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SUMMARY

I. Title
The Technique of Wintering Culture of the Sea bream in Net-cage Culture System in

the Southern Sea, Korea
II. Results and Discussion

1. Investigation of net-cage aquafarm of Yeosu coastal

The total area of net-cage culture ground in Yeosu was 198 ha of 62 points in
2006, the number of fisher families were 520. The quantity of cultured fishes were
11,85 million fish in November 2006, the cultured sea bream was 303 million fish
and took 26% in the total quantity. Most of the fisher's net-cage aquafarm had the
little size which were amount 0.3~0.5 ha and most of them worked for the fish
villages or the fisheries society. The material of net-cage were wood, anti-wave
materials and wood+anti-wave materials, the wood was most used as the net-cage
material. The study in Yeosu was carried on in the ordinary year of perish of sea
bream from November 2006 to May, 2007, and the lower water temperature of inland
sea were below than 8C, and there was almost had not very low water temperatures
appeared and the death rate of sea bream were also low. But in the stage after the
extermination of disease of Alella macrotrochelus and Benedenia seriolae and four
month before the strength recovery after winter, the number of sea bream transfer
from Ando (Yiyapo) to culture ground which located in the inland sea was decreased
from 1.5 million to 150 thousand, the survival rate was 10%. The period of the water
temperature lower than 8C during Jan. to February 2008 was longer than the same
time in 2007. The winter survival rate of Acanthopagrus schlegelii of one which
cultured in high density (5 mx5 mx5 m /30,000 fish) of the investigated 6 net-cage
culture ground was 20%, and the survival rates of other 5 points were 60%. In the
area of Jangji, the survival rate of two-year old Acanthopagrus schlegelii was 90%
contrasted to the one-year old ones, and in the area of Ando, the survival rate of
one-year old Acanthopagrus schlegelii was 90% in contrasted to the Jangji area. The

Acanthopagrus schlegelii cultured in the net-cage culture ground located in the lower
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part of Gamak bay were stoped to be feed after the water temperature dropped to
about 16C in about first to middle November so the fish weight were decreased
about 9.3~12.8%, contrasted to the Acanthopagrus schlegelii cultured in the net-cage
culture ground located in Ando and Geomundo at where the fish were feed once to
twice one week and once were feed 1/2~1/3, the fish cultured in these areas had the
growth rate about 10~20% even in the winter. During the investigation, the range of
water temperature were 8.4~20.1C, and the average water temperature was 7.8C in
Songdo, Gunnea, Dolsan, in Feb. 2008. The results of disease causes investigation
shows that Alella macrotrachelus and Dactylogyrus sp. were parasitic on the gill of
Acanthopagrus schlegelii, and Bivagina tai was parasitic on Pagrus major. In the
unfeed period from November the disease of green liver syndrome happened on most
of the cultured fishes. The reason of the disecase was that the lacked of nutrition and
short of the apply of protein in the long unfeed period, contrast to this, there were
foreign materials were discovered in stomach and intestine of fishes cultured at Ando
and Geomundo. We can tell form this that even in low water temperatures, the
digestion of feed was discovered in the stomach of fishes, so, the unfeed method in
the low water temperatures was not fitness, and the fishes must be feeding even in
the low water temperature period. During the water temperature rising period from
Apr. to May, most of the ones of cultured fishes which stored fat in their abdomen

because of the over feed were died.

2. Investigation of net-cage aquafarm of Tongyeong coastal

In korea, about 758 million fish has cultivated in marine fish farm in December
2006. Among them, the sea bream inclusive of a red sea bream, a black porgy and a
parrot fish has occupied amount of 13% and it was suggested that the sea bream was
important species. However, large portion of the coast water temperature during winter
season was below the lowest limit of the physiological temperature for the temperate
zone fishes. For this reason, it has been badly damaged in 2003 and 2006. The cause
of the sea bream winter death was presumed that low temperature brought a
physiological dysfunction. However, it was lacked that the investigate of cause which
help a winter death and a properties of aquafarm which led to more easily death.
Therefore, this research was investigate the source material of dead cause through the

that examinate a aquatic condition and a aquatic environment from net-cage aquafarm
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with habitual damage and continuous environment monitoring. The average scale of
the higher and lower water depth was corresponded to 7.4 and 12.9 m in aquafarm
which led to more easily death. It is shallow than that non-easily death. The average
number of livestock were 229,000 fish per a ha in aquafarm which led to more easily
death. It is 12% high density than non-ecasily dead aquafarm. Especially, accumulate
mortality was 11.5% which to higher (6.9%) that. In environmental examination of
aquafarm with easily death, the lowest water temperature was 6.99~8.70°C below the
limit of the physiological temperature. It was lower (2.517C) than non-easily dead
aquafarm. In clinical examination of farmed red sea bream, bacterial and viral
infection was not observed. But, the incidence rates of parasitic infection was
observed from 20 to 100% among them. Green liver syndrome by physiological
malfunction and disappearance of interior fat by low feed rates was clearly observed
all through the winter season. Conclusively, it lead to serious depression of immune

and physiological function.

3. Studies on the winter mass mortality of the sea bream in net-cage

All the data were analyzed for the determination of the causatives for the fishes
mass mortalities in the net cage of Southern sea coastal water (Yeosu, Tongyong,
Nambhae, and Geojea) during the wintering season (January to March) of 2000, 2003
and 2006. In the analysis of long term temperature variation, low water temperature
(5-7C) persisted for over 20 days from the middle of 2000. The low water
temperature around 6°C lasted around 20 days from early January of 2003 and 2006.
The low temperature of 2006 was 6.3°C for January and 6.4 for February, both of
which were 0.56-0.96C lower than average temperature. The water temperature on
average was 5.76 C from late January to middle February, 2006, during which most
significant mortality was noticed. During the mass mortality, a northwesterly wind
persisted with the velocity of 5~8m/sec, which was 2~5m/sec higher than normal
velocity. In the pathological analysis, none of significant pathogenic agents that might
be a causative of mass mortality were determined. Conclusively, the mass mortalities
of the sea breams in the survey period were probably due to persisted lower water

temperature (around 6C) during the wintering season (January to February).
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4. Investigation on wintering place for sea bream

The results of investigation on wintering place for sea bream in net cage
culture of Southern sea coastal is follows;

Jangji and Ando coastal, Simjang-ri, Nammyeon, Yeosu city is recommend for the
wintering place of the sea bream due to suitable environmental condition (over 9T)
and easy approach from damaged aqua farms. The total area of the wintering ground
in Yeosu area is approximately 60 ha. However, no wintering ground in KyungNam
Province was available due to the US FDA designated area and high densities of

oyster and squirt culture farms.

5. Wintering experiment of sea bream

From December, 2006 to June, 2008, seawater quality around Dolsan, Ando and
Geomundo in Yeosu city were monitored to select the proper place for the wintering
of sea bream. Aquaculture complex around Dolsan is known as a big producing center
of sea bream. Ando and Geomundo were chosen as candidate places for
over-wintering of sea bream or other species. During the survey period, Almost all the
data of chemical oxygen demand(COD) were near the Ist grade of Seawater
Classification Standard(below 1 mg/L) and the concentrations of total phosphate(TP)
did not exceed the 3rd grade of Seawater Classification Standard of Korea(below 0.09
mg/L). However, almost all the values of total nitrogen(TN) concentrations exceeded
of 3rd grade of Seawater Classification Standard of Korea and it was assumed that
the residues of feeding materials and feces of fish could contribute to the higher TN
concentrations. And almost all the COD and AVS concentrations of the sediments
around Dolsan, Ando and Geomundo are above the "quality standard of aquaculture
farm sediment of Japan", respectively. It is concluded that the intensive management
policies should be taken to care the polluted sediments. As it is reported that nitrogen
concentrations of 0.05 mg/L to 0.2 mg/LL and phosphate of 0.007 to 0.03 mg/L are
needed as the low limit of nutrients for the outbreaks of red tides, nitrogen and
phosphate concentrations above 0.1 mg/L and 0.015 mg/L. are respectively adequate
conditions for the red tide outbreaks. Even though the nitrogen and phosphate
concentrations of this survey around Dolsan, Ando, and Geomundo show the highly
polluted status and the sufficient possibilities for the outbreaks of red tides around

those areas, it could be concluded that there is a bare possibility for the outbreaks of
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red tide around those areas if we take into account of the usage of those areas as the
over-wintering places for the sea breams.

In order to understand the wintering feasibility of red sea bream, Pagrus major and
black porgy, Acanthopagrus schlegeli in the southern coastal waters of the Korean
Peninsula, the two candidate species were kept in the net cages located in the coastal
waters for a year starting from November of 2006. Wintering potentials such as fish
growth and survival and environmental parameters surrounding the culture place were,
then, determined along the culture. In the sea bream growths in the candidate sites,
the fish growth in Yeagyo site was evident until December. Thereafter it declined
showing reduction in body weight in March. Overall, best growth was obtained in the
fish grown in Gunnae site where summer temperature was agreeable for the fish,
while the growth of Ando fish was worst (P<0.05). Survivals of the fish were
52-65% for red sea bream and 45-71% for black porgy. None of the fishes at water
temperatures of 8-10C showed feeding activity for the wintering period (from January
to March), resulting in a reduction in body weight (5-10%). The experiment was
conducted from Dec 2006 to Mar 2007. In the experiment, the control group was
maintained as the natural water temperature recorded while the test group (heat
supplied) was maintained at 10C(£1.0C) until the end of the experiment. The rate of
body weight loss of the red sea bream in the hit supplied group was 82.9%, while
that of the control group was 76.1% (P<0.05). However, no statistically significant
difference of the body weight loss was recorded in the black porgy (P>0.05).
Survival rates of both sea bream and black porgy were higher in the heat-supplied
group (93.5% and 93.2%, respectively) than the controls (85.3% and 78.3%,
respectively).

The experiment of indoor culture was conducted from Dec 2006 to Mar 2007. In
the experiment, the control group was maintained as the natural water temperature
recorded while the test group (heat supplied) was maintained at 10C(£1.0C) until the
end of the experiment. The rate of body weight loss of the red sea bream in the heat
supplied group was 82.9%, while that of the control group was 76.1% (P<0.05).
However, no statistically significant difference of the body weight loss was recorded
in the black porgy (P>0.05). Survival rates of both sea bream and black porgy were
higher in the hit-supplied group (93.5% and 93.2%, respectively) than the controls
(85.3% and 78.3%, respectively).
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6. Effect of dietary energy level and measurement of immunological activities of sea
bream during the winter Season

This study was conducted to investigate the effect of dietary lipid level on growth
and body composition of juvenile red sea bream during the winter season. Three
isonitrogenous diets (47% crude protein) containing three dietary lipid levels (10%,
17% and 22%) were fed to duplicate groups of fish (initial body weight of 79 g)
for 25 weeks during the winter season. The highest weight gain and survival of fish
fed 17% lipid diet were significantly higher than those of fish fed 10% lipid diet
(P<0.05), but not significantly different from those of fish fed 22% lipid diet. Feed
efficiency, protein efficiency ratio, daily feed intake, condition factor, hepatosomatic
index and viscerasomatic index were not affected by dietary lipid level. Proximate
composition of the whole body, liver, viscera and dorsal muscle were not significantly
different among all groups except for crude protein content of dorsal muscle. The
contents of 16:0, 18:0, 20:4n-3 and 20:5n-3 of the whole body were significant
affected by dietary lipid level (P<(.05). Based on the results of this study, a diet
containing 17% lipid should be optimal for the growth of juvenile red sea bream
during the winter season.

Recently mortalities of commercially important fishes such as red sea bream and
black sea bream have occurred on the southern coast of Korean in winter period. In
the present study we investigated blood chemical analysis for the fishes reared in low
water temperature from Dec 2006 through Mar 2007. In addition, efficiency of the
lipid enriched artificial feeds was tested in the two species of sea breams using
measurement of immunological activities during the period of low water temperature.
Our results showed that GOT and GTP increased during the experiment, while ALB
and TP decreased. For fishes fed on the lipids enriched feeds showed no significant
changes in lysozyme activity and total protein concentration. Our study indicates that
both Pagrus major and Acanthopagrus schlegeli got physiological stress and such

stress was expressed several hematological parameters.

7. The economic analysis of wintering farming system for sea bream
This study is aimed to analyze the economic feasibility of rockfish (sebastes
schlegeli) which is a major species for coastal-cage farming in south sea, red sea

bream (pagrus major), black porgy (Acanthopagrus schlegeli), and parrot fish
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(Oplegnathus fasciatus) farming. In addition, it estimated the economic performance of
wintering farming for sea bream followed by development of the wintering farming
system for cold wave in south sea.

In the profitability analysis of rockfish coastal-cage farming by region, it was
evaluated that the profitability was 13.33% and 1.76% in Yeosu and Tongyeong,
respectively. Considering the production of both regions takes over 60%, the low
profitability of rockfish farming seems to decrease total average profitability of
coastal-cage farming in south sea. This is mainly because that market price in Yeosu
is relatively lower than that in other regions, while feed cost in Tongyeong is much
higher than that in other regions.

The profitability of black porgy farming in Yeosu was estimated to be 39.02%, an
internal rate of return (IRR) was 46%, and a benefit-cost ratio was shown to be 1.64,
which indicates the economic feasibility is quite high.

While the profitability of red sea bream farming in the non-wintering region was
shown to be 15.49%, it was estimated at 31.93% in the wintering region. This is
because the survival rate was greatly increased through wintering. The IRR was also
higher shown to be 44% in the wintering region than that in the non-wintering region.
For black sea bream, its profitability of farming was estimated to be 14.58% in the
non-wintering region, while it was 27.95% in the wintering region. The IRR (62%)
was also higher in the wintering region than 46% in the non-wintering region. It is
mainly because the survival rate was greatly increased by the wintering farming
system.

In conclusion, the economic feasibility of wintering farming in this study depends
upon an increase in survival rate by moving to the wintering farming region where
the temperature is relatively high during the winter season, avoiding damages in the

business condition of coastal-cage sea bream farming by winter cold wave.
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Date S TL External nterpal oo pathogen
(Site) (cm) signs . sings . parasite  bacteria  virus
Red sea bream  15~%  normal erosion of gill, Green liver  Bibagiana Not Not
Feb.20. 2006 sysdrome tai detect  detect
(Nammyeon, Black porgy 12~23  normal Green liver. sysdrome. - » »
Hwatae) ascrtes
Parrot fish 15~25  normal Green liver sysdrome - Y ”
Red sea bream  12~%5  normal erosion of gill, green liver  Bibagiana , )
Feb. 20. 2000 sysdrome tai
(Hwajung, Black porgy 15~23  normal Green liver sysdrome,ascites - ” "
Geado)
Parrot fish 16~20  normal Green liver sysdrome - Y Y
Feb. 20. 2006 Red sea bream  15~25  normal erosion of gill, Green liver  Bibagiana ) ,
(Dolsan sysdrome tai
Gunnae) Black porgy 12~23 - Green havsecri tzgfsdrome, - » »
Red sea bream  17~26  normal erosion of gill, Green liver Bibagiana , ,
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(Nammyeon,  Black porgy 12~20 normal Creen. liver sysdrome. - 4 ,
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Parrot fish 15~20 normal Green liver sysdrome - ” #
Red sea bream  13~%5  normal erosion of gill, Green liver Bibagiana ) )
Mar. 05. 2006 sysdrome tal
(Hwajung, Black porgy 15~%  normal Green hver‘ sysdrome, _ , )
Geado) ascites
Parrot fish 15~20  normal Green liver sysdrome - Y ”
Mar. 05. 2006 Red sea bream  13~25  normal erosion of gill, green liver  Bibagiana , ,
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Cunnae) Black porgy 12~24 - green liver sysdrome, ascites - ” "
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FE o oHE o Hb L ALB L ALP BUN GLYU GOT GPT.LDH. TEHO TG TP
A%l
(11~129) 24.2 4.3 0.6 1657 582 2068 2107 102 7542 200 3026 3.2
¥4}
(1) 30.7 8.4 1.0 55.3 57 477.0 400.0 400 9000 1453 80.3 2.4
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#2 | 8 & ea002 | EF L ESHM BT FHL| T & s | RR 1 2RE2E
gl sy 5 E | A | Agry | 27[EA 12 gxed
== | Temp DO cop DN | T-N | DIP | T-P SPM | Chi-a
() | Salinity {  PH (ng/L) | (mg/L) | (ng/L) | (ng/L) | (mg/L) | (mg/L) | Si02-Si | (ag/L) | (um/L)
1997 | % | 158 | 3256 813 8.30 1.42 0.106 0.043 11.9
1998 | 2% | 172 | 2950 8.12 9.12 177 0.088 0.044 10.7
1999 ) &5 | 170 | 29.94 8.13 9.25 2.22 0.079 0.036 8.4
2000 | 25| 168 | 3158 8.31 8.16 1.21 0.075 0.039 14.2 1.89
AZ | 155 | 32.58 8.20 7.17 1.49 0.105 0.041
2001 | 2% | 167 | 3260 8.14 8.83 1.85 0.086 0.047 16.2 1.29
A% | 154 | 3315 8.12 8.41 1.61 0.082 0.044
2002 | % | 155 | 30.63 8.08 8.61 1.63 0.215 | 0.464 | 0.032 | 0.061 23.9 161
AF | 161 32.61 8.07 8.14 1.21 0.168 | 0.350 | 0.028 | 0.062
2003 | % | 162 | 3169 7.99 10.66 2.39 0.067 | 0.228 | 0.011 | 0.041 74 2.67
A% | 150 | 3255 7.90 9.38 L.75 0.063 | 0.229 | 0.010 | 0.042
2004 | &% | 162 | 33.01 7.82 8.77 1.30 0.078 | 0369 | 0.011 | 0.067 | 0.272 6.7 3.02
A% 153 | 3313 7.90 8.61 1.09 0.074 | 0327 | 0.011 | 0.061 | 0.284
2006 | % | 171 | 31.94 8.14 8.72 1.27 0.076 | 0.481 | 0.012 | 0.042 | 0.239 5.3 7.08
AF | 153 | 3325 8.06 8.56 0.83 0079 | 0.402 | 0.013 | 0.044 | 0.366
2006 | 2% | 163 | 3L71 8.17 10.38 1.38 0.198 | 0.559 | 0.018 | 0.051 | 0.666 12.0 3.10
A% | 144 | 33.06 8.02 8.36 1.21 0.218 | 0.523 | 0.020 | 0.052 | 0.917 157 2.04
2 2% | 73 33.37 8.35 11.43 1.08 0.092 | 0.668 | 0.011 | 0.055 | 0.348 9.4 0.47
A& 73 33.47 8.32 11.16 1.06 0074 | 0568 | 0.010 | 0.052 | 0.279 10.3 0.73
5 | EF | 140 | 339 8.22 10.53 172 0.098 | 0.431 | 0.008 | 0.045 | 0.699 174 7.90
A% | 133 | 3401 8.17 10.18 1.91 0120 | 0477 | 0.009 | 0.046 | 1.028 22.8 5.29
§ | B& | 252 | 2674 8.05 10.08 1.81 0.196 | 0.501 | 0.006 | 0.037 ; 0.959 3.8 2.99
A% | 186 | 31.88 7.55 4.46 0.96 0.316 | 0.388 | 0.014 | 0.042 | 1.692 6.3 1.37
11 | %% | 188 | 3284 8.07 9.46 0.94 0.407 | 0.636 | 0.047 | 0.066 | 0.660 17.4 1.04
A% | 186 | 3288 8.06 9.63 0.91 0.363 | 0.658 | 0.046 | 0.066 | 0.670 23.5 0.78

(A8 KODC,NFRDI)
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T2 Las ! TA0e | 23 L SisiAM . 22
e @E 82 Tenp - M[;%%k ﬁ‘:EJqO?D%F —?f)ll%lli ﬂ;ﬁ"é
(c) I'Salinity | PH gty | (gl fng/h)
x% 6.6 33.24 8.35 11.52 1.05 0.092
! A% 6.7 33.37 8.31 11.48 1.02 0.082
i3 6.7 33.30 8.27 11.92 1.05 0.090
: A% 6.7 33.33 8.24 11.09 1.02 0.076
2 x3% 7.6 33.59 8.37 11.05 1.00 0.076
Feb. ! A& 7.8 33.34 8.35 11.13 1.29 0.071
) ¥ | 78 | 3357 8.37 11.27 1.40 0.145
A% 7.9 33.59 8.36 11.08 1.11 0.065
3 7.8 33.43 8.37 11.38 0.87 0.065
° A& 7.6 33.71 8.32 11.00 0.86 0.076
& | 139 33.89 8.20 11.00 2.17 0.119
! A% | 138 33.87 8.18 10.88 2.39 0.115
2% | 149 33.80 8.14 10.32 0.99 0.132
- AsE 14.0 33.90 8.09 9.93 2.09 0.146
5 % 14.0 33.84 8.15 8.87 1.79 0.120
May. : Az 13.0 33.99 8.13 8.76 1.96 0.134
z3% 13.9 34.05 8.29 10.11 1.77 0.055 0.407 | 0.009 0.049 25.4 10.32
! A& | 125 34.13 8.19 9.50 1.48 0.123 0.407 | 0.005 0.036
. ®3% | 135 33.99 8.31 12.36 1.88 0.065 0.339 | 0.003 0.033 16.2 10.32
A& 13.0 34.14 8.26 11.84 1.61 0.080 0.468 | 0.002 0.047
®Z | 251 | 2734 8.24 10.97 1.83 0.093 | 0529 | 0.008 | 0.036 3.4 3.63
! A& 18.6 31.85 7.38 4.07 0.42 0.304 0.414 | 0.009 0.042
x5 | 241 25.53 8.35 10.31 0.54 0.253 0.450 | 0.007 0.041 44 2.02
- A% | 188 31.79 7.72 5.17 2.62 0.350 0.562 | 0.023 0.030
8 FZ | 260 | 2557 7.25 11.14 2.74 0.264 | 0.815 | 0.005 | 0.042 3.4 3.63
Aug. . A& 18.8 32.07 8.16 6.90 0.41 0.304 0.342 | 0.009 0.042
EZ5 | 248 27.78 8.16 8.89 1.98 0.231 0.415 | 0.007 0.033 4.4 2.02
! A& | 178 | 3228 7.21 3.80 0.55 0.316 | 0.253 | 0.022 | 0.054
% | 260 27.48 8.24 9.29 1.94 0.139 0.296 | 0.005 0.032 3.4 3.663
° Az | 190 31.42 7.28 2.38 0.78 0.304 0.370 | 0.009 0.042
) EZ | 186 | 3282 8.03 9.73 0.85 0533 | 0.735 | 0.060 | 0.079 25.0 1.65
A% 18.5 32.83 8.02 9.70 1.04 0.561 0.736 | 0.065 0.075
) xE 19.0 32.66 8.07 9.07 0.90 0.429 0.741 0.049 0.059 19.2 1.11
AE | 190 32.66 8.06 9.47 1.07 0.418 0.833 | 0.041 0.079
11 ) X% | 188 32.70 8.08 9.36 1.14 0.462 0.536 | 0.044 0.066 16.2 0.85
Nov. AZF | 187 32.96 8.07 9.62 0.82 0.291 0.619 | 0.050 0.066
EE | 190 | 3294 8.09 9.56 0.96 0293 | 0575 | 0.042 | 0.064 15.4 0.93
! A% 18.5 33.08 8.08 9.56 0.74 0.322 0.577 | 0.036 0.046
3 18.6 33.06 8.08 9.56 0.83 0.320 0.591 0.040 0.063 11.4 0.65
° A& | 181 | 32.89 8.07 9.80 0.88 0.223 | 0527 | 0.036 | 0.066

(=t5: KODC, NFRDI)
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2000, 10 | 2000, 11 | 2000 12 2001 1 2001, 2 2001, 3 2001, 4
1 19.8 17.6 14.2 12.2 2% 105 9.6
2 19.7 2= 14.0 2% 2 10.4 9.5
3 19.7 17.5 14.0 12.0 11.2 10.6 9.4
4 19.5 174 14.0 2% 11.1 25 9.6
5 19.7 17.2 =R 11.0 11.5 2% 9.7
6 19.7 17.1 14.0 10.8 11.3 22 9.7
7 19.7 17.0 14.0 2& 2% 2& 9.8
8 2% 16.8 13.9 10.6 2% a% 10.0
9 20.1 16.8 13.8 2% 10.2 a5 9.9
10 20.1 16.6 a% 10.6 10.8 = 10.1
e 19.78 17.11 13.99 11.20 11.02 10.50 9.73
11 20.1 2% 2% 10.8 11.1 9.3 2%
12 20.0 = e 11.2 10.0 9.4 2%
13 20.0 16.3 13.5 2% 9.8 9.6 12.2
14 19.8 16.0 13.6 4% 2= 9.6 2%
15 19.7 15.8 13.3 22 9.8 22 11.8
16 19.5 2% 13.0 a2 a5 9.4 12.0
17 19.5 2% 13.0 10.8 9.6 9.5 12.2
18 19.2 154 2% 10.6 9.5 9.7 12.3
19.1 15.2 2 10.4 10.0 9.9 12.4
19.0 2% 12.8 4% 10.3 9.6 2%
19.59 15.74 13.20 10.76 10.01 9.56 12.15
18.8 15.0 12.7 10.4 9.4 9.8 a5
18.7 15.0 12.5 10.4 9.5 9.6 13.0
2% 14.9 2% 10.2 a% 9.7 13.9
18.5 14.9 12.4 10.2 10.0 9.7 14.2
18.3 14.8 a5 10.1 10.0 9.7 144
18.1 14.6 4% 22 10.2 2= 14.6
18.1 2% 12.4 10.1 10.3 9.8 14.9
18.0 14.6 124 2= 105 9.7 14.0
18.0 14.5 12.4 10.1 9.7 2
17.9 144 12.2 10.0 9.6 14.1
17.8 2 10.0 2
Cla 18.22 14.74 12.43 10.17 9.99 9.70 14.14
Al 596.1 365.4 278.1 212.5 216.1 204.8 283.0
Bt 19.18 15.89 13.24 10.63 10.29 9.75 11.80
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=& A& (2001.10~2002. 4)
(#SA1ZE 10:00)

12001, 10 | 2001 1f T o i
1 2= 10.8 10.6 12.3
2 23.3 18.7 14.9 Az 10.7 10.5 12.2
3 23.2 18.6 14.9 10.8 10.5 10.6 12.3
4 23.0 185 15.0 A= 10.6 10.4 12.0
5 22.7 18.4 15.0 2= 10.4 2z 12.1
6 22.5 18.2 A% 1.0 10.2 az Az
7 22.3 18.1 14.7 2z 10.0 9.9 12.2
8 22.1 18.0 14.8 2= 9.7 10.0 12.4
9 A= 18.0 14.6 9.4 9.8 10.1 12.6
10 Az 17.8 144 9.6 9.6 10.1 12.9
e 22.79 18.32 14.78 10.20 10.23 10.28 12.33
11 21.8 17.6 14.2 9.8 Az 10.1 13.2
12 21.7 17.3 14.1 9.8 10.3 10.2 13.2
13 21.4 17.0 A= 10.0 105 103 133
14 21.0 16.8 a2z 10.1 105 Az 135
15 20.7 16.4 Az 2= 10.4 10.2 EE
16 20.4 16.2 15.4 9.8 10.5 10.5 a2z
17 20.4 16.2 150 9.6 10.6 10.8 13.1
18 20.5 16.0 145 9.4 Az 11.0 13.2
19 20.6 16.0 13.8 95 A= 11.2 13.2
20 20.6 15.9 13.3 9.7 9.4 2z 13.3
F% 20.91 16.54 14.33 9.74 10.31 10.54 13.25
21 Az 15.8 12.8 9.6 9.9 Az 13.3
22 Az 15.7 12.8 A= 10.0 Az 2z
23 20.0 15.6 12.9 2z 10.1 11.0 13.4
24 20.2 15.4 13.1 9.9 10.1 11.0 Az
25 20.3 15.3 13.1 10.1 10.2 11.1 13.4
2% 20.4 15.2 12.9 Az 102 11.1 13.6
27 20.4 15.0 12.4 10.5 10.4 11.0 13.7
28 20.3 14.9 11.8 Az 10.6 11.0 13.9
29 20.3 Az 11.0 Az Az 13.9
30 20.4 2z 10.6 A= 12.1 a2z
31 20.4 10.1 10.3 12.6
3 20.30 15.36 12.14 10.08 10.19 11.36 13.60
A 574.1 4715 366.8 1789 256.0 957.4 312.2
B 21.26 16.84 13.59 9.94 10.24 10.73 13.01
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[HEX= B] o & 22|k St =258 X2 (2002.10~2003. 4)

(#ZAIZE 10:00)

o Lj 200210 | 2002, 11 2002, 12 2003, 1 . 2003, 3 | 2003, 4
1 22.7 2z 14.0 111 9.5 2z A=
2 22.9 16.2 141 111 10.0 113 A
3 22.9 Az 14.0 11.0 102 2% 11.2
4 23.0 2z 2% 2z 10.2 11.0 11.1
5 23.0 16.0 139 23 2% 111 111
6 Az 16.0 140 4% 10.1 A% 110
7 21.1 16.1 139 10.0 10.1 Az 110
8 21.3 2% S 10.1 2= 9.7 25
9 21.1 e 2z 10.0 9.9 9.8 113
10 21.1 153 13.7 10.0 9.3 9.3 113

e | 212 15.92 13.94 10.47 9.97 1045 114 |
11 212 15.2 135 10.1 9.7 102 2%
12 21.1 15.1 13.4 10.0 2% 10.2 2%
13 21.2 15.2 13.0 10.0 9.5 103 113
14 21.2 15.0 125 2% 9.6 103 12.0
15 20.7 15.0 12.6 9.9 9.6 105 121
16 204 148 Az 9.7 9.9 Az 12.1
17 202 148 12.7 9.6 9.9 10.7 12.2
18 20.1 el 12.6 9.7 10.0 10.7 12.2
19 A 14.1 12.6 9.7 10.0 109 12.3
20 25 14.2 25 2% 9.9 10.9 N

F& | 14.82 12.86 9.84 9.79 10.52 12.10
21 195 14.4 2= 8.7 9.8 110 12.4
22 19.4 145 12.8 8.5 A% 110 12.5
23 19.0 145 12.6 2% 9.0 109 A%
24 18.8 14.6 126 8.8 9.0 108 12.4
25 18.6 2% % 9.0 9.3 109 2%
26 2% 2z 2% 2% 9.5 109 12.5
27 2= 4% ) 2% 9.5 25 12.6
28 2% 140 123 2% 9.7 108 12.6
29 16.7 14.0 12.0 2% 108 2=
30 168 139 114 2z 109 12.8
31 17.0 110 9.4 109

e | 1823 1427 12.10 8.88 9.40 10.89 12.54
A 5110 312.9 285.2 196.4 233.7 266.3 250.5
g | 2044 14.90 12.96 9.82 9.74 10.65 11.93
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ol 22

|=

sl =253 A& (2003.10~2004. 4)

(TZAZE 0 10:00)
o 2003, 10 2003.'11—F2003, 12
1 22.3 16.9 ) ) . =
2 22.3 174 15.5 11.2 2% 9.3 2
3 22.3 174 15.7 11.3 10.1 9.2 12.2
4 22.1 16.8 16.0 12.0 10.0 9.1 12.6
5 21.9 16.6 15.7 12.5 2% 2 & 124
6 21.6 16.5 az 11.0 10.1 a % 12.3
7 215 16.3 15.7 11.0 2% 3.7 12.1
8 214 16.3 15.5 10.7 10.1 9.0 121
9 214 =R 15.5 10.8 10.1 9.2 12.1
10 21.3 2% 15.6 10.8 10.3 9.0 121
&< 218.1 134.2 140.8 112.2 71.3 72.8 97.9
11 21.3 15.8 a% 10.7 10.5 8.9 12.1
12 21.2 16.1 15.5 10.7 10.3 8.9 12.3
13 2% 16.2 15.3 2% 10.0 9.0 12.3
14 21.0 17.0 15.3 2% 2% 9.0 12.4
15 21.1 16.7 15.0 10.8 9.9 9.2 12.6
16 20.8 16.4 14.8 11.0 10.3 9.2 12.7
17 20.6 16.1 2% 10.5 10.8 23 13.0
18 20.5 16.0 12.2 10.6 10.7 10.0 12.9
19 20.2 2% a4 10.6 10.5 10.0 22
20 20.1 Az 22 10.8 10.5 10.2 2%
Ca= 186.8 130.3 88.1 80.7 93.9 84.4 100.3
21 20.0 2% 12.0 11.1 10.5 10.5 13.7
22 20.0 2% 11.9 11.5 A& 11.0 13.6
23 19.5 16.0 11.9 11.2 4% 10.6 13.6
24 18.9 16.0 11.7 11.0 10.5 10.2 13.5
25 18.7 15.9 11.6 2% 10.5 10.1 14.0
26 18.1 15.9 aZ 10.1 10.9 10.2 23
27 17.7 15.3 2% 10.5 11.2 10.6 2%
28 17.3 2% 11.0 10.5 112 10.6 13.5
29 17.0 15.6 11.0 10.8 Z2% 10.7 13.7
30 16.5 10.5 10.8 10.8 10.6 14.0
31 16.5 10.7 11.0 10.9
Sk 200.2 110.7 102.6 108.5 64.8 116 109.6
Al 605.1 375.2 331.5 306.4 229.6 273.2 307.8
Bt 20.17 16.31 13.81 10.94 10.43 9.757 12.825




[HEXE 7] of W 22|z SHH 254 AE (2004.10~2005. 4)
(BEAIZE © 10:00)

200410 = 2004 11 2005, 1T 2005, 2 2005, 3 2005, 4
1 22.1 18.4 15.4 2% 2% 10.5 m 10.5
2 22.1 2% 15.4 15.7 2% 105 10.4
3 22.8 18.0 15.4 15.3 9.0 10.2 22
4 22.6 17.8 2 2% 9.1 10.1 2%
5 21.5 17.8 15.8 14.5 9.1 10.1 10.5
6 214 17.8 16.0 13.4 9.4 10.0 22
7 21.2 17.8 16.1 13.2 9.5 10.1 10.4
8 21.2 17.9 15.8 12.7 9.8 10.0 10.3
9 21.3 17.9 15.6 2% 10.3 10.0 10.5
10 21.2 17.9 15.6 12.0 2% 10.0 2
i 21.74 17.92 15.68 13.83 9.46 10.15 10.43
11 20.7 17.9 15.3 11.7 10.5 2 11.5
12 20.2 2 = 15.0 115 10.0 2 11.0
13 20.0 171 14.9 11.5 10.1 9.4 11.5
14 19.5 17.0 14.7 11.3 10.2 9.7 11.7
15 19.4 16.5 14.0 11.2 a5 9.9 11.7
16 19.2 16.1 14.0 2% 2% 9.8 11.9
17 19.3 16.1 14.0 10.6 11.0 2% 12.0
18 2% 16.0 14.1 10.9 4% as 12.4
19 2% 15.9 14.5 10.9 12.5 9.7 2
20 2% 15.7 2 2% 12.0 9.5 2%
G 19.76 16.48 14.50 11.20 10.90 9.67 11.71
21 19.5 15.8 15.7 11.4 11.7 9.7 12.5
22 19.3 15.6 15.4 11.0 11.4 2= 12.7
23 19.1 15.5 15.4 10.8 11.4 10.0 12.7
24 19.1 15.5 15.2 10.7 11.2 2 12.7
25 19.0 15.5 15.2 2% 11.1 2% 12.7
26 18.5 2 = 15.4 10.6 2% 9.8 12.7
27 18.3 15.3 15.2 10.5 105 2% 13.2
28 181 15.3 154 10.5 10.6 2% 135
29 18.0 15.2 15.4 10.4 10.0 13.7
30 18.0 15.2 15.9 10.5 10.2 14.1
31 17.9 2 10.5 10.4
Bt 18.62 15.43 15.42 10.69 11.13 10.02 13.05
Al 560.5 448.5 425.8 293.3 220.4 219.6 286.8
B 20.01 16.61 15.17 11.732 10.495 9.981 11.95




2005, 10 | 2005. 11 | 2005, 12 2006, 1 2006, 2 2006, 3 2006.4
2% 18.2 15.4 10.5 =R 2% 2%
2% 18.0 154 10.8 10.8 9.7 2%
23.6 17.8 15.0 11.0 2% 9.6 10.6
23.5 17.7 2% 11.2 2% 9.5 11.0
23.9 17.7 2% 11.0 10.3 2% 2%
23.4 2% 14.0 10.8 10.4 2% 12.6
23.3 17.9 13.7 10.5 2% 10.5 12.0
22.7 17.9 2% 10.0 2% 10.2 12.2
2% 2% 2% 9.7 10.0 10.5 2%
22.5 2% a5 9.5 9.9 10.4 23
23.21 17.89 14.70 10.50 10.28 10.06 11.68
2% 2% 2= 9.5 10.0 10.2 2%
22 16.9 2% 23 22 2% 12.7
22.7 16.9 2% 2% 2% 10.2 12.7
2% 16.9 125 2 2= 2% 12.7
21.6 16.7 124 2 2% 10.2 13.0
21.3 16.5 12.4 2% 10.7 2% 13.0
20.8 16.2 12.3 2% = 10.5 13.0
20.4 16.0 12.2 11.3 10.8 a% 2%
20.1 15.9 12.2 11.3 10.8 9.4 13.1
20.2 15.4 12.1 11.4 11.0 10.0 242
21.01 16.38 12.30 10.83 10.66 10.08 12.89
20.2 z2% 2% 11.2 10.5 10.7 12.2
20.0 16.0 2% 2% 9.7 10.4 12.1
19.8 15.8 2% 10.8 9.8 10.4 12.2
2 2% 2% 10.8 =R 10.2 12.2
2z 2= e 10.7 22 10.3 12.4
a2 245 25 10.7 2% 22 =
2% 15.6 2% B 23 10.4 13.2
a% 15.2 10.4 a3 2% z2& 13.2
18.3 = 10.4 2% 10.5 2%
18.6 15.4 10.4 2% 2% 13.5
18.5 10.5 2% =
19.32 15.60 10.43 10.84 10.00 10.41 12.63
425.5 350.6 201.3 202.7 134.7 203.8 249.6
21.27 16.69 12.581 10.66 10.36 10.19 12.48




g

°|¥

= itk

LOE

N
ol
o
T
np

Hlo

Pk,

AR AHE Fr1Hom S

4 g

+

1. Mz 2 2

rS|
=

=
=

X (Optic Stow Away -TEMP, ONSET)

9|

2)

J=e obele] 1 m 2

B

fod

2
()

FAHE ol

=
=

otk WA @A YSI (6600, USA)

ol (

S|
~

Z}7h & (water temperature),

) ell A

FA(dissolved oxygen),

-

=
S

IA™ #19] 1 m 2ol (A

3|

el

(salinity),

=
ik

=z
B4

B

No
=

=)
[

Zr2H-4

A& (SPM),

1

|= e
TS

A

%

%

(chemical oxygen demand, COD),

471

o
T

A2 Q TR (COD)
¥4 (suspended particulate matter, SPM/SS)

o1 73|
i B |

< 3

]

o

ol&, ¢

=
=

whatman GF/F <oJ3}x]
105+2C2] AZx71(dry oven)olx 2A17F %<t

KR
Ta

K
=

=
=

SESSECECIEE!

a =
=

% are] Al

2z}

#Z}, ascorbic acidd ez 7zt

H
H

sulfanilamide-NED

]
=

A2 (NO2-N) & Q14EQ1(PO4-P)

B A AZE(Varian Cary 300, USA)

116 -



=

22lal 223 g (chlorophyll a, Chl-a)8 Afols 90% ollEo R 24A17F W3¢
2ol A FEsta 7HA-A A B33 A (Varian Cary 300, USA)E o] &84 47
(750 nm, 665 nm, 645 nm, 630 nm)oA] FFEE =3 S, S A THA I

W (B FbT-, 2005) 9l EAIE AqA S o] &8t TRE AMSITH

R
o o

3) HA = LR £

AHE HAEY AR Z
AT |A, CODE &7ty dgiibd e Sy en, a9
loss, IL)& AISE dry oven (105+27TC)oA Hzxste] S F3 F 7xd AEES
thAl 550+5C 9] 33t® (Furnace: Thermolyne USA)oA 24178t 718, #3(Kk)
AlA B3t Ao A AolE o] &3dto] dry oven WERFFC e FA AEHE %A=
Axtaki .

a8 4 e 3EE (acid volatile sulfide, AVS) HX+= 331

o
99
S
=.
=
=
=
=

4) wWjrtse] o3t gD &= B4

offF Ao AHREE AlE] i &&F e YYdEFe TEE BHEYY.
A2 E oA (GF/F, Whatman)& <73 &4 100
gr)ol A AFsld dam 2 (25£27T)NA 24475
rpmx<f 108) 3k AEA S AAGS U, dAEH G
BA, USA)E oAHste] o F IR =& AFTETHA U BTk,

2005)¢ <Estel A6k

5 AR FAEN

w2 2AME eEAse] FEAQ HUME skl Og¥y BAE
(CANOCO ver. 4.5: Microcomputer, USA)E A}&35le] FAE
component analysis)= AA8I T} (van den Brink et al., 1998: ter Braak et al.,
2002)

A AZEYY

S
X (principal

. bR ARSAE
1) AR 44
!

Al A oA Exg 0@, du), @R I (SR)E A s A%
S AAS R (E 65, 66). 9F°] 7hed oo A oA Y Qtwe JHE



2]F4 G (6x6x3.5 m, BA) 129 ¥ gEAdoR 44 AL da HFEAE
(6x6x3.5 m, NF) 122 AAst] ¥ 8 A7A ALSsaTt. £8 ¥ 4%

02A 11~1297 AEAGoR o|Eat] o5 49ANA LEASG F A £ %
2 74 AFSeE FH A o5 Bie 20 HFEY 5 m
2 st mm AL AN, I TP e ALE HALL0] 9T ojaiw
"olx & A9} 3
g4 gt BALE dms FolRe &=
10~15 m2A Has @, A%d Feo] 6~7CHA 7% A$E Bystel ¢34

Q) LBAgol BobsEnka weEE Faoloh

OF1e) 4 A5 shel

sttt AEee

—1—’N
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3

Y

17 15.2+0.9 cm,

40.2+6.5 g)

==z
K3

A

Tt

3

i
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2) A1%el

shdgk 12¢

Q&7 Adgee] 10CE

ks

0]
=2

A AL
BAZAA 10C(+1.00)& /A

)

Hedm 4y

s

| 12¢ 1€95H 39 2770 oF

7178 2006

49

FATH™E 67).

Al 8]

#o|

FlTt

)

3 L/min® {+A]

—

=328 EP (Extrude pellet) AF5E 19

ﬂu

9.1T)3At.

.- - ole2T
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< [a\] o o] <o) ~ (8]
— —

—

(0,) @inleledusl lelep

2/1 10 20 3/1 10 21
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08 68. o 7IFE|AAY FH AAZE =2 XHE(2007. 1~39).

20079 SHAF(7T~89) 2 wUA 22.3~24.6T2A 8d5wd 7P =234s B
Aem, oue 22.1~24 1T, <¢E ojofxs 7~899 HAFLo] U9 o wo]
ol vigke] oF 0.5~1.0CH = FUTH™ 69). oleier Ae Ame} ook E 9ot
of dge 7] w2 uigtol el Hlete] o FH A3t F¥E Fo] thh Am WL
SLEE FA8ke Jor 579 FdFeme APekA] gvta #ddEn. 20089 FA
TEE A& ojofxofF2 2007 Hlste] Z Aol fllot, Tk omel e 3l
oM = 53 2499 1~1.5THE ¥ FFE Bon, 29 15~17¢Aolde ol %



M 3.9~6.0C=2 3738t &
Btk (zd 70 ). o] NFL F4lo] §~1

nAge Fazn dvEn

S8 2y =UdE

] -

= @

2 B 0 lerrvesarererssmmrnenetrvransarern s arrranns

L] »

- -

] ]

i e

.. T ™ R U I

2 2

L ol e it 8, mL L o R
T 0167 W 1e 07 @50 o0F ®13: 07 LR R O AR R 09: 26 7 0701 67 [ -3 (5 7780 07 DEN 0g 28707 g0 B2 WY
MEOT240 (0T 2AN MSOTOLA IHO0TA40 0E0TIAY ZSEIRD 2S0R0 BNENIAN 2080 BEINIA0 @I2Zi0 BINI0 XEARRD 1D IEDLD

e s Hel ool x

- 3 g

e I

: -

- £y

8 [

& 5o

! L

-

a § 19

L - - - L N
00T W/ 1% 07 0780 07 A8 08 28 07 1807 0701 07 0% 0 g8 S - B e LRI T i
DI2E T 142870 O-H2E 7.0 TR2E T LBk R P} [l B AAAg. 0 [ELLE R GESEAR.0 SRON4B0 SFRNMR0 ZNHTE

% 69. o JHFE|AAE T AN =2 X2(2007. 7-93).

+

sNne
- PRE
[ [+]
E ERE
H H
2 -
L L
2 2
- g 19
n ']
2 2
- )
@ L]
= =
L] - -
BLON 08 WANE OB 13 1808 03 0508 mores o anib0s KK 213E @0 DEITE 032808
oUEAT  4nESe  400S60  1§MNaG e e GBS IE2E0 GFIRIR0 (GIN280  @EUNIBO DI4E200 X
U ooy L pjop =
18 - 14
I =
- 3
s H
- [ . w |2
° 2
s
8 H
2
n -
& -]
o Bl e ] & 0
= "
2 H
L]
-, ® .
gl o108 DL E 02IAE 01508 03 % aw ke s e
DOZBTR0 1HDEIA0 D4DENS0  IRIDE130 (830 124208.0 LEAXOTO 1422070 (£: 32 ]

T 70. 0% JHRRlAT Fu MAR

2 X=(2008. 1~38).

4






























% 159 F=(water temperature, T)=2 7.8C¢]
4 s 5 53T Rz YEhWa, A FoAe 7.8~23.
1TET 15.10)8 HY9E E‘}i‘ﬂr(x}i Al AAD . 2AIZE T 2T AT FAfole
Ax @ AeE vEyt. dE(salinity)® A-Fole #EIelA
BEaL 33.99 ALE velgn AFAAE 33.1~34.99
7FAIR 33.9¢% AR e
Ae 7.74~8.419 WSl Aew Yeiyton Hdgte 8.
AoZ Vel n AF pHE 7.56~8.409 HHAA Aoz ZAEJoM H 8

Row VEATHAIE wAA]). &2k (dissolved oxygen)E FAMZE S FZdA

R
(o3
i)
&:
= =
rlo
—

%
L
i”-
S
=
o8
=t
2L
rlo

J 2
ofj
©
i)
2

5.83 mg/LelA 12.45 mg/Le WHE BForn HIFLS 8.16 mg/L Ao b
ot AZolAe FEE 5.9 mg/LelA 12.8 mg/Le HMAE HYen Hw TEE 8.1

mg/L¢l A= Yebsit
s}t A2 8 T (COD, chemical oxygen demand)® F¥%+ 0.21~1.39 mg/L/]

Hejdom Hgk 0.67 mg/L ¢ Aoz ZAEATH Xﬂ%‘ﬂ ko1 RIS P

#e 0.22 mg/LY Aoz Yega H3@e 2.26 me/LY %

0.70 mg/LelAdtt. &2 AZolA 2AME COD vt di®E #4 157 7eelud

Ao UEgem 2AAE Aot 2L F2 GG P E

¢

ol o] FoH7] Wi ZAIEY Ee ALY ARFFH EE ofFY HidE T HY
atolel] o] AIZIHRE A a7t UAUH A2 AThE T
®39 T%%Z}EX](SPM suspended particulate matter) Z=APEZFe] FHA g
0 mg/Lelglem, g2 53.2 meg/leli i FEE 13.0 mg/l & Aoz
Ebtth, A Fel AfolE 3.8~57.8 mg/Le B9 er HA2 14.9 mg/Lojth. E
gt F223 3(Chl-a, chlorophyll a)¢ ¥% HLX& 0.27~9.01 pg/Le WY oH,
WitsEe 2.57 ug/Lo Aoz 2AHARL AFAAM9] =& 0.38~10.33 pe/Le ™
Ao Fagke 2.79 we/L8 A= e

JU4dF 5 UA dEYol FA(NH-N, ammonium nitrogen)& ZFollA ZAMG 4
FEE 0.007~0.317 mg/Le] HAF o AT F HiadsEsE 0.036 mg/Lel3)

I,

o AZNAE 0.002~0.242 mg/Le] BARCH H@i2 0.036 mg/Le ALR FALE
Aok sl EFolA ARG opd A HA(NO2-N, nitrite nitrogen)® F&v
0.000~0.013 mg/Le] M2 Yeigten, Fdgte 0.005 mg/Lolda AFol e #HA
el 0.000 mg/L&E VERge™ Hzmghe 0.013 mg/Lelth o] wj @@ 0.005
meg/Lolit}, ofdAl AA4H 4tslE el A4 A A(NOs-N, nitrate nitrogen)el #
FdM9 FxE 0.013~0.237 mg/Le MK LA, FFg= 0.090 mg/LYl Aoz A
Holow, AZFd A= 0.023~0.307 mg/Le HYFen, HFa2 0.090 mg/Loldrt.
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QoA ZAME dRUol A4 ofzAk AA4 B A AA sk Foi FAHE §EF
7144 (DIN, dissolved inorganic nitrogen)® XFolAel F=E 0.025~0.341
mg/Lel WMelen, Hd e 0.132 mg/Lel o2 yehyrr, & A e #HA
#2 0.049 meg/LE WEisten, Hagte 0.39
Aoz ZAEQT. el o] dRyopa s, ofdskd A A A fUIdd A, JAEE
s otAo R Ralote AiEAaR AREIAZL & v Pk FEA(TN, total

&

nitrogen)® T ZFoAe =+ 0.237~1.738 mg/Le HHG e, et

¢
=
48]
~.
c
©
38
=
o
Ml
(¢]
O
—t
w
w
=
[ije]
~.
-
i)

mg/LY Ae® Ui AFe A= 0.222~1.319 mg/Le] ¢ =
0.786 mg/Lolltt. TN A -] AR A7E ¢4 255 715(0.6 mg/Lolsh&

Z3sta slglom dYE A= 359 71F(1.0 mg/L °l3h = 23ste Aoz e

o ol Fold ALl olfel old HANA Hael BYR AE AA/E F 9L A
oz Busgov(cldl MPAR AT GFE §5Y AP A% F2), oA F AR

2o HR2 EZAstE 99 ?_E} ﬁéEHOL Q121 (PO4-P. phosphatic phosphate)S ZA}s
Aol FToA ZARE A= 0.001~0.036 mg/Le HHS Aoz zAEHJOH Hit
TEE 0.013 meg/Lel ez Jewrh dH HFoA =AE Axe

0 0.039 mg/Leolem, Ba42 0.013 mg/Lelitt. a8z ¢ 5 €&, dA
B e 77, 7718 5 B ¢ SHFES AR Zafste] A4 dHE WAz
vl g &Fele FQA(TP, total phosphate)2] A fcls AT F £FAA9 v&

~0.074 mg/Le W= Uepstew BdEE2 0.035 mg/Leolith. ¢, A&
Al T2 0.012~0.069 mg/Le] WA a2 0.034 mg/LY A= el
Q9] v AMEYER e AFE Holx oy FE £E 159 7
7(0.03 mg/L °l3h) E+= 257 715(0.05 mg/L ©lsh < Hola gidom ZAA 7]
w4 353 715(0.09 mg/L °l3h) W9l A% Vet

@)

Yoo lr o oft
(@)
—
Ot
()

ne
PN
>
i

s ol AR F S dllre] AHTA(SIOL-Si, silicate) % WelE FHA
0.034 mg/LelA 23 1.198 mg/Le] WG o Hit TEE 0.286 mg/Lel Aoz =
AtEllom A FoMe 0.034~1.472 mg/Le HAG o HIa2 0.299 mg/Lelith

3) o4 @ =T s FAZRAL

e FHEHAZ AP e, ojofx F FHY dEFH R F4t FHA AR F
ez F4lo] i, S4FH AR oA FYE= FRAL Wi dTFE e
Ao did g ol o] F4F FHAFET dfAo R mol FALGHIE) 33
A ThsAel wE e didEo] o] s9e FAE ] ving 5R/e 45 <%
HA g A ste] s 88 A A= 19 97~1229 2k


















FEEE 0.028 mg/LelPet. AZ =& 0.005 mg/LllA 0.099 mg/Lel ¥,
B 0.03 mg/LelATE. NOx N2 EZo]4 0.000~0.012 mg/L.e] W) Re=
Yebstal, AFdAE 0.001~0.012 mg/Le] MRl Aoz ZAMEeH, 253 AF
ol

Fae 25 0.005 mg/Leltt. NOs-N9 s&E% #ZSAE 0.023~0.331
mg/Le WHGew FHAH> 0.122 meg/LA 1 AZFlAE 0.027~0.255 me/Le &
T WS Haake 0.111 meg/Lel Aoz ZAME AT

Tk £%9 DIN =% 0.037~0.404 mg/Lel HYHNewW, HTF F=E 0.154
mg/Lel Aoz yehga AFe wx= 0.047 mg/LelA 0.303 mg/Le HAHS
B 0.145 mg/Le] =5 EAth. TN TEe ZFAdAE 0.477~2.224 mg/Le] ¥
HAgor Hit 35E 0.883 mg/Lel Zoz Uelya AFdAe x WHE 0.443
mg/LolA 2.149 mg/LeolR Hagke]l 0.851 mg/L9l Aoz et

ez F718 19 FE]l POs-PE EFIAME 0.001~0.034 mg/Le s=HAE 2
Fom, HFdr= 0.001 mg/LAA 0.031 mg/Le HARL, FTFe B33 2=
A ZYZy 0.014 meg/L3 0.011 mg/Lolgltl. =3, %39 TP =% 0.014~0.077
mg/Le HYZ JePton HA3-E 0.032 mg/Lola A= HFA 0.017 mg/LolA
#Ha 0.085 mg/Le HAE Boerm HdS 0.011 meg/Lelitt. vrEto g FakiFie]
TE HE XFA 0.057 meg/L7F 7 B2 o=, 0.542 mg/L7F 7P B 3o
Ao 2 ZAFEA M (FH2 0.266 mg/L), AFAAE Haakel 0.262 mg/L ol
T U= 0.055 mg/LellA 0.407 mg/Le HHE B3

UE

i

4) A= A FAEA
AREE 4574 FHAZ AYE HEs) olobEnd dEe] JXHT Qo] = o2 2
gomAe bsdel 9 o Budm, ol AL wA] Al AR
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0.034~0.325

0.084 mg/g - dwelA 0.665

T

°] 0.40 mg/g - dw$l Aoz YEeElhton i 3]

0.21 mg/g* dwo°|

x
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o
pin

Wl 0.37 mg/g - dwollAl 0.86 mg/g - dwd] 9ol on
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0.56 mg/g - dwl Aoz YeEgon o oA
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meg/g - dwe] H¥
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WE4-N | 52

<
<
1.2
O3 140. FEXAL ZIHE 0|88 FMEEAM
(principal component analysis) Z1t.
L2 R [ od o R -
1 8% 2 AEs
AE, AAES dFoR of 200193t A At hFE A FolA AMSAT S A
ol 1349 20069 1195E 200749 129714 ZAbslgen, 2zp4d e 20084 1
EHE 200849 TR FESHA X*}’S} Ack. 12k A Ay FEe] A 119 44

g E %‘449} Gﬂﬂ /‘163?011/\1% g7l 2}01*1 Felabe BAskA AT

T
o
o
B
rO
o
>
ot
o i
rir
Sy
=
Lo
L
El
>
o
-
92

A= ggatel= ‘%E}Urx] % SANH(P)0.05), <t
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el AE AN B
g(92.7%)2 3t

24 AF FhaZol tdia F7
75.2 g(100% =
g(80.0%) 744 24 }oq stetel go

E

§8

—t

o, :
=

ol g
2,

e

-

o

ZFol 76.8 g(100%)°l 1, 30¥YA= HAdAZT 71.2
d FTEAAEY 90¥Al= HaAFe] 63.7 g(82.9%)2
Se Aot HEToME ABAAA BEAF]
Feol TCAA R BEAZ 60.2

A7 Yo w (PC0.05), 243 34150 90

U7 HaEAFol 57.2 g(76.1%) 22 A4
o fFe#Ql Aol WElUAl @ 3kHH(P0.05).

% 38.0 g(87.1%)o2 Zastsion,

o(74.8%)0. 24 A= 2HAaZo]l thh =
BAIH A HdAFol 34.8 g(87.1%) <

=
>,
o
i
>,
1>
02,
ful
=
x
5
o =
do o
N
L
ol
o
rE

o] tta EstHN e, Zhe el ¥ st

A EE 7T e 304 A B A

AE FEAAA 904U7HA HHEA Fo] 32.6

let= A&l ATH LY 146). HEFIM= £

BA JRazd Hlstd ofd AlF ool &

A@FL Folabs UEhR] T (P)0.05). FEH 5=
stxzdd mE AFHihes A 28 52

AN E 10T & FAF9} Adee 2444 AL AFol = L3
ot AJzte] Zatgel] mel FxA R AlFe] fadteE A¥FE HAT. oI AIde
F2o] 12CHAR sdatir Hdsol oo Fgo oM e Holg Fddezn Al
F7)3ko] AFpHAl oAU e FFRE Xt AEH AFHLRE oloA= e
AetE T,

BEES FEAAe AAMAAATEE o 60L7HA = 79 7hToAM A9 ¥
AbE EASEA] FSIAITE 60Y ol FHE ol AsstHA Aol 543 S sl
HET T2 el 85.3%, 7}3?011*15 93.2%ATH (2" 147). A FAAAE
= Z: o] ERFoA 78.3%, 7F&TFelA= 93.2%

A Agelged, % AE
=)

—_—

2 Ak

= ZEd Wetel B e PELS HATH(aY 148). ©
e Ee FEH FAEL ool 10Telstr 4HRA HolsHo] HolxwA
37120 ANge 2 Holgs) s, ol Auel AT S AW F& AU
on Zgsld AP FANA Ak 53, dalere] A% BR o} AgHe] A=
o golst Ael olFiXA ge A 1295 olEd 3UAA % 4HY AEE BHY
g olojzth. el Azl ARl wheh uAfe] 2x) Wefo] wWolal el
N ggo] AgetEa qagsel $712 st WAL Fbee Aom Andth
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0.6 mg/L
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o] A& AR iAo Qo] 23 o

th B2 AR A oA XA g Ao 24 FAU)Fol (Takeuchi,
]

=
1982) 2 kAW 7] (Garling and Wilson, 1976) 5 o8] o]FdA A 2 AR F &

=

1y
B
%0,
o
e
rlj
9,
A
BU
i)
&
N
ok
>
o
ol
e
(o
il
s
S

Ja o] 882 2o uEt gepd F dow, 53] AR AA g oA o
T AgFed wA olFe A 9 ARl & thEA d¥FE PH 4 AH(Olsen
and Ringp, 1998; Peres and Oliva-Teles, 1999). ##EE F& 20-26TollA 7ol
A oFoly, FE JL8Tol A RE] AFEL o5 4] AET T
A FBEdH(Yone et al., 1971 Fujii and Yone, 1976). ey $2vate] &

.I

GG E F2o] 20T Btk whe AFs A7z vebla slok. webd Al
T AEEE ZE Al AR AARAZE A Foo i g oA &
3 AfEo] Fazofol gt Ty AFL7) FES dWdem I AR Y oL
#He A vE@ Aoltt, aA B AFdAE AFerld FE F ANEE FY
A7 g AtrdTe] dgtew abme] A Al AgHA AEE HE Aol 4F
2 Az vlAlE G et 2ARsIT

EHe 2548 o1Fe® 15T And F2d4 & JHste Aoz daA o a2y
ER7F 7P ol <kalEE daicte] A% 15TolstR Weirke 7I3te] S7HE o doln
12958 od 497 5/ #AAE EAste] HAREC] 10-50%° @dte A= Hi
i dek (H F, 2002). ol#F 7Y dAAE Agor A YA FPe Tt
ARl Ao w wekE ofof thek WEF o] o] FoiAA] @ Aol dA7A
Gz A o offFe A WS heold Ay QA S ¥IHE A
o3 (7 &, 2007), X9 A3 2R vsE AW W3 ddE #2 (F
5, < 3 5,

2003)0}134 ¥ EHIAE =3
e

0 2 ARE B9 A0 A ol 85In Gek. Ge AN 59l 4
oql, 4 AHol W Ml wgshs JREe] FHE YH=A olF H )
g Awel] e Bl o453 Atk (A F, 1995)

2 ATE A2 el dif Uu) G AT 9PN Jehra 9 ASE A%
e BHo] o5 oFel WATH EH vt JFE 2AFoRN A%ed I olF
o QA sEd a2 AWHDA S o)ud P AEASE FAsEd ADE 25
@ Abask Zggel A 2AR) Slsked AAE
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Diets
10'L Rk Do

Ingredient (%)

Brown fish meal 64.0 64.0 64.0

a-Starch 28.5 22.5 16.5

Squid liver oil 3.0 9.0 15.0

Vitamin premix' 2.0 2.0 2.0

Mineral premix” 2.0 2.0 2.0

Choline chloride 0.5 0.5 0.5
Nutrient contents (DM basis)

Crude protein (%) 47.1 47.0 46.5

Crude lipid (%) 9.9 16.5 21.8

Ash (%) 11.5 11.4 11.3

Crude fiber (%) 2.2 2.2 2.0

Gross energy (cal/g) 4821 5090 5213

' Vitamin premix contained the following amount which were diluted 1n cellulose (g/kg
premix): L-ascorbic acid, 121.2; DL-a-tocophery! acetate, 18.8: thiamin hydrochloride,
2.7; riboflavin, 9.1; pyridoxine hydrochloride, 1.8: niacin, 36.4: Ca-D-pantothenate, 12.7;
myo-inositol, 181.8: D-biotin, 0.27; folic acid, 0.68:. p-aminobenzoic acid, 18.2:
menadione, 1.8} retinyl acetate, 0.73: cholecalciferol, 0.003: cyanocobalamin, 0.003.

Mineral premix contained the following ingredients (g/kg premix): MgSQs 7H20, 80.0:
NaH2P04-2H20, 370.0; KCl, 130.0; Ferric citrate, 40.0: ZnSO4+7H20, 20.0: Ca-lactate,
356.5; CuCl, 0.2: AlCl3-6H20, 0.15; KI, 0.15: NazSe20s. 0.01: MnSO+H-0, 2.0:
CoCl2-6H20, 1.0.
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Diets
10°L 1B , 22 1
Fatty acids

C14:0 3.7 4.1 4.2
C16:0 19.5 18.1 15.9
C16:1n-7 5.9 6.8 8.2
C18:0 3.9 3.6 2.8
C18:1n-9 145 16.7 19.3
C18:2n-6 1.1 1.5 1.7
C18:3n-3 1.2 1.2 1.4
C18:4n-3 0.4 0.5 0.6
C20:1n-9 2.2 2.6 5.2
C20:3n-6 0.1 0.1 0.1
C20:4n-6 0.8 0.7 0.6
C20:4n-3 0.6 0.8 0.7
C20:5n-3 19.0 17.1 16.1
C22:1n-9 0.9 1.2 3.6
C22:2n-6 1.0 0.9 0.8
C22:3n-3 0.4 0.4 0.3
C22:5n-3 3.9 42 3.2
(C22:6n-3 21.0 19.6 15.3
n-3 HUFA' 44.9 419 35.6

! Highly unsaturated fatty acids (C<20).

AbAR AEA] 100 S, A3 FEAC e 4 AEaRdd 84
2% S(-75T) Hasitt. 4@dAts 9 oAY FE2 105T4A 6
AlZE AZEe] S2Fstgdon, 2EHAE (NxG.25)2 Auto Kjeldahl System (Gerhardt
VAP500T/TT125, Germany)< ARgstel #A43dct., =AW Z2AW3Z7] (Velp

SER148, Italy) & AF&3le] ether® F23 & =F3lglon, 23EL 550CY 332
oA 4AZF T OEE F 7‘4&0}9?\13} AR ZA B2 7] (Fibertec,

Tecator, Sweden)E AF&3skc]

]ﬂ
E Algste] EAsEvE A A —l‘féﬂ.f Folch et al. (1957)¢ ¥bHo] u=} “ﬂE‘rgﬂr
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REXE E¥IeR AL &390, 14% BF3-methanol (Sigma, USA)=Z A4
2 methylation A1Z1 %, capillary column (HP-INNOWax, 30 mx0.32 mnx0.5
m, USA)el &2E gas chromatography (HP-6890, USA)Z ¥A3}ith. Carrier
gast AES ARSI O oven SEE 170ToA 225CT7HA B9 1CHA =7 XA 5L,

injector®] &%+ 2507TC, detector (FID) &% 270CE AAFstyrh.

4) BAA =2
A7 FAAEE SPSS TRIOWE AFE-Ete] ANOVA-testE A% & Duncan's
multiple range test (Duncan, 1955)% HH#7r9] G914 (PL0.05)< AR st}

= i=MuIn o
D) Ado] g A3
AFEARLe ALRe] A

L)
o ot
ol
=2
k=)
it
it
S
fo,
o
offt
S
>
Ho
>,
el
)
offt
e
e
>,
oo
-4
=
Rl
i
ok
2,
]

= Hstod AT sepEly F-2H] AAske] Aol mREalo 2By )
A AgE FAI(L )2 Ao, A g9 9428 (1,500 rpm, 15%,

4C)ste] @ (plasma) W A F -70CAA B2 Y& Basich

3) Lysozyme activity &4

Lysozyme B4 %% EnzChek® Lysozyme Assay Kit (E-22013, Molecular Probes,
USA)E ol-&3std SA3tATt. o1& 938l WA Standard €9 (Iysozyme from chicken
egg while)& FAsle] 0, 15, 30, 63, 125, 250, 500 U/ml ¥%=& #2332 96well
@48 plated 25 pI¥ FYJsA oM, A8 JA] FLFE U3 F 25 pl9] buffersl 3
Attt o17]el substrate 50 ulE FYskaL 37ColA 30%3r incubation & o3 @
micro—plate reader (GENios)E ©]§3td excitation 485/emission 535 nmeolA &%
F (optical density, OD)& 43ttt Al89 OD+ standard® OD #kol w2 AM#A

ol e} H= lysozyme FAEE AF ).

el
o
=
ot
(L
=
i
ol

< BCA Protein Assay Kit (Pierce, USA)E ©]&3} 1, o]
standard+ bovine serum albumin (BSA)< ©]$3ta] Microwell plate protocold]

whe} 4 epateint.
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5) BAAE
Azl BAAEE SPSS TS AHg3lel ANOVA-testE A3 ¥, Duncan's
multiple range test (Duncan, 1955)% H#7te] 94 (P0.05)S A3},

o u v v O = 17
1) Ad
Aol BEV PAES) YAl VAL WHE S48 Askd AN} Lol
AFere] 5 AL 24 Bk AQFLL 6.6-12.7C (AE 9.1

9.5T (2006 12¢ 15¢), 7.0T (20074
54), 9.0C (2007 3¥ 15¢)dl =Z3t= Al

ol FE (AA 15.0-15.6 cm, AT 62-70.5 g3 IAE (A% 12.9-13.6
cm, AF 36.8-40.0 g)& 42t 28 €38 FRPF= 1007y F&3t9en, 304 7
Ads ST A@7IZE Bt FFEFS 3 L/min® AT, A3

EP (Extrude pellet)Al5E 19 13

o Mol dBE BAHEA HolFFEL TR

FARA S gotal APTE sulRly AZele] A@ole] vREWoRRE &3 A
W FAI( w2 Agsor, AT dde A4 (1,500 rpm, 158, 4T)3Hd
AL A F -70CAN BARAA PERBIGT

=R

A7 (plasma) 52 Awka A3lslt 24 (general chemistry) 24 albumin (ALB-P),
glucose (GLU-PIID), triglyceride(TG-PIII), total protein(TP-PIII) &% ¥43F%
i, Fa A (enzyme)2 creatine phosphokinase(CPK-PIIl), glutamic oxalacetic
transaminase(aspartate aminotransferase) (GOT/AST-PIII), glutarmic pyruvic
transaminase(alanine aminotransferase) (GPT/ALT-PIII) ©& #4389z, A&
A F% (electrolytes)® Na', K', CI' (Na-K-CD)< A&#47|(FUJI DRI-CHEM

3500 analyzer, Japan)9 H-EFAE kitEglo|=E ARESte] A 2ALe] A9z 5438}

o
AR
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3 HE AolE 2577 A% A%E E 150 U A

28 A4 10% 297} 6T%2 714 e A%E wglom A4 22% JAT(85%) %

= FAAY A7t Aot AL 17% ABF(88%)0) Wal FelshA FREHP0.05).

AT 9 FAFe Ao AD Fel 10%904 17%2 el wapd S0
A

G AL 22% APTAME € ¥ I @tk AREssd dMdEge A4

17% 487t Vg B ¢ Hgo), RE ATl EAAN Ade 9Kt U4

ARARE, MLE, BFPAT D FEPAFE AR A TP GFL BA 2D
P =z

Diets

10 L TTiles 2
Initial mean weight (g/fish) 790.2 79£0.3 79£0.3
Survival (%) 67:£3.4° 88+1.7" 85£1.7"
Final mean weight (g/fish) 55+3.5° 147+31.5" 108+13.5*
Mean weight gain (g/fish) -24+3.8* 68+30.9° 29+13.5%
Feed efficiency (%) 5+1.8 31+15.5 25+10.6
Daily feed intake” 0.20+0.00 0.19+0.01 0.1920.01
Protein efficiency ratio® 0.10+0.04 (.66+0.33 0.53+0.23
Condition factor* 1.52+0.07 1.58+0.01 1.58+0.07
Hepatosomatic index’ 1.3620.17 1.05+0.02 1.140.24
Viscerasomatic index’ 4.46+0.05 4.23+0.21 4.24x0.47

Values (mean=SE of two replications) in each row with the different letter are significantly different

(P<0.05).

' Fish wet weight gain x 100/feed intake (dry matter).

® Feed intake (dry matter) x 100/[(initial fish weight + final fish weight + dead fish weight) x
days fed/2].

5 Tish wet weight gain x 100/protein intake.

! Fish weight x 100/total length®.

® Liver weight x 100/body weight.

6 Viscera weight x 100/body weight.
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22k
17.5%0.1
910
14.9+0.1
-2.7+0.2
-15+0.7
-17+2.9
0.35%0.00
-0.39+0.06
1.24+0.03

Diets
17 L
17.4+0.0
91+2.2
14.740.1
-2.8+0.2
-16+0.7
-16+3.2a
0.34£0.00
-0.34%0.07
1.26+0.06

10 L
17.5¢0.2
15.0+0.5
-2.6%0.3
-15¢1.6
0.4+0.3
0.33+0.01

0.01+0.01
1.28+0.02

4

5

of o]FolH7] wlEel,

3

=

Initial mean weight (g/fish)

Survival (%)
Final mean weight (g/fish)

Mean weight gain (g/fish)
Weight gain (%)

Feed efficiency (%)*
Daily feed intake’

Protein efficiency ratio
Condition factor

x days fed/2].
* Fish wet weight gain x 100/protein intake.

5 Fish weight x 100/total length®.

% Feed intake (dry matter) = 100/[(initial fish weight + final fish weight + dead fish weight)

Values (mean£SE of two replications) in each row with the different letter are

significantly different (P<0.05).
' (Final body weight - initial body weight) x 100/initial body weight

? Fish wet weight gain x 100/feed intake (dry matter).

ER A1

Aol 7h A,

(L

A7} AEE A 43

5]

=

=

2
18), 16:0, 18:0, 20:4n-3

3L
I

23k

19). 2% A}
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!
S we AR U ARAES Hol B A7e AuE AnE uAY. oleld Ao
U

24 B AR el mE ALRAFHEIY Y 25E 9 AROIEE 59 Ao

G Wil dLARAFER AT 0.2%= W5 ¥ken, oz Qlste] oA
dol A es w2 10% A AdT9 A5 U7t AdHern T o]l Aol
d7el Astd A& AddEn

- Diets
Initial : :
10 L ~ WL 22 L

Whole body

Moisture 62.2 71.8+2.29 72.4+1.60 68.6+0.38
Crude protein 17.5 15.2+0.86 16.21+0.10 16.6+0.57
Crude lipid 14.8 8.0+0.71 5.8+1.80 7.0£0.90
Ash 4.6 5.4%0.29 6.6+0.22 £6.8+1.04
Liver

Moisture 64.8 76.6+0.14 75.0£1.19 75.3+0.47
Crude protein 10.0 13.5+0.65 14.6+0.28 15.0+0.33
Crude lipid 17.0 7.6+0.67 6.4+0.67 6.9£0.45
Viscera

Moisture 45.8 67.3+0.08 68.8+0.68 67.8+0.67
Crude protein 7.5 8.7+0.13 9.1+0.07 9.0+0.74
Crude lipid 43.0 23.0+1.81 19.5+1.62 21.1+1.32
Dorsal muscle

Moisture 74.9 78.8+0.05 77.1x0.40 77.420.50
Crude protein 21.6 17.2+0.17° 18.4+0.18" 18.6+0.11
Crude lipid 2.0 1.9+0.33 2.4+0.85 2.9+0.81

Values (meantSE of two replications) in each row with the different letter are significantly different
(P<€0.05).
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#F 18. AEEE HEx[0{9f Xt

e . _Diets .
0L AT Rl
Fatty acids
C14:0 1.9 2.2+0.0 2.5%0.3 2.9%0.1
C16:0 19.2 18.8+0.1° 21.6+0.9" 23.9+0.5"
C16:1n-7 6.5 6.4+0.2 6.6+0.8 7.4%0.1
C18:0 6.5 6.60.0° 7.740.4° 8.5+0.1°
C18:1n-9 32.5 27.7¢1.0 28.1£3.7 31.2+0.0
C18:2n-6 9.1 10.6+0.3 10.7£1.5 8.4+0.2
C18:3n-3 0.8 0.9+0.0 0.8+0.1 0.7+0.0
C18:4n-3 0.4 0.4+0.0 0.3+0.0 0.4%0.1
€20:1n-9 2.6 3.1+0.0 3.4+0.6 4.1+0.1
C20:3n-6 0.3 0.4%0.0 0.3£0.1 0.30.0
C20:4n-6 1.0 1.320.1 1.1+0.4 0.70.0
C20:4n-3 0.5 0.5+0.0" 0.3+£0.1% 0.2+0.0°
(20:5n-3 4.1 4.0+0.0° 2.9%0.7% 2.1+0.1°
C22:1n-9 0.9 1.20.1 1.220.0 1.2+0.0
C22:3n-3 0.6 0.7%0.0 0.60.2 0.4%0.0
022:5n-3 2.0 1.9+0.6 1.9+0.5 1.220.0
(C22:6n-3 11.0 12.520.7 9.9+3.2 6.2+0.2
n-3HUFA 18.1 19.6=1.3 15.7+4.7 10.1£0.4

Values (meanzSE of two replications) in each row with the different letter are significantly different
(P0.05).'Highly unsaturated fatty acids (C<20).

¥ 19. XE&gald 2 =x(oje] Ut E BAM An)
e - Diets
Initial - o Sa e
10 L 17 221

Moisture 71.1 79.1£0.4 78.0£0.56 78.2+1.55
Crude protein 17.6 14.1£0.16 14.6£0.75 13.7£1.55
Crude lipid 5.2 1.5+0.21 1.4+0.135 1.9+0.65
Ash 5.0 5.5%0.38 5.8+0.31 4.9£0.14

Values are mean=SE of two replications.
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#F 20. XZgtekd ZEx(ofo] XYL =4 Ht
Diets
el 10 L 1 22 L
C14:0 3.2 2.3+0.1 2.4+0.1 2.4+0.2
C16:0 19.4 19.520.5 19.4£0.1 18.9+1.0
C16:1In-7 7.3 9.6+0.4 0.7£0.2 6.3£0.6
C18:0 6.6 6.3+0.2 6.0+0.1 6.0+0.2
C18:1n-9 30.0 23.0+2.4 22.7£0.1 24.4£2.5
C18:2n-6 10.5 9.0+0.0 8.9+0.3 9.5+0.8
C18:3n-3 0.9 0.6£0.1 0.6+0.1 0.7£0.1
C20:1n-9 2.6 0.9+0.3 1.0£0.1 1.4£0.9
C20:2n-6 0.7 0.3£0.3 0.5%0.1 0.4+0.4
C20:4n-6 0.8 2.0%0.3 2.1+0.1 1.8+0.5
C20:4n-3 0.5 0.2+0.2 0.4+0.0 0.3£0.3
C20:5n-3 3.9 0.2%0.2 0.0+0.2 4.9+0.8
C22:2n-6 0.3 0.2+0.2 0.240.1 0.4+0.2
C22:3n-3 0.2 0.5£0.0 0.6+0.0 0.4+0.0
C22:5n-3 2.6 4.9+0.2 5.0£0.1 4.4%0.2
C22:6n-3 8.7 19.2£2.7 19.4£0.2 16.8£3.7
n-3HUFA' 16.0 30.0+3.0 30.4£0.1 26.8£4.5
Values are meanzSE of two replications.
'Highly unsaturated fatty acids (C<20).
3 Ad 10% 2B AFAFES Ax @ole] AFe] s o s

d, ol B ATd Agggel £e0] e AR o Folz) 457121
Agolsk HAR AR Fo] A2 §11E Akl E R4 A 2THE %

. Lee et al. (2004)-& =z

£ 25673 AR A3, AR WA gl M e AT A]
of ¥ A fAre 23E HlT

#(5~31%)% dLUABHAE(0.19~0.20%) AT 7 g #H5=
= 21~29TCoA AHS AES Jeong (1992)¢] ATolA Ead ABEE(77~99%)

LIAEAHHE(2.73-2.96)° Hlgte] FE3] H2 ghe HAdv. A AFlA

W
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Z A AE3 Kim et al. (2005)8] AFd A= A
2719 H|ste] Frasle] 2 Ao fAbe AIE H

JF WA, AgHe] Be Feom Qe
AW ARl A7) wWiEe s Addtt, 22 o/ At A S vAE
923 aio|M(Iwata et al., 1994), dut o=z XA 42 HY Ui F&o] Fobd
BF olFe dirke Skt @A AR AFH Fol STk &
(Seikai et al., 1986).

B Ao Aol AP Ats A ke A &S A gskort, AFH
101 & A5 AA3 Jeong (1992)9 Aelre A4 Alm A377F AR At
of wlgte] A A FFo] Fopxl AR HuFo] B A9 zolE Hlth |
o= o]E¢] Aol AT o EH =L 22T AFSH Ao AxAL AR
o Wl 23 zolE HI o (Lee et al., 2000), ALd HF7]d Als
Aol AR AA gigol] we} ofA) FR] Ao]E HolA| ot & A9 FAL
78 HAHKim et al., 2006). oA Aalk /o]l A Ao Agat =44

it
i

3

iy
-

Mt oS 1o mx b
b on
% o
ol

ATy

g W=t AL 48 A dh(Mugrditchians et al., 1981: Kim et al., 2002).
TAXNE oA 20:5n-33 22:6n-39] FFE AR A FiFo] Trhetel whet
rdtE A BRot 16:0 2 18:09 Ze x|t g2 Al olF A
sty g x| Aggro]l Frlglel wEbs Frlele A#E B oo ARE &

Agd AFerld FE A e A Atre Ad FFS 17%7F 48 Ao

WOE o x o o o
: N -
o i

=

£ g o]gd Al e U Jdue 28 L AEYeR oo 5 3%, 9%
92 15%2 SV F AR 3w 59 lysozyme activitydt Es & T
UeERRATH, AR F Ats ] A e Apoldl
T BAACRE o4 de 2#E vehA 2%
= S 1:01 4% lysozyme activity:= 20069 12

el A% BE 4FTAN BF 1.5
U/mlgeu AL 9rjQl 20079 49%oE #F4°] 4+t BHES 2% 3.0 U/ml7t
A Frheke] whe wmel AA Ff AlsET W] Sl B UEAT. T
vdd | weld peo) e AdFFo] w2 ARAA dHHoE 2 & UYEM
th ZEe AF lysozyme activityst @ F BF ARR o A e Aold 9
g sk AP A Ssith & AASAE S Al skl dEs AAlsk] A
ol 10Tl AFe 2HoBA AT T4 FRGHE, AAE 5F 5)9 ARl
5474 Bolg AdAow 4AT F de 2] E F T weH ALE SFEEE
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ol ALH WFHAES HAAT
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ZhollE= fx8heko] 30-40%°]" EPA$F DHAZF

o) 2]

W oo

U
o

<l

B

e
5}
T

rJ
e

BN

2007). whebA

, 1998). Ho}t HZ

=4
[¢]

2 Aow Alg¥tt (Cho et al.,

e
h ol

LN
=

M-

o)l
il

2004).

EHE
EME

—
o
—&— BLE

o

&

'\‘;,;'u-—-w,«,:vj_“:?‘,f

i,

_.D.

3.04

e
o

=
™

T
_.D.
—

W) Allaoe slAZosA

1.0

2008

Apr 04,

Dec 15, 2007

Feriod

x| Zgtzko] w2 Z4MES |ysozyme activities?| 5}

a2l 150.

BLE, 10%)

BME, 17%:

(BHE, 22%:
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Lysozyme activity (Lml)

1.6

o
: ; P
o i a, .
-~ ol
: -
: e .
e £ e
')

—*— RHE
O RME
—— FLE
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mela] AFle =2d e AAEY ddsty A3 FEH AAdE % GPTY
GOT A& Z7Feta, W2 ALBZ TPw #4ade] #Fgozm AFd o 3t
=3 7ZAAEL toFg due] Aeld AEH s mEHo] 9ge] FRIHATE EI o
o AR Wz A28 Ae WEE & st Qlo] dF AEART upARMN
Fa3t7 olgd & g Ao JUHT
E 21. M0 &8 AMEo Molstd M2 4 "X 24 Zo
period Values  GPT GOT =~ ALB CPK = GLU TP TG ALP—
U/i u/i g/dl U/l mg/! g/dl ng/dl Pl
mean  3.88° 7.00° 0.75° 213 10413% 278 14075  32.38
Dec 2006
STD 1.90 0.00 0.09 1.45 11.17 0.35 35.08 12.92
mean  5.00®  810® 0.3 1120 127.60° 218" 13150 3250
Jan 2007
STD 1.10 1.14 0.12 8.46 48.21 0.38 53.99 16.70
mean  7.60°  10.00°  0.52° 35.80  99.40°  1.54°  114.20 -
Feb
STD 2.24 1.79 0.10 3758 18.25 0.48 47.97 -
mean  6.30% 870  0.56° 1240 93.60° 155 93.60 -
Mar
STD 1.85 1.10 0.08 19.21 19.21 0.35 27.67 -
E 22. N2 &5 FHEo MeEY M Y dFstA FA Ao}
ceriod Values  GFT  GOT  ALB CPK  GLU TP TG ALP-
U/l U/l g/dl U/ mg/I g/dl ng/dl Pll
mean  4.38° 7.00° 0.84° 1538 11200 295" 9050  46.38
Dec 2006
STD 1.11 0.71 0.11 2570  23.78 0.29 51.78 2631
mean  6.20%  7.60° 0.60° 880 9390  2.05* 7276 2967
Jan 2007
STD 0.60 0.49 0.08 1882  35.92 0.20 35.58  13.49
mean  7.40° 9.60° 0.60°  129.80° 11460  1.92° 8320 -
Feb
STD 0.49 1.62 0.06 18642 2851 0.19 15.42 -
mean  6.80b°  8.30° 0.62°  48.20° 103.90  2.14*  75.80 -
Mar
STD 1.17 1.00 0.06 44.02 3458 0.19 21.87 -
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e

2 dTolMe FIAREAT A AAET7IHeE wo] o&HE £33/ (NPV
method) @ WHF9 &9 (IRR method)S A A&t}

@78 (net present value method : NPV)2 ##e] A7k 7}xE e dte] T3}
¢res Hrlste WHES A9 58909 (discounted cash flow method @ DCF)9 4%
omX  £A7HNet Present Value)w FAM2] Az wAst:s dF 5% (cash inflow)d
7kl A 32 (cash outflow)e] &7 A3 g orjdtt. & £IFHY (net
cash flow)] @722 @A Ho| =& rto]Tth.

FAREY SRS oot ohET At

N

. I, a CO,
NPV= i 2 aLn
AMEZIE - wdZbE 0BT 39 FApekE A9

1_1

9 Ao AAEAE(appropriate discount rate) ke &F Fxjoto] 7HA= FEA19)

Foll 4gett BALL EaW, 2 FAgko] Mol Solol sz Ha

o] FAERA A8
AHEe] @49 & (required rate of return)-& 2u|gc} HE oA Tl A
gu] g oA 2EH R (cost of capital)ol&n% dt}h L£EIPHL a2 A JFoz=
TP 0RY & FARES AYetn, st 0B 2 FARRE 7|73 ¢dsbE e
FAbel gl cREsES Fotste WHoR, v ST dFaEel ds dUd& sl
Hs A&t 271 RAAe Appgo RN sHFEE ?ﬂxﬂﬂx]a A sl A ok

St =
H(internal rate of return : IRR)S HW ool FX|

285E d5FEY (cash outflow : CO)S AV AN FA2 A8 oax= &
749 (cash inflow : CI)< 632117}%]2}; ANE AR A = dolg e Exjole] W
FAE &S orlshet, WEFAES oo Ao g8l & 5 gl

@@47 T UWFETFAE (o] HAZNSY S (k) B}
NPVHAAE &8 ro] AlAoA ZFF AEH o2 n)g] ZAA o] =,
o, IRREIA+= NPVE (022 = 3 delg [RRY #e Favl uE4egHo

AAEE VIEeRe WFFYE IRRO] ARHE rEt 2 A FARNE Adsia,
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(&, A<

T ; : ;

Al B — = 2004 20054 20064 = 20074
& 7 I 19,576 21,297 27,517 35,564

A kg 175,521,350 197,335,143 187,177,938 197,549,072

A Ak g 0 19 19 46
R4

A2 0 156,400 206,900 265,900

A A 0 2 0 55
S4kA

R g 0 10,440 0 340,000

A AF = 54 29 8 25
A%

Z R = 557,000 288,600 66,000 148,500

A A& 4 0 3 2
A=

A g 39,870 0 57,000 11,784

A A& 2,094 1,320 1,033 1,349
A=

g 20,134,524 13,418,842 8,497,153 9,092,867

A A 2 7 0 0 0
A=

Z RN gl 88,190 0 0 0

U 6,031 6,231 6,519 7,375
detd=

R =l 62,107,027 60,929,933 51,160,261 48,007,745

A AF 786 1,358 1,706 2,439
BAEE

A 7,460,340 14,814,013 14,833,177 17,480,528

I 9,999 12,338 18,219 24,273
A=

Ak 85,129,399 107,716,915 112,263,447 122,141,748

A A= 1 0 10 0
A F =

AAFd 5,000 0 94,000 0
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E 25, &E g MAEE
(B, A9,
Ao b 20048 = 2005E & 20064 = 200735
FEEREA SN TR e
_ A 3,988 5,816 4,386 7,213
S ﬁ}
Ay AR ol 35,538,326 52,686,262 35,801,670 57,386,465
) NN =3 =
P g A 0 0 11 2
A 0 0 88,000 12,600
I 117 322 326 246
g =
I e 1,052,944 2,824,486 3,020,127 2,337.343
A AR = 0 0 0 25
AdE=
W I =l 0 0 0 300,000
A AR B 3,846 5,473 4,024 6.897
A= :
A AL F o 34,244,882 49,677,776 32,428,843 54,272,222
A A 25 21 % 43
A F =
A AL ol 240,500 184,000 264,700 464,300
F 26. &E Xy 2H MASHE(2007HE)
(g E, ")
Metde HAMHE
= =
AALOH | AAMCETH(R) A AEE AHARLON | AHAFERTH(2)
116,080 8,291 405 3,287,151 8,116
925,025 10,228 547 4,403,819 8,051
100,025 10,003 605 4,711,687 7,788
177,723 10,454 721 5,374,726 7.455
133,062 9,504 630 4,629,860 7,349
46,480 7.747 732 6,003,198 8,201
25,830 8,610 713 6,185,075 8,675
209,920 10,496 687 4,913,265 7,152
121,780 10,148 387 3,058,189 7,902
117,620 7.341 476 3,838,586 8,064
904,333 9,519 308 2,393,790 7772
159,465 8,859 636 5,472,876 7978
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o AAE Akl
WAE FAAIFE 20059 olAE E Bow Zrhslglou 2005WERHE 7
Ha&d A 254 F7hsta gle A0 ok 2007499 A Adol 1,843F0 =7 7%
gstar, dwol 79880 vehd Al Adsdd gt ddA o] 93%2 Axldn
1ol Wik Aol el g Ee W] vl S % 4 Utk
E 27, AME ARy Mz
27 (£, H4
Al £ =t = 200449 = 20054 2006 = 200749 =
. A A A F 1.379 2,671 2,705 2,841
b Adad 14,790,056 25,697,148 24,043,443 26,418,358
A Al 2k
o A A g Ak 2 28 0 0 0
Aok 280,000 0 0 0
2xus At & 191 302 252 185
A2t 2,361,400 2,877.315 2,095,425 1,782,490
ek
Aehds A 125 ol9 648 798
A 2 1,510,318 5,047,268 5,988,157 7,676,423
2k
Apne 323 14 20 0 15
A3 280,000 180,000 0 147,500
2k
Adgs A A 3 1.021 1.830 1.805 1,843
Aok 10,358,338 17,592,565 15,959,861 16,811,945
I 28 dd= A9y 2y YU4EE(2007H)
(&9 - =, )
et e dde=
oy
MAMEF | MARZOH MATIHER) | AN | AME | AMEKE)
1€ 85 762,336 8,969 275 2,637,451 9,591
24 125 1.139.384 9,115 302 2,748,105 9,100
34 86 831.161 9,665 190 1,544,936 8,131
44 100 975,807 9,758 78 623,650 7.996
54 23 188,146 8,180 205 1,776,745 8,667
6€ 40 345,669 8,642 74 623,945 8,432
74 15 150,400 10,027 72 604,400 8,394
84 2 25187 12,594 13 97.500 7,500
94 o7 579.564 10.168 17 221,475 13,028
10€ 58 639,754 11,030 196 1.750,950 8,933
114 117 1.173.502 10,030 193 1.860,007 9,637
124 90 860,013 9.617 228 2,322,781 10,188
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