] oy Augz AARWIE &St Uepdod b
ellz} o f HIMAol £88E AR A2y g BiFy] 5 A 93]
drch
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Table 1. Composition of experimental diets for flounder (%)

Diet no,

2 3 4 5 6 7

Ingredients

Conmercial E.P
diet' (F.T)
Frozen raw

fish 100 90 80 70 60 50 -

(mackerel)
Commercial

compound - 10 20 30 40 50 -

meal
Distll

water

Nutrients composition in wet matter (dry matter)

Moisture 66.16° 51.59° 49.24° 47.51° 36.55° 31.35' 5.93%
Crude 20.04° 19.92* 24.96° 26.94° 33.88° 36.71° 46.48'

protein (59.22) (40.98) (49.17) (51.32) (53.41) (53.47) (49.41)

13.69° 17.56° 16.30° 12.97° 11.39° 13.13' 6.84%
Crude lipid
(40.46) (36.12) (32.11) (24.71) (17.95) (19.13) (7.27)

2.97° 3.35° 5.20° 6.38° 8.86° 9.00° 10.04°
Crude ash

(8.78) (6.89) (10.24)‘(12.15) (13.96) (13.11) (10.67)

NFE* 0 7.58°  4.30° 6.20 9.32*° 9.81° 30.71°

'Provided by Purina Korea Feeds company (F.T : floating type)
INFE : Nitrogen free extract [ 100 - (Moisture + Crude protein + Crude

lipid + Crude ash)]
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gt o &3
ol 532 AYA, 45, 8F UUFEA A4 slden FFH 24AT
A F MS~222 100 ppo off ulAlA Aol AN BAE HHPstdct

o, 4R
Agel] AHZH ARY $E2 AUtEdzY, AL Kjeldahl A&
Ak (NX6.25), ZA|9h2 Soxhlet 2 (ether F2%), RIYPEL A

iy os zhzh EAstact (AOAC, 1984).

H

v}, FAA e
RE 2E¥& Student’s t-testE AAIBte] 95%9] BAA FoH e AR}

ot

3. A 4 3%

7}, BREH

105:208] ¥ ZA3te Table 2.0] Yehigich. B AFS AY A A
48g idHW Zo] AY FEAE 87.5g ~164.5g 71X I 4 2
#E HArh H4AES 8:277} 241,8%8 1 22 HAS BFeH 913,
7:3F, 6:4F, 5:59= 197.6%~224.2% % 8:23 ¢} & xjo]E Rojx] ¢ote
L EP RAALRTE 82.7% 2 BAENN & AAE vepulch
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Table 2. Results of 10-week feeding trial for flounder

Diet no. 1 2 3 4 5 6 7
Av. body

weight{g)

Initial 48.0 48.0 48.1 48.1 48.1 48.0  47.9
Final 141.8% 145.7* 164.5" 155.8° 143.1* 146.1* 87.5°
Number of fish 55 55 55 55 55 55 55

Total weight
5161.2° 5377.0° 6398.8° 5926.8° 5224.6° 5394.7° 2179.2°

gain(g)

Total feed .. 8650° 9345° 9381° 7402° 6186° 6011° 2407’
consumption

“ dry  2027°  4524°  4762° 3885° 3925°  4115° 2264’
g

Growth rate(%)* 195.6° 203.8° 241.8" 224.2*° 197.6"° 204.5° 82.7°

Daily weight
1.65” 1.68* 1.82° 1.76® 1.66™ 1.69® 0.98°

gain(%)?
Feed wet 59.7° 57.5° 68.2° 80.1%% 84.5 89.7% 90 5%
efficiency

, dry 176.3% 118.9% 134.4™ 152.6° 133.1% 130.7"'® 96.3°
(%)
Daily feed

2.76® 2.92° 2.67" 2.20° 1.96 1.88° 1.08

intake(%)*

'Growth rate : (Final body wt. - Initial body wt,)/(Initial body wt.)
X100
Daily weight gain : (Feed intakeX100)/[(Initial body wt.+Final body
wt. )/2] Xdays fed
reed efficiency : (Fish weight gainX100)/ Total feed intake
‘Daily feed intake : (Feed intakeXx100)/[(Initial body wt.+Final body

wt. )/2} Xdays fed
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ARBgo] oA E B AR vl go] el upel 57.5%0A 90.5%
742 AR F7hste B¥E RAon P FFARTAA 90.5%F M &2
AREES VEPIR Axtae} Eruigabse] ul&d AP FoME 5:57 7}
89.7% 2 EPFAFALE T o]0 &2 AlRE &S uehirh

1}, BALE, MP, EPAIR FAAd vl

Table 3. oA AR, MP, EPS] Al 1 kg AR9} Folo] wlE AR
o} EwAatEd, 223 EPALRY, ALRRE, ALEI kg FolAlY oAMF F7}
g, A8 1 kg ARAY A2 5& vebiidch. AREEI AF F
7t £t vigo] FEsS FA Fsldon EPAIRT AR S
(90.5%), oA F F71% (1040g)olM 71 £ & Uveldch A& 1 ke
Az Zulo] adojdE BALR 7tFo] 400%1/kgd S 4009 ~2,300¢1, 5009
/kgd 739 5009 ~2,300%, 600¥/kgd B¢ 6004 ~2,30090 08 Yo
e W2 XolF Ry EUALEY ul o] FU4E AgAZZu
Z7rstden EPALRS ZfE CAdEEolnz AR driste #A)
2,3008 02 7Y & 7HH & el ol oNF FA% AREE,
AEA2RGI F& EUR oA 1 kg€ FFAIEY 208 AEFI A}
2u]E AAY A& Table 4.0 Uehjdcrt, oA 1 kg& FFA =0 I
23 AP EUnPu o] Frd ulel ARRLY FI1E HA A
stded T 9018 Ffe AANE DEZHRC} AFREEO] Ho} oA 1
kg 7t F{A71Ed LY ARYE A8 W57 1508 g Bt tia
W 1565 g &2 eyttt olAE Bimx DHFHT} 9:19 XARHEO]
3 AtEEo] SV AL 2 AYo] YoM Halgnise] MPAEE
A J35E Jejold AP vl Adste tha] #F FS5F 43 4}

e
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Table 3. Economical efficiency of fed the experimental diets for

flounder

The mixture ratio

Raw EP
{(Raw fish: 9:1 8:2 7:3 6:4 5:5
fish AL
compound meal)
Raw fish{(g) 1,000 300 800 700 600 500 0
Compound meal(g) 0 100 200 300 400 500] 1,000

Feed efficiency{%) 59. 7 57.5/ 68.2] 80.1 84.5/ 89.7| 90.5

Weight gain(g) 697 675 782 301 945 997| 1,040

Factory 400won/kg 400 470 540 610 680, 750} 2,300

expense of|500won/kg 500 560 620 680 740 800 2, 300

MP lkg(won)lanouon/kg|  600| 650 700| 750 800 850 2,300

% Raw fish @ Used mackeral 400won/kg (8,000won/20kg box)
% compound meal : CP 48~49% 1, 100won/kg (22, 000won/20kg pack)

% EP : CP 48% 2, 300won/kg (46, 000won/20kg pack)

234do] AY G=F Folstddort 9:1 EYuY FoE= S HAE ¥ S
o] WE AlRS] falo] A3 Wadd 2 Hdo] AW e ugidc),

olAZF 1 kg 530l HRF Almyle] AL AR <77 4009 ket
7S¢ AR GHERVL 603¥LE s dolen Ot 7:3372 6860l
on Udz] 252 713~75280 22 n]L3tdct. BAE ©@olsl 5009 /kg €

Aol BARUETE 754008 MALR by} 4009 /kg duiBct @
AEE g vehyion EUuiiAtRe njge] FUS4E Fap gasto 7:3,
6:4, 5:57 = 764~802¢ 282 AR ©&EFY Fxlo]E Holx] ¢otrt. A
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1000 7
800 T
600 T

Cost(won)

400 +
200 71

8:2 ! 7:3 6:4 5:5 EP

Diets

Raw fish' 8:1

Fig 1. Weight gain per diet lkg of flounder fed experimental diets

2500 1
2000 |
o
2 1500 +
3 1000 t
O
500 T
O 4
Raw flsh 9:1 7:3 6:4

Diets

Flg 2. Feed cost to kg fish gain of flounder fed the experimental diets
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Table 4. Feed cost to kg fish gain of flounder fed the éxperimental

diets
Raw fish { 9:1 8:2 7:3 6:4 5:5 EP

Total feed
1,508 1,565] 1,320] 1,124 1,065 1,003 395

intake(9%)
Feed [400won/kg 603 736 713 686 724 7521 2,197
cost [500won/kg 754 876 818 764 788 802 2,197
{won) [600won/kg 905| 1,017 924 843 852 853( 2,197

Atg b7t 600 /kg A BFE BAR ©EETE 905402 oA U s
Z2g 2gon 9:17¢ 8:23 % g v &o] U AR 1017484 924
282 2 AtgnlE vepylich 2y} 7:3, 6:4, 5:57% 843~853¢ o A
AbE ThEZ9} 9:1, 8:27 BT} W ABUIIE Ho AR 1A Alda
of = T2zt PAEr FAANAVL ZAH2E & £Alo] UL Ho F9
th ey AZ7ER] AR AHEE AR FolA AR Aol AxE
Bgul g3 Adgaen 58 Adska] & Helold A& ed dalgy
MPALE ] -9 daelA FolA W 4o o] UAY Zog Holn B
3] MR ZAF 0%BFEY HAL g MPALRS] F$ 7:3, 6:4, 5:5
t 10%8] HAE Zdstd ALY F¢ ARTste FARTDII 4009 ke
d o WAl FojAlolE 7849, 7:39] F§ 755U 2% 23]3 MaE Fd
Al g Algu| &g Afsiojol v, =Y PAIE xhrbsl 5008 /kg 3}
600 /kg @ ZA$ BAE ©E FAl= 980¢ 1177900 7:3, 6:4, 5:5
T 840~882Y, 927~938¢ o8 AAE tHE FoAHTt YA AAHolH
Atz B]go] &2 9:1, 8:2 Z¥uly MPAIRECTIE HA AHAH ez

vetton Matg ulgo] £ ARE FolddE B¢ dAE 1020 A8

- 208 -



Al Batg wirbe] Aol uhel 1ARE ~2E ] 71|19 A1EH RS o A F
3jo} & o muich o7lof] PAE BAE o} ARFu|A AY3} A
o] A7l Zgicid o we AEAZ v go] xEHEE AlaHA 9
3 BHed Buohlzl ZAFQ HoME & &3E B4 Ag Folrh
EF B AT BAETY B9 ARFAMNE 0%E AU AtEy 5
& Aatsid oy BAg BEJAE Az Yol AtgZo wale ulel
O sAdato] 50%0l4 AR nTrE ] PAlREF #gk ozl MPALR S
ZeE AR ugo] F7U4EF ARY o] YolAZos ueixing
9:1, 8:2 Miyu] &L FAYY Ao wgtAch  7:39) wigui Lo B Al
Bl AREE, AAEE B £ AAE BPou &2 AAE v
&ol W& AERIUE $ULEC] LN HAE RAE U AR O
g2 AZbHol A tiL Eoloo] oiEe] £ dxA3 AREE, ANEF
7h, #ALd, ZAY 5& FUUcH ZAHQ WPAlR o Batzel By
g AR EYPUE 6:4, 5:52 Flod AR 1dE Ro|AEMAXE
7b 2 37t BAUD FA Aol 14ded Ro|AEMEAANEEN Y

A5 THE 4 A Lol AN gtk
U9, 2 A7 FPlAE 2¥s R AEWYAE AUL 9ol W)

AHgEd AR SERUUARE Hod o] 84 HEAEE woltd 3
& T 47 AdE AP FF PYAR EunyrrY FHE
Ql ojfo] AUrtyg o]F 2 AWzLo] wlE AAMI FE& 1Y F o
Fei e Fagst 2HUUAIRE dALS e oy Dade A
ol AlF3] &FEHD 53], FAZIZEokAY HF FAE B, HIE
o] o] g Aot A olEd uiy AVEE AT S+ JIFAld BY
QA Jdo] A 27Hch ol ¥ xY5o| AAE Werhy Aty A
72 @ gAlol it w7 Aol ojuiA] ¥4 Al HEZA FAHT @A

fr

- 229 -



A Ao AvUE YR ALY AoE wdkEdg, FF9 dF shgol
supetop & Zlojth

ch. AE 32ds Bol2EHAARS] Jgo)H
23 7e] 23 2 AF A3 AEA ML 28% RolaEUgARY MR
B F3 @ quizgs gAAE W ¥

, A RES sfitelw BA dF
€ WA e d4FE UL AdslisolF A 2UH AL e /17

Stoll e & AFAIol] thFt UG58} Jlgolde A3t Yol Fol
o, & YoM AT BolA2EFAANRSY FFARY EIFE 9%t Y
23 ¥, ¥% Ade #33} A= HulE A8 AGAHS sty %
of Z2ste] B ALE 33t g, FHEAL sdol wel 54 F
T ARl s RolA2EHAARSY A2 W BAL AT AHFA
£ Agste] FAFo oo ol AFE FAHAE & A7 At
7Zlgol AL Foto] AEAHBRA Ao gAY B A Jog A
2 3ichdch

rO
i
£
Ol

g, A gEnt opdel UolztMe AFAA sjitelFo] gAlaide ¥y
3HE ¢lste] £ AZAAAERE FAHoln 1EEA s RolAEYHUAE
o szt AEE U oL} RolAEMAANZY AlgFo] FElE Y
g4 ol utel BFLeE FExe wWol 7ide] Haer}l 4As] sk
A & AdFolth uatd F¥e atolf FAUAAY ALY UHE
AL ALY BELEE €9 B =FIHE YA PYUde A
23871 slAE AEA EE 8T RolAEUHARSY U &3 HAs

A

£ A askn Y VEY RolAEMAANRS EE Qe HuHA

- 230 -



Bpde] B A3V DAHLE £YPFojol & Rolnf Liotst o] & LA}
ol tfy A LAFITE FHI| FEsle] G Foe] Bl W2 %
7 A Ao 2% satelR Fojrtm Adel AL =Y & o1y
wotof & Zlo|t.

- 231 -



AN

Y
K
4
rt
A\

A1FZFA 2
THFADE A, &A=, 1997.
Kim, . B. 1994. Present status of fish -culture and fish feed supply in
Korea. Proceedings of FOID, ‘94 The Third Intermational Conference

on Fisheries and Ocean Industrial Development for Productivity

Enhancement of the Coastal Waters. pp. 21-43.

A 2 & 31 Rol2E A (High Functional Moist Pellet

: HFMP) A= 7/2S 18 9489 o84 IAE

AQAC. 1984. Official Methods of Analysis of the Association of Official

Analytical Chemicals, 14th edition. Arlington AV. 1141p.

Cowey, C. B., 1975. Aspects of protein utilization by fish. Proc. Nutr. Soc.,
34: 57-63.

Cowey, C. B., Adron, J., Blair, A. and Shanks, A. M., 1974. Studies on the

nutrition of marine flatifish. Utilization of various dietary proteins

- 232 -



by plaice (Pleuonectes platessa). Br. J. Nutr.,, 31: 297-306.

Cowey, G. B, J. W. Adron and D. A Brown. 1975. Studies on nutrition of
marine flatfish : the metablism of glucose by plaice (Pleuronectes
platessa) and the effect of -dietary energy source on protein

utilization in plaice. Br. J. Nutr., 33: 219-231.

Gallagher, M. L. nd G. Degani, 1988. Poultry meal and poultry oil as
sources of protein and lipid in the diet of " European eels

(Anguilla anguilla). Aquacuiture, 73: 177-187.

Hamre, K. and O. Lie. 1995. Minimum requirement of vitamin E for
Atlantic salmon, Salmo salar 1., at first feeding. Aquaculture

Research 26: 175-184.

Hilton, ]J. W., JL. Atkinson and S.J. Slinger. 1983. Effect of increased
dietary fibre on the growth of rainbow trout (Salmo gairdneri).

Can. ]. Fish. Aquat. Sci., 40: 81-85.

Hoshiai, G. 1977. Larvae and juveniles of the scorpaenid fish, sebastes

schlegeli. Jap. J. Ichthyol, 24: 35-42.

Kim, I. B. 1994. Present status of fish culture and fish feed supply in
Korea. Proceedings of FOID, '94 The Third Intermational Conference

on Fisheries and Ocean Industrial Development for Productivity

- 233 -



Enhancement of the Coastal Waters. pp. 21 ~43.

Lee, K. J. and S. C. Bai, 1997. Haemoglobin powder as a dietary fish
meal replacer in juvenile Japanese eel, Anguillea japonica

{Temminck et Schlegel). Aquaculture Research (in press).

Luzier, J. M. and R. C. Summerfelt, 1892. Evaluation of spray-dried blood
powder as a partial substitute for fish meal in trout feed. In :
Proceedings of the East Coast Trout Management and Culture
Workshop, Pennsylvania State University, State College, PA. pp.
22-34.

Luzier, J. M., R. C. Summerfelt and H.G. Ketola, 1995. Partial replacement
of fish meal with spray-dried blood powder to reduce phoshporus
concentrations in diets for juvenile rainbow trout, Oncorhynchus

mykiss {Walbaum). Aquaculture Research, 26: 577-587.

M. Furuichi and Y.Yone: Effecr of .dietary dextrin levels on the growth
and feed efficiency, the chemical composition of liver and
dorsal muscle, ang the absorption of dietary protein and
dextrin in fishes. Nippon Suisan Gakkaishi, 46, 225 - 229
(1980).

Mohsen, A. A. and R. T. Lovell, 1990. Partial substition of soybean meal

with animal protein sources in diets for channel catfish.

..234_.



Aquaculture, 90: 303-311.

NRC(National Research Council). 1983. Nutrient Requierments of Fish

National Acad. press, washington, D.C. 27pp.

NRC(National Research Council). 1993. Nutrient Requirements of fish

National Acad. Press, Washington, D. C. pp 27.

Preffer, E. 1982. Utilization of dietary protein by salmonid fish. Comp.
Biochem. Physiol. B, 78: 813-816.

S. Shimeno: Studies on Carbohydrate Metabolism in Fish(Translated by

A K. Barat), A.A. Balkema. Rotterdam. 1982, pp. 1-123.

T. Sato and K. Kikuchi. 1997. Meat Meal as a Protein source in the diet

of Juvenile Japanese flounder. Fis. Sci. 63(6) : 877-880.

Wilson, R. P, 1985, Amino acid and protein requirements of fish. In : C.
B. Cowey, A. M. Mackie and J. G. Bell (Editors), Nutrition and

Feeding in Fish. Academic Press, London, 1-16 pp.
Yone, Y. 1976. Nutritional Studies of red sea bteam. In K. S. Price, W. N.

Shaw and K. S. Danberg {editors), Proc. Ist. Int. Conf. Agquaculture.

Lewes, Delaware, pp. 39-64.

_.235..



Yong, W.Y.,, T. Takeuchi and T. Watanabe. 1989. Relationship between
digestible energy contents and optimum energy to protein ratio in

Oreochromis niloticus diet, Nippon Suisan Gakkaishi, 55: 867-874.

oy

nes - AWE - 34U, 1990 2IEH FRIIANY. FAANPARD 86

AY - wEE - A - FFA. ANGYA Al Hrieh Roj2EHHAR
T UEoFE E2EuidAsER diA. 1993 ¢4 eI, 63):

Aulg - Z5d - AFG, 1989 29 EY FRIUANE, AR, 79
23-26.

e - A, 1990, 2 EH FRAMC AFAF. Foje AHojiE: 2 2
Zojzlel HolAde we 4F % ASE. 199084 = A 28 $£AQ

FAYE 2 AFE D 8%F, pp. 86-87.

4H - oAF - FH A, 1996, =3 23 Sebastes schlegeli, 9 A& v]E
U C 87 HdAL 4§ 7x 4F. 34483 A], 9 169-178.

£o|@ -0l AE - wisH. 1995 A&7l do] Cyprinus carpio A6 oA

gudogAre HE AR 3¢5 A, 8 34.3-354.

- 236 -



olAul - o]ZF & - 787, 1993f. A}E S n-3A T E X3} xjwatdiae] o}
& =8 Sebastes schlegeli®] 4% R ARE ¥ A4
31, 48: 107-124.

oj4ul colF & - FEA - HZE - FHAY, 1993e, ZueEg Sebastes
schlegeli ¢ n-34 1x EBIX WA 97F FIZ5283R], 26
477-492.

ol ATl - ol F & - FEF - AW, 1993c. AR n-34 REEEALA F
Fol ME XAEF s-s9 AT L At A1, AFES L A
e ¥st &% 283 A], 6 89-105.

ojgel -olFT& - 28 -3, 1993d O. AL W3 2 AT A4
gk ok A 8t 3] 1], 6: 107-123.

o) F & - &R - o] - UMY, 1993a. 2T B Sebastes schlegeli & ©
wa a7 #3FAEIHA, 6: 13-27.

B

olZ & - A8 - ol Al - Pul, 1993b. £ B2} Sebastes schlegeli A& 9]
A oz/da v, 33g2 83 A, 6: 29-46.

o) F & - AEH - ol d%l - wrEA, 1993f. 29 B & Sebastes schlegeli 3 A
T8 AYA s dud Y Bot FAFF R 48 97-105.

Ao, 1992, dife A2EFH st FAMEFAY 23FF L vy

- 237 -



v 9% dXE4 A, 5 1-7.
g, 1991. ALEF ol 8o e diFw T3 Wild gE olagdA Yo
Cyprinus carpio® A% 3 Als E&. ¥4sAdis AAddgges B

Ak, 70pp.

ZX g, 1993, =3 B (Sebastes schlegeli) & - x]ol¢] DojABEs A =
Attt m A ALe g =8, 80p.

59 -34%F - 7Y, 1990. 29 EY FRIJANYG, FAAN[AE D, 86
29-38.

oAtz Y 3, 1995 @3 E. 382 2-7.

BREAE - MTERER - B K. 1991 7 A M A—K%—BREL2RAKEHBERN
XA HT s BHH 25U I A, 570 1543-1549.

FEARK. 1981, Z7uv A FA, BEEESFAY onT. 4, 18(7); 90-95.

B - FILE— 1982, 70 v 4 nF RN REEEH, 11: 35-44.

A3 1% Zo2EHH(HFMP) A& /E S
A =444

..238._



AOAC. 1984. Offical Methods of Analysis of the Association of Official

Analytical Chemicals, 14th edition. Arlington. AV. 1441 pp.

Ainsworth, J.A. and P.R. Bowser. 1985. Serum cortisol levels in channel

catfish, from production ponds. Fish-Cult. 47:176-181.

Allan, C. and L. A. Hadwiger. 1979. The fungicidal effects of chitosan on

fungi and varying cell wall composition Exp. Mycol. 3: 285-287.

Andrews, J. W. and J. W. Page. 1974. Growth factors. in the fishmeal
component of catfish diets. J. Nutr,, 104, 1091-1096.

Arai. S., 1981. A purified test diet for coho salmon, Oncorhynchus kisutch,

fry. Bull. Jap. Soc. Sci. Fish., 47:547-550.

Austreng, E. A. Skrede and A. Eldegard. 1980. Digestibility of fat and

fatty acids in rainbow trout and mink. Aquaculture 15: 93-85.

Beamish, F.W.H. and T.E. Medland. 1986. protein sparing effects in large

rainbow trout, salmo gairdneyi. Aquaculture, 55, 35-42.

Bell, . G, A. H. Mcvicar, M. T. Park and J. R. Sargent. 1991. High
dietary linoleic acid affects the fafty acid compositions of Atlantic
salmon (Salmo salar): association with stress susceptibility and

cardiac lesion. J. Nutr., 121: 1163-1172.

- 239 -



Bell, M. V., R. J. Henderson, B. J. S. Pirie and J. R. Sargent. 1985.
Effects of dietary polyunsaturated fatty acid deficiencies on
mortality, growh and gill structure in the turbot, Scophthalmus

maximus. J. Fish Biol,, 26: 181-191.

Blazer, V.S. and R.E. Wolke. 1984. The effects of a -tocopherol on the
imeg/kgune response and nonspecific resistance factors of rainbow

trout(Salmo gairdneri). Aquaculture 37: 1-9.

Cho, C. Y. and Kaushik, S. ], 1985. Effects of protein intake on
metabolizable and net energy values of fish diets. In: C. B. Cowey,
A. M. Mackie and J. G. Bell(Editors), Nutrition and Feeding of
Fish. Academic Press, London, pp. 95-117.

Cho, C. Y. and Kaushik, S. J, 1990. Nutional energetics in fish! energy
and protein utilization in rainbow trout. In: G. H. Bourme(Editor),
Aspects of Food Production, Consumption and Energy Values.

World Rev. Nutr. Diet,, Basel, Karger, 61: 132-172.

Cho, C. Y. and S. J. Slinger. 1979. Apparent digestibility measurement in
feedstuff for rainbow trout. In J. E. Halver and Tiews(Editors),
Proc. World symp. on Finfish Nutrition and Fish feed Technology.

Hamburg, 20-23 June 1978, Vol. I, Berlin. pp. 239-248.

Cho, C. Y., H. S. Bayley, and S. J. Slinger, 1974. Partial replacement of

- 240 -



herring meal with soybean meal and other changes in a diet for
rainbow trout (Salmo gairdneri). ]J. Fish. Res. Bd. Can, 31
1523-1528.

Cho, C. Y. Slinger, S. J. and Bayley, H. S., 1982. Bioenergetics of
salmonid fishes! energy intake, expenditure and productibity.

Comp. Biochem. Physiol. B, 73. 25-41.

Choubert, G., De la Noue, J. and Luquet, P., 1982, Digestibility in fish:
improved device for automatic collection of feces. Aquatulture,

29: 185-189.

Cowey C.B., E. Degener, A.G.]J. Tacon, A. Youngson and J.G. Bell. 1984,
The effect of vitamin E and oxidized fish oil on the nutrition of
rainbow trout (Salmo gairdneri) grown on natural varying water

temperature. Britisg Jourmal of Nutrition 51: 443-451.

Dabrowski, K. 1990. Gulonolactone oxidase is missing in teleost fish. The

direct spectrophotometric assay Chem. Hoppe-seyler 371: 207-214.

Dabrowski, K., S. Hinterleitner, C. Sturmbauer, N. El-Fiky and W. Wiser.

1988. Do carp larvae require vitamin C? Aquaculture 72: 295-306.

De Silva, S. S. , R. M. Gunasekera and K. F. shim 1991 Interactions of

varying dietary protein and lipig levels in young red tilapia

_241..



evidence of protein sparing Aquaculture, 95, 304-318.

Degani, G. and S. Viola. 1987. The protein saaring effect of carbohydrates

in the diet of eels (Anguilla anguilia).

Evans, EE. and S.P. Kent. 1962. The use of basic polysaccharides in
histochemistry and cytochemistry. IV. Preciptation from different
Crustacea species and fungi. In chitin and chitosan. Elsevier Applied

Science, London. 567-576.

Floch, J.,, M. Lees and G.H. Sloane-Stanley. 1957. A simple method for the
isolation and purification of total lipids from animal tissues. ]. Biol.

Chem. 226: 497-509.

Furukawa, A. and H. Tsukahara, 1966. On the acid digestion method for
the determination of chromic oxide as an index substances in
the study of digestibility of fish feed. Bull. Jap. Soc. Sci. Fish,,
32: 502-506.

Hadwiger, L. A, D. F. Kendra and B.W. Fristensky. 1965. chitosan both
activeates genes in plants and inhibits RNA synthesis in

funging. In chitin in anture and Technology. Muzzarelli RAA,

Jeuniaux, C, Gooday, C. et al, plenum Press, New York, 210-217.

Hajen, W. E., Beames, R. M., Higgs, D. A. and Dosanjh, B. S., 1993a.

- 242 -



Digestibility of various feedstuffs by post~juvenile chinook
salmon(Oncorhychus tahawytscha) in sea water. 1. Validation of

technique. Aquaculture,, 112: 321-332.

Hajen, W. E., Higgs, D. A., Beames, R. M. and Dosanjh, B. S, 1993b.
Digestibility of wvarious feedstuffs by post-juvenile chinook
salmon(Oncorhychus tahawytscha) in sea water. 2. Measurement of

digestibiloty. Aquaculture., 112: 333-348.

Halver, J.E., 1972. The vitamins. In : Fish nutrition, edited by J.E. Halver.
Acad. Press, New York & London. pp. 29-103.

Halver, J.E.,, L.M. Ashley and R.R. Smith. 1969. Ascorbic acid reguirements

of coho salmon and rainbow trout. Trans Am. Fish. Soc. 90 :

762-771.

Hamre, K. and O. Lie. 1995. Minimum requirement of .vitamin E for
Atalntec salmon, Salmo salar L., at first feeding. Aquaculture

Research 26: 175-184.

Hardy, R. W. and T. Masumoto. 1990. Specification for marine
by-products for aquaculture. In @ International By-Products

Conference, Anchorage, pp. 109-120.

Hasting, W. H. 1969. Nutritional score, pp263-292. In; O. W. Neuhaus

._243_



and J. E. Halver, eds. Fish in research. Academic press, New

york.

Heikkila. R. E, and L. Manzino. 1987. Ascorbic acid, redox cycling, lipid

peroxidation, and the binding of dopamine receptor antagonists.

Ann. N.Y.Acad. Sci. 498: 63-76.

Hilton, J.E., C.Y. Cho and S.J. Slinger. 1977. Evaluation of ascorbic of acid
status of rainbow trout(Salmo gairdneri). J. Fish. Res. Board Can.

35: 431-436.

Hirano, S. and N. Nagao. 1989. Effects of chitosan, pectic acid, lycozyme
- and chitimase on the growth of several phytopathogens. Agric. Biol.

chem., 53(11): 3056-3066.-

Hung, S.S5.0., C.Y. Cho and S.J. Slinger. 1981. Effect of oxidezed fish oil,
DL- o -tocopheryl acetate and ethocyquin supplementation on the
vitamin E nrtrition of rainbow trout(Salmo gairdneri) fed practical

diets. J. Nutr. 111: 648-657.
Jayaram, M. G. and F. W. H. Beamish, 1992. Influence of dietary protein
and lipid on nitrogen and energy losses in lake trout, Salvelinus

namy cush. Cam. ]J. Fish. Aguat. sei. , 49: 2267-2272.

Kalogeropoulos, N., M. N. Alexis and R. J. Henderson. 1992. Effect of

_244-



dietary soybean and cod-liver oil levels on growth and
body composition of gilthead bream (Sparus aurata).

Aquaculture, 104: 293-308.

Kitamura, S., T. Suwa, S. Ohara and K. Nakamura. 1965. Studies on
vitamin requiremints of rainbow trout, Salmo gairdneri. 1. On the

ascorbic acid. Bull. Jpn,. Soc. Sci. Fish. 33: 1120-1125.

Klein, R. G. and J. E. Halver, 1970. Nutrition of salmonoid fishes. Arginine
and histidine requirements of chinook and coho salmon. J. Nutr., 100:

1105-1108.

Lall S.P., G. Olivier, J.A. Hines and H. W. Ferusonn. 1983. The role of
vitamin E in nutrition and immune response of Atlantic salmon

{(Salmo salar). Bull. Aqua. Assoc. Can.

Lee, J. Y. , Y. J. Kang, S. M. Lee and 1. B. Kim. 1993a. protein
requirments of the Korean rockfish Sebastes schlegeli. J. Aquacult. 6,

13-27.

Lee, J. Y., Y. J. Kang, S. M. Lee and I. B. Kim, 1936b Optimum
digestible to protein ratio in diets for the Korean rockfish sebastes
sbhlegeli. J. Aquaculture, 6, 29-46 (in Korean with English

abstract).

- 245 -



Lee, S M., Y.]J. Kang and J.Y. Lee. 1991. The effect of soybean meal as a
partial replacement for white fish meal in diet for yellowtail (Serilla
quingueradiata). Bull. Nat. Fish. Res. Dev. Agency, 45. 247-257 (in

Korean with English abstract).

Lemaire, P., P. Drai, A. Mathier, 5. Lemaire, S. Carriere, ]J. Giudicelli and
M. Lafaurie. 1981. Changes with different diets in plasma enzymes
(GOT, GPT, LDH, ALP) and plasma lipids (cholesterol,
triglycerides) of sea-bass (Dicentrarchus labrax). Aquaculture, 93

63-75.

Lie, ©¢. E. Lied and G. Lambertsen. 1986. Liver retention of fat and of
fatty acids in cod (Gadus morhua) fed different oils. Aquaculture. 53:

187-196.

Lie, @. E. Lied and G. Lambertsen. 1988. Feed optimization in Atlantic
cod {(Gadus morhua) : fat versus protein content in the feed.

Aquaculture, 69: 333-341
Lim, C. and W. Dominy. 1989. Utilization of plant proteins by warmwater
fish. American soybean association, 541 Orchard Road #11-03 Liat

Towers, Singapore 0923, 12pp.

Lim, C., and R. T. Lovell. 1978. pathology of the vitamin C deficiency

syndrome in channel catfish(Ictalrurs puncatatus). ]J. Nutr. 108

- 246 -



1137-1146.

M. Furuichi and Y.Yone, Effecr of dietary dextrin levels on the growth
and feed efficiency, the chemical composition of liver and
dorsal muscle, ang the absorption of dietary protein and

dextrin in fishes. Nippon Suisan Gakkaishi, 46, 225-229 (1980).

M. Kono, T. M and C. S. 1987. Effect of Chitin, Chitosan and Cellulose as

diet supplements on the growth of cultured fish. Nippon Suisan

Gakkaishi, 53(1): 125-129.

Mohsen, A. A. and R. T. Lovell, 1990. Partial substition of soybean meal
with animal protein sources in diets for channel catfish.

Aquaculture, 90: 303-311.

Murai, T. and JW. Andrews. 1974. Interactions of dietary « -tocopherol,
oxidized oil, vitamin E and ethoxyquin channel catfish{Intalurus

punctatus). J. Nutr. 104: 1416-1431.
NRC(National Research Council). 1983. Nutrient Requierments of
Warmwater Fishes and shallfishes National Acad. press, washington,

D.C. 102pp.

NRC(National Research Council). 1993. Nutrient Requirements of fish.

National Acad. Press, Washington, D. C. pp 114,

..247_.



NRC(National Research Council). 1993. Nutrient Requirements of fish.

National Acad. Press, Washington, D. C. pp 67.

Ng, W. K and K. L. Wee, 1983. The nutritive value of cassava leaf meal

in pelleted feed for Nile tilapia. Aquaculture, 83: 45-48,

Nose, T. 1960a. On the digestion of food protein by goldfish(Carassius
auratus L.) and rainbow trout{salmo irideus G.). Bull. Freshwater

Fish. Res. Lab., 10(1): 12-22.

Nose, T. 1960b. On the effective value of freshwater green algae,
Chlorella ellipsoidea, as a nutritie source to goldfish. Bull. Freshwater

Fish. Res. Lab. 10(1): 10.

Ogata, H., S. Arai and T. Nose, 1983. Growth responses of cherry salmon
(Oncorhynchus masou) and amago salmon (0. rhodurus) fry fed
purified casein diets supplemented with amino acids. Bull. Jap. Soc.

Sci. Fish., 49: 1381-1385.

Page, J. W. and J. W. Andrews. 1973. Interaction of dietary levels of
protein and energy on channel catfish (Ictalurus punctatus). J. Nutr.

102, 1334-1346.

Pongmaneerat, J. and T. Watanabe, 1993. Nutritional evaluation of soybean

meal for rainbow trout and carp. Nippon Suisan Gakkaishi,

- 248 -~



59: 157-163.

Poston, H.A. 1967. Effect of dietary L-ascorbic acid on emeqg/kgature brook

trout. New York State Cons. Dept., Fish. Res. Bull. 30: 46-51.

Robertson, L., P. Thomas. C.R. Arnold and J.M. Trant. 1987. Plasma
cortisol and secondary stress responses of red drum to handling,

transport, rearing denisity, and a disease outbreak. Prog. Fish-Cult.

49: 1-12.

Robinson, E. 1990. Reevaluation of the ascorbic acid (vitamin C)
requirements of channal catfish (Ixtalurus punctatus). FASEB J.

4:3745(abstr.)

Roem, A.], C.C. Kohler and R.R. Stickney. 1990. Vitamin E requirements
of the blue tilapia, Oreochromis aureus, In relation to dietary lipid

levels. Aquaculture 87: 155-164.
S. Shimeno, H. Hosokawa and M. Takeda: Metabolic Response of Juvenile
Yellowtail to Dietary Carbohydrate to Lipid Ratios. Fisheries

Sci., 62, 945-949 (1996).

S. Shimeno: Studies on Carbohydrate Metabolism in Fish(Translated by

A.K. Barat), A.A. Balkema. Rotterdam. 1982, pp. 1-123.

- 249 -



S. shimeno, C, M Duan, and M. Takeda: Metabolic response to dietary
carbohydrate to lipid ratios in Oreochromis niloticus. Nippon

Susan Gakkaishi, 59, 827-833 (1993).

Sandel, L. J.,, and J. C. Daniel. 1988. Effent of ascorbic acid on collagen in

RNA levels in short term chondrocyte cultyres. Connect. Tissue

Res. 17: 11-22.

Schwarz F.J., M. Kirchgessner, H. Steinhart and G. Runge. 1988. Influence
of different fats with varying additions of @ -Tocopherol acetate
growth and body composition of carp (Cyprinus carpic L.)

Aquaculture 69: 57-67.

Shimeno, S. 1991. Yellowtail, Seriola quinqueradiata. pp. 181-191 In
Handbook of nutrient Requirements of Finfish, R. P. Wilson, ed.

Boca Raton, Fla, CRC Press.

Shimeno. S., T. Mima, O. Yamamoto, and Y. Ando. 1993a. Effects of
fermented defattde soybean meal in diet on the growth, feed

conversion, and body composition of juvenile yéllowtail. Nippon

Suisan Gakkaishi, 59(11), 1833-1888.

Shimeno, S., T. Mima, T. Imanaga and K. Tomaru. 1993b. Inclusion of
combination of defatted soybean meal, meat and com gluten meal

to yellowtail diet. Nippon Suisan Gakkaishi, 59(11), 1889-1895.



Skelbaek, T., Andersen. N, G., Winning, M, and Westergaard, S. 1990.
Stability in Fish Feed and Bioavailability to Rainbow Trout of

two Ascorbic Acid Forms. Aquaculture 84: 335-343.

Smith R. W. and R. T. Lovell. 1973. Determination of apparent protein
digestibility in fed for channel catfish. Trans. Am. Fish. soc., 102(4):
831-835.

Smith, R. R. 1971. A method for measuring digestibility and metabolizable

energy of fish feeds. The prog. Fish-cult.,, 33: 132-134.

Smith, R. W. and R. T. Lovell. 1971. Digestibility of nutrients in
semipurified ration by channel catfish in stainless troughs. Proc.

Annu. Conf. Southeast Assoc. Game Fish Comm., 25: 425-459.

Spyridkis, P., R. Metailler, J. Gabaudan and A. Riaza. 1989. Strdies on
nutrient digestibility in European sea bass (Dicentrarchus

labrax). 1. Methodological aspects concerning faeces sollection.

Aquaculture, 77: 61-70.

Steffens, W. 1989. Principles of Fish Nutrition Ellis Horwood, Chichester,
384pp

Stickeney, R. R. 1977. Lipids in catfish nutrition. In R. R. Stickeney and

R. T. Lovell (Editors), Nutrition and Feeding of Channel Catfish.

..251._



Southern Cooperative Series Bulletin 218. p. 14-18.

Stossel, P. and J. L. Leuba. 1984. Effect of chitosan, chitin, some

amonosugars on growth of various soil~-borme phytopathogenic

fungi. Phytopath., Z. 111: 82-90.

Takeda, M., S. shimeno, H, Hosokawa, H. Kajivama and T.Kaisyo 1975.
The effect of dietary calorie - to - protein ratio on the growth,
feed conversion and composition of young yellowtail. Bull. Jap.

Soe. Sci. Fish, 41, 443-447.

Takeuchi T. T, Watanabe and C. Ogino. 1978. Use of hydrogenated fish
oil beef tallow as a dietary energy source for carp and rainbow

trout. Bull. Jap. Soc. Sci. Fish. 44: 875-881.

Takeuchi, T. T. Watanabe and (. Ogino. 1979. Digestibility of
hydrogenated fish oils in carp and rainbow trout. Bull. Jap. Soc.

Sci. Fish. 45: 1521-1525.
Takeuchi, T., M. Toyota, S. Satoh and T. Watanabe. 1990. Requirement of
juvenile red seabream Pagrus major for eicosapentaenoic and

docosahexaenoic acids. Bull. Jap. Soc. Sci. Fish,, 56. 1263-1269.

Takeuchi, T., T. Watanabe and T. Nose. 1979a. Requirement for essential

fatty acids of chum salmon (Oncorhynchus keta) in freshwater

- 9252 -



environment. Bull. Jap. Soc. Sci. Fish,, 45 1319-1323.

Takeuchi, T.Y. Shilna and T. Watanabe. 1991. Suitable protein and lipid
levels in diet for fingerlings of red sea bream Pagrus major.

Nippon Suisan Gakkaidhi, 57: 293-299.

V. Verakunpiriva, KW, KM, KK, TK, LH, VK, SS and T.W. 1997
Effect of Krill meal supple mentation in soft-dry pellets

on spawning and quality of egg of Yellowtail. Fish. Sci.

63(3): 433-439.

Watanabe, T., S. Thongrod, T. Takeuchi, S. Satoh, S. S. Kubota, Y.
Fujimaki and C. Y. Cho. 1989b. Effect of dietary n-6 and n-3
fatty acids on growth, fatty acid composition and histological

changes of white fish Coregonus lavaretus maraena. Nippon

Suisan Gakkaishi, 551 1977-1982.

Watanabe, T. T. Takashima, M. Wada and R. Uehara. 1981. The
relationship between dietary lipid levels and a -tocopherol

requirement of rainbow trout. Bull. Jpn. Soc. Sci. Fish. 47 :

1585-1590.
Watanabe, T., T. Takeuchi, T. Arakawa, K. Imaizumi, S. Sekiya and C.

Kitajima. 1989a. Requirement of juvenile striped jack Longirostris

delicatissimus for n-3 highly unsaturated fatty acids. Nippon

- 253 -



Suisan Gakkaishi, 55: 1111-1117.

Wee, K. L. and S. S. Wang, 1987. Nutritive value of leucaena leaf meal in

pelleted feed for Nile tilapia. Aquaculture, 62: 96-108,

Wilson, R. P. 1977a. Carbohydrates in catfish nutrition. In R. P. Stickeney
and R. T. Lovell (Editors), Nutrition and Feeding of Channel

Catfish. Southern Cooperative Series Bulletin 218, p. 21-25.

Wilson, R. P. 1997b. Energy relationships in catfish diets. In R. P.
Stickeney and R. T. Lovell (Editors), Nutrition and Feeding of

Channel Catfish. Southern Cooperative Series Bulletin 218. p. 21-25.

Wilson, R. P., D. E. Harding and D. L, Garling, 1977. Effect on dietary pH
on amino acid utilization and the lysine requirement of fingerling

channel catfish. J. Nutr., 107: 166-170,

Wilson, R.P. 1973. Absence of ascorbic acid synthesis in channel catfish,
Ictalurus punctatus and blue catfish, Ictalurus frucatus. Conp.

Biochem. Physiol. 46B: 636-638.

Windell, J. T., J. W. Foltz and J. A. Sarokon. 1978. Methods of fecal
collection and nutrient leaching in digestibility studies. The Prog.

Fish-Cult., 40: 51-55.



Woodall, A. N, LM. Ashley, JE. Halver, H. S. Olcott and J. Van Der

Veen. 1964. Nutrition of salmonoid fishes. VI. The a -tocopherol

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

Yamamoto, D. and T. Akiyama, 1991. Substitution of soybean meal for

white fish meal in a diet for fingerling rainbow tuort

Oncorhynchus mykiss. Bull. Natl. Res. Inst. Aqua., 20: 25-32.

Yone, Y 1976. Nutrional studies of red sea bream. In K. S. Price, UV. N

2 E

2

2%

shaw and K. S. Danberg(editors), Proc. Ist. Int. Conf. Aquaculture.

Lewes, Delaware, pp. 36-64.

& - 3g A 1994, ¥H Fol9 Carotenaids A A Ao sho] nl A

v 9% ¥ 44283 A, 27(3): 272-281.

71 - AFF -89 - ZAE, 1996. FA7M$ A (Oncorhynchus mykiss)
AlegozA gfFute] olf a5 u. 23, wid L AxAHdus @

F 24832, 9(4) : 395-407.

3k - 23, 1995, %3] B (Sebates schlegeli) X]oj2] AbAAH], ¢ wi]o}
Fauid 2 MzA nAE AEd duUR/ Sydue FFg @3
FAE 3R], 28(4) ; 412-420.

287 - Z2AS-olEN - A - FEL ol - FAY -0l gF 1 199T:

dxe 72184 2FEI A EF(scuticociliatids)ell & chitosan -



oligosaccarides®] ¥ % &3, v|¢ .

o]

ol gl AASRZAF AlSF 20 W XHEFH Ao L HFolo FUYA: &
8. 1997. &9 ¢ A, 21(5): 381-390.

ol A - AW, 1996. ©uiA Yoz ojfo] HIE ZHEH HdFAERY 4
Etgl EFE Bt @FFA AL 9(2): 159-166.

o)F & - ZE&A - ol A4Y - AU, 1993b. 2H EF Sebastes schlegeli A} & 9|

A4 uA/eud v, @ FAHHA, 6 29-46.
AR - oles - A 1 AP, NEN. AAJSHQ). TFLE, 1YY
2d2g 2 TA2HE AN 1996 BINEN ALY A7

1(1), 4-13.

A4, 1992 5] J2eF HYgst FAMElY £33 FFE Tl A
T 9% 344 A, 5 1-7.

EA - AEF - AZF - HEESF - FE5Y. 1993 %4 gz, FEY Az
Carotenoids WAFS}F MMM v FF 342483 A], 26(2):

91-101.

FHRE, SHEEEE, 42, 226(1986).

._256..



A 474 145 B 2EDJA(HFMP) A5 9 48§39

A4 24 & 7l&olA

Andrews, JW. and T. Murai. 1975. Studies on the vitamin requirements

of channel catfish (Uctalurus punctatus) . J Nutr. 105 557-561.

Bidlack, W. R. and A. L. Tappel. 1973. Damage to micronomal memvrane

by lipid peroxidation. Lipids, 8, 177.

Blazer, V.S. and R.E. Wolke. 1984. The effects of a -tocopherol on the
immune response and nonspecific resistance factors rainbow trout

(Salmo gairdnert). Aquaculture 37 1-9.

D-F. Hwang, M-R. Tsai, T. Yishida and S-S. Jeng: Toxicity and
Excretion of Butylated Hydroxytoluene (BHT) through Feed in
Japanese Eel. 1992, 58: 69-74.

Feher, J., G. Csomos and A. Vereckei. 1987. Freeradical reaction in

medicine. springer - Verlag Berlin Heidelherg, Germany, p. 18-147,

Gatlin, D.M.II, W.E.Poe, R.P.Wilson, A.J.Aimsworth and P.R.Bowser. 1986.
Effects of stocking density and vitamin C status on vitamin

E-adequate and vitamin E-deficient fingerling channel catfish.

Aquaculture 56: 187-195,

_257..



Golumbic, C., Mattill, M. A. © J. Am. chem. soc., 63, 1279-1280(1941).

H. I. Kojima, T. Yoshida, D-F. Hwang, M-R. Tsai and S-S. Jeng.
:Absorption, Distribution, and Excretion of Butylated Hydroxytoluene

in Rainbow trout and Common carp. 1991. 57: 1159 1164,

Hamre, K and O. Lie. 1995. Minmum requirement of vitamin E for Atlantic
salmon, Salmo salar L., at first feeding. Aquaculture Research 26:

175-184.

Heikkila, R. E. and L. Manzino. 1987. Axdorbic acid, redox cycling, lipid
peroxidation, and the binding of dapamine receptor antagonist.

Ann. N. Y. Acad Sci. 498 : 63-76.

Lim, C. and R. T. Lovell. 1978. pathology of the vitamin C deficieney
syndrome in channel catfish (Ictalrurs punctatus). J. Nutr. 108:

1137-1146.

Murai, T., T. Akiyama, H. Ogata and T. Suzuki, 1988. Interaction of
dietary oxidized fish oil and glutathione on fingerling yellowtail,

Seriola quingueradiata. N. Suisan Gakkaishi. 54: 147-148.

Murai, T., and J.W. Andrews. 1974, Interactions of dietary e« -tocopherol,

oxidized menhaden oil and ethoxyquin on channel catfish (Jctalurus

punctatus). J. Nutu. 104: 1416-1431.

..258._



NRC(National Research Council). 1993. Nutrient Requirements of fish.

National Acad. Press, Washington, D. C. pp 34-35.

Niki, E., Kawakami, A., Yamamoto, Y., Kamiya, Y.: Bull. chem. soc. Jpn,
58, 1971-1975(1985).

Roald, S. O. and D. Amstrong. 1981. Hitochemical, fluorescent and
electromicroscopical appearance of hepatocellular ceroidosis in the

Atlantic salmon, Salmo salar L. ]J. Fish Dis. 4! 1-14.

Saito, M, 1988. Interaction between lipid peroxide formation and nutritional

status. J. Jpn. soc. Nutr. Food sci. , 41(5), 343.

Sato, M.,Y.Hatono and R.Yoshinaka. 1991. L-ascorbyl 2-sulfate as a
dietary vitamin C source for rainbow trout Oncorhynchus mykiss.

Nippon Suisan Gakkaishi. 57 717-721.

Skelbaek, T., Andersen. N, G., Winning, M, and Westergaard, S. 1990.
Stability in Fish Feed and Bioavailability to Rainbow Trout of two

Ascorbic Acid Forms. Aquaculture 84: 335-343.
Smith C. E.(1979) : The prevention of liver lipid degeneration (ceroidosis)

and microcytic anaemia in rainbow trout Salmo gairdneri Richardson

fed rancid diet : a preliminary report. J. Fish Disease 2, 429-437.

..259_



Steffens, W. 1989. Principles of Fish Nutrition Ellis Horwood, Chichester.
384pp

Vergroeson, A. T. 1977. physiological effecy of dietary linoleic acid. Nutr.
Rev,, 35, 1.

Yokote, M. 1970. Sekoke Disease, spontaneous diabetes in carp, cyprinus
carpio, found in fish farms. I. pathological study. Bull. Fre. Fish.

Res. Lab. 20: 39-72.

o] ¥, 1993. F¥AEX 9 Ceroid T Ao dstoq. &FoJFEA. 6(2),
143-161.

A AT, 1989, FstE Abgol o AW, @]y 20 109-114.

ZB 5. AATF. 1990. 43 € Pelleto] &%t €elgol2] Ceroid 53 Vitamin
E, Co o &3 ¥ eslz 3:69-79.

EHRE - FHZH098])  BERNERE 14 NF- ERFCHTIHR-
V. Bt RE»" O, FTeBRo 4 & IcR2 38, BKE. 45, 449-453.

WHEIEE - RBAX - @NFE - IFEY - hERE - FLFAEFQ989) © <

2“4 BEBBLKCRI"TRIMES I VERBRROPE. KE
B 37D 1-7.

- 260 -



	해산어용 고성능 혼합형 모이스트펠렛사료 개발
	요약문

	목차

	제1장 서론

	제2장 고성능 모이스트펠렛(High Functional Moist Pellet : HFMP) 사료개발을 위한 원료의 이용성 검토 
	제1절 HFMP 사료개발을 위한 생사료의 선정

	1. 서론 
	2. 재료 및 방법 
	가. 생사료 대상 어종의 어획량 조사
	나. 성분 분석 및 에너지 함량

	3. 결과 및 고찰 
	가. 생사료 대상 어종의 생산량 조사 결과
	나. 일반 성분 및 가소화에너지 함량


	제2절 HFMP사료개발을 위한 생사료 원료별 이용성 검토

	Ⅰ. 넙치 사육실험 
	1. 서론
	2. 재료 및 방법
	가. 실험어 및 사육관리
	나. 실험사료
	다. 어체측정
	라. 성분 분석
	마. 통계처리

	3. 결과 및 고찰
	가. 사료성분 및 에너지 함량
	나. 성장 효과
	다. 어체 성분


	Ⅱ. 조피볼락 사육실험 
	1. 서론
	2. 재료 및 방법
	가. 실험어 및 사육
	나. 실험사료
	다. 어체측정
	라. 성분 분석
	마. 통계처리

	3. 결과 및 고찰
	가. 실험 사료 성분 및 에너지 함량
	나. 성장 효과
	다. 어체성분


	제3절 HFMP 사료개발을 위한 시판분말배합사료의 이용성 검토

	1. 서론

	2. 재료 및 방법

	가. 실험어 및 사육
	나. 실험 사료
	다. 어체 측정
	라. 성분 분석
	마. 통계처리

	3. 결과 및 고찰

	가. 실험사료 성분분석
	나. 성장 효과
	다. 어체성분



	제3장 고성능 모이스트펠렛( HFMP) 사료의 개발을 위한 조성설계 
	제1절 HFMP 사료개발을 위한 생사료와 분말배합사료의 적정 혼합비 검토 
	1. 서론 
	2. 재료 및 방법 
	가. 실험어 및 사육
	나. 실험사료
	다. 어체 측정
	라. 성분분석
	마. 통계처리

	3. 결과 및 고찰 
	가. 사료성분
	나. 성장효과
	다. 어체성분


	제2절 HFMP 사료개발을 위한 적정 에너지/단백질 비의 검토 
	1. 서론 
	2. 재료 및 방법 
	가. 실험어 및 사육
	나. 실험사료
	다. 어체측정
	라. 소화율 측정
	마. 성분분석
	바. 통계처리

	3. 결과 및 고찰 
	가. 사료성분
	나. 성장효과
	다. 어체성분
	라. 소화율 사료 조성 및 성분
	마. 소화율


	제3절 HFMP 사료개발을 위한 비타민 C, E 첨가효과 
	1. 서론 
	2. 재료 및 방법 
	가. 실험 사료
	나. 실험어 및 사육
	다. 어체 측정
	라. 성분 분석
	마. 소화율측정
	바. 통계처리

	3. 결과 및 고찰 
	가. 사료성분
	나. 성장 효과
	다. 어체 성분
	라. 소화율 사료조성 및 성분
	마. 소화율


	제4절 HFMP 사료개발을 위한 특수첨가물의 첨가효과 검토 
	Ⅰ. Krill meal의 분말배합사료 대체효과 검토 
	1. 서론
	2. 재료 및 방법
	가. 실험어 및 사육
	나. 실험사료
	다. 어체 측정
	라. 성분분석
	마. 통계처리

	3. 결과 및 고찰
	가. 사료성분 분석
	나. 성장효과


	Ⅱ. Chitosan 첨가효과 검토 
	1. 서론
	2. 재료 및 방법
	가. 실험어 및 사육
	나. 실험사료
	다. 어체 측정
	라. 성분분석
	마. 통계처리

	3. 결과 및 고찰
	가. 사료성분
	나. 성장효과




	제4장 고성능 모이스트펠렛(MFMP) 사료의 실용화와 경제성분석 및 기술이전 
	제1절 HFMP 사료개발을 위한 항산화제 첨가효과 검토

	1. 서론 
	2. 재료 및 방법 
	가. 실험사료
	나. 실험어 및 사육
	다. 어체 측정
	라. 성분분석
	마. 통계처리

	3. 결과 및 고찰 
	가. 사료성분
	나. 성장효과
	다. 어체성분


	제2절 HFMP 사료의 저장성 검토

	1. 서론  
	2. 재료 및 방법 
	가. 실험사료
	나. 저장 조건 및 분석 항목
	다. 분석 방법

	3. 결과 및 고찰 
	가. MP사료 원료별 AV와 POV
	나. 저장시간 및 저장온도에 따른 AV와 POV의 변화
	다. 저장 조건에 따른 사료내 비타민 C, E의 함량조사


	제3절 HFMP 사료의 경제성 분석 및 기술이전 
	1. 서론 
	2. 재료 및 방법 
	가. 실험어 및 사육
	나. 실험사료
	다. 사료제조단가 산출
	라. 어체 측정
	마. 성분분석
	바. 통계처리

	3. 결과 및 고찰 
	가. 성장효과
	나. 생사료, MP, EP사료 경제성 비교
	다. 신개발 고성능 모이스트펠렛사료의 기술이전



	참고문헌





