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SUMMARY

I. Title

Development of ultra small size rotifer as live food
IT. Objects and importance

Currently, South Korea’s major fish farming is targeted toward only the
certain types of fish such as olive flounder (Paralichthys olivaceus), rockfish
(Sebastes  schlegeli), striped beakperch (Oplegnathus fasciatus) and etc..
However, due to the WTO agreements forcing the various nations to open
their doors, Korea’s fish farming is also in insecure status in competition
with other countries such as China. In order to solve these problems,
which are threatening Korea’s fish farming, it is necessary to develop
highly valued fish farming. A well-planned method of supplying the
seedling is needed to develop fish farming as an industry in this state of
period, and it is necessary to secure the qualitative and quantitative live
food for artificial reproduction technique for larvae.

However, the highly-valued fish such as red spotted grouper
(Epinephelus akaara), spotted parrot fish (Oplegnathus punctatus), file fish
(Stephanolepis  cirrhifer), rabbit fish (Siganus fuscecsens) and  grouper
(Epinephelus septemtfasciatus) had difficulties in seedling production due to
their small size eggs comparing to other fish; Once, they are hatched-out,
the size of their mouth are too small to intake live food supplied. At the
moment, Brachionus plicatilis (L-type) and B rofundiformis (S-type and

SS-type) are most widely used as an initial live food for marine fish and



crustacean larvae. However, their lorica length are 140-300 /m, 120-200 and
100-150 gm, respectively, which are too large to be intaken by the
highly-valued fish. Therefore, development of new stable cultivating
method of the smaller size live food is in a highly demand.

Development of wultra small size of rotifer S Aitina through this
research will help to make the stable mass seedling production of the
highly-valued fish, which seedling production has not been successfully
achieved so far. In addition, it will create the new fish species making
high income to fish farmers, replacing e huge import sales and expanding
export sales. Therefore, this research will greatly contribute to fish farming

and step-up in a scholastic field as well.

II. Contents and scopes

1. Mass culture and feed efficiency of ultra small rotifer, Synchaeta kitina

The main purpose of this study was investigated the optimum
environmental conditions for mass culture of ultra super small type rotifer
Synchaeta kitina such as the internal factors (strain) and the external factors
(salinity, temperature, kinds and amount of food, inoculation density,
exchanging interval days and rates of culture medium) but also its feed
efficiency for black grunt (Hapalogenys nitens), file fish and grouper larvae,
which seedlings production is difficult due to their small mouth sizes.
Besides, the productivity of this rotifer depending on the different mass
culture vessels and culture types was determined. Finally, salinity
tolerance and mass storage method of this rotifer was investigated
depending on its mass culture methods and mass culture methods of

Tetraselmis suecica as the feed for this rotifer.

_10_



2. Development of enrichment technique and biochemical composition of

ultra small rotifer, S. kitina

This study was carried out to investigate changes in biochemical
composition of ultra small type rotifer enriched with the commercial
enrichments at various durations and amount of enrichment to improve
contents of n-3 HUFA of live food that certainly is need for the normal

growth of the early marine fish larvae.

3. Optimum culture condition for mass production of resting egg of

ultra small rotifer, S. kitina and its hatching rate

This study was conducted to investigate the external factors
(temperatures, salinities and amount of food) for the mass production and

hatching conditions for resting egg of ultra small type rotifer.
IV. Results and practical device

1. Result
1-1. Mass culture and feed efficiency of ultra small rotifer, S. kitina

In results of the internal factors for mass culture of Gyeong-po rotifer
strain was small in body size, high in productivity and long in lifespan,
in comparison with Sonji rotifer strain and Hwajin-po rotifer starin. At
this point, the best optimal strain for mass production of ultra small
rotifer, S. kitina was estimated to be Gyeong-po rotifer strain.

In the external factor for mass production of rotifer, the optimum

_11_



salinity condition was estimated to be at 5% showing the highest in the
maximum density, the longest reproductive period, lifespan and maximum
offspring at the various salinities. On the other hand, rotifer was shown
the lowest growth rate at high salinity (e.g., natural sea water) because
the more salinity increased, the more their salinity tolerance decreased.
However, if rotifer was acclimated at 20 and 25 %, culture medium for a
day, its survival rate was improved in natural sea water.

The growth rate of rotifer increased and development period of rotifer
decreased as temperature increased in the community and individual
cultures, but the maximum density and fecundity of rotifer increased as
temperature decreased. The optimum temperature condition for mass
production of this rotifer were at 16 C that was showed the highest in the
maximum density, the longest reproductive period, lifespan and maximum
offspring at the various temperatures.

The optimum diet for this rotifer was 7. suecica, and the optimum
density of was estimated to be 10,000 cells per rotifer.

The growth of rotifer at the initial inoculation densities of 200 and
1,000 rotifers/mL seemed to be low, but high at the initial inoculation
density of 600 rotifers/mL.

The optimal exchanging interval days and rate of culture medium were
3 days and 40%, respectively.

Rotifer could be cultured more than 7 days after inoculation in 0.1 and
0.5 ton tank, and its total number reached up to 60x10° and 90x10°
rotifers, respectively at each culture tank.

Also, in the semi-continuous culture system, daily harvesting amount
depending on the different inoculation densities was the highest in the
900 rotifers/mL at 7" day after inoculation, but all treatments were not

significantly different after 8™ day (/2>0.05).

_12_



Total harvesting rotifer of batch and semi-continuous culture systems in
1 ton tank each produced 87,304,400 and 427,680,000 rotifers. And the
production cost for 100 million rotifer in batch culture system and
semi-continuous culture systems were 77,121 and 66,051 won, respectively.
Therefore, it was concluded that productivity and economical efficiency of
rotifer in the semi-continuous culture system was more effective than in
the batch culture system.

For the long storage of ultra small type rotifer S. kitina, T. suecica
seemed to be effective at the density of 360 cells per rotifer at 6C.

We investigated the culture types for mass culture of 7. suecica used as
food for ultra small type rotifer, S. ktina. The cell concentration of 7.
sueica cultured in 100 liter flat photobioreactor was higher than that
cultured in 30 liter round vessel and 1 ton outdoor tank. Also, the cell
concentration of 7. suecica in treatment, in which pH was not adjusted
was higher than in which pH was controlled at 6 and 7.

As a result of food efficiency of ultra small rotifer, S. kitina for black
grunt, total length and survival rate of larvae fed by small rotifer was
low compared to that fed by B rotundifornis, but there was no significant
difference between B. rotundiformis and S. kitina (17>0.05).

As a result of food efficiency of ultra small rotifer, for file fish, total
length and total width (/2>0.05). However, the survival rate of larvae fed
by S kitina was significantly higher than that fed by B. rotundiformis
(/%0.05). Also, in the analysis of fatty acid, though S Aitina treatment had
not enrichment progress, ARA, EPA and DHA contents of the larvae fish
was not significant different with enriched B. rotundiformis (7>0.05).

As a result of food efficiency of ultra small rotifer for grouper larvae,
total length was no significantly different with all treatments (/2>0.05). But
the survival rate of larvae fed by S Aitina was higher than B

_13_



rotundiformis.

1-2. Development of enrichment technique and biochemical composition

of ultra small rotifer, S. kitina

We investigated the biochemical composition of ultra small type rotifer,
S. ktina. As a result, the content of sterol, phospholipids and DHA which
is important for growth of fish pre-larvae in 5. kitina were higher than in
B. rotundiformis. Also, the essential amino acids, such as threonine, valine,
methionine, arginine and histidine in 5. Aitina were higher than in B
rotundiformis. Especially, taurine content which positively affects growth of
fish larvae was high in S Aitina

We also carried out to compare the growth and fatty acid composition
of the rotifer S. Kkitina depending on the enrichments (Aquarich and
Astomega, Aquanet Ltd.) and the different enrichment conditions
(concentrations and times). As a result, EPA and DHA contents of rotifer
in all experiments increased as enrichment time increased. However,
rotifer density was gradually decreased as enrichment time increased.

Conclusively, rotifer enriched with 2 g Aquarich per rotifer 10° inds.
did not sharply decrease compared with other treatments, and content of
n-3 HUFA of rotifer enriched for 12 hours was the highest in all

treatments.

1-3. Optimum culture condition for mass production of resting egg of

ultra small rotifer, S. kitina and its hatching rate

We investigated production and hatching rate of the resting egg of
ultra small type rotifer depending on different salinities (5, 10, 15, 20, 25
and 34%)), temperatures (8, 12, 16, 20 and 24C) and food amounts (0.1,

_14_



0.2, 0.4, 0.8, and 1.6 mg/dry weight/ 7. suecica/10° rotifers). The optimum

salinity, temperature and food amount conditions for mass production of

resting egg were at 5 and 10% and 16C with 04 mg/10° rotifers,

respectively. And the optimum salinity and temperature conditions for

hatching of resting egg were at 10% and 16C, respectively.

2.

o

Device for practical use

Since seedling producers can easily culture the ultra small rotifer,
seedling production of the small mouth size Ilarvae which is
high-valued fish can be stable and gain competitive country for

seedling production.

. It can improve income of fish farmers by developing various fish

species for aquaculture.

. New live food industry can be set-up by developing new technique for

the stable mass production of live food.

. It can improve an increase in export by registering international patent

of new live food organism.

It can contribute into the future development of aquaculture and

related industries.

It can be useful for the practical education.
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semi-continuous culture system
Production cost of S. kitina in batch and semi-continuous
culture systemn o
Growth of rotifer, S KAitina on the different food

concentrations at the low temperature (6T) s
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Section 3.

Fig. 1.

Fig. 2.

Growth rate of S  Kktina on the different food

concentrations at the low temperature (6C)

Survival rate of the file fish larvae, S. cirrhifer fed on the
different diets at 20 L culture tanks (Trial 1) e

Growth of the file fish larvae, S. crrhifer fed on the
different diets at 20 L culture tanks (Trial 1) woweee

Total length and weight of the file fish larvae, 5. cirrhifer
fed on the different diets at 12 ton culture tanks (Trial 2)

Growth of the grouper larvae, E. septemfasciatus fed on S.
kitina and B. rotundiformis after hatching 4 days (Trial 1)

Survival rate of the grouper larvae, E. septemfasciatus fed
on S Kktina and B. rotundifornus after hatching 4 days
[ B ) T
Growth of the grouper larvae, E. septemfasciatus fed on S.
kitina and B. rotundiformis after hatching 7 days (Trial 2)

Survival rate of the grouper larvae, E. septemfasciatus fed
on S Kktina and B rotundifornys after hatching 7 days
(Trial 2) e
Confirmed rotifer trophi in the gut of grouper larvae fed

Development of enrichment technique and biochemical
composition of ultra small rotifer, Synchaeta kitina
Population growth of rotifer with the different

enrichment supplements for 24 hoursg e,

Optimum culture condition for mass production of
resting egg of ultra small rotifer, Synchaeta kitina and its
hatching rate

Hatching rate of the resting eggs on the different
Salinities e
Hatching rate of the resting eggs on the different
femperaturgsg s
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b}

o

| &oll B plicatilis (140~320 m)$} B rotundiformis (100~240 m)E /32
2 AFAsked Aol 2AAE 7HAA Bk 22 Qe olE AojolA FEE
HoldEol FHIE oy A7 E JAFFTEAYMN N B2 o¥we 4L
A (Duray et al, 1997, Kohno et al., 1997; Suchar and Chigbu, 2006). T}
A 2 FeE F3 5 jie A77t Fol JAFFEAMN] EVMsAE Tt
ANFEY AFAA THFFS A RIEA AEL Ho|FEY ATy 1
Jd g grlse] gyEojoF & Aot
HT old A A7 A2 7Y FERAMNS fd A AAHoE B
=9s 3 e, F2E FEAFSEY dolu A, nauplius TAS &7t
7 A, A FE(protozoa)el FEH Ho] AER AFEH AL JATHSchipp
et al., 1999; Nagano et al.,, 2000; Toledo et al., 2002; Yoo and Hur, 2002).
a2y FEFEEY dolu S 27 Aoy LsEH H Ao mE
HAFE FEAI7IH, 2779 naupliuse ©] &9 WYL ET7F Hol A4t
of B2 EAHE 7IAA "t (Payne and Rippingale, 2001; Lee et al,
2006). T3t A F = Fuplotes sp. B Fabra salina®t 32-& 7Eo] v ¢H
715 SFAARE fral gk vtel g ols AdAste S Al 54& fFiddte
U7] wiEol AojelAl FEFe mAE Thsdol ol EE
© AAoltH(Yoo, 1992; Lawrence and Snyder, 1998).
olelgt HHNAN HZ B plicatilis R B. rotundiformiss AZ + U+
rotifer, Synchaeta <70 g #|Alo] 2= 31 Yt} Brachionus &3 22 &
217} (Monogononta) Q! Synchaeta %2 71E°| Brachionus 43+ 2+¢ 1}
(lorica)®] $1& Hol §Ao|H, S cedlia (123-188 ym), S. oblonga (225-250 m),
S. hutchingsi (165-200 ym), S. littoralis (192-290 (m), S. neapolitana (109-213
m) B S, grimper (400-520 pm) 3 2ol A7|7F Hlu A gt o2 e
A ATH(Egloff, 1986, 1988; Brownell, 1988; Shiel and Koste, 1993; Oltra and
Todoli, 1997; Rougier et al., 2000). L& AF7}A] Synchaeta 4o A&
T2 T 4= A% FFHHEA AFolAY Foll g ZxAJ AFlRt
AFH A AR A=E HolAEY MES AZ v A7 AEe
bl

U - 2F o AR FEiE & ¢ ATk ol HT W E ATl A

=
B
i
N
N
X
k
X0
N
o

ofo
i)
;N
rr
b
QL
=2
%0
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B 249 rotifer, 5. Mtina= A2l 2717} 60~80 m=zZ 7]&2] ThE ojuf3k
Synchaeta 52 FEol vlaf 22 FEfZF olHdE& 7HA L o] 44 A
< T B o] FATA o A7 AL AoldAl MEE HolA
Z Aoz AkHET(Fig. 1).

o

N

et £ ATE ¥M J&thulet Zo| DRI HaEel ABERY
Mo| #A HMEHEH HolMgEo nJfwE ols ofTOiXIX 21 Yk HE
stobstol ME2 SolMEel E4W rofifere] Hue ¢lal oHEA el e
of o8t % (53, AHE - YAH L FBHl et X3
S AEEIS Y8 UTE MM ED FUUSE S8 AN BAS 3

B AFHAE T8 24F rotiferd] S ktina2] WiFHIE 7&s o] A
Ao 2 FPATH MEZL Holo] o8 1 FQ mUiTHE gk T4
&, 53] ¥3t & 49 A7 AL AFTE oFEY FEAANS & F U=
71319 Z& Q3 FOo2H FAY FAAEL AEFE Aalo] Sojd Ao =
ZlgiEch T3k U Fr]Eo] 3 @A EolX= o7t &5 e}
AEFTY A7l B2 1 Z850 02 HAYe n$ e Fe=z g

T}

Fig. 1. Size comparison of rotifers, B plicatilis (L-type), B rotundiformis
(S-type) and S. Aitina (left). A picture of S kitina Gyeong-po-lake
strain (right).
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=85
HZ Ao A7 AL o7 FERAMNS fdl A AARCE B2 AT
7b A Aty ORbE aR7PER]) Akolst 24aF Hold = il o
AL Y- gFeE Fua & 5 JAH AAA U - 2F o=
TE AFHL e FE TS AHEA HW, &% SS-typed rotifer, 4~
3 copepod nauplius @AY 8747/ A4, FHFEFEY dolv FA 2 o

AsE 5 T & JAH dE =9 Doi et al. (1997) ¥ Toledo et al.
(1999)¢]  AFAFel]  ostd, Futge x7] HolAEE  rotifer, B
rotundiformis (SS-type, tropical strain)g Al&3< A WS 22 AEES
Holutt copepod nauplius ©A] 824F #FA I 1ET =2 AEE
< ERIYA 3tATE E3, Yoo (1992)&= HA Ao dAl AAEER] Euplotes
sp. ¥ F salina $<5 3% AHEIZE doH, Kungvankij et al. (1986) ¥
Tamaru et al. (1995)= =, &, A 2 wWiHl 59 FAHFFE dolut
TS SAEAFAA TF7 A7F Ak

82 RE copepod AbEFsl7] A7bA o] WEGATE |WE A wigEE
ol tiEuj el HA @il low, FAFTEY i, 7S Aoje &3
EF AT TR ATl d8% G Ao dde A FEEA=
ESET Ao d4A Aok =3, AW SER] Euplotes sp. B Fabra salina
T Tl wEH g otE AAHste AT Al s4E& fFidste =1
al of ZpololAl e mA JHsAde WESEL o e 9]
|HA = Zetal Utk ol e o|REE s, =aW HolM=2| IO

X2l = - 2] TlEviY HEE2

32

XN
Mg

Mo

=l
v
Ar
°
=2
x
ok
=

=
a8 B Ao AMRE A3 rotifer, S kitina= AAS =771 60~80
B Q™S 7HA AL & BT ol gE R Ho|yEES T

_27_



AA ol i FrleT dRAYH I dgade we F A

g, obA A I - H SR Synchaeta &l Wit A7

n| 53 AAola, HolWEEHA vjSe A= AY HFTE AAo]7] ujiol

= HFTE 88 =4E rotifere B LT|=7L SHE= #HA A[FOA
o

2 1 AX|sts f1#7F =ctn & = AW

g
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2

He 2 zn

M3 & AFies

A 1A ZAH rotifer, S. kitina®] hEFujF 2 H
o] &

o
=

1.4 &

A sfatolFo] FEAL] ol 7] HoldErRE A7 WA #
31, kel Theste, FY 7HX7F &2 rotifer, B plicatilis 2 B
rotundiformisE 7} o] o] &3t QJE}(Lubzens, 1987; Lubzens et al,
1989; Hagiwara et al,, 2001). 12y} vl 2 1 H7} oF<Q] x|, Frtg, =
ZHAA, e 2 SAF T2 W AT 9E A o Foll Hisl u-¢
zhol Kl & Qleo] A7|7} &7] wiEl B plicatilis (140~320 ym, L-type)<}
B. rotundiformis (100~240 m, S-type ® SS-type)E X o= A3 =
Aol FAHS 7HAA Ao 1= 8 o]F AoldAl 35T HeldEY &
HI7L oH 9] AF7HAE JIFTEAL B o8 EE& 73 JdtH(Duray et
al., 1997; Kohno et al.,, 1997, Suchar and Chigbu, 2006).

A ol 4 A7V AL o/ FTRALS fd A AARcE BE
=¥ il A= FE nauplius 9'74]9] 747 FAY ddEF=0] TR
Hol AEZ AFHA L thSchipp et al, 1999; Nagano et al., 2000;
Toledo et al., 2002; Yoo and Hur, 2002). Z128j1 87179 naupliuse °©l&
o Wi =Tl wof thEAAtel] B FAAS 7HA I o™ (Payne and
Rippingale, 2001; Lee et al.,, 2006), ¥X-5&2 Euplotes sp. 3 Fabra salina$}
22 fFiFe] MEH = AR Fae HH gotE A sk S Al
ol 54< fidste A4LE 7HAI 7] WZel AojoAl SFg&FS mA

o

7FeAdel o 2 o] &HA= Xt A= AA oI (Yoo, 1992; Lawrence

_29_



and Snyder, 1998).
oJAYH MEE FH T IS dAst Falt QA VIFAGS A
A% A3, FRET, AT U HAETA ZAF rotifer, S ktinasS LA
g JAY. B AFo ALEH ZAF rotifer, S ktina= 3A S A7)V 6
0~80 ym AFE FHA B sAHFY FTEANS AT HolH==H I
Z

A o]
A oM AL QY] WEG A BATFEL B oI o] Folx )
&

& o] 4l <
ZZHolxorst Ao do|th kA B AFodAE 243 rotifer, S kitina
< &
o
=

F& %

2 ZFa 0.1, 0.5 & 1 ton)S HASATE E3, S ktinas GWHH O o
S FEONA HiGe] BHE AFES R AAsgoA ASEE AolodA F
w2 A%, olE9 ZYol AstHo Aoyt & HH ] oAH B T
g Ao R AdEo] o5 dEMstel g WS A A Btk of
28], 243 rotifer, S. ktina® Hol7INE ZAEH] Y8 FAEE, FHX

2 FAHF AAE Ul R 7|Ed ol &FH= HelME(B rotundiformis )

I. As 9 9
1. 249 rotifer, S kitina® AF L &5 £

%43 rotifer, S. kitina= 2004'd 3¥€olAl 20053 5¥7FA] T3l 7)<

<
oA AU AHE AHLS Veadd FAxe] 2D, A5 % A

NE



ZoRow, 20 mm AE FFIAE AL UWEES ol &3t AR5 (Table
).

—

AHE 24F rotifer, S Mtinae AIAHAE £ F AAAWH(SZ 4025
TRPT, OLYMPUS, Japan)stollAl 3+ wg|¥ <=4 £8std 12 cluster
chamberol] 27} 8% %, 24T 2 15%, 2N At vttt Hel=
© AE FYIE T suedca 2x10° A E/mL)®} Isochrysis galbana (1x10°
xﬂﬁ/mL)?— Egeted 19 13 Fgstdth o W A& EJFIAES WY ¢

MALE0] glof ?}Xéﬂoﬂ E93 o] & Z} strainol] WE AA, od )
A W del 3715 SH3t vlws] Et(Table 2).

Table 1. Source of collected Synchaeta kitina on Gangwon-province for this

study.

Strain Sampling areas Habitats (salinity) Sampling dates
H Hwajin-po-lake Lagoon (5%o) 10 May, 2005
S Songi-lake Lagoon (15%y) 10 May, 2005
G Gyeong-po-lake Lagoon (25%) 20 Mar, 2004

Table 2. The size on 5. kitina strains cultured with feed 7. suecica at 20°C”

Adult Neonate Egg
Strain'

length (ym) width (¢m) length (xm) width (¢m) length (¢m) width (um)

H 95.0+1.33° 425+2.78" 71.4+0.92° 21.0+1.07*° 56.4+0.50° 48.2+0.89"
S 106.4+2.49° 582+4.68° 70.0+1.88° 23.9+1.07° 56.0+1.32° 47.5+0.77°

G 85.0+1.33* 48.2+1.70° 63.941.20° 23.2+0.71° 51.7£0.46* 43.9+0.50"

"Values (mean+SE of 24 individuals) in the same column not sharing a
common superscript are significantly different (/%<0.05).

'H : Hwajin-po-lake; S : Songji-lake; G : Gyeong-po-lake
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2. 249 rotifer, S ktina® FFES A% IH A 87 4AF

S kitina® WiEgGe A% HA AF SAS st WAH adl
(strain) 2 AH QR1(F=, 9, HTHEE, $5-Y, 58, H
TEG o) AT AP 71E2
o] sl oy HELE, S5 53 2ol Aol 22T 4F
< TR e

HAA T Fol A o] S kitinas Rico-Martinez and Stanley (1992)¢] "
of wet AFES AMNSAILSGR = (1/T) In(Nt/Ny) (T = HF °o|F §
ktina7t AW EC] =237 7hA Y] WYL Ny = T days® S ktina 71 A
US; Ny = S ktina®] HELE)], Id MAF} T3S ZAEISY mL F
MAe 5 2eh&= YehdAo.
MA S 2P 20T F 15%0A4 At wigstd HAE S G
Oys d2le Uz 28 F8st 302 4oz 7 #3d AAE
F, 12 cluster chamber®l] $+ w}g|¥ HEste] HALL w712 HZE3HA
71302 2o dFlo] HAstE AZIZMAIR st F3 AFE A A
2A He ANEAE A2 A A (Pre-reproductive phase), 31 WA
2 wFE AE7IE el mpxE o] R mi7tAE & A EA
(Reproductive phase), "}A|2} o] HF-3}3t 3;"—1"%51 zk A7y HASH A &=
A2l 3 G| (Post-reproductive phase), ¥Z1e] 49 (Lifespan) ® AE7]t

T A (Offspring) 2 2H2F st st #2304 A4 A

HAE 1AIRE HFom fAEEgion, o] FREE 1A Ao s #Es}

R

ka9

mo o m:

2

]

1

=
ol
2=
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kitina®] neonateE ¥ whe¥ HFsko] HEE(5, 10, 15 20, 25 L 30%)°l
g At gt FHES ZARIET. 22 20000 Hol= JiA
T. suecicaS 3x10° MEZ FF3tIth 28l A HA & 2L o] & U4A
o] A4S A=Aty el MY Axolt

AA QAT G gt FE5E oY AAE wSret A Eol JA-AW A
(SZ 4025 TRPT, OLYMPUS, Japan)slollAl AF3tda, AA7E EAAU+=
cluster chamberol= A2 Hj49} HolS Qo]Fo] z+ A7} HASH=
NZVHA A e Bt

on

2. 2. Rotifer, 5. kitina®] ¥kl G U)X AFH 891
2.2.1. g8

dEH FHuWF A4dLe 5 10, 15 20, 25 2 30% = 250 mL 4HZ4-Ee}
150 mL)°ll S kitina®] AALE7} 10 /AA/mL7F 52 HZF3)

. Hol FFL rotifer 1,000 WA B 7. suacica® 19 13] 1.5x10° Al X &
oM, A4 FEYA e *é/\l*}ﬂ okt mI AL oA

Hj F71(EYELA, MTI-202, Japan)E & 20CE AAst 793 3HtEo=
gt MAMY 4L TR EH FLF GEFE Pste] 12 cluster
chamber (W< 2 mL)ol| 2t F-33 S kitina®l neonateE T+ Wi ¥ FHF

S

[‘

T oAgwd, RS 2 9 2ANAT Hol FFEL T suaia®
A

A F 3x10° A ZE FF3A T
2.2 2 FL&
THME AP 0] 16, 20, 24, 28 P RNTE 2HHE ) @ujd7]

(EYELA, MTI-202, Japan)oll Al 250 mL 4+Z+Z k238 %< 150 mL)ol 15%
o MigFrE Fnlste] JMARETE 5 A/ mL7E HEE HFEAT. Hol &
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< rotifer 1,000 /WA B T, suecicas 19 13] 8x10° Al 5

T 29ntt 13] AFSTE AAFAT. 2P 10970 o] Fojxoen =
< A3 238 wkEREAT AN A9E TS sL3 A TE Y
3tod 12 cluster chamber (8] 2 mL)o| 2t 3t S kitina®] neonateE

1=
T
@ vleld AES F APwd), Ads 9 FYe 2SR dYade o
aL
o

H:l
H
il
oh
3R
o

rk% il

_-

7

B 15%NA T suecica® NA & 3x10° NZEE
2. 2. 3. Ho|FF

TR oA HolFFE APL ST Qhaella elipsoidea (CHL),
T. suecica (TET) B Isochrysis galbana (ISO)E ©|&3tAth AdTE& 2479
=39} &3 37W(TET+HISO, TET+CHL, ISO+CHL)Z 3ttt HEHEEE
250 mL Azt mFS 150 mL)ol 10 WA /mLE 3FH 3, Hol#Fe 7}

Ztel Holg A3t FFAIZ H rotifer 1,000 NA 7_%%% 0.4
nge 71EoE 1Y 13 l—s%mﬁ} AL 13Ut o] Fojxlon EE AdY
< 33 WrEEAT MANY AFe DG FLI o] 2HoR 12
cluster chamber (W] < 2 mL)ol| 7t §-313 S tina®l neonateg 7 wlE| 4
AEd 3 DDA, A 9 FHE AT 7Y ol Fg e Ui
A F T suecicas A5 004 g2 715t F55HA T

2. 2. 4. Ho| FFH

Hol FaFd mE AP 2. 2. 30A 7 EHHA Helgd T
suecicas AH-83F4] rotifer 7| A & 2,500, 5,000, 10,000, 25,000 2 50,000 A3
2 247F Uro] AAEAT HEEEE 1 L Blo|AMI S 900 mL)ol 10 7i
A/mLE G WiFEALS 15%, 20C 2 AAZsATh AP 7L o] Fo
Hom RE APE 33 whEsiu AAYe] AP SRS L3
A T2 12 cluster chamber (WS 2 mL)oll 2t #3815k S kitina®] neonate
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E 7o 109 &<t
500 mL)ol 30 7RAl/mLZ 3t wiFEA-E 15%, 20T
= 2. 2. 39X AAHE T suecicas rotifer 1,000 7NA| &
2 Fastth. A7t ¢ widse NH:-N 3 pH=
g d 44 E4 7](Orion Model 920A, Orion, USA)E ©]&3l ppm T =
Yep Atk =3, §&4k2Z% 7] (Model 330A, YSI, USA)E AH&3le] DOE
ppm ©91E ARSI TH

2.2. 6. 58&

g e 43 72 g 10, 20, 30, 40 B 50% 0= T2
o<
T

o6 L sidszm s 5 L)d 7] AFTEEE 350 HAl/mLE &t E&
25%, F& 17+1C 9 §E4H4 5 ppm o4 A8 A AAL P34t
AL vd wgFre Frgol whet rotifers IR OH, 3 F Aol
= WdFre Y =AM WdE T suedica (100~170x10° A Z/mL)E &
Tt wlkrE BEs) FAT O 9 B £ 25% A sieE A
7vate] 4 Wi %S 5 LE FASAT WY F53 S ktina®l 7N
Al =3 A B ES =AY o=, NH:-N ®3}

of & AREFH Yol WE YHAES FHAAAE dotRUT. APV
¢ FFE 8] Aol Mo NH-N 2 pHS SA37] AsiA axld=s
A E47](Orion Model 920A, Orion, USA)E ©]-83}% T}

227 7] AFHUE (Batch W)
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z7] AsHU=EdE AgL 200, 600 2 1,000 A /mLE A
WEoz Pk MEFErE 6 L FFZMMESF 3 DE ol gstaon
UZAL 15% = 18+1TC=E dMFAT. Hol= T suaicas 7N A

AEx2 dAstgon, 558 T suedcas 4CTE WA BRASIHEA HFHP=
(Eyela, Model MP-N, Japan)< ©]-&3te 12A13twith Ho] F3
o FERtt F7e 4% A7 ](Model Mark 5 plus, NIDEK
Medical, USA)E ©]-&3t zt x° 1 L/& FwstAth 2373t 52 Hl
¥ NH;-N<& =A37] fsiA @2 E47](Orion Model 920A,
Orion, USA)E ©]&3t ppm @ =E HERH AT

il n

oy
fllo
)
>
ol
-

2. 2.8 @E¥st & WY =A

AEWSto] mE WAd"S At 15, 20, 25% A 22 15
ol wiFE S ktinas 15, 20, 25, 30 2 33% 9 WETE &KFHS W oE
A E EES ZASFAT 12 cluster chamber (Bl 4 2 mL)oll Z &3}

< S

kitinas ¥ vkel¥ HEFske] 10, 20, 30, 60, 120 ¥ 180+

%49 rotifer, S kitina® BHo)Ql T suecica® 1HWX= o)l oF

S. kitina®] HolAWER T suecicas FHNY 37] fs) v F&7] pH
Z-o| WmE AAFS FAE| Btk B Ao AMSS T suedica= F74
Al zFeg o ey e e F& o]&tAth A AL 1T suedica
o HjFe 250 mL A7t FE2I(YS 150 mL)oll conwny HIAZ 3}
4,000 lux 2% stollA AFS AEZ o= At vjFet H ol &3t

AR

3. 1. HjFE71d W& 4%
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ok grlo] e A¥ge 30 L 52 ¥84=%, 100 L w7 2 1 ton
Ay ope]Fx=E Urol FstAth conwny HiA|ZE E0it Z7be] wij &7
o T suecicaZ 2.0x10* AZ/mL UEE %7] FZE3F 23£2.0T Aol A]
S ettt MEAZZS golrr] 93l 19 13 hemocytometerQ! 3+
=475 o]g3te] B3 n| 7 (CH2, Olympus, Japan)dtollX AEFE =34
skt

3. 2. pH 4] ©& 3%

3. 1.9 A3 A, AMEAZAe]l =UAD FIYF7I(Fig. 2, 3)F A8
pHol M2 7 suecica®l 7S vlul ZAE| BUTh T suecica®] w1 Al
2 pH 21< Hshr] A 43S F
control box (Fig. 4)& °©]&3} pH 6, 72

A @ HEzETE UFo st AlzAdde dotrr] 9 1Y 13
hemocytometerq! TFA87|& ©|&st 333w 7% (CH2, Olympus, Japan)
st A AEZTE SASIF O, vjgFEde WE pH W3l control boxoll %
23 pH A E ARRSHe] vl LA A FAAA FATH
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Fig. 2. The schematic diagram of flat growth chamber supporter.
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Fig. 3. The schematic diagram of flat growth chamber.
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Fig. 4. The schematic diagram of pH control box.
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4. 249 rotifer, S. kitina® WFu) Y
4. 1. HFTUE B Y44 A3 (Semi-continuous H )

AZdso e Y A8e 6 L 4520 d4 5 D)ol 271 HEY
TE 250, 600 2 900 /MA/mLZ Z7] 25ty Pt AP 20+
1C2 fAsRom, A& 1502 =43t Rotifer Al
n7dstol A 13] 3R o ® ZASIAIL, AT & A47o wdTFEE

B

AANA =2 LS B 40% FFEe

2 71(YSI, 550A,

A7 FF wldFre 8244 E SA5H] 8 DO
S &4 7](Orion,

C
92
Z
T
o
op
o
964
H
N
i)
o
[
gl
T
e
Z
&
Z
rr
N,
o
-y

model 920A, USA)Z ¥ 3 AR Z43H

4.2. 01 % 05 ton =9 diFu]F (Batch Bl %)

MFg717h 2 01 R 05 ton FxAA BFMFel FBAE Fobnr]

Qs 4 MAAAFLS ZASEATE 4, 0.1 ton 1R AFSE 01 ton F
zo S kitinaE % 6.6x10° MA/mLE HEAIZ S 20T +1, 14+1% 1 A]
kS AT HolRE T suadicas rotifer 3 A 7 2~3x10° A|ZE

AA4ste] mid Eold A UE Holde Aste FEsAth 05 ton
Fxo A APL rotifers F 4.0x107 MAY HES HEAN o 16T+,
1541% 2 WS Fstd dd NALEE AT 72 Yol EAss
de=dS AAS7] 98l filter mat (KS 185N, Aqua Culture System,
Japan)E 274 A2X|8tAaL, skFell A Al A st OAl vl Fxol HolF
. HolZE= T suaticaS rotifer 3 A T 1.3x10° AEZ AAH3IS mjY
sold MAF v Holgde Atsted FgFstdon 48 FRI7A S

AABHA] T

_40_



4. 3. 1 ton TTE9 vl¥ FHe'H (batch F semi-continuous) F4td R 7

AR A
1 ton F~F9) A batch ¥ semi-continuous® HjHIHo| wWE AYAA 2

AR S Bl ZAFSFA T
4, batch HjeFol| W& thEFui S 1 ton Bl FFZ(EST 600 Lol =
7] AEBEE 30 /MA/mLE 8k 7510 B 19412 z3stAM dd<
Pttt Hole TYT A SR T suecica (180~350x10° Al
/mL)E WL A B 600 AlE7F HES FEEAH. HolE wdsol 3
7] Aol mY rotifersS AA AR AN A 1Y 53 HIE-o 2 AS4 T}
712 A& 7)(NIDEL medical, Model Mark 5 plus, A4F&2E 5 95% ©]7d)
T ol&dt] Fxo 1 L/& Tt
30% & WE semi-continuous WY 1 ton HFTZE (WS 600

Lol 271 HEWEE 200 MA/mLE 3] 7:1%, 2D 19+1C9] 27 5}o) A

e

AL Betuth W rotifers AT F W FTFY &l met sk
o, £33 F Yol Hidet A} =AM HH"J% T. suecica (95~

325x10* AIE£/mL)E "ld WA 3 600 AlE7} H=F %’—%6]—04 ks H
S8 FAT L9 RS FEFE 7% ST E ZUret 3 wigs
FS 600 LE FASIAT 37]= 4 7](NIDEL medical, Model Mark
5 plus, AHAE % 95% ol’HE ol &3t = 1 L/& FFsAth
A7 e mjgre §EAAE DO ZA71(YSI, 550A, USA)E o] &
stdal, 19l 2 ¥ pHe BAE52 R4 7](Orion Model 920A, Orion,
USA)E o]&3tslon, ol3tsx ¢ dEUoKNH:-N)+= Kit (HUMAS,
HS-NH;3(N)-SW, KOREA)E AH8-3t] ppm @92 e AT

5. N FY4LE S kitina®] EHFQ AL By

Ol ZFAALE 248 rotifer, S kitinas EHHOE RES] 98] A2l
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6TCollA Hol Fgwdd e A4S ZASIAY. 248 72 F 57 A3
2 HolE FF3A ¥e WETe T suaicaZs rotifer 3+ 1A T 90, 180,

|

270 2 360 AlX2 FFT HAITE 747 vro] etk ¥4F 20 L Fx
(Ml k4= 5 L)l & 3.1x10* /AA7F H =2 rotiferE HEF3IA o] W dELS
25%01Rem 2% A 7] (Model Mark 5 plus, NIDEK Medical, USA)
£ ARgske] §EAtaTE 44 10 ppm HES FAANA FAT wjgFTo] 5
AE 360 AlE FFTE 7IEE soH, st 758 08 AP T
BEE Wl 25%9 A FE HUbstel RE AP T Wi e T
Al FAIANA FAH

6. HolE &
6. 1. 5455 (Hapalogenys nitens) 018 Ho|E &

TEEE Ao Ui Holas HFL S Mtinas: I AFT(S), B
g AATF(R) ¥ copepod, Paracyclopina nana®] nauplius
g Tu AFFOE UFo] 3RS RE HAASAT 20 L F2(40cmx30cm
x25em)oll FEEE W& FEst FEAZon, B3 & Zzho] APz
o FEAT. o W x7] F3A Y A7

225+0.101 m=E SAHFHAG. ASTFe 23715 AHEste 25+21TCE {FA 513
=

rlr

om oA F7ISHAT Hol FFHFL 10 MA/mLE 3FFe 3 o
ZEEg o, 5 A2 80% AEE 43 Fo 7Y Hok AL
gttt 24 FEL sE&EF AoE MELst A L FASE A
stgom, =gk ZHzte] Aj ol ME AEES ZASIAT

6. 2. 3 X|(Stephandlepis cirrhifer) A+012) Ho| & &

FAA Aofol tig HolaE AFL Chryptocodinmum sp. 2 25+1CNA 4
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>
()
offt
o
of
o
2,
N
N

733 =El B orotundiformis®y T, suecica® W 9F3F S kitina2] ® o]
7ol 20 L 29 12 ton 24 742 23] A& AAsA
TZ(40cmx30cmx25cm)oll A o] AFo g 7t Fxo] F& 20+1.

2 5E 5, mL 3 05709 dES HFSA(FE T F 1,5000 9 F=
T8). T2 W green water EFHE W] 3 T suedca® 30,000 AlE/mL
HES md A3 3 F7F Fgs FAT Holes 73 2dAREH &
F 10 7HA/mL= skl 21 1/}%_—01 sael F

EE S

. Y AOlEL ALgete] Wi Hash WA AL 50% AEE 3

ol
-
.
iy

A
=]

2 32

12 ton TFE(25m*2.5mx3.14mx0.6m)ol| A 9] AL & 22+1.0CE %
Fo] L 7 2500718 ¢S HFsAth Hols F3; 3L A H-F
2o FFHFS 10 A/ mLE 3FFo 28 o] FF s
54 1/3 AEE B5E Fo] 119 T 2SS HIANT F

e A Z}Oigl 2715 RAE Lobns] As) HMolFF 1, 3,5 7 R 9UA

2 A3 )
=4< Sl 7474-“4 ddTE=E A %%—s}o:] FHFE AT F 80CAAM B
sk T
6. 3. 5 °| 7 (Epinephelus septemfasciatus) #}012] Ho| A&

&2 98% R

Wert HeE fAAT F3t 39 23R H FHGsE W] 95k

W&} S AFSF 1 ton B 10 g9 HIEE dgrol] 3|Mste] o] T A
ok EmRH F3 Aozt mRAHo] o) Adet =
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100~150 pt® &Fg3tRth ol APdFE2E 24 rotifer, S kitinas 3w
A3 B rotundiformis (SS-type, Thai strain)& ¥ gste AdTE FAoh 4
HT=E A8E S ktinaz 110 L 93 Fgh2F

9=

18] Mgz SolA] I 9

el £AAZ F wol2 FFHAL. HETE AEE B roundiformiss 30
C A3l ML dW AL ol §

Atk ztzke] AP Tel Bo|l FFFS F= W 10~15 AA/mL7t FAHE
1

£ 1< 33 Yol a8 FAH
T3 AR B ASFY T 3B AT 2EAAAE AHESH
Rom §&2AFLE DOZA7](YSI MODEL 58, USA)E ©]&3tth Ad

o2
QE
R
£

4
o2
>

=
n
o
a1
S
-
PN
i3
>,
-
o
ok
£
i
>,
ol
2
v
s
ok
o
rlo
3
(0/e]
3°
a2

(NIDEK Medical, Model Mark
ppm °J3tE2 EojA = A& WASHAT

=
Astgon, B8 FURE Fx Ao 3

T&3t7] 19 AFE EFATA(MIC, INVE, Belgium)E
1 mge] HI&=E a0l 3zt Fxo] Yol om, green
T. suecicaS -3t BLFH FFSFAT oFee, o7l FFH
= %3 3YAFE g2 EFAFA(PROW-W, INVE, Belgium)E AH&5 1
LT 2 mgd HIEE sl st Fxo ZTF 423U Aojo] A
| 4L 532Uy 13 7dA 0 107l AojE TR FHoR Hdl

A ZAshgT, 4Pe 2vEoR UASgT,

7

=
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7. $AA
Aol FAABE SPSS (SPSS Inc., 1997) program= AR&3Fo] T-test %

AVOVA testE A AR & Duncan’s multiple range test (Duncan, 1955)%
BETe] Fol 4 (005 AR
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m. 2 37
1. 24% rotifer, S kitina®) TFMLL I H2 A% 874 4

1. 1. Rotifer, S. kitina®] W% FFEL M= YAZF 82

7}y strain®] JNA|H oA dAHe F A W HHF £H-E Table 3, 49
Uetidoh A SIE strain®] B¢, AbeEE 5~20%014 3.3~6.5 7HA)
/femaleS R} o 25%, ol AIFodM= ZF HASIET $A & strain
o AF¥e 5~30%7HA BHHASHA Atdsi= Aeg yEstoy 0.6~3.0 7N
A /femaleZ X EZRTE Fo AMeE BHAT AE strain® A, 5~20%
oAl 7.3~13.4 /NA/females Ho ¢ F strainBT FoHoE2 2 4
%2 BPTHA0.05) (Table 3).

Ao ME 7t strain® A HA FHS HW(Table 4), 3ZE strain

< 5~15%°1AM 3.6~499% YERton, 25 5l 30%ANAM= AESA ot
o9 FHE BEL F UM FAZ strain® F-F, 10~20% 14 3.2~
40€ 2 Yeht AdolA ol 31 Aer yetgy. AXE straine 5~3
0%l A 3.9~59¢& yety ZF dEE=E Plugls o $Ix F FAS
strain® o} oA o2 A VEFSTHX0.05).

Zdnx oz & strainoll vldf Z7[7F 21, Mgt A H@F FHO| F

—r

%‘1

o|lMo 2 =2 AX straino| CHZFuj At 2 9t & H 2| strainol2t EeHE C}

(Table 2, 3, 4).

_46_



Table 3. Number of offsprings of 5. kitina 3 strains

suecica at the different salinities’

cultured with 7.

Strains
Hwajin-po-lake Songji-lake Gyeong-po-lake

5 6.5+0.52" 0.6+0.23° 13.4+0.75¢

10 6.2+0.72° 2.7+0.46° 9.0%0.66°

Salinities 15 5.5+0.67" 3.0£0.43° 7.3+0.89°
(%o0) 20 3.3+0.32° 2.9+0.69¢ 7.7+0.43¢
25 - 2.1+0.30™ 5.1+0.44°

30 - 0.7+0.31°° 3.1+0.29°

Values (mean*SE of two replications) in the same column not sharing a

common superscript are significantly different (/%0.05).

Table. 4. Lifespan of S Kktina 3 strains cultured with 7. suecica at the

different salinities’

Strains
Hwajin-po-lake Songji-lake Gyeong-po-lake

5 4.9+0.19° 2.6£0.12° 5.9+0.25°

10 4.8+0.24° 3.6+0.15™ 5.3+0.20°

Salinities 15 3.6£0.21° 4.0£0.19¢ 5.1+0.18"
(%) 20 3.7+0.12° 3.2+0.17" 5.3+0.16
25 - 3.1+0.14" 4.8+0.16°

30 - 2.8+0.90° 3.9+0.11°

"Values (mean+SE of two replications) in the same column not sharing a

common superscript are significantly different (/%<0.05).
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1. 2. Rotifer, S, ktina®] W] LS v = JAFH &<

1.2.1. ¢

i

GEA WE X strain, S ktina® TGN WA A TS
Table 59} Fig. 59 YEHSITE H1UEE 5%°lA 3901 /A /mLE F9
Aoz 744 A JERGTH(X0.05). 1 HAE 10%°] 2722 AA/mLE =
et o 15 3 20%, A@ T FoA < zbol= HolA] EUTHP>0.05).
Hhdo] 1A 25 2 30%9 Ad+= 242 1333, 1227 /MA/mLE 2 4
Aol Bl FoH o2 vHAl YESTHX 0.05). HuUE7HA o] P EeE
2 2500004 23.0% = 7HE =A UERS U (<0.05), 15 2 30% AFE T2
oA Aol HolA] eFskth(P>0.05). HE =742 WAl A& (SGR)2
10% 9l A 138822 71 =A Uebgtoy 15 B 25%, 279 FoAd A
o] HoO|A| eF}TH(>0.05).

dHo| wbE ZH X strain, S. kitina® 7Hiﬂﬂﬂ ol A WG A, Aty 2

rlo

2 golA 30% 14 1.7¢92 74 A L}E}L&E}(Ro.%). Ay
3 dAE RE AdFoA 47 229~30543t0 2 FolZQl Aolrb glo]
UERGTHP>0.05). F&°l & ¢4H & gk 9 FHE 5% 04 13470 A
o 599 FoHow =4 i tE AF T4 FoHU AolE EA
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Table 5. Maximum density, fecundity and specific growth rate (SGR) of S.

kitina Gyeong-po-lake strain cultured at the different salinities’

Salinity Maximum density Fecundity Specific growth rate

(%o) (inds./mL) (%) (SGR)

5 390.1+32.58° 9.0+0.70° 1.142+0.1386™
10 272.2+30.37° 14.9+1.83° 1.388+0.0308°
15 258.8+11.87° 18.9+1.29™ 1.378+0.0117"
20 224.9+8.81° 15.6+0.76" 1.013+0.0544°
25 133.3+5.08° 23.0+2.14° 1.203+0.0100*
30 122.7+5.79° 20.4+1.18° 1.0710.0978"

"Values (mean+SE of three replications) in the same column not sharing a

common superscript are significantly different (/%0.05).

Density of S. kitina (inds./mL)

Fig. 5.

500

400

300

200

100

—— 5% —— 10%o

—4— 15%o0 —@— 20%o

—- 0= 30%o

Elapsed day

Population growth of S. Akitina Gyeong-po-lake strain cultured at

the different salinities.

_49_



Table 6. The developmental phases, offsprings and lifespans of S. kitina Gyeong-po-lake strain cultured with 7.

suecica at the different salinities’

Salinity Pre-reproductive Reproductive phase Post-reproductive Offspring’ Lifespan®
(%o0) phase (hour) (day) phase (hour) (ind.) (day)
5 18.2+0.20° 3.9+0.21¢ 28.9+2.57° 13.4+0.75¢ 5.9+0.25°
10 19.4+0.20° 3.2+0.19° 30.5+3.06° 9.0+0.66¢ 5.3+0.20°
15 20.5+0.29° 3.2+0.18° 24.0+2.23° 7.3+0.89° 5.1+0.18
20 22.2+0.24¢ 3.4+0.17° 22.9+2.60° 7.7+0.43° 5.3+0.16"
25 25.6+0.20° 2.6+0.14° 25542.17° 5.1+0.44" 4.8+0.16°
30 26.3£0.15° 1.6+0.13° 27.4+2.88° 3.0+£0.29° 3.9+0.11°

Values (mean*SE of two replications) in the same column not sharing a common superscript are significantly
different (/%<0.05).
'Offspring was indicated the number of neonates born from a female during reproductive phase.

’Lifespan was indicated the total living period of a female.
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1.2 2. L&

Lo WE A strain, S ktina® TFujUNA AA AR TTFELS
Table 7m+ Fig. 60 YEMfATh H1EEE 16T AP FolA 4928 WA /mL
2 Fode= 7 =4 1JrE‘rkkE‘r(P<0.o5) a8y g0l S7hel wek A
A} ooy ol 28ColA 681 7Hiﬂ/mLi 7 WA vEET
(/<0.05). 3, 32T A¥T+ HFT 284 25 dAAT H1L =704 9
P THEL 28TolA 174%E 7P A degoy 32CE Add nE
AEF O FoH Aol HolA FhTHP0.05). EF, MA HEES A
T 24CollA FoFog FA vebd vk 11291 28 B 32T A= 9
Zow GHA YERSTHX0.05).

| W& S ktina®] MAMGAA LEEA, AT B £ Table
8ol UYEtleh. +&d 7HxﬂHH°k°ﬂAM A A gAE F

£
R
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>
ox
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rlr
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UTHP>0.05). =3 2o W2 4z F AdFE =D e 204 =
Uetus 23S B 16TAA 9271419 559 =

% 05). ¥kl 28ColA= 087HA2 2.2¢
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Table 7. Maximum density, fecundity and specific growth rate (SGR) of S.

kitina Gyeong-po-lake strain cultured at the different temperatures’

Temperature Maximum density Fecundity Specific growth rate
(C) (inds./mL) (%) (SGR)
16 492.8+10.40° 17.8+0.65° 0.846+0.0340°
20 392.2+40.30¢ 15.2+0.89" 1.187+0.02041
24 259.2+43.74¢ 12.4+0.57° 1.372+0.0430°
28 72.0+17.26 17.4+3.27" 0.503+0.0146"
32 10.0+0.00° 10.0+0.00* 0.000+0.0000°

"Values (mean+SE of two replications) in the same column not sharing a

common superscript are significantly different (/%0.05).
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Fig. 6. Population growth of S. kitina Gyeong-po-lake strain cultured at

the different temperatures.
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Table 8. The developmental phases, offsprings and lifespans of S. kitina Gyeong-po-lake strain cultured with 7.

suecica at the different temperatures’

Temperature  Pre-reproductive Reproductive Post-reproductive Offspring Lifespan
(C) phase (hour) phase (day) phase (hour) (ind.) (day)
16 23.3+0.20° 3.6+0.151 23.2+1.98" 9.2+0.61° 5.5+0.13¢
20 20.8+0.19¢ 2.6+0.31° 28.2+4.10° 7.6+1.05° 4.7+0.294
24 17.8+0.13° 1.8+0.13° 28.3+2.01° 4.4+0.42° 3.7+0.15°
28 15.3+1.18° 0.9+0.07" 20.0+2.39° 0.8+0.20° 2.2+0.10°
32 0.0+0.00° 0.0+0.00° 0.0+0.00° 0.0£0.00° 0.0+0.00°

Values (mean+SE of two replications) in the same column not sharing a common superscript are significantly different

(1<0.05).
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1. 2. 3. Ho|FH

HolF /ol wWE LRGN AE strain, S ktina®l WA 473}
&2 Table 97 Fig. 70| YelWlth H1UE+= TET+CHL &3 &5 7ol4
1569.4 NA/mLE frelde=w 7t EA JEOom(/x0.05), 1 HE
TET+HISO &% &5 7¢ TET @577 w8z =4 YERT(IX0.05).
B 1S09] @ETof ISO+CHLS &3 Fw7+ Foldos U Yehst
O W (/<0.05), CHL ©&= 3u79 A< s 244 =5 #HAst AT, Ha
dxe mE & A9 TETHSOS & FaTolA Fodoz 73
= UEFSTH<0.05).
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Table 9. Maximum density, fecundity and specific growth rate (SGR) of S.

kitina Gyeong-po-lake strain cultured at the different diets’

Dict! Maximum density Fecundity Specific growth rate
(inds./mL) (%) (SGR)
TET+CHL 1,569.4+266.994 18.7+1.60° 0.628+0.0165°
TET+ISO 993.3+74.09° 25.0+0.86¢ 0.591+0.0119¢
TET 998.8+157.49° 14.8+0.74° 0.624+0.0141%
ISO+CHL 35.7+5.25 14.6+1.97° 0.259+0.0060"
I1SO 44.4%3 47° 18.2+0.62™ 0.294+0.0083¢
CHL 10.0+0.00° 10.0+0.00° 0.000+0.0000°

TET, Tetraselmis suecica 1S0O, Isochrysis  galbana, CHL, Marine (hlorella

ellipsoidea.

Values (mean*SE of three replications) in the same column not sharing a

common superscript are significantly different (/<0.05).
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1,500

1,000

500

Density of S. kitina (inds./mL)
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—*— ISO

0o 1 2 3 4 5 6 7 8 9 10 11 12 13

Elapsed day

Fig. 7. Population growth of 5. kitina Gyeong-po-lake strain cultured at

the different diets.
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Table 10. The developmental phases, offsprings and lifespans of S. &tina Gyeong-po-lake strain cultured at the
different diets’

Dict Pre-reproductive Reproductive phase Post-reproductive Offspring Lifespan
phase (hour) (day) phase (hour) (ind.) (day)
TET+CHL 18.8+0.27° 4.0+0.29° 22.0+2.12° 10.0+0.88" 5.6+0.28°
TET+ISO 18.9+0.26" 4.2+0.24° 21.5+2.50° 12.3+0.93" 5.8+0.24°
TET 19.5+0.22° 41+0.28° 22.3+2.98° 12.7+1.02° 5.8+0.27°
ISO+CHL 21.5+0.25° 0.5+0.04%° 15.7+2.11° 0.5+0.25° 2.1£0.10°
1SO 21.1+0.44° 0.8+0.07° 21.6+2.23° 2.1+0.19° 2.6+0.08°
CHL 0.0+0.00° 0.0+0.00° 0.0+0.00° 0.0+0.00° 2.6%0.15°

Values (mean*SE of two replications) in the same column not sharing a common superscript are significantly

different (/%<0.05).
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1. 2. 4. o] FFF

Hol FFF W FHRuMGFNA S ktina®] NA &3 ETHELS Table
113} Fig. 8o YelATH T Al HaEE= 10,000 AlE
ol 4 2989 /WA /mLE FoF o= 7} EA YERFTHIX0.05). vl 2,500
2 25000 MZ/HA FETE o= ”711 U ERSE S H (7%0.05), 50,000
AZ/AA FFT e g 394 25 HAASAT. Hudzed o
EHELE 50,000 AlZ/ A FFTFE A ZE AFFAA F2FH Ao
E RolA ZUTHP>0.05). HuPEo] W AA AAES 5000 L 10,000
A/ MA FFTFAA 22 0911, 09448 FH o7 74 =4 Jebgth
(P<0.05).

ol FFFol| WM S kitina® NA MGl LA, g = S
Table 120 UEbAT o] FFFE AA Gl A4 A dA= =
Fol 7M=& 50,000 ME/NA FFTAA 199412 7H A UE
ot 5000 AlEZ/ A FETE AT T AT FoHd Ael=
Holz] eEATH0.05). = A2 TAE 25000 ME/ANA FFTFANA 282
FoF o g s =A VeSO U (%0.05), 10,000 2 50,000 AlZE/ A FF
T2k Y&l Afol= HolA FUTH(20.05). A4 & GA= 2,500 AlZ/

o
rlo

.

MNA F5TE5 A 2e AF@TFAA 19.5~23.0A%F frol &l ztol 7t
slol 1JrE}bHD}(P>o.o5) wgF Holgfo| mE A Abgk 8l & 25,000
ME/NA FFTFNA 4z 7109 4492 FoFH oz 7H =4 YER:

S 1}(7%0.05), 10,000 50,000 AEZ/MA FFTF4e] FHQ Aol Ho
A FITHP>0.05). 1 HolFo] F& 2500 H 5000 AZ/MAE TFIH
AP ol A9e Foz oz YA YERGTH0.05).
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Table 11. Maximum density, fecundity and specific growth rate (SGR) of
S. kitina Gyeong-po-lake strain cultured at the different food

concentrations

Food concentration Maximum density Fecundity = Specific growth rate

(cells/ind./day) (inds./mL) (%) (SGR)
2,500 115.0+0.94° 11.7+2.19° 0.774+0.0146°
5,000 246.6+2.88° 13.2+1.92° 0.911+0.0020¢
10,000 298.9+10.64¢ 12.3+1.21° 0.944+0.0060°
25,000 97.2+22.0° 15.6+2.09° 0.645+0.2924"
50,000 10.0+0.00° 0.0+0.00° 0.000+0.0000

Values (mean+SE of three replications) in the same column not sharing a

common superscript are significantly different (/%<0.05).

5350 r
£ —e— 2,500 cells/ind. —a— 5,000 cells/ind.
— 300 |
7]
] —— 10,000 cells/ind. —— 25,000 cells/ind.
£ 250 |
.g 200 —x— 50,000 cells/ind.
=< 150
7]
© 100
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‘50
o
o 0
0 1 2 3 4 5 6 7
Elapsed day

Fig. 8. Population growth of 5. kitina Gyeong-po-lake strain cultured at

the different food concentrations.
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Table 12. The developmental phases, offsprings and lifespans of S. kitina Gyeong-po-lake strain cultured at the

different food concentrations’

Food concentration Pre-reproductive Reproductive Post-reproductive Offspring Lifespan
(cells/rotifer /day) phase (hour) phase (day) phase (hour) (ind.) (day)
2,500 20.6+0.34° 1.3+£0.09° 39.0+3.70° 2.1+0.19° 3.5+0.14°
5,000 21.1+0.59" 2.0+0.20° 22.0+1.71° 3.7+0.43 3.9+0.21%
10,000 20.1+0.37% 2.5+0.16° 20.5+2.44° 6.8+0.60° 4.2+0.16"
25,000 20.2+0.22%° 2.8+0.14° 19.5+1.88° 7.1+0.43¢ 4.4+0.16°
50,000 19.9+0.21° 2.6+0.16° 23.0+2.49° 6.0+0.59° 4.4+0.15°

Values (mean+*SE of two replications) in the same column not sharing a common superscript are significantly

different (/%<0.05).
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1. 2. 5. &Y

Frdo e TMGFANA A BT wigs el B4 RSk (pH, DO
2 NH;-N)= Table 139} Fig. 9o YelAT. HuEEE 1€ SFTolA
6033 WA /mLE FolH oz 7bg =A Vel ouH(x0.05), 3¢ 3
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FTeke] oAl Aole HolA LUtH(2>0.05). DO L
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At om S ktina®] WA BRI HES A FUksle AEFE EAH
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Table 13. Maximum density, fecundity and specific growth rate (SGR) 5.
kitina Gyeong-po-lake strain cultured at various exchanging

interval days of culture medium’

Interval of water Maximum density = Fecundity Specific growth
exchange (day) (inds./mL) (%) rate (SGR)

Control 450.8+0.85 7.4+0.70° 1.007+0.0003"

1 603.3+10.00 7.4+1.30° 0.793+0.0022%

2 413.7+13.75% 6.9+0.75° 1.023+0.0049"

3 565.0+12.50° 5.3+1.34° 0.768+0.1330°

4 444.1+24.15° 6.5+2.00° 0.691+0.0826"

"Values (mean+SE of two replications) in the same column not sharing a

common superscript are significantly different (/%<0.05).
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Fig. 9. Population growth of S. Atina and changes of DO, pH and NH;-N

at the different exchange interval days of culture medium
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1. 2. 6. &+&

rlo

Shgoll W S ktina® ¥ %L Fig. 109 JEMAT. F 587
40% AgTolA 8.2x10° MAZ thE AP o) Hl3] FHo= =A e
TH/X0.05). 71 F=Z 30 2 50%7F Z+7F 7.4, 7.5x10° A9 H& FIF
FAT F APFoE Fo A Aole YERA 23Sk THP>0.05).

B AgeA et AZErH Held 70 suedica MATe] FEd
B8] BHE(Fig. 11), Y = 650.18X+187.39 (R*=0.6419)2 ®ol¥ =7} <&
E AFES =oMAE AFS B = AFES NH-N 559 435
HAE B8 RW(Fig. 12), Y = -0.0625X+0.1068 (R*=0.4961)Z Hl) <=

NH:N 5570 5858 4488 Wl 4% Ry
o x o

4> i OP
fr 3¢

m{o

\—/
g
)

=
21

E=pIES %2 oM Y Hy kol
40%E &=l F£ Aol FoHY Ho=z FEIECHL =3 A diF
S A FEI HolgFd tEC] NH:-N #stol tia 243 thA
7t 98T Ao AdHET
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Fig. 10. Total harvested of rotifer, S. Kktina at the different exchange

culture water rates.
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Fig. 11. Relationship between food concentrations and growth rate of S.

kitina at the different exchange culture water rates.
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Fig. 12. Relationship between NH3-N and growth rate of S. Aitina at the

different exchange water rates.
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1. 2. 7. 7] AFTHUE (Batch %)
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Population growth of S Aifina and changes of fecundity and
NHs-N at the different inoculation.
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1. 2. 8. G WS wE WAEY A

15% 01 A w3t S kitinas 5702 GET(15, 20, 25, 30 E 33%)E
A& w AZPE AYEELS Table 149 YEMATE HF 1084 =&
5~25%°14 90% °1’¢ "EtY FoFez =4 YEbhd(/X0.05) ®Hd, 30 9
3BhoNA= Z7F 75, 675% S Ko FHOE A YEFRTHR0.05). HF
1804 A Aol = 15~25%7kA 725~975%9 Wz 2 HEES
HYPou mFEQ 30% 2k 33% o AE 45, 40%% FHoE WA YEbgt
(P<0.05).

0202 20% A vlgstd S ktinas 2 A I 5702 AET
2 &HE AP AEES AHEA HYE, JF 1024 30% 2 33% 9
AT A ARG A7) 5, 125%4 FEE A

—_

#3Y & YUtk o

[e)
= ad = = =
23 A A3 5 AT HEF 18087HA FAFH A AdeAe A
E& 0%RTGE 7H7F 225, 15% % =A] YElS tH(Table 15).
T Addo= 25%A wFstd S kitinas 5719 @ET= < o

o
AR BELS AHEA 9, HAF 10204 30% 9 33%S) AT &
gl | Adgrct 2+7b 5, 125%% FAE 875%2 =& HEES B
o ol2d A& AF T8 AINA AT 180274 7A = AH(Table 16).
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Table 14. Salinity tolerance of S. kitina Gyeong-po-lake strain cultured with 7. suecica at 15%, for a week’

Salinity 10 min 20 min 30 min 60 min 120 min 180 min
(%%0) (%) (%) (%) (%) (%) (%)
15 100.0%0.00°¢ 97.5+2.50° 97.5+2.50° 97.5+2.50¢ 97.5+2.50° 97.5+2.50°
20 95.5+3.44° 92.5+4.09° 92.5+4.09" 90.0+4.58% 90.0+4.58" 90.0+4.58™
25 90.0+4.58" 90.0+4.58" 87.5+4.90° 77.5+5.70™ 75.045.73° 72.5+5.70°
30 77.5%6.76™ 70.0+6.68 67.516.56" 65.0+7.34%° 50.0+8.88" 45.0+8.81°
33 67.5%6.56 60.0+5.84° 57.5+5.47° 52.5+5.70°% 45.0£7.16° 40.0%7.77°

Values (mean+*SE of two replications) in the same column not sharing a common superscript are significantly

different (/%<0.05).
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Table 15. Salinity tolerance of S. kitina Gyeong-po-lake strain cultured with 7.

suecica at 20%, for a week

Salinity 10 min 20 min 30 min 60 min 120 min 180 min
(%0) (%) (%) (%) (%) (%) (%)
15 100.0%0.00°¢ 97.5+2.50° 97.5+2.50° 97.5+2.50° 97.5+2.50° 95.0+3.44°
20 97.5+2.50° 97.5+2.50° 97.5+2.50° 97.5+2.50° 97.5+2.50° 92.5+4.09°
25 92.5+4.09" 87.5+4.96" 85.0+5.25" 82.5+5.47" 77.5+5.70° 77.5+5.70°
30 82.5+5.47° 80.0+4.96° 77.5+5.70° 72.5+5.70* 70.0+5.61%° 67.5+5.47°
33 75.0£8.50° 67.5+8.33° 62.5+8.00° 60.0£7.77° 57.5+7.50° 55.0+7.16

Values (mean*SE of two replications) in the same column

different (/%<0.05).
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Table 16. Salinity tolerance of S. kitina Gyeong-po-lake strain cultured with 7. suecica at 25%, for a week’

Salinity 10 min 20 min 30 min 60 min 120 min 180 min
(%0) (%) (%) (%) (%) (%) (%)
15 97.5+2.50° 97.5+2.50° 95.0+3.44° 95.0+3.44° 95.0+3.44° 95.0+3.44°
20 97.5+2.50° 97.5+2.50° 92.5+4.09° 92.5+4.09° 92.5+4.09° 92.5+4.09
25 95.0+3.44° 92.5+4.09° 90.0+4.58° 90.0+4.58° 85.0£6.38" 85.0+6.38™
30 87.5+4.96° 85.0+5.25% 80.0+5.61° 75.0+5.73° 75.0+5.73° 75.0+5.73°
33 87.5+4.96° 80.0+5.61° 65.0£6.38" 62.5%6.15 52.5+7.67° 45.0+8.81°

Values (mean+*SE of two replications) in the same column not sharing a common superscript are significantly

different (/%<0.05).
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2. 1. wiFE7)o B2 %

Hj &1 W& T suecica AEA 7S Table 173 Fig. 149 WERAATH
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Table 17. Maximum density and specific growth rate (SGR) of 7. suecica at

the different culture vessels

Maximum density Specific growth rate
Culture vessels .
(x10" cells/mL) (SGR)
30 L (Round-type) 225.0+25.00° 0.449+0.0450°
100 L (Plate-type) 490.0+37.00° 0.489+0.0181°
1 ton (Round-type) 70.0+1.00° 0.652+0.0001°

Values (mean*SE of three replications) in the same column not sharing a

common superscript are significantly different (/%<0.05).

600
—o— 1 ton (Round-type)

500 T —— 30 L (Round-type)

4

Density of T. suecica(x10 cells/mL)

400 T s 100 L (Plate-type)
300 |
200

100 |

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Elapsed day

Fig. 14. Growth of 7. suecica at the different culture vessels.
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Table 18. Maximum density and specific growth rate (SGR) of 7. suecica at
the different pH controlled by CO, gas

H Maximum density Specific growth rate
P (<10* cells/mL) (SGR)
No control 740.0+£10.00° 0.557+0.0005°
6 535.0+15.00° 0.543+0.2600°
7 657.5+57.00° 0.565+0.0200"

Values (mean*SE of three replications) in the same column not sharing a

common superscript are significantly different (/%<0.05).
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o
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—— No control

600 k —-pH®6

4
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400 |
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Fig. 15. Growth of 7. suecica at the different pH controlled by CO, gas.
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3. 249 rotifer, S. kitina® WFu) Y
3.1 HFTUE B Y44 A3 (Semi-continuous H )

Z4% rotifer, S ktina®] FAETLE ©E 99 /HAEEE Fig. 160 Y
BF itk w71t S €9 AALEE 250, 600 B 900 WA/ mLell A ZF
Zt 277~1,675, 611~1,707 3 890~1,642 7N A /mLE H At vl 4L A 7HA
£ 900 /Al/mL HFEF7F 250 2 600 MA/mL HETERDG fFHdos =
& NALREE HATHIX0.05). WY 5LAHLEE 600 2 900 NA/mL HE
T7F A2 oAl zol7t fle Ao® Uetsion, wid 8RR EE BE
APTFAA fFeJHR 27t e ALE 2ARE ATHP>0.05).

ATE=d 2 dd F33FS Fig 179 YePRATh HF 794714 =

900 7HAl/mL HFTlA fFoHer 7ME & dY FgFS By,
250 /MAl/mL HIETE FYHE 7P @2 dY
(P<0.05). &4, HELE 600 /NA/mLe WY 5UAFE HELUE 900 7§
/mLet Fo] ARl zto] & HolA] rokth(P>0.05). 181 HH% 8 o]F9f o
Y FHFS BE AP ToNA FY2QA AolE HolA FUTH>0.05).
e 797 HAELE wE T 5L Fig. 184 UEAT F
e 900 MA/mL HEFTFANM 1739%,667 NAZ Z+Zr 7,436,667 2
,029,667 7HAS K<l 250, 600 7/HA/mL HFETRHT FojFog H& 35
& B HTHX0.05)

i 8L A FE 14LA7A O] F F&FE Fig. 1991 YAt 250, 600
2 900 /WA /mL HFETFolA Z+H2z+ 18,260,000, 19,110,000 B 18,678,333 i Al
o F FEFES Hol BE AFFAAA FolH A7t e Aoz UE
P>0.05).
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Fig.

Daily harvesting of rotifer (’<104 inds./mL)
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16. Population growth of rotifer, S. Kktina at the different initial

inoculation density.
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17. Daily harvesting density of rotifer, S. ktina on the different

initial inoculation density.
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Fig. 18. Total harvesting density of rotifer, S. Aitina at the different initial

inoculation density (from 1% to 7™ days).
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Fig. 19. Total harvesting density of rotifer, S. kitina at the different initial

inoculation density (from 8™ to 14™ days).
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3.2.01 ¥ 05 ton 77=Eo el (Batch B ¥)

0.1 ton FZNA S kitina® YL F 7NA <= Fig. 2091 JeERAATE 1)
A& 2U A7 A= 6.6~95x10° WA Z vl A A Zo] ZHA JEelykth 1y
vl A ZEo] A G5 10~30%9] =2 E@Eo] FAIF vl 9UA 60x10°
MAZ Hud=E Bk

05 ton FZANA S ktina®] ¥4Y¥ F NAFTE Fig 210 YERH AT Y

FYo] Aol wet 20~30%2 T ETE 7|Aste] A Aol F7t
e AFS Bk ol#d AT wld 5YATA ALE 0] 90x10° NA R
HAuEEE Yt

AFRHOZ 01 Y 05 ton Zo] & vjUFRANE S ktinad] AZL
o] Fojom, Zzk 60x10° H 90x10° A9 HILEE Hof of Yol
7heEHe AlAE FATH

$HH, 05 tonolA iEElF Al AAGS BXs] BH rotifer 19 /HAE
A o = Anle Holrt v d@d64%), AR 3Rted A(52.2%) H
A=H 1HY(14%) 22 F 679 o] A8 FG o, o] F Holule}k Q1]
7F diFES A S Aoz AR A (Fig. 22).
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Fig. 20. Production of S. kitina at 0.1 ton tank during ten days.
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Fig. 21. Production of 5. Atina at 0.5 ton tank during seven days.
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Fig. 22. Production cost of 5. Atina on the mass culture.

3. 3.1 ton 7729 "l FE'H (batch B semi-continuous ) 44
g2 BAY 4

%29 rotifer, S. kitina®] batch @ semi-continuous Bj el w& I 7j
AD= W3l Fig 230 UERASATE Batch #iFol A w7zt &<+ HA 2
E& 30~135 Aol eH, AudEE wF 5 135 /NAE YEFRTH
HHH ) semi-continuous Bl ol A vl 7| Bt A RE= 34~556 AR
om HyuUzE v 7R 556 MAZ UEFSTE

Batch vofel W2 dd A4HEFLS Fig. 240 YERNATE Batch vl ol A
k717 FQF 99 AgAakkS 18,000,000~87,304,400 MAS RPoHn, Hu

U AAeFe wlekF 5AA ol 87,304,400/ H 2 LEFSTE Batch B Foll A ]
Fdo] WE AT Ha Y TS Wl 284 27,935,400 NAE

UERATH(Fig. 25).
gHA, semi-continuous HiFoll WE AA ABAFEFL Fig. 269 YERH AT
Hj 717 FoF 9 AAERS 6,120,000~100,080,000 A 2 e om A
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dd FEF2 vl 7R ol 100,080,000 MA = LEFSLTE.

Batch Y % semi-continuous Hj %ol W& wjeF 5L R 7= o] F AJAHEF
o] ¥l:+= Fig. 270 YERARATE Batch wiofol wE F AJ4tbaFd 87,304,400
NAZ 427,680,000 A S HQl semi-continuous B ¥} F-2F <2l ZolE B
A TH(IX0.05).

el Zbzh vl wE Wi dare] SRSk Fig. 280 YERY
4, batch HlYolA DOE HlY7|zte] AdE A A3 Frlste BAEFS
Ho] AP7IF F 6.56~17.30 ppm Atolo] HHE E AT NH:-N2 Hj 47
P & 023~1.00 ppm Atol 2 UERGo™ wjek FLHEH FTlske
B T3 pHE ¥l$712E 5 6.97~7.37 Alolo] H9E HATH

Semi-continuous Hj ol A wjUdde] wE DO+ HlYF 7
FAHE AFS 2o, 794 o|Fo FobAE AFS EUth NHs-N2>
HjF712F &<t 0.06~0.45 ppm Aol 2 e o™ wj e 3YA7LA] FA% 2
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Fig. 23. Rotifer density obtained in the batch culture and the
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. 25. Daily increasing density of rotifer, S. Aitina in the batch culture
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Fig. 26. Daily harvesting density of rotifer, S. Aitina in the semi-continuous

culture system.
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Fig. 28. Variation of DO, NH3;-N and pH during the culture period of

rotifer, S. kitina in the batch and semi-continuous culture system.
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Fig. 29. Production cost of S. Akitina in batch and semi-continuous culture

system.
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e JEhUA gkt AdFTE Al 360
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& -7 E&EHo 2 o]|Fojd Holw, H|g B HAZ A rotifer=
el (seed HE) diEFulFol 2Ho] gl& Ao AT
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Fig. 30. Growth of rotifer, S. kitina on the different food concentrations at

the low temperature (6C).
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Fig. 31. Growth rate of S. kitina on the different food concentrations at the

low temperature (6C).

5 Hola&

5.1. T&%+F AolY HolaE

Hol2HE DSt TLEE Aol TRFIAL W olF Aole] 4%

7} AEEL Table 199 YERATE A2 R F57olA 332 mE F93
o7 FA JEgoud BE A@Te fojHl Aol Holx Futh
(P>0.05). 32&%E Ao & vtele] FAE C FuTollA 80 pgE FIHo=
7V EwA dEod BE AT folHd zele HolA Edth
(P>0.05). BEEE R FFTAA 523%2 Fod oz 714 A4 Uelgoy
(/<0.05), S A@T] fFo2Q Aol= YehbA] @ Skth(P2>0.05). T2y C
FFTE 259%% FHoZ WA YEFSTHIX0.05).
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5. 2. AR Aole HolEE

20 L x4 9ol FR/RE 2eElstd A AojollAl FFA wf o] &9
AEE 2 AR Fig 32, 339 UYEAS. AEEES S ktina &5 714
82% = o)Az A yetd W B rotundiformis 3w TOAAE 21%E
A ZARE ATHX0.05). 23 AR D A ZE F Hol AP A F2
2l 2ol gl Aoz UEFTHP0.05).

12 ton Fxol|A Fkdol| wE HA #Aoje) =7] Bl FAl= Fig. 340
EFgch 23 3 3,5 7,9 9 119 ¢ HX Aojo] TAY A= F A
o Aol AzF FolAH ] Aol 7t YERFA] kTR 2>0.05).

A FTH A A4 Hold mE FHX Ao A4 E412 Table 20
ettt & A3@ 3] SFA  (saturated fatty acid) ¥ MUFA
(mono-saturated fatty acid) 24 <1 Zpo|E HolA] FUTHP>0.05). ETH
ARA(C20:4n6), EPA(C20:5n3) ¥ DHA(C22:6n3) H% F22Q0 Zol7F ¢l
© A2 2 YEISTH(P>0.05).

Aoz 20 L H 12 ton APNA FHAA Ao (A, AF 9 F
AL S ktina 53T B rotundiformis 33Tt ztol7 flE Aoz
ettt L MEgHo|lME S kitina®l 277t = LEtRon,

Al'S
=

l]9|_

ZE F FH=x KXol xLA EAM ZAI ESE dSAUsSIE B
rotundiformis 32T HluyS of EHo=2 M§ HOX| X 27 2o
1ol &2 FH=x Xoje] MER Ho|MEZM I JtsMd2 F&s5t22f =

chEl C}.
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Table 19. Growth and survival rate of the black grunt larvae, Hapalogenys
nitens fed with the different diets’

.4 Total length Total weight Survival rate
Diets 9
(mm) (u8) (%)
S 3.18+0.051° 80.0+11.00° 44.9+8.32°
R 3.32+0.463° 100.0+20.007 52.3+3.88"
C 3.21+0.014° 110.0+43.007 25.9+2.26%

"Values (mean+SE of three replications) in the same column not sharing a
common superscript are significantly different (/%<0.05).
Ig, Synchaeta kitina; R, Brachionus rotundiformis, C, Copepod nauplius

12.0
b

10.0 |
e
3 80 |
©
= 60
2
e 40 } a
=
(7]

20 |

0.0 .

S. kitina B. rotundiformis

Fig. 32. Survival rate of the file fish larvae, Stephanolepis cirrhifer fed on
the different diets at 20 L culture tanks (Trial 1).
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Fig. 33. Growth of the file fish larvae, Stephanolepis cirrhifer fed on the
different diets at 20 L culture tanks (Trial I).
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Table 20. Fatty acids composition (% of total fatty acids) of file fish
Stephanolepis cirrhifer larvae, fed on different diets’

Diets

) S. kitind B. rotundiformis’
Analysis

C14:0 1.0+0.14° 1.0+0.10°
C16:0 15.9+0.55° 16.2+0.56"
C17:0 0.6+0.02° 0.6+0.03"
C18:0 6.7+0.37% 6.6+0.19°
2.SFA 25.2+0.82° 25.2+0.82°
Cl16:1 4.6+0.15° 4.9+0.01°
C17:1 0.6+0.18" 0.3+0.31°
C18:1n9 6.5+0.21° 6.4+0.02°
C20:1 0.5+0.05 0.4+0.01°
>MUFA 12.5+0.16" 12.2+0.36"
C18:2n6 4.2+0.75" 3.0+0.32°
C18:3n6 0.3+0.06" 0.3+0.01°
C18:3n3 0.2+0.05" 0.2+0.01°
C20:2 0.4+0.08" 0.2+0.05°
C20:3n3 0.7+0.07° 0.6+0.06"
C20:4n6 51+0.13° 4.9+0.10°
C20:5n3 12.7+0.38" 12.9+0.63%
C22:6n3 2.6+0.49° 2.8+0.22°
>.PUFA 24.5+1.90° 25.0+0.92°
n-3 HUFA 16.3+0.26" 16.6+0.46"
n-6 HUFA 7.9+2.23° 8.2+0.41°
n-9 HUFA 6.5+0.21° 6.4+0.02°
DHA/EPA 0.2+0.04° 0.2+0.03"
EPA/ARA 2.5+0.04% 2.6+0.07%
n-3/n-6 2.2+0.79% 2.0+0.05"
n-6/n-9 1.2+0.38" 1.3+0.06"
Unsaturated index (%) 118.3+8.70° 123.4+3.46°

Values (mean*SE of three replications) in the same column not sharing a
common superscript are significantly different (/%<0.05).
'Rotifer was enriched with Chryptocodinmum sp.

25 Ikitina was cultured with 7, suecica.
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4. 3. TR/ Aol HolESE

12+ Aol 73} 4L A 7R o Aol A HEEES Fig. 35, 3691 U
Ef et oA 2t F35eE &Aoo MRS 1.90 mmeo|i o, F3 444 S
kitina 3979 7%= 256 mm, B rotundiformis &3 7 249 mm=Z YEl
U F AP Fo3 Aol jle A= ‘JrEPXlFE}(P>O.05). ay A
& JdoME S Mtina FuTOA 1140%= =A dEbd ¥H B
rotundiformis 35 TNAE 003% = vl-¢ 2 AEES B A THIX0.05).

22 Aol A F3} 7R 7EA] Aolo] AAI} HELSS Fig. 37, 38 UE
itk H3k gY Ao AAES 1.90 mmolfow, H3 7dAdE S
kitina 39 TNA 2.67 mm, B rotundiformis &4 T4+ 2.67 mm=z F A
Ao Fol A Aot Qle Aeg YERTH(P0.05). sHATE AEE
JAME S kitina FFTANA 361%= "wWl§ =4 Jdepd W, B
rotundiformis 343 ToNAE F& 44%%2 YElY F AdFNA /F2AA A
o] & HTH/X0.05).

g, B AdolA F3} 4dAo F AP Aol L3tH oA B
rotifer®] A Z7](trophi)& #&& 4 UATH(Fig. 39). L2y S. kitina S
TolM B rotundiformis 32T 52ct H Z2 rotiferel M=7|E wZ5HA
Ct. o| & &dll S. AitinaZl s40l 7] Ho|MEEEM 0|8 Jls
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=

jo
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Fig. 35. Growth of the grouper (Epinephelus septemfasciatus) larvae fed on
5. kitina and B rotundiformis after hatching 4 days (Trial 1).
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Fig. 36. Survival rate of the grouper (Epinephelus septemfasciatus) larvae fed
on S. kitina and B. rotundiformis after hatching 4 days (Trial 1).
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Fig. 37. Growth of the grouper (Epinephelus septemfasciatus) larvae fed on
5. kitina and B rotundiformis after hatching 7 days (Trial 2).
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Fig. 38. Survival rate of the grouper (Epinephelus septemfasciatus) larvae fed
on S. kitina and B. rotundiformis after hatching 7 days (Trial 2).
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Fig. 39. Confirmed rotifer trophi in the gut of grouper larvae fed S. Aitina
(lefty and B rotundiromis (right) after hatching 4 days (x 400,

arrowhead).
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g, Yin and Zhao (2008)°ll ©|38t™ B plicatilis?ll ol A s Z
de 2 AAES] Atz ojoina sith ¥ dEE T PIME A
FE ool A Aol FdE Wk o] S E HudsE, 23 ¥
BEES TR YolA= s Ho L3 AHE €< F AU
=3 B plicatilis®] 735 10~20% 2] 7179 &4 A4E L 4FE°l 7F
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+ B3} o™ (Miracle and Serra, 1989), ©]2g o|fFE | F7}HA]
T g 17~-25% A F=2 P A JATHFu et al., 1997, Lubzens et al.,
1997). £ AFeM % 5~20%2 715 GEAA gAe] 25 F 30%° 1
B A UEY S Ltinas 92 7159Y @R vjYsteE Zol ¢
<

=3 A S AFAA neonate”’} Aol E#slr] AR AY
= ool A 71 &A ZH
=) | RotdE =
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A5t g AAE S F UATE FH o5 AT AEC YsHA 2
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T 47 3.8~73¢, 6.1~9.27Hﬂli Uetdty Rusigled 2 =
A A3PoAe= 44 51, 487MAZ YENY o] Foll Ml thh &

_98_



Aoz zAEAG. T olf= & AP HolF2 Al B

~

suecicaZ 3x10° A|EZ FF3 W S cedlia valentina R S, littoralis®] 2
AME MA B 15~15x10" A ZZ FF= o] HolFo| W 2o W& A
S = AT Schimid-Araya (1991)8] H il A% B plicatilis ¥ Encentrum
linnheP| Al HolgFol] W& Al SFS A3 Ao, HolFo] BoldrE 4bdt

F7h BobA A Hel Holo] Anse] AHH YL v o

L= EnAS R

2 AR NA B RGN S Mtina®] AR w8 5%l A
71 A et oy dio] mobd S E o9 il W WA oA
= B¥e B AAe Atz UEEt ols & AdadgolA ArsEHE A
ololAl FwE A% o5 o] AstHo| Aoyt & HAHSA Kk &
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=
o] 59 &X&-go tigt Aol o Aoz ATdHT
2 dF3E BT = o, =48 rotifer, S. Aitina2l CH Zkulf ko] U 0]
z =

e mMdel 5%o0lat Eetelct

T2 B plicatilis 3 B. rotundiformis®] 373 A2 @ IFES v
TH(Galkovskaja, 1987). Park (1998)%] A5l o8t B plicatilis®] #HZ 2374
2 20~25C°|™ B rotundiformis= 30Ce3 H1stTh E3 Kang et al
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5Co| 0] FoldsE A2 o358 Astdua sidn. 13y
Rico-Martinez and Dodson (1992)& &°| %otEF5 B clyaflorus® <
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TE TG AP s wrIRte]l AAEFF AR 16ToAA Ao
EY ¥ 28 2 32T 9 AFoAe Aol FolH oz oA = =
Ho] Kang et al. (1997)9] A7 239t LA Yetwtth 8, & <4
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Yol 5= (NH;-N)o 9% wi£¢l A& AGHAT(Schliter and Groeneweg,
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- 1419] £E4H4 9 NH-N 53 22 318h3 aclse o3k F7iA el 4

i

|
oF

=

O

XNorlo
8

(o3
rlo

2 ‘F%Eﬁi 7)) vl %koﬂlﬂ neonate’} A<l E@E7] A7ER|Ql A2 A
& A dAe FRo] BolETRE dSHE AFS B Ay AT
A5 fTAFSE A2 UEFTH(Awaiss and Kestemont, 1992; Oltra and
Todoli, 1997; Bosque et al.,, 2001). °]&% o] FEE T WE AHAE
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gt & g Atk AR HolFe| 1L ooy olstz ¥FE AFole 4FE,
ZTaE 9 AEE dF9F S FA7] wjEo]th(Halbach and Halbach-Keup,
1974; Stemberger and Gilbert, 1985; Rico-Martinez and Dodson, 1992). H
AT 7+ D AMAMYE ARAME T suedicas A F 10,000 AEE F

w3 AET e A@Fol ¥E 52 AFE ET 2 FHEE Bo A
A HolgF2 /Al = 10,000 M=ZSQI Ao=w ddHET Ly TR A
10,000 Al=Z/7WA o]’Fe] Hol] FaTolAs AZol vda WA yehd W,
MA el A= ke B ol E3FR] Aoz AbE o F A I A
2 itd A3z et ol#d olfe TRHME Al s Yol &
o] F43] F71et9 7] Wi Aoz AgEHY dMH O R rotifere] A%}

J

o ojo wxol A YL wor], I s AV 5E o

by

HLE

H 2

& WA Frh(Schlosser and Anger, 1982; Rothhaupt, 1990). £ ATFollA=
HolgFS JfA & 25000 2 50,000 AEZZ FF3A=E ol MA MG Al
= & A7 )l WHEY FEFdeldoyd SRSl HolE 1Y 132
FEotA 7] Wl AR HEg o] Eoj7t A 4FFS v AL

f
il
L
rit
i)

. olME A= HolFe A=l rotifer £317]%59 Ao,
A3t s Skl wWE Wi o, ARE f
Ast g RlaeARd 38 o2 yEhd 4 7] W Eo|th(Halbach and
Halbach-Keup, 1974; Pourriot, 1977, Starkweather and Gillbert, 1977;
Starkweather, 1980).

Sk, S littoralis (Bosque et al., 2001)°} S. cedlia valentina (Oltra and

L)
%

Lo

3
pul

Lo
g
o
B>

>

~|
offt

95

Todoli, 1997)¢] <& 74X AAME AL wf Holge AdFoE TS
1z g, FHdE dFS PAA e AoE BRuHAT o3t AFS
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rotifer, Encenfrum linnhers  ©]&3 AFAAE  FAA  UHEET
(Schmid-Araya, 1991). Bosque et al. (2001)%} Oltra and Todoli (1997)°l4 S.
littoralis 2 S. cecilia valentina®] ¥ Z7]= 180~238 mo] o 7 A v
Ae A HolFe T suecicas WA B 15,000~150,000 AlEZ FF3FH T
v o] H 3 Holge B3t A7]9 B plicatiliss WA S wo] 9
o] =<l 500,000 A|3/7WA|(Carmona et al., 1994; Serra et al., 1994a) E.t} v
< Z(;]'% Fo g2 A= AAHE thal AAoHF Ho|E o] L8302 H AT
TS 71 Aolgta AES Wd vk vk Ty B RAEY A
M= ot AtE Axtm wolgko] £ B At B JFEFS W AL
2 Yeigtth ol d A= rotifer TE ol IAV|(TH)9 HolF] wE
g wEolel AEtH(Stemberger and Gilbert, 1985). £ A3 oAl A&
S. kitina= S. littoralis 3 S. cecilia valentina Y% 1 A7|7} 1/2~1/4
o oI, 28 af Hol HFH T AJS Aorg AdHT. mpA B
MA G APANA FEH HolFS S Ltina®] T8I A Ao FA
7 §l& wEe FES Foldx I=2 U3 Bosque et al. (2001) E Oltra
A 3} 4 gEA Yelhd Ao w AdEH
kitina2| o Zkujj 2kofl A0l A Ho| IF

S , S.
22 VA ¥ ZEu LA =2 ML=t AFES Hel 10,000 Al =/

o))
o]
Q.
;%
@)
Q.
o
—
O
O
S
o
2
©
rir

o
>
Ok

ffo
b

i

=IOI=I
:

=

1. 1. 5. &Y

Sl WE 5 Mtina®] H1UTE 1, 3Y ST HHF 592.5~603.3
MA/mLE B 2, 49 2 T35 450.8~494.1 /A /mL BT} Fo]5 o
2 g4 eyt e A@FA Aol AT E MAEEE HAF F
7tatth7t Haudso| =2d & AT o8 d o] fE Algto] A
S7HE = ol23tE A e dEUYOKNH:-N)&F &34k4e A 9 v
Hgo 9 wEolgt A

u

f
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=4k rotifer, B plicatilise F-4+4 Z4eloll Z3FA gk 12413k Aypd =
T HARRT A B SR T4 H, 1983). 3 Yoshimura et al. (1994)¢} Park
et al. (1999a)2 <FBA QI rotifer &S A &F AHA&7F 2 ppm ©1FE,
TR (1995)2 4 ppm °old& FrASoF dotar Rusid. B AT 4
S, B AT HadsE A 8344 E 5560 ppml 2 UEGOH,
50 ppm °Jstd 733 rotifere] 7HAFE % 1 Alztstait. ol#iek &+
2t dAFE AT I4F "Eelzt

rlr
o=
o b
ol
o

oFNHs-N)¢| S7t= l'——?c‘}% sl w571 200 o
rotifer®] hFrlFs FAs=d FAA o] Aty Husinh E=T,
Park et al. (1999a)¢] A&\ A B plicatilis®] 785 ©|23}= A 2 PEYo}
9] FE7} 16.6~22.6 ppm¥ W rotifer Y=+ AT AT B ATl
"11‘:— Hldoe] Adges Be AP TolA FEYOKNH-N)2 w5 S71
st A¥Fe Edo 2Eu & AddA RE AP T HudE A $RY
ool =& 03~0.6 ppmo=E A7] AREY dRYol F=o Hls| rug
TEOE YRRt I"HdE ETsha, JMAavE g4t dRleEe S

kitina F°| AE2 54 Fol st ¥z (lorica)e] - Foll WE Aoz &
et A3 rotifere] wAE AW ACE=H 9o HAHORRE F&
oz 4#A YthRoche, 1987). LY S kitina T 71E2 t
2] T3to] 917] Wl EAlo gmUolrt HHH oz Al
Zo| gryote] Fxolx WEA WeE AoeE AgHT

B AYS STl & o, Audss 6 wE AFES 1 9 3¢ &=
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ToA fFre]How FH
M 2 ol S kitinael MY &
i Uo] 8&4t4AE 5 ppm 1%, NH;-N %+ 04 ppm ©J3t2 {FX
3| oF&F A o]t}

A dehgth mald ZFAD Fesel S
H #he

&
2 2 3dol2f EehECH I o eF A

1. 1. 6. &+&

gl e ANA APddA ol23HA e dEUOKNH:-N)= H
Fdol me Frtete A¥e BT sHAT B APdAs dEbRQl
rotifer, Brachionus 42 7ol d3FE& vX&= 16~25 ppm (Park et al,
1999b) B th+= S T2 & + B plicatilis 2 B. rotundiformis W %
ol A%, Helg FuHe B4 5 (Worelas rotifer’} A5 A3 38HA]
Eolal v E vig o2 vlelgtol Full7l FH a1, 3 rotifer WA Eol 93
i Wl o] 23tH A kR Yol w=7F Fobxl Ao = A E tH(Yoshimura
et al., 1997). ¥+ B A= 27 350 2 500 LolA 1E =2 v Fstd
A GFit 5 (hlorelas M2 33 B plicatilis 2 B, rotundiformise}
£ 28 (Yoshimura et al., 1996; Fu et al., 1997; Park et al, 1999a) 5 Lol 4|
AUER wefete] dhRUYol A4 A4l widE o] AAa, Holm
T T suecica= BS54y §F Chlorella®t= 28] 950 AoiA vig
of 7keter2 Holzk 2o} 7]1E9] rotifer M YFET o] 23R &S FEYo}
71 3 Ao = AwEth(Salt, 1987, Hotos, 2002). X3, wi Y 40%

| el Fmuol A AJEAQ] Holgk vjdEo] MiEHI 2L v
F3FHA7] WEol o] 23 HA &S dEYote| F=7F W3kd Ao
Ao X
gk, Mitchell (1986)2 T4t rotifer, B calyciflorus®] $&° w
F2 16% SFToA 7M=& S Hlva Haskgit w
dollMe wad £2 40% FeTolAd 7P w2 A4S Eo] Mitchell
(1986) ZA# o= ukE Al YERSTh ©]& Mitchell (1986)0 =W H2 3

ol

ot {o

=
o
g4 o]

o

&7

lﬂi
g
e

ok

i
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r
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g0

N
E
o
2
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i
|

BRystych 2 Algol
Hisf uf 2= Lo oy
of g5t e, olof wa} H

T= Moz CtE2 #5Fo
of Bo| HfE= o ujetel L3S
A

%
7|2t Sot ok BHTol HH E2 YAy

[

ol w2 el wE 2EH2 FUheE o wE JfAE 23E B
ol FaFS FH7] WEQ] AR AGEHT(Araujo et al., 2001).

1.1. 7 7] AFYE (Batch #i %)

ASHUT E S ktina® HILE= 600 MA/mLE HF Aol A
2,767 7Hiﬂ/mLfL' =4 YeERd ¥vbE 200 2 1,000 WA /mLE HE3 APS
ANME Z+zt 772, 1,365 MA/mLE $A Yelgt BE Ao AAU=
= Alzbo] AHEFE Ha STt ou Hudsdd =2d $ Ak
H3 ol FEE o238 A e dEUYONH:-N)2 Z7iet AAd=o H
3 w9 Sk EEhgol % o g ArkETh

Maschewitz (1982)2] Aol o3t FF oA A9 UAdg
ofoll o3 AFHE T AL B AP HuEE o] & F
ofell s A=l ekl A FAY] AR ojojx Ao AdHT. B AT
o Zkdo mE AJoA dEYole FE7F 0.3~05 ppm¥ MA= %
Aot SR UEyt B APdAx %PEHOP %7} 0.3~1.5 ppm¥
MADE7E FaE U3 2785 45 & AATh

=
gHH, Schliter (1985)% rotifer, Brachionus rubensg °©1-83 A@ANA F+F
H

o

_

Wel Fe gEUol: e EFEE olojd A gmel Aol Bria
Bk B AHN AR wFAzel Aol wek FrhEE drue BRIt
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Miracle and Serra (1989)¢] Xl °|&}¥H rotifer, B. plicatilis®] Al
gk WAaE S A A SA dFS Wol A5 A2 Ul AHGEG St
At SANA A Aol B Astrra st olHd B Syncaheta &
of &% FTAAE UEIY Gomez et al. (1995)= S. littoralis7t AZH A9
md 5~64%°1 UEtU= A9z WAdgo] sl 60k N = BE0] 7Hest
O ®ystHth §EHof Oltra and Todoli et al. (1997)8] S. cedilia valentina
o} Egloff (1988)9] S. cedilia= 247+ 13, 18%2] 7179l A AR o =4
AQs ol A= viefe] HA gental At B Aol AH8E B E strain
o] S Kitina= Al W3] 1A 30 D 3BYU (AN A Ao YA 1}
Efvh AR Al Sl FFS e Ao DOy B AR 2

ol FEHE Aoz ey dE2W3
o W& ASF o Lee (2001)v 'H<+4At Brachionus
calyciflorus &2 75 4% A dAol 7hsstH, 4 2 6%l X o
ks A3 6%olAE AR o] Fol Mt WHESFYTE Williams (1998)S
oj2]gt AF WA H sl Aol A7 ghA ol A3t f7 A B o3
ARl 712k W3} wj&olet Halskin.

2 ARS T = W, S ktina= 14 A =AY A 28 30%
ool LPEAMA AEE] =A UEy d& WA st AHES &4
& AU w2 =2 rotifer, S kitinag 9
=

I3 FRole olz] DHEOM =Xt Ho| FUNY o T

(0]
fu
S
=
it
v

A
2

E
2
Ju
A
2
2
N
12
=)
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2. 249 rotifer, S. kitina® Ho|Q T suedica®l 1UXE o Fof
2. 1. wiFE7)o B2 %

T suecica®l EFAR] wWjFS HeiMe= AEPZGELTL wetor 3k, 1lF
Eo AlxFs=E dojoF ot 187] HAsiAe LR e=® pH, 2%, =
(Gons and Mur, 1980)¢} 22 &7 a1y 24, <, H
ol wet AlZzs =7t SEbA 7] o &l (Kirst, 1989
A< rHsta, 719 mAER wETHED v dH AR AR

ANLJNES AR OT AT & glojof ATk 53], Re mAEF A

o
’

IUE wjgFrle] #I A= Samon and Leduy (1985)7}  Spirulina
maximas WBE F TN AL FS st 117 g/L/dayd] F&
Fe dAOH, Javanmaridian and Palsson (1991)2 FHF AE WS7&
o] 83} Chlorella vulgarisE 1x10° A E/mLe Vs E=Z wjge AdA7E
Budtdnt ole @ 1A= MPFFAE F JUAE ELH 22 o83y o
ol AR Mgl 2 = 8

T Qo 7z woa

s

{

o

Qs Q
Ho} bR AHel 1% HEugo] st

oX

3
K
QL
20
o

olfsr AF2E & HEMZ 30L #8 H 1 ton BET=0| H|F
A

100 L &8 == AgFoM 2t =2 7. svecica®l MEZLEZE 2 T
UAcCt o= HiLE7|7t ct2 S =zof d|s oz g HAE

ol Eug0 =47 ¢ ZHez mols, ez =AY rotfer, S.
.S

°| #i 2fo| o|Fo{Xof & A
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2. 2. pH 244 & ZF

A7) WAzl Agtel wet A EHR] Aol o] FoA A
pHe| dso= At AZA s ddo] dojur] wol AL pH A7t
& 9 3}k (Fabregas et al., 1984).

Yoon (2002)¢] AT+l 9JtH, COE ©]&3t pHE A3 FAS o L
galbana®| 374 E-& pH 85 x4 stollA FA Ueltown, pH 8 o]t A A
o] A zstAth. W Jung et al. (1999) Dunaliella barcawil®] 73-%- pH 8
AFFANA 7HE 2 AIZEES BJoW, pH 7 olstollA A&l 7HE
A et olgld Aide BE RAERFY AL pHYF thEdE A
< 9msiy, ¥ pH 23 oA Aol E3H = olfe B4LaUSE A

FgaE A2 A A 7Hs? HCOs ol 222
AgE = 9ES A3)st7] W o]t (Moroney et al.,, 1986).

a8y B AN T osuecica®l H3 AZREE pHE =-sHA (&
ZTNA4 =4 dEy & dFASIdE 4 e A3E BT o)
ol WE Holgt dddn. o dA7AEel osid, 4 TEo HF A=A
& pHel o8] AHFAQ ¥ wA Hedl, o W pH #2 74 FERH
L78k= Aol Wl gt Aoz dHx Uth(Fabregas et al, 1984; Jung
et al., 1999; Yoon, 2002).

hatd =2 A3

—

M &

o

oo

(=] =
= o

!

afl & o, =48 rotifer, S. kitina?l Holgl T.
2 Hikst7| fsAM

suecicas Hrcf myl =
HMZsZE g2 = U2 A2 =2 ECHECH

3 & pHel =F glo| =& s
g olgsctd =t &

3. 2493 rotifer, S, kitina®| U ZHl oF

Rotifer®] thEFujeF Al o] 231= A & =Yoo}, pH, T3}t w&

2238 2 73 AT old F24L rotiferd] MALEE ZHaAAH THEA

S EXASA & 7 Ath(Lee et al, 2001). =S o FAIE 2 HEo wE
_]

anl A& FEALY @rte] & FES AAStL th(Hagiwara and
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Lee, 1991). wetA] b Holar ZFAIAR] rotiferd] HFFH = 34t {F TEH
3}

ke QLo wig- F8g AA & F QUrh

3.1 AFL= W A4 HAF (Semi-continuous B ¥F)

ALz w2 Ayid AgdAds vl 1~79A4 714 900 A /mLE
AT AFTAA M 22 AHEES FASHAAR vl 59AFE= 600
MA/mL HET2F FY92 Zol7h AT o= 7HE & HIUEE ¢
3l 900 WA /mL HZFFNA wig 271 7HE & NS FASRAARE

Hol& Fg £ A 600 A

Hj 7] 3ko] 7 gt wel AT o ]

/mL HEF A & Hol o]gA o] 900 NA/mLell Hla} FobA =& A
AEH AT E B Ao2 AFHEHOoms-Wilms et al, 1998). 7 vl &
7EAEE 4L 7MA O] AL AAFE BE JITTONA FoAd Zolvt §l
A v MMLAFE = NAF7 sk B Bt ol & g
2 Qs wjkdo] Aol ulg} rotifer’} WE AE# 29 F7) A L
rotifer %2 &4 o o FdFo] &3 Ao AFET(Assavaaree et
al,, 2001).

A
S

~
3
=
Hu
12}
N
]
=y
02
=
2
rr
N
(e)
(@]
=
Pl
=
3
=
Hu
_o'h
rir
N
o
HL
o
30
n
et
]
o)
Hu

3.2.01 ¥ 05 ton 7= e (Batch 8] F)

T - JHOSZ 100 pm ©)8FQ1 2AF rotifer, Synchaeta &2 o &l G
3 AT7AERE AR AAHolnk. Y S cedlia, S, oblonga, S. hutchingsi,
S. littoralis, S. neapolitana 3 S. grimpei ‘3 %2 Synchaeta %ol W3 A+
7F e HIAT AFAA ATe FE F s84S AT EFRSHEA A

o

=
oAU Foll Wit ZxA ATl AFH A= A (Egloff, 1986, 1988;
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Brownell, 1988; Shiel and Koste, 1993; Oltra and Todoli, 1997; Rougier et
al., 2000) .82 HolYE2ZH o MES 93 g Atdle it e 4
Aol otUth. WI= S littoralis (Bosque et al., 2001), S. hutchingsi (Browell,
1988), S. cecilia (Egloff, 1988) R S. cecilia valentina (Oltra and Todoli, 1997)
T= MG 2E Al AT O fEs AY4d sE6 L °lsh mL 2
100 7441 olshoz dA e 28T & AW hFFrle2 ob4 grr}
dtE el

EZF Arndt et al. (1990) ¥ Dolan and Gallegos (1992)° <]3}H,
Synchaeta <3 A4 | A 0] 22CY W 14 day'e] 4FES HolH
10,000 7HA/L Wl AA F2S BAga stAch 2y o]He Fge
mLE 4t G A 10704 = frol HA @71 "ol @] F

olzg]dl Wgto g 2 MEo|M =4AE rotifer, S. kitinaE 0.1 & 0.5 ton
oA Hid5lde W I JIWMYUEE TYUIHM/MLE ZAIE R 20, v 27|
Zg o|Alo| 758 He 2 LIEtRCt o) &3 0.1 0.5 ton®l Al

=]
=
tina®) 1UE thEHl ke 93 =983 )%

b
gh
=
[0}
(@)
(0]
®
=
~
o
o
=
flo
T
O
5
=5}
=
o
o2
e
[o
2
=
O
o
=N
(0]
i
=5}
——
o2
el
o
o
bote)

5]

A AolHA FAHAQ rotifere] thHEFHiYg7=

&l S batch Ml oz QIdH e H]

uetd  tem FRALS @rtE WEr] S8 wb ASEi R (semi-

continuous)& &% S kitina® A H AAELS H
(e]

20 Ml F ol AgEojol & Aor ATE

3. 3. 1 ton FRANA S wjF L (batch R semi-continuous Hj ) wE
AR 2 AAAE Bl
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A o= rotifer WY Al M F AAAMLlew A
NH;-N 5& & 7 U™ (Yoshimura et al., 1994). & A3 A batch vl ¥
semi-continuous Mo W& &F4AE A4 65~17.3, 7.0~16.0 ppm
o2 FAO = rotifere] HlYFo] 7Hed 1 ppm HTh =of & A Al &=
Abao] gL YUY Aoz FFFH(Park et al., 1999a).

3, B Ao A NHx-N FE+ batch #lF % semi-continuous Hl %o
A ZkZF 0.2~1.0 2 0.06~045 ppme] WMHE Hole AR ZAEHIT ¢
A, semi-continuous Hj %ol A NH;-N FE+ o] G2 M3 7+
ste AEde Hol 52 ¥R FEFs FED 5 AT o= #d
T2 30% &5 BAFA7] WEol M= wiFre] H7t 7159 )
NH;-N s5o 5842 Fd&& vA rotifere] Aol 713 Aoz A
o] It}

W, batch B @Fel o] NHe-N2 #jddel wat Jxt S7lste A&FS
HYth Park (2007)°] W2 6 L 9P FZoA HEE= 2 AdS
gt A3, 1.0 ppm AFL] NH-N F=A S ktina®] MALE7} 24 goh

BIakg o= Mok 794 09 ppme NH:-N FEelA AA7 2as
A= LA vetd daet & 5 ok
S, rotifer 19 7JAE A7) €13+ batch Wi 2 semi-continuous
HjoFe] AJ4kv) g2 247t 77,1219 2 66,0519 92 batch v oA B =A
ettt o3 A= 19 JHAE AAekr] H7E HiE7IREe] semi-con
tinuous W ¥ERTE Zol QM FEAA 2 HEES EHA7] wEo|th
Hagiwara and Lee (1991)2 wjFAlAd 2 #Elo mE ¥ A& THA
2B @rke & RES AA gt BARS At (Hagiwara and Lee,
1991). oleld #HA B HAFPA ©]&H semi-continuous HjFLH

batch HjeH ol B3] rotifer 19 NAS AT o A2QFHE =%5gHo] ¢

N0 e}

[o%

of

b

=
%

e K

w3, F AArE) oA X semi-continuous Bl FHFH A A= 427,680,000

NASE B WA batch i FHHA A= 87,304,400 7fA 2 semi-continuous
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Wjorel Wls) WS Ao AAES BgTh

o2t =28 rotifer, S. Aitina2l Cf 2k 2S 9 8F XA dHjtatH2 M
MM A AXMME D5 I semi-continuous Hi O] HMEE Hoe =

o FAY2HE rotifere] E&2< BAL w9 FA3Ith 1 o] rotifer?l]
Lol S7EE o2 SAAE 8210 NHs-No| F7F widsde <
F< 9 B 53 bacteria®l T4 Fol st HEAHA MAEE
= A7 i °]TH(Yu and Hirayama, 1986; Lee et al., 2001). ©]%
BAA Qlo] Qb ARl Holo] FF&RT} o] A= AEH
FTHAL] B7Fs s AIA "

, L o] & Holo] ATt FrRE et 1L o] Al

& Sfofgt . L HolQl rotifere] MARE7F R ~H
Al Fraste] Fgol 2ol Aoy A AR - Bad MAES Ho|E o
g3t HEAZF §l7] wWEolth Lubzens et al. (1990)2 FA4A24-& dst=
rotifer, B. plicatiliss 4CollA 2,000 7WAl/mLe HEZ Y& Hysie a3
Zlow o] &35ttt

ol gt HAlA AHZ HolFFo] o]FojH FHRAYL] HAFTHoE
A7 A= NFALEE rotifers S 02 B - A3 oF & Holt).
o3t HHoz & Hdys W} A MA T T suecicE 360 HEE FTH
e Aol A4AE 2 AAYETF HH Ao Yeht

ol#3 AFE S doz MU 24F rotifere] B At &
g2lo8 olFold A ]”4, ‘:’]F/] By Hoix =

1

ol
-

249 rotifer2 U3l (seed

5. Holag&
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HT Ao A7 AL 7Y FHRANS S8 A AAHeRE B AT
7F AL ATk U - ejH o2 A7 Fr ATFHIL As TES A
H, &% SS-type] rotifer, &% copepod nauplius @A ¢ &7}
T4, FAFEEe] dolv 74 2 ddETE 5=
Doi et al. (1997) & Toledo et al. (1999)2] AFAx}o] o|&td, &}
7] HolMEE B rotundiformiss AE&3s 7-¢ w9 2 &=
copepod nauplius @A 2] 2247 FA FE5T 1ETG & &S Hd
ool skt =3 Yoo (1992)= YASESR] Euplotes sp. R F. salina <
o] g3t FHd ArEIZE 1o, Kungvankij et al. (1986) ¥ Tamaru et al.
199%)= =, 2, AA 2 win o FHFEFEd dolu S T4
w3 A7F EEE Y. Iy ols HoldEe A, A4 &
AdeS WEsta o A g o] &HA= Xt = é;% ojt}.
1Y Synchaeta <0 &3 T2 A7|7F WlwA 2] wiiEel 4o =717t
Zhol FHRAYLC] oE& TAHF T3 2L St Ao HolMEEA 1
7beAel A & 4 JA o Divanch and Kentouri (1983)9] H.ilo] ©]a}

_:

=

™, sea bream (Sparus auratus) Z}oy oAl B plicatilis, copepod nauplius %
Syncheta triophthalmas w3 = ™ S triophthalma® 574 =& 4%
BN AEES Ho] HolBEEHA Thede AU

= AEHME S Aitinag OlE% sZ€%x=, FA ¥ sMHOFe HF
o MEEE ZAE Zo, AAT FAG 22 AFASAH addlAe oE
AET 7oA Aot fle AoE UEHoy MEZME RN
2 =7 YEetH S kitinag 0| &%H |/ Atojel Ho| JtsM2 E2E A
o=z gohEich oY, F4xE Aoy Holas AFPNA S Ltina®t B
rotundiformis D@ T3S AEE0] ztol7t (AT AL A EE Aol
A717v B rotundiformisg dF A & WHE ZA K] wWjEd AR

cE o
AX D AR Holg s AoA S ktina 35T+ B rotundiformis
TETERY FoFoR & HESES HAY. ol S ktina= Yo =77}
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e 5ol F Aole] Hol2M 1 s e 4FT Auet T & JAHS
5|, s40 AMEAM Xojel 253 WHoles o2 S kitinasl MET|7t

o
. B rotundiformis®] 2@ TolA AEEo] FUWE AL AHFZF A Yol

AHAZE B7bsd7] dEdd Aoz A odY. AFdsn ATHIA(S
G, 1998)0 mEd Hol "ME7 v %‘T T80 Aol Helg A
Azl ffsl AAUAE wol LxsA H il A3 o] HHI} o] F
AAA & wWolle A= A}%%Ol TR b}E‘r%E‘rﬂ Hastoitt. webA
Aoi7h Heol dH sk 9%k Hol Ado] HAY B rotundiformiss # ] Ad

go] Qlo oH LS UAA S ktinaol ¥l AEEo] IUH ASE AR
}.

2+, Su et al. (1997)& S0l Ao Y A4 A4S AT AEo A
#=o] Aot Byt =3 =S DHA E+ EPA 32 @2 &
HE =2 AEES YEIGT B USH THRimmer, 1999). £ A g A&
H R S kitinae n-3 HUFAS] $3Fo] 205% = 2.6% S Rl B rotundifomis
Fe Bl Aoz dkd

xﬂ—,—r,ﬁsk—r 01—?3;_1/\1(6 oF
B3l & 4dARE 25T FdolA A
53 11YARE wE A4S Bty Rt B AFdAs §3 7¢
A AZE SAs T AIT EF ™A 3 Aolvt fldd se=w
AoEY, mepx] FrrH o HErE AREE 23 1194 o] $71A] A
S AAEI z2bo] Ao Aol & Hluwsol & oz FEF,
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A 2 A Rotifer, S, kitina® FEFEA L J Y743}
A=kl

I. A &

T

sfatol 7 TEAYM Al Ao x7] HolME = rotifer®] HZ H FFQl
S FUHHIT Yo olES A& R i) s BE A7t
5[:3£E] At (Fernandez-Reiriz et al., 1993; Rainuzzo et al., 1989; Yoshimura
et al., 1994). Ytz oz %7] Ho|YEZ Wo| o] & = Brachionus <
2 HZ B4t 55 hordlas ©] &3 11U E vjFo] FHHJUL, o7
Hj S B3l rotiferd] FAFH ZAHS A3 HATHYoshimura et al.,
1995, 1998). L&t} sf4tolf/ A - X|ojo] AAH HEL FFEHE HolAE
of &7t o8 A FH5-H7] wEol] Hold=EY dHQA A = Hi=
Al e Ads)] Folof & Aotk (Cho and Hur, 1998). &3], rotifere] 74-¢ 1 7
A 2= GV HEF5H7] vl A4 g T840l oA %
=& Zo]th(Watanabe et al., 1983).
gk, gkl FollAl o] A} @A ofFo u g wo] HF

s}

A A A7) EF AAUAL oI RA WS FasE, oo FFe 9%
sRe Holg MY WA B Fre B FAN pass 3T

< HQIth(Evans et al, 2000). WetA o F o7} HolE AHFHsk= A7l
FREE Holule) A v ge o Fasitha ¥ 5 9o
53], Ao T4 AEH IE=EZ3A4Hhighly unsaturated fatty
acid, HUFA)SQl Docoosahexaenoic acid (DHA, 22:6n-3), Eixosapentaenoic
acid (EPA, 20:5n-3) ¥ Arachidonic acid (ARA, 20:4n-6)& AlZ9e] 34 &
d, AYEE =4 Aatel #Hste 7] Aoje] A4, AE 2 WE Sl 3
ofx B FFE mXE A HuH1 JrhWatanabe et al, 1993;
Takeuchi, 1997; McEvoy et al.,, 1998b, Estevez et al.,, 1999; Sargent et al.,
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1999; Izquierdo et al., 2000). 3 FHIol= sfidkolF Aojo] HolofA
DHA, EPA % ARA®| &3 o|59 AthzQl Bl&o g #4lo] FokA
i Q= FAlolth(Sargent et al, 1997, 1999; Harel et al., 2001; Bell and
Sargent, 2003).

ghH, Rennestad et al. (1999)2 Tz o] %7] zto]ollAl o} o9 A
Aol wl$- T3 9FE Fu RusHch EI opH| ik of

Al ol dUAde] 71 &3 Bolx ABYe ree HIE

1. 243 rotifer, S, kitina®] & FE-4]

Z49Y rotifer, S. kitina 2 FIF733H

rotundiformis®] AW ZAL vlw B4

B. rotundiformis®} 18 A &L B
wokth A ALEH S kitinas
22+0.5CollAl 20,000 ME/mL/day® =& T sueicas 38t IE5 Hi
3tk W, B rotundiformise 28°C oA 2.0 mg/1,000 rotifers/day2] %
o7 gt 5 (HoelagE 353t A% wWiEt 21e o] &tk =T
BYAEe B rotundiformise 73-2(20C)N A 8AIZY &<F Schyzochitrium sp.
£ AF33I Algamac 2000°E 0.3 mg/1,000,000 rotifersE 7|Fo2 FU7
_?rz

Agadr. wuds A4 248 BAS Sdetel Zzte) AL
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A Azxste At
1.1. N3 9= € F X4

A& ZdW e flame ionization detector’} &ZH  thin layer
chromatography (TLC/FID MARK Vnew, latron Laboratories, Tokyo,
Japan)E ©]&3% Parrish (1987)2] WHE ALE3sId . Ad FYE £23)
7] #18 Chloroform : Methanol (2:1) &40 % FEH A& silica gel I
B ¥ Chromarodsol spotting 3tal 3T@A (194, 99:1:0.05=hexane: diethyl
ether: formic acid; 2%7], 80:20:1=hexane:diethyl ether: formic acid; 3%A],
5:4:1=chloroform: methanol: water extracted chloroform)® Z7|%tc}. 7 o
A¥Z s A" Fd=e= 1974914 Hydro carbon, Setyl ester,
ketone, 257 ol Al triglycerol, Free fatty acid, alcohol, sterol ZL2]il 3%7 o
A1 an Mobile polar lipid, phospholipid”} Zt7} TLCZH-E scan®t}h. E&|&
A4 Fdgx2e 7 GACA latrocorderR (latron Laboratories, Tokyo,
Japan)oll o3t ZFZbe]  peakv AFH FH 2~ FEFEE(Cholesterol, ST,
Cholesteryl palmitate, SE, tripalmitin, TAG, nonadecane, HC, 3-hexadecane,
KET, 1-hexadecanol, ALC, palmitic acid, FFA, DL-a-phosphatidylcholine
dipalmitoyl, PL, 1-monopalmitoyl-rac-glycerol, AMPL; Sigma)= &3l A%
sttt Total lipide ©l& EEFAES 3l Aoz 9714 lipid class®] o=
sHaAtt.

1. 2. A4k

ALk Ad FEHzdA FEFH A ES 14% BF3-methanol (Sigma,
USA)=E methylation A%l ¥ capillary column (©-Wax, 30mx0.32mmx0.5¢m,
SUPELCO)©| &2¥ gas chromatograph (HP6890 plus, Agilent, USA)Z &
A3t th. Carrier gas helium (30 mL/min)< A83tH 9™, oven &5+

200CollA 237 C7kA] 2C/min S7FAIZ . 18] AL injector?] 2E%E& 2507C,
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detector (FID) &%+ 260CE ARt FF AWAC=Z 37 component
FAME mix. (SupelcoTM 37, 100mg Neat 18919-1AMP, USA)S A}-&3}i ).

1. 3. 7AoH| 4t B F wud

—_
o
g off

N
N
BTN
5
o Y
z N
’IB
Q

o gy

i
2o
of
o|\
]
N
o
rlo
bl
il

)

< 15 mL /&8 Alg#el] 10 mg 7+ A ZFsta,
A7vaked 120Col A 224 7HEeE 7FEES] Al F
5CE 2H3 & HAL EF FUAZAL. o
22 0.02N HCZ AM A3l Futr)e] s=7]d
ol ¢hxs FIE 7] 0.02 N HCl= 5 m

TAolu A4S =9 o] % 045 um filterE ©]

= AFS 1.8 mL vialol 1 mL °]X°] HE5F 3t} o]

& oju|:=4t B4 7](Hitachi L-8800)5 ©]-&3le] #4314 Th

F @i P4t FH (mg/g)e VIELER EAHZA
tryptophan® #-2 ofr|:=4ke] BAFES 93] 095 yrol U2 s F
4 Fog son, AxsE

—_
a1
=

-
Jo
ich
>,
o2
r ol
lo
2
]

o4 ZWAZT. HCIZ

el Ya 510 9

L

oo o
QL
g3

i
o
30
rr
o
i)
H‘
22

&2
Z flo

= 15 ml fEjA @& 10 mg 7HF A =F3taL, 10

ehel ool WAL o 6ATto] AT F T
Holulmate] wgs} gol ZWAZAOH 18 mL vialol Hkth BAE 74
ool AbTt BUT 71718 AEIHALE

\1
rkﬂ
Ji
N
1o
>
mlo f

2. 249 rotifer, S. kitina® V¥733} 7|eNd

2. 1. LA FFFo & rotiferd] ¥= ¥H3}

B3

i

Jut

o AHgE Y AIAe 2¥¢FE<d Aquarich® (AQU) H
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Astomega® (AST) (Aquanet Inc., Korea)Z ©]-&3}51 T}

A, Oéook%ﬂxﬂ Fu ol WE rotiferd] D= WIE XAlS] AF A
Ho=Z 6 L TS 5 L)l S kitinas 400 /WA /mLE ZHzhe] A
7ol Xd&ok%lv} VIdE Al i FEAL 15%, 2051 Col Y. tEeE 7
Zro] g U47}a A%l Aquarich®Z rotifer 10° 7|4l & 71F22 1,2, 4 £ 8

8
o2 FFEHA2H, Astomega®e] AFE 001, 01, 1 2 2 goZ HAH3|
THBATE o] W FIAEE A ¥ x=TE WA FUG A IF A

_4

o
3t rotifere] AIZFTHE((3, 6, 9, 12 E 24 hr)oll W& AL

o
2
fu
of?
o
ol

2. 2. JoF7sh Aztel WE A B

& ©
dA APdE 5

011

soll e YFAEAY A4 %11%‘”(Aquarich®, 2 g/10°
rotifers, Astomega® 0.1 g/10° rotifers)o] we} P U7F3E rotifere] A7ty
(3, 6, 12 3 24 hr) A4 E4& P8t 32 L s S 30 L)
o rotiferE 1,000 /WA /mLZ HF3t 15%, 20+1C ZA3FANA FEFAsE
stad. 4 A]ﬂtﬁﬂéi Hlkgrlel A FFAstE rotifers YA H(7.5%10°

OR

A k4l B2 test tubed] YAFY AIEE F8% ¥ BF3-methanol®
methyl ester3} &} tH(Moririson and Smith, 1964; Budge, 1999). A&+ ©f
30~40CE WA & 7T hexanes H71ste Abe £ F23H3
o F=9 AR capillary  column  (0-Wax, 30mx0.32mmx0.5.m,
SUPELCO)°] &2H gas chromatograph (HP6890 plus, Agilent, USA)E &
Attt B4 2 S E carrier gast helium (30 mL/min)& AF8-3F% 0,
oven 2%+ 200ColA 237C7HA 2°C/min S7FAIF T 18] 3L injector®] &
ST+ 250C, detector (FID) 2%+ 260CE A3 th AWste] £4& &
d xHoA EAY EFE AWAICE 37 component  FAME  mix.

(SupelcoTM 37, 100mg Neat 18919-1AMP, USA)E AH&3}5ith.
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m. 2 3

1. 243 rotifer, S kitina® § &4
1.1. Xd €82 49 F XA

S kitina 2 ¥ FF B rotundiformis®] AZ U~ FEFH T AHLS
Table 1o YeEHRTE A& Z# 2 F hydrocarbon, sterol # phospholipid
© 5 ktinaol X A2 =A UEFS O (<0.05), triacylglycerol> F Y7
3l 5ol BARICl B rotundiformis Bt o H R e IEFS BHIPT
(/<0.05). a1 FEFEEFI AF mE Sy FHF Aole B
rotundiformis W ol A<= WEREA FUTHP>0.05). £33, & A AT Zl ol A
= 3579 rotiferol A 72~80% = FEA3R B rotundiformis A 7+ =
Al GEFFART 25 fFol Al atol= HolA & SkTH(2>0.05).
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Table 1. Total lipid and lipid class composition of rotifers’

Rotifers
) S kitind  B. rotundiformis’ B. rotundiformis’
Analysis
Total Lipid (mg/g DW) 72.7+2.51° 71.6+13.50° 80.0+2.9"
TL/WW (%) 7.3+0.25° 7.2+1.35° 8.0+0.3
%Neutral Lipid 21.4+3.49 35.0+1.77 35.2+2.39
%Polar Lipid 78.6£3.49 65.0+1.77 64.8+2.39

Lipid Class (% total lipid)

Hydrocarbons 2.7+0.5° 1.2+0.66" 1.1+0.87°
Steryl Esters/Wax Esters 0.0+0.00 0.0+£0.00* 0.0£0.00
Methyl Ketones 0.0+0.00° 0.0+0.00* 0.0+0.00*
Triacylglycerol 1.5+0.13° 21.7+3.29 21.6%3.05°
Free Fatty Acids 8.1+1.84° 8.6+0.88° 8.6+0.93°
Alcohols 0.0£0.00° 0.0£0.00° 0.0£0.00°
Sterols 9.1+1.42° 3.542.08° 3.9+1.34°
Acetone Mobile Polar Lipids  5.3+1.04° 4.5+0.25" 4.5+0.28"
Phospholipids 73.2+3.71° 60.5+1.59% 60.3+2.18°

Values(mean+SE of three replications) in the same row not sharing a
common superscript are significantly different (/%<0.05)

'S, kitina cultured with 7. suecica at 22°C.

’B. rotundiformis cultured with the freshwater Chlorella at 28°C.

°B. rotundiformis enriched with Schyzochitrium sp. during 8 hour at 20C.
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1. 2. A4k

S kitina 9 ¥ =% B rotundiformis®] A HHAF eyl ZbE H1]-8-S Table
20 YEp AT A ARl A 23R AHSFA) S S kitina®l A 39.4% =
71 =4 dEb e, 53] C16:03 C18:0914 &2 zolE wWol RAt)

g o] F A ALAMUFA)NME S ktinao A 27.4% 2 GE7}3 o 2o
BAQCl B rotundiformis Btk folF o8 EA UYERSHTHX0.05). 1
C18:1n9%} C20:19] & Fo] 53] B2 zolE EHIYY. vsEZIAY
(PUFA)9] oA e YEASsHA R B rotundiformisoll A E4t &

ChlorellaS 33T 749 =AHEE C18:2n69] o] %9k7] wiEo 73.0%2

. ofN

e

o] Al ApolE Holx| FAAN EPAQ} DHA &&FollA d44353 B
rotundiformis 2ot EX & IFS BT $H, EPAS DHAE FE4E
St B rotundiformis| Al oA O F T =L ZO0 2 FALE o}\13]-(]3<0.05). a
GAN S Ltinae= AE FEHIHE A &

]

71918 DHA o] 84%= =4 L}EME}. HJ%, EPA/DHA H| ¢}

DHA/EPA Hl= Q&8s B rotundiformiso| A 242y 159 482 /240
2 =4 JYERTx0.05). 234 S ktina 2 03 FAseA B B
rotundiformis= 212 ¢l o) 71 glo] BHAl YERTH(2>0.05).
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Table 2. Fatty acid composition of the rotifers’

Rotifers
) S. kitind' B. rotundiformis B rotundifornis’

Analysis

Fatty acids (% total)

C14:0 2.4+0.07° 1.4+0.18° 2.8+0.44°
C16:0 20.0+0.71° 16.6+2.09° 16.6+0.00°
C17:0 1.1+0.02° 0.3+0.06° 0.7+0.21°
C18:0 7.7+0.55° 2.240.29° 4.1+0.04°
>SFA* 39.4+1.32° 24.0+2.59 26.3+0.53°
C16:1 0.7+0.12? 0.4+0.18° 1.3+0.02°
C18:1n9 15.9+0.37¢ 0.6+0.06 3.6+0.18°
C20:1 8.8+0.18° 0.6+0.12 1.1+0.04°
>MUFA® 27.4+0.82° 3.0£0.42° 6.8+0.09°
C18:2n6 8.0+0.04% 59.8+2.53¢ 32.0+3.71°
C18:3n3 11.940.02° 2.3+0.34° 1.8+0.43%
C20:2 1.9+0.05 5.8+1.29° 45+0.51°
C20:3n3 0.3+0.22 3.8+0.24¢ 2.1+0.05°
C20:4n6 2.2+1.94% 1.0+0.06 2.6+0.04%
C20:5n3 0.0+0.00° 0.3+0.06 3.8+1.02°
C22:6n3 8.4+0.25° 0.0+0.00? 17.842.19°
>PUFA 33.2+2.14° 73.042.32¢ 65.841.53°
n-3 HUFA 20.5+0.26° 2.6+0.39* 25.5+2.72¢
n-6 HUFA 10.7+1.97* 64.6+2.46° 35.9+3.74°
n-9 HUFA 15.9+0.37¢ 0.9+0.07° 3.8+0.02°
DHA/EPA 0.0+0.00? 0.0+0.00% 4.8+0.70°
EPA/ARA 0.0£0.00° 0.3+0.07° 1.5+0.42°
Unsaturated Index(%) 144.4+7.14° 158.0+5.15° 231.5+8.08"

"Values(mean+SE of three replications) in the same row not sharing a
common superscript are significantly different (/%<0.05)

'S, kitina cultured with 7. suecica at 22°C.

’B. rotundiformis cultured with the freshwater Chlorella at 28°C.

°B. rotundiformis enriched with Schyzochitrium sp. during 8 hour at 20C.
“Tncludes 6:0, 8:0, 10:0, 12:0, 13:0, 15:0, 17:0, 20:0, 21:0, 22:0, 23:0, 24:0.
Includes 14:1, 15:1, 17:1, 24:1, 22:1n9.
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1. 3. FAom A @ Z ghaiz

S kitina 2 T 7Y B rotundiformis®] T3 o}V 42 Table 39 U-Eh
YAk B ofu|AF F threonine, valine 2 methioninee 3% rotifer
AFNA FoHQA Zol7F YERFYA] 29k TH(2>0.05). Tlleusine, leusine,
phenylalanine ¥ lysine& ¥ ¥74313tA| @2 B rotundiformiso| A 22F 74
=2 FFS Yo 28 illeusines AL UMA 3FF[F= S ktina
NN foHog 7l we FFS HYTHA0.05). W histidineo] T
S kitinad| A FroH o2 JMA E2 TS UER ATH/<0.05). 183 HlE
T TAdotm Aol AoJA = cysteine¥} tyrosine 3FF rotiferoll Al 19 A
Ql xpo]lE Ho|A| gFgko} aspatic acid # glutamine®] &S B FH3 o

3ol B rotundiformisd| X =A1 UYEISOM, S ktinacs X o=
2o AL AT £33, Hotu| it gl e e
rotundiformis| A 221% %2 FoH 0% A WERSTH/X0.05). S Atinas
F48E B rotundiformis?t A1 2ol HolA FpAINE, 7HE
18.0% 9 W2 4 FA oM A4t IS Bt ol& <
NME FIASsA ¥e B rotunditormis| A 57.6% = oz 7H &
S @ HAow, S Mtinas 387%E FoHoE e FFS BAG
(P<0.05)

NE
of o of W
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Table 3. Protein-bound amino acid and total protein compositions of the

rotifers’
Rotifers
Analysis S kitind B rotundiformis B. rotundiformis’
Aspartic acid 30.0£9.79° 56.0£0.37° 50.3+0.16"
Threonine 25.6+1.92° 25.7+£0.24? 23.1+0.05°
Serine 24.8+1.87° 29.3+0.10° 27.5+0.01%
Glutamic acid 61.7+3.34° 72.0+0.04° 69.0+0.54"
Glycine 23.7+8.89° 23.2+0.26° 21.6+0.02°
Alanine 24.3+0.79° 27.3+0.17° 23.3+0.32°
Cysteine 13.0+18.36" 0.0+0.00° 7.4+1.31°
Valine 16.9+13.38" 34.4+0.64° 26.1+0.48°
Methionine 4.3+6.13° 2.7+0.09° 6.2+0.17°
Isoleucine 23.7+0.39° 28.0+0.44° 21.0£0.05°
Leucine 34.9+0.28° 43.6+0.27° 39.7+0.26"
Tyrosine 15.7+£5.37° 14.6£0.15° 14.6+0.90°
Phenylalanine 21.3+0.37° 27.4+0.20° 24.4+0.40°
Lysine 39.9+0.63° 49.8+0.08° 42.4+0.33°
NH3 10.5+0.50° 13.0£0.11° 8.0+0.14°
Histidine 13.1+1.36° 10.4+0.06° 10.3+0.23°
Arginine 35.1+5.32° 34.1+0.15° 33.2+0.16°
Proline 23.3+5.21° 27.2+0.83° 24.6%0.36
Essential amino acid(mg/g) 179.8+10.89° 221.9+1.75° 193.4+0.12°
Total protein(%) 38.7+7.01° 57.6+0.43° 42.9+0.19°

Values(mean+SE of three replications) in the same row not sharing a
common superscript are significantly different (/%0.05)

'S, kitina cultured with 7. suecica at 22°C.

B rotundiformis cultured with the freshwater Chlorella at 28°C.

B rotundiformis enriched with Schyzochitrium sp. during 8 hour at 20°C.
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1. 4. F&o}n| =4k

S kitina 2 T TF/4Y B rotundiformis®] {r-]otv] 42 Table 49 YEh
WAtk d=obr] =4kl histidine, leucine, arginine, valnine, methionine,
phenylalanine, isoleucine, leucine, lysine, threonine =4} tryosine T2 %
Aok}alelx] @S B roundiformisl A folF o w2 A=A yEhgt
(P<0.05). HIES frElotr=4to A= taurine, glycine ¥ prolines A £
U FRAAAE YEEEeA ¥ B rotundiformiso| Al oA 02 &
TFFE BATH(IX0.05). 18]I glycineS B ¥A3] B rotundiformis7t 9]
Aoz 7H ¢ Ao ®E YR AN taurine? prolined| &% S Atinadl
A FEAE R d#§lel B orotundiformis BTt ol o2 w2 IS
HATH(<0.05). 1d8al F frEotreqt e JFAEstA
rotundiformis?| | 71 =& 6.49% =2 UEtSro FEFASSE B rotundifornis
oA 7HE e 1.67%2 FZAEATH(IXK0.05). F frElotri=Aitel A taurine©]
AAA 3= FEES 5 Mtina’t 14% = Ao w M A vEehgon
(P<0.05), FF438tA & B rotundiformiso) A 74 $Ee 15% 2 ZAE QY
}.

=
%< B

o
ol

5
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Table 4. Free amino acid compositions of the rotifers’

Rotifers
Analysis S. kitind' B. rotundiformis§  B. rotundiformis’
Phosphoserine 0.0+0.00° 0.5+0.03° 0.2+0.03"
Taurine 5.8+0.28" 1.0+0.02° 1.2+0.15°
Aspartic acid 1.6+0.09° 2.5+0.06° 0.4+0.02°
Threonine 0.8+0.05" 1.7+0.10° 0.4+0.01°
Serine 0.8+0.04° 2.4+0.01° 0.4+0.01°
Glutamic acid 3.4+0.14° 8.3+0.27° 3.1+0.05°
Amino adipic acid 0.3+0.19° 0.0+0.00° 0.2+0.04*
Glycine 4.0+0.24¢ 1.8+0.06" 0.5+0.01°
Alanine 3.6+0.21° 3.7+0.15" 0.7+0.01°
Citruline 1.3+0.05° 0.0+0.00° 0.6+0.06
Valnine 0.6+0.04° 3.5+0.12° 0.7+0.10°
Cysteine 0.3+0.04° 0.0+0.00° 0.1+0.00°
Methionine 0.3+0.01° 2.6+0.00° 0.1+0.08°
Cystathionine 0.5+0.04" 2.5+0.20° 0.2+0.06"
Isoleucine 0.4+0.03° 3.4+0.08° 0.5+0.02°
Leucine 0.7+0.04° 4.5+0.01° 0.6+0.04°
Tryosine 0.6+0.05° 4.0+0.12° 0.7+0.02°
Phenylalanine 0.6+0.05° 3.6+0.27° 0.4+0.04°
B-Alanine 0.3+0.02° 0.3+0.08" 0.1+0.00°
B-Amino isobutyric acid 0.2£0.02¢ 0.0£0.00* 0.0£0.00*
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Table 4. Continue

Rotifers

Analvsi S. kitind B. rotundiformis’ B. rotundiformis’
nalysis

¥y-Amino-n-butyric acid 2.2+0.13 0.0+0.00" 0.0+0.01°
Ethanol amine 3.3+0.17° 1.0+0.01? 1.0+0.06%
NH; 0.2+0.00% 2.0+0.04° 0.5+0.22°
Hydroxylysine 0.1+0.03° 1.740.01° 0.2+0.00
Ornithine 0.2+0.01° 0.3+0.01° 0.1+0.01°
Lysine 0.4+0.022 3.7+0.04° 0.7+0.02°
Histidine 0.1+0.022 0.6%0.01° 0.2+0.03?
Ansserine 0.0+0.00? 2.0+0.25° 0.4+0.07¢
Carnosine 0.6+£0.09* 2.4+1.80% 0.0£0.00*
Arginine 2.2+0.10° 2.5+0.23 1.9+0.14°
Proline 6.1+0.37° 1.0+0.10% 0.5+0.012
Total FAA (% in DW) 41.4+2.14° 64.9+1.66° 16.7+0.18%
Taurine (% in DW) 5.840.28° 1.0+0.02° 1.240.15°
Taurine (%/FAA) 14.0+0.04° 1.5+0.08% 7.2+0.82°

Values(mean+SE of three replications) in the same row not sharing a
common superscript are significantly different (/%0.05)

'S, kitina cultured with 7. suecica at 22°C.

’B. rotundiformis cultured with the freshwater Chlorella at 28°C.

B rotundiformis enriched with Schyzochitrium sp. during 8 hour at 20C.
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2. 249 rotifer, S. kitina®l FU¥7}3 7|&d
2. 1. AR 3A FFFo] W& rotiferd D= W3

T TR A FEFN mE S Ltina®] NAEE+E Flg 19 o
ERAATE 4 AQUE A%, MALEE 9AA A 8 g/10° rotifers 23
TE A g AP FHA Aolrt fle AL R YERGTHP>0.05).
2A A= 4 g/10° rotifers AAT MALEF 43 Faste AT
Btk A3 5 Alde d2TE A IFdsta HAPF FolA 2
g/10° rotifers”} 713 £ MAUEE R

ASTe] A%, A3 AR = 1 & 2 g/10° rotifers AP TN F2
Hog M =& MAEEE EJTH(IX0.05). 2H Y 6AAFEE 1 g/10°
rotifers A @ T MM Zadhe AFS HIoH, 2 g/10° rotifers 2P+
© 74% MAZEE BT O 9 vE d¥ s & Wy aEHA
2 T Aol 01 g/10° rotifers AP TV FolHdoz2 g =

MARE=E YEb A TH(%<0.05).

matsd 2 AEe Sosl & oo, 10° AME JIEezE JdJdYstE @
m AQUel MM BF2 2 gold, AST= 0.1 gol2t= AIM S Eelg
ARt

=
ol goldE SUlsitr 43 T8 A] 2440A BA WO}XIE AL
Btk Wk, DHA(22:6n-3) ¥ n-3 HUFA &&Fe Hat F7lste A4S 12
o 12 2 4ANA fFolFew JH =A UEETH(X0.05). DHA/EPA %
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EPA/ARA Hl &% HU73l A7to] Sojd4% Zrlse A4S RYTh

AST A&7 79, ARA 2 2h
N, DHA, n-3 HUFA $% 31 DHA/EPA W& d3 F849 24427
ez oz 7H =4 YERRTH(/X0.05). EPA/ARA B &L AR FEH
]9l Apol7} e Ao 2 UERTHP0.05). =3 RE AF T PUFA 3

el
=
>
rlo
—
N
>
N
)
_?I_‘
A
oN T
N
of
ol
rr
o
]
tlo
fz
rO

T 597 o7} e Ao g YEFGTHP0.05).

B A¥e Fgs| 2w, ARA, DHA, EPA, n-3 HUFA &%, DHA/EPA
2 EPA/ARA Bl&2 FEAE ARto] sojdE Srtete A4S BT
S HAFE T A3 Aol EAETE rotiferd] MAEEE

E3 A¥ 28 AU UANRAE FA38 A3

2

O

[*]

o2t =428 rotifer, S, Afitina?l # & dtdstdH 2 AQUE 0| 35t
0 2 g/10% rotifersel =2 12A|Zt7tX| & 5t b

8x5a Aoz motx|of &lct

r|r
.I.
o
Ho
o
re
02
i
o
kl
fol
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Fig. 1. Population growth of rotifer with the different enrichment

supplements for 24 hours.

- 133 -



Table 5. Fatty acid compositon (area %) of rotifer fed on the different enrichment diet at duration of enrichment

Enrichment time (hour)

Fatty acid Initial 3 hr 6 hr 12 hr 24 hr
AQU AST AQU AST AQU AST AQU AST

>SFA 394  268+1.45%¢ 23.8+0.64°™ 30.3+4.42°  26.3+2.05¢ 30.6+0.62% 23.1+0.84® 30.7+0.49¢  20.1+0.93
>MUFA 274 224+059% 26.0+1.69"  23.8+293*  24.9+0.89  18.2+0.08° 22.8+0.63" 22.1+0.52°*  20.3+0.96
C20:4n-6 2.2 2.7+0.09°°  3.2+0.24° 3.0+0.48° 3.4+0.09° 2.7+0.03"° 3.3+0.02>  2.1+0.01° 3.2+0.18°
C20:5n-3 0.0 13.2+0.42%° 185+1.84°  145+2.31°  21.10.22°  11.7£0.14% 21.0+0.96° 10.6+0.12*°  20.2+0.27°
C22:6n-3 8.4 20.0+1.29° 7.2+0.03*  254+427°  10.1+1.79*  31.7+0.21° 13.6+0.48  35.1+1.03° = 22.6+2.03"
>PUFA 332 551224 5204236  63.1+9.80 51.3+2.34 60.7£0.41 561143  56.6+0.93 61.3+1.77
n-3 HUFA 205  36.3+1.73% 29.2+1.85"  43.4+6.96™% 34.6+2.06™  46.0+0.15° 37.3+1.50°* 48.0+1.02¢  45.2+2.27
DHA/EPA 0.0 1.5+0.05¢  0.4+0.04° 1.7+0.02° 0.5£0.08  2.7+0.05"  0.6+0.01°  3.3+0.148 1.1+0.09°
EPA/ARA 0.0 49+0.02*  58+0.13%  4.8+0.00" 6.2+0.10¢ 44+0.00° 6.3+0.26  5.2+0.02™ 6.4+0.451

Values(mean+SE of two replications) in the same row not sharing a common superscript are significantly

different (/%<0.05)
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v. &

3. 4% rotifer, S kitina®l FHEH R YA et
1.1 A4 2892 2 F A4

z7] 4o F{F Ao HolAWER] rotifere] AsFsHE Ao Wi A=
@ol o]FolHtt. 53], A A7} n-3 HUFASQl DHA, EPA 9 ARA| tig #
Aol F= A tH(Planas and Cunha, 1999).

Merciera et al. (2004)2 A& 74 A& F triacylglycerol> Aol F

23 A YO R o] &5 AT phospholipidi= AEute] T4 2 A7 zx7 9]
#5854 d%e @ta wustgt. 1Y o] R phospholipidE AAH o
= F4Y F gl wWEd Hol® Ea 9RmRE TFHoow @

(Fontagne et al, 1998). Y% ofF Ao Ay} HEEo| I
phospholipid 33 &3+ triacylglycerol 2t ¢-5% Ao 2 HIFEIL 9]
(Kanazawa, 1997; Izquierdo et al., 2000; Bell and Sargent, 2003). ©]&]& ©
fr phospholipid &5 43t&4 EH9} #AstY s 43 7|# 75
o] F=3 ofF &FHAl TAHAA dFe vWAZ] wWE]H(Bisbal and
Bengtson, 1995), 53] phospholipide= AFEAF 70, AellA o] {34 24
o 9%, AHolu A Al AEY 4k w3 9 Ao AdFelA e
lipoprotein &4 A=3sl= ASE BHix3 Jdth(Koven et al, 1993, 1998;
McEvov et al.,, 1995; Murai et al., 1988, Fontagne et al., 1998).

olgg HHoE B uf, B AFoA S ktina®] phospholipid FF A
A ALFNE T 732%0 w2 #HE Ho FIAE /Tl wE
rotundiformis®] Zt7+] 3kl 60.5, 60.3% HTt%= A e ofF Apole] A
i AES B HANE F AS AR er‘?_lr%‘:]'

A, sterol> <5 Wl Aol Hol A Aol BAstH, I A9
o @A AE e AR S St 8% A" FAAE T shdolt

r_firﬂ'

F{

©

S
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(Palacios et al., 2007). °¢]& s I&-& = sterol®] &
S kitina 2377 & AP Tl HlE =2 AoE A

AB2AHORE %A4AF rotifer, S Kktina®t YIS FHFA wWE B
rotundiformis®] & A& B AA ZY2E vlws] B, of & Aol o F ot
MEO HoHo=z= LR2FH phospholipid ¥ sterol2 B 2F0l S Aitinadill M
=0t Axoz2 oAt ET F X F2l FZUAME CfE AT

€ HOo|X| i1 tHFEE2l XA polar lipidZ OIFHH
7

—_

e[l xto

7] &0l A3F7|ao] o|wEst 7| Ko Al7|of] HolE MF ol YA
salg He = mehE of o).
1. 2. A4k

sfakol® Aolo]l FAZA AF B AES MM B Aoz
EPA ¥ DHAE E3dte AEBEZIAH4Hn-3 HUFA, highly unsaturated
fatty acid)e] HF2Z o] (Lee et al, 1993a, 1993b, 1994; Rainuzzo et al.,
1997; Watanabe et al.,, 1983, Watanabe, 1993), ©] &2 Ho|AEo] 433}
£ o] $9 n3 HUFA &3l wetr zol7F & 4 th(Rainuzzo et al.,
1989). 53] 71&4 Holy &< rotifer, Brachionus 42 n-3 HUFA &3] v
< @t 5 Chlorella 3 AEREZ ko] Hal Q17] o] wEel #
ATAE0] rotifer Aol ¢FF gl AAR] FAlo] S HFo ATE
&gt Zolth(Park et al, 1999a, 1999b, 1999c).

Aol Agate] B4s A% A, S ktina AP TolA C18:3n-39]

2 ol 71ddsted DHA ko] 84%=2 FIAIE A 4E B
rotundiformis®: o & F%
rotundiformis®| ¥ 3} %«qui s ilxl‘ﬂ BEAsHE PFoE 1 o]
o] DHA &%= 7]t 3
AR Ol XA

170

Hir
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3, ARA FFE S
A Zpol7t glol =A vEehd Wi, IFAEE A B2 B rotundiformise
OE ATl vlsl ¥ = EAT &3], ARAL ofF AofoA Slof A
Z 2 A= AHE AEZd 5292 eicosanoide] A TFAIZA A~E G 20
gk AdA, "l 53 2 ggd YA 9ES FPste AeE EHA
A 0](Sargent et al, 1999; Bell and Sargent, 2003), S. kitina®] A% F4<

OhA] S 8R1E 4= it

&3, EPA, n-3 HUFA, DHA/EPA 3 EPA/ARA®| Ztz+e &aFs} H|&
o S Mtina’} Y¥FIE Y3 B rotundiformisel] WIS FolF oz Ut
o7 zAHAG. 2EY YWrH O F rotifer] ¢ Holol ojwd kst
A& ol&st=rfol wet olH g A4k o B oHE ]
ol S ktina®ll o] AAI FEAETIeT o] Hud dAo=w w9

$5@ ool @ 5 e ol BuH)

1. 3. 7goku x4t 8 F w3

re

Um0 Hol Y=o glojA wHARTH: A o] B BAL F
Fo] gtk U wade] FHEA opulAte SR Aofs}

a
w3

oot

= BEF 5% oF, AFERE Hols HHID A7l AXhAE oA
9 2§ S0 w2 Ao vl 83 TS P3tr] Wil opv| =4t
[TE WEA] FFA Ak ok (Ronnestad et al.,, 1999).

TAotH ke F O}u]i/&(%ﬁh?‘éﬁ‘j]i’&)gl 90% ol’d& 2HAs}
ThH(Aragdo et al., 2004). IR

dopr Ak ofFo] Fa oA 91“?:_% T8t As 40]1:} gy
A}
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7] POl ER Wl o]§HT Y= rotifers oSl HolE ojwd A&
o}
=

Fpe] weh Al 4ol 2etA7] wZolth
gHH, S kitina @7 oA+ histidined] o] & AP ol vls #9
o2 A YElEth Histidine2 & Zgobr|intbtolgty EdRtE 1 o<

o] Ta% AL 4HA A=, $A Aot AHo] #HHq = histamine o
AFAolw F(purine)®] FAAANAN BALUAE AFstes dTe It
(Ronnestad et al,, 1999; Aragdo et al, 2004). T3+ A<
2215 Agsted dodstH myelind 22 A3 AEE
TR dHA JTH(Rennestad et al., 1999). Osako et al. (2004)°] X 31
of o3std, offFol o] o] F AEE Pk histidined] FFS Aol A
ol PYAFE U B S a7ITN AT Abe (1987)2 carp
(Cyprinus carpio 2 rainbow trout (Oncorhynchus mykiss) ElAl ol B4
o AEEL histidine®] 2 @l o) AAo] AT URI[T. =
masu salmon (Oncorhynchus masou) 2 yellowtail= < Wol| histidine]
Stgol moldas Aol & ZeE HiHi YtH(Ogata and Murai,
1994; Ogata, 2002).

3|4k Apoje] x7

O

—l g
o
ox

il
o

—

Q

=

=
o

i
e
=
1
s
of

Fo e oz HuFHI tie et al, 1997
AT A G 3eFe S ktinaol A 387%E OHE AP T 576,
42.9%°l )3} ‘§<"3 Ao R YEWT o= S tina®l 745 FwE Hel7l T
suecica?ll WP O E AF T B rotundiformis EES GHE FFo] =& &
TRt &5 ChlorellaZ 58 FA7] W& Hol o] zfolof o3 Ao =w
detETh
ofF Aojol %7] HolAdER ol °o]&Hi S+ rotifere °]SoA H
o|F oW As Fuol wet ofF Aol e f% AF Fde AT
T QA HAoh gk 24F rotifer, S kitina Al Z}7] OhE HolE F I
of @id g otk A S Suist AZ F ATH ofF Aol
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[e]
A 2 AEE

1. 4. fEor| =4t

= Aol A7 &3rjHe SRS
g 4As &3t & & A ¥ oH(Ronnestad et
5 1999). ZEiv AR sl 25 W E@iE S A& oF str] wiEol A

ofollAl glol o] el EAsteE frel - Tt A A g 2 EA
© "Wl$- F83Ith(Aragio et al, 2004). 53] Frejotrlmibe] A9, AASH
oA PR AF AolA w2 FFo] B4 HI] Wi dFe Fot
= AIZIFE A WA HolE Fashe Al7lel Qo] mig- AT F¥L Fol
&1}el ZolthAragio et al, 2004). JLEstA o] Al7|ole AFA AT 9
a2 7] wiEol ©uld dA g oy A] kS 917 oWt o] 84S
Ssk A71EE A= fEotv]imate] o] Folokdt ] wEe]

Cahu and Zambonino (1995)% sea bass Ato]e] Ho| W f-golw| =it
°] 10% ol’dol®™ trypsin £R|7} S7FE o] @] Astaadido] wobA

71 UH-E—OH Ao /\171011 Frefotr st e T84

and Serigstad 1987; Fyhn, 1989, 1993). Tetraselmis sp.]

Takol gheFo]l F&H 1 FollA% arginine®]l & ZoE 4HA Ut
(Brown, 1991). & AFANAME S Mtina® 7% arginine®d o] & AH
Toll Hl&ll =2 Ze® Ueged, ol Holl T suedical A 7]191E Ao
o} #ATHET

ERE FE ot ihe of F Abolo] HoldH o ASe F= AR Ky
3 ok Kolkovski et al. (1997a, 1997b) ¥ Koven et al. (2001)°l <]3}H,
sea bream (Sparus aurata), spotted goby (Gobiusculus ﬂavescens) oA NA -

ot =4kl glycine, arginine, alanine®] FF3 HolYES TS o
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>

12t} stk Rl A=S Fo] HoldF ol I8 Ad & FAuTFL Hast
ok E3F turbot Aolo) A+
dover sole (Solea solea)®] A1+ phenylalanine, lysine ¥ aspartic acidol <

Fes et B3 (Knutsen, 1992; Kolkovski et al, 1997a). ¥ A+

S8

aspartic acid 2 elycine®] FFS H| XX,
P gy

ANME S kitina D@74 7%, glycine, arginine, aspartic acid ¥ alanine]
gheFo]l thE A@ o vlsl fFoldo®E FAY Aol7) gle AS=E YyEy
Ao R $F3HA ZAEAT
2 AT A Fo| IvEE AL HE
g8 Ad T vl w-¢ =4 Yeld ZAolth v E oA 71A] taurine®] A&
g 712 9 o] fHEAE FUAAR AESel o MEx =H7]E, @
al

=
dele] @4, A42A 2 Axes Bds 1 9%

Lo

= g
ATHVan Waarde, 1988; Huxtable, 1992). ¢3-S Ay 9l

ATEE)7E 2 W o] 23 taurine©] T&3 ALS FHIT= AFAA}
Hx ol Stk 53] o] AZ]el 2 oFEY AF, HA FEoprqt
30~40%°l =2 taurine ¥HS 273 = 2

al., 1992a, 1992b, 1994, 1998)

o] # & taurinee f4FO]FO] A - Ao] AlZ]o] WrEA Q3 YL T
shuE stal )&l (Takeuchi et al, 2001), ©l= AAE AH2QA FF
< ¥"A7] wjEelth. Conceicio et al. (1997)2 turbot #Atolo] AR E
taurine &% Aol Avt= AFAAE EHESIAH

olAH 7] ofF Ao AAH HEo| T8I taurined] FHFS B AH

o] & kitinal A =4 UEtue Aoz 2AEC 1 7HAE AFsHAT

2. 248 rotifer, S, kitina® FX¥73}37& AE

AZbol Tttt A HsiR o, et #3
],
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rotifer F¥73 Al 1243 o1 F n3 HUFAS] e Wl gl Roz
APAHE AR APS A9t
79 n-3 HUFA, ARA % EPA &

o
o
L
kJ
e

4 AQU A o Fe FEAE 3ART o] F
H3l7E glloen, DHA &3S 12413 o] ¥yt qislth ¢+ AST A9
79 749, ARA 9 EPA &2 3A1F ©olF, n-3 HUFA 32 63 o] %
W37l fle AR ZAEAT. 28y DHA $§32 12413 ol & F7lshe

EE 943 ZAaHE A%S HolA Hu

et ed o] HULE wigFru el AW sy 5 A4S oEF Avlske A
AbslE A HWHAFS bacteriaZb B350 A&H|StE AF4o] 9% Aoz FTEH
o] A, rotifer 7NAE =2 s ZIFAEd sl A= F2ho] Ho| HA=

2]
oA Al = Holth(Park et al., 1999a, 1999b). o] A& FF4sA L A7t
w2} 2| ake] shako] theFstAl YEMY AL, rotifere] ZRAIR

1=
F7] WZell I AdeA e e dFAE A 5o &4 =242

B
i
=
(.)J
T
cC
oy
>
Lo
)
T
>
gl
=3
>
We,
>
=
>
rlo
52
rlo
:‘u}l‘_',
>
=il
X
2
o
i
-+
N

WAto 2 o] g H 9}3134, =3 O]Eﬂ ARl Hl o] "% Fasital
3 ATHMcEvoy et al., 1998a; Estevez et al., 1999; Sargent et al., 1999).
< DHAS$} EPA ¥ ofyz} EPAS ARA 3He] ZFAZR] 4% 28 o
o]tt. DHA®} EPA+ phospholipid %A fatty acidE o Z=HZ3} A7)
il 2 545 AEste AAEEE 4HA Udh(Sargent et al., 1999). ¥

o7 DHAE AlZAZZ e wo] Bty 9lon A9 A3 75
< Sh(Bell and Dick, 1991). 13 EZ2 DHART 3 £
= Aol AA Tsdd FAA] aRE £ VhsAol 7] W&
F3b AEof| AgIFS v F A FohBell et al, 1995
Rodriguez et al., 1997). & A7ZA7d A DHAS T&FS E& APFAA
72~351%°] WHE B FI~ ﬁr% k7] Q1 84%0 WIS FdH AL

o W K

=
fLe

2
Y
2
©
o

N
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T Sk AR AR Ao AHARJ Y¥Fe WA= n3 HUFA
YIAEE 87l Al 205% wle) EE AFFolA 29.2~48.0% %
ol FdE Aew yUEuth I FoA AQUE 2443t FEE3

AATFNA 48.0%% FIHCRE JHE =2 @S EASY 1243 A
3 APl 46.0% 2] w3 7o Aol YERYA 3

Sargent et al. (1999)2 dWtzH o= 3|4k ztofo] gk HolWEo HF
DHA/EPA Hl&2 2:1= Hustal JQA|T ofFo we} o5 Hle2 2w
ztol 7} JAthal BAstATE olE £¢] Estevez et al. (1999) A& oAl turbot
Zkol o] 73-%, rotifere] DHA/EPA (0.1~3.1) Hl&o°l wepx A7 HE&LS
Zol7t Qe ASe®E UEld, Furuita et al. (1999) dX Aojeo] A%,
DHA/EPA Hl&& A& AE&o Aol Aol UBA FUAT 948 =
% stress APA DHAZF EPART FQ83tty RIS 134y
Rodriguez et al. (1997) =7] githead seabreamol|# DHA/EPA (0.3~1.4)

&

ol

5
=
5]
j=4

&Rl 5255 o589 44 =7 Jehystal, 53] Copeman et al. (2002)
S YA oFd =FUkAn e 49 DHA/EPAC B &2 712 & DHA
dFE 8738tE o2 Ryt =3 T (Gadus nuawqo]nlas) 7o £}

A< halibut®] 7Z-¢-, DHAZF o5 o592 =2 A&7 HEee S8lA
EPA Rt} wj-¢- A 8FHTY B3I THZheng et al, 1996; Evjemo et
al., 2003). ¥ AF oA S ktina®] DHA/EPA Bl &2 9 Al 2 44
sl AlZtdol o}l 0.4~33 BlE9] Fe Hole FoZ Yepyth a8y AST
AT e ZE ARdelA 1 olste] v s HQl W AQU A3
M= 12AA 2.7 3h& Hol dWbH o2 4k AHoj7b a8k 2:100 7HE
At A2 ZAEATH(Sargent et al., 1999).

T3 EPA 2 ARAY 3 AAHR 282 eicosanoid F/gol JiA
Z 838l (Sargent et al., 1999). Eicosanoide A9 A%, AL, 44, ©
2E# o] g A, wef 2 A ®o] F ok A o

o
s =

st A E HIHI Ith(Bell and Sargent, 2003). EPA ¥ ARAS

& 12 Ho

[13
=
Kol

o=
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3 9&S FY3l= eicosanoid®] 7] Z o)W, ARA°] EPAXRTE & AEZ
dg 7HA & eicosanoidE At A2 dHA JTH(Bell et al, 1994).
olglgt SHoA ARAS HIE°] HESFTE githead seabream® 8%, A& A
2Ef 2o tigk A3dAPo] 2 ZASE B UTH(Bessonart et al,
1999). 13yt AtlH o2 ARAZF EPARTH £ HolE HHT 7% flatfish
?l turbut, = Z7FAE] B g A] 2ol o] AApHo] ddo] w4 YEhdeE Ao
2 Hax3 9= (Estevez et al, 1999; McEvoy et al., 1998b; Copeman et
al., 2002), o]A 2 A3l eicosanoid &/l o3 2E# X 5o A= H
153 9tk wWEkA Bell and Sargent (2003)2> EPA/ARA ¥Bl&©] 51 ©]4
OS2 & Zlo] offF Aol AAWo] dARE TFAaAZE F vl Bil
o R HT AT B ofstd Aol S $3 EPA/ARAS P& o
Zultt hE AT sea bass F striped bassv ZH2F 111, 3:1%0 A& H I8k
Th(Sargent et al., 1999; Harel et al., 2001). ¥ T4 EPA/DHA Hl &2
EE AdToA 44~642 YEY o5 o|Fo] g7t FE eE =
A=
= d7E ¢

of JHMEUEZQF HAMEE AZte] E28M8 s & mf AQU AEFolAM
12A1 2 223 st Zo| JHE £
(Fig. 1, Table 5). o}
o Qe AAog ® AR
7|22 57F 2 Zlolgt dddh

]

ol
o
B
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Al 3" Rotifer, S. ktina® W& A4 2 R3I&
E9!

1.4 &

A a4k ofF B AR 7] = HolAEEHA ®Wol o]&HA e
&2 rotifer, B plicatilis 2 B. rotundiformis®|™, ©] &2 iz gS 95 7]
Z A77F @39 =3 th(Lubzens, 1987, Lubzens et al., 1989; Park

et al, 1999a, 1999b; Hagiwara et al., 2001). ©°|& F< 45, A&} 2o}
male®l #AI§lC] amictic female©] &g AAFet= A AY 2 H maleo] A3t
o] "4 mictic female?} ww|oll O3] A T(resting egg)s FA 3= F4

A2 02 Lo X th(Pourriot and Snell, 1983; Gillbert, 1967). 784821l ¢
A dAHAE UTFHS FHE 22 GHo 2 RoH Qo] 9FEF7d o] Rl
dstA] o™ A% WFAES AU Yo FHAAHE AL /AT
(Hagiwara et al., 1988a). ¥, rotifer W7o T Fd4 A& &7
og By & F ol R olygh i dE SAS dEEAdee] 49
8= o|&% 4 JtH(Hagiwara and Hirayama, 1993; Hagiwara et al., 1993a,
1993b; Hur and Park, 1996a, 1996b; Snell and Janssen, 1995). =3t Artemia
cystdH @A FIAIA Aojol A FHFY F A= AFHO=E A8 rotifer
AL ol 2= 3l bacteria2t YA FTEL] A - 2 ojo thdk 23 FAS
WA = ATk

ojAg o 7FA AHE 7L U+ rotiferd] WFHE HFEL & F

UATHA Holg w7t st B}y MFA] FEALMES 3T + A "ok
a4y AA7EA rotiferdll gk WFE Ao telX+= FE  Brachionus
£S5 ez g A7 #ES ¥(Hino and Hirano, 1976, 1977;
Hagiwara, 1994; Snell and Hoff, 1985, 1987; Hagiwara et al., 1988b; Snell
and Boyer, 1988; Hamada et al., 1993; Hagiwara, 1994), Synchaeta <l T

i
2
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A= g mRIRE AAgolgt & 5 U

meba 2 AFolA e 24AF rotifer, S kitina® WIS tHRFA A4S
HAslA e FHeE T v 948 R Hol IEFel wE W
FAES AT = Yo H3F F3es A AbS) B9kt

o. Az 2 H

E A¥e AIES strain S ktinas A& TE 100 Lol A 15%,2] v <F
T2 g Fstd S ktina® HTEe st 34Y P ¥ Rad &
lux &8t A FAIA Ao o] &3ttt BeE A3

0 =
& 33 wkEstRion, ZF AP oA rotifer’t HiWE =3 F A

ki

i

W A AF Al rotiferd] FAAAE, F8E mL & W A4
g A YA 4hFS Hagiwara et al. (1988a)2] W o wel A4tstdnt 1g
HjF713F 5 rotifere] H1E =9 AAE[SGR = (1/T) In(N/No) (T = HF
ol S ktinZ} HAEE ED5H7|7MA el WMYYST; Np = T days9 S
kitina MAEE; Ny = S kitina®] HETHE)S A AT

Rl

of

1 G¥el He WTE B4

1. 1. W7 A4k

AEE UTH A AELe 5 10, 15 20, 25 & 34%E g 250 mL Az}
Zet2g @ F 150 mL)o) S Atinas 20 /WA /mL7F =2 HE3 5 3
ath £20] 202 2 oA @u) %71 (EYELA, MTI-202, Japan)ol| A ©]

FolH o, MY 7 sueicas rotifer /WA T 1,300 AIEZE FF3 FAT}

[

1. 2. &9 W& F3& A
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B3 Fo

WS o] &3k th 24 cluster chamber (W% 1
kS 15070 WelE F83ko] 24413F o] FRH Rites =
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oft

chamber

A3t
2. g0 BE YT A
2.1 W7 A4
G TR UM AU 8, 12,16 20 % 4T 2UH ]
(EYELA, MTI-202, Japan)oll Al 3l Hth. 15% lFTE vt 250 mL 4
ZZe I dg 150 mL)oll S kitinas 20 WA /mL7 HE=5 HEF3s9 .
el

o] W) HolE2E T suedcaZ rotifer 7§ A & 1,300 A ZE Z3F3) FUoh

2. 2. &4 o

¥
i
e
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o
N
>

|
)

1z
ot

& FAE T A Ay 593 2 215k A WA
YFHe o] 83lA k. 24 cluster chamber (W<

PN
T
Eu 1

WS 15070 el & 838t 24413t o] S HE Ries =

B

ofy o
.
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oft

chamber

A3k

3. Yo] IFF wWE Y7 g4t

i)
o
of
Al
o
2
8
i
=
s
ox
ox
>
o
S o
~
2
i
Y
BN
zjl ofy
o
N
M
o

rotifer, 1,000 7§ = 0
o). 250 mL AAZAZg A3 ok 150 mL)Oﬂ S kitinaZ 20 7} 7ﬂ]/InLﬂ' =]
= HFsIHut o] u o

<
suecicas rotifer WA & 1,300 A2 &2 FF3l AT
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m. 2 3
1. @& & U+& A
1. 1. Y7 A4

ol W S Mtina®l HIWE, BZE, FE98HE, THE 2 W7
Akl thid A3= Table 10 YERHAT HAE =L 5%°14 260 7HA
/mLE FoH o2 7Hd =A YEbE o (P<0.05), 10% AdT2ke] FoA<d
ol ol ekkth(2>0.05). WHE 34%, AP F= 20 WA/ mLE FolH o
2 S UeReh(x0.05). WA 4EES 10% EFT7F 082 fFoFHo=
g =7 UEst o (7%0.05), 1 9 & AT+ 05~060= o F < A
o] F Ho|A| ZUTHP>0.05). FEAAEN JoIAE 5% HITANA 43%=
FoF o2 BA YEFEOUH(<0.05), 10 D 15% AFTFe] F2o7 A 2ol
E Holx &gkt FHEL 5%°lA 33.6%F E=A YERS O U(/%0.05), 10
2 15% AFTehe] FolAHl Aol= YERA eEkTH(2>0.05). WA 25 H
30% AT AeE 10% "] @ FAES Btk dY TS AL
< 5% 15.0 NE FHo = 7 =4 Jebs oy 10% A<+ &
o) HQl Aol HolA QhTH(2>0.05). o9k 2l 25 I 34%,9] A= o
oz v Aoz ZAFEITH(X0.05). mL T UlTF& A= 5%0014 458
N2 Foldoz 7P =% om(1x0.05), 10% AT+ oA Aole=
Uehz] edth(2>0.05). HEE 25 2 34% 0l E folF oz A Yl

N
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Table 1. Growth, sexual rate and production of resting eggs of S. Aitina on the different salinities’

Salinity Maximum density Specific growth ~ Mixis rate Fertilization =~ No. of resting No. of resting
(%0) (inds./mL) rate (SGR) (%) (%) egg/day egg/mL
5 260+14.2¢ 0.6+0.10° 44.3+10.05° 33.6+2.10¢ 15.0+1.85° 458+8.11¢
10 255+13.3¢ 0.8+0.02° 43.6+7.75 33.5+5.40¢ 14.3+1.00° 36.3+2.38°
15 194+10.8° 0.6£0.01° 41.2+13.30" 31.1+8.00° 10.3+0.45¢ 25.8+1.44¢
20 103+7.5° 0.6+0.01° 27.7+5.00° 20.6+3.85° 8.9+0.55° 16.6+1.72°
25 51+22.5° 0.5+0.01° 25.3+9.15" 7.1+0.35" 3.4+0.65° 10.2+1.94°
34 20+5.9° 0.6+0.08" 0.0+0.00° 0.0+0.00° 0.4+0.15° 1.0+0.50°

Values(mean+SD of three replications) in the same row not sharing a common superscript are significantly

different (7<0.05)
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B8g 24

rfu

Aol wE yrHe H3& Ad= Fig 19 JeERATh H R3lge
10% oA 66.6% = frolF o=z 7H H& #S BHAoH, thFo= 5%l
455%°] < B ATHIX0.05). 15, 20 F 25%,°] F3H& g 2zt 34.1, 329,
273% % YEReH AP oAl Atole HolA egktH(2>0.05).
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Fig. 1. Hatching rate of the resting eggs on the different salinities.
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2. Feol HE T B4
2 1. WS A4

Feoll W2 S ktina®] H1UE, 44E, FHNNE, FHE 2 TS
kel gk A3k= Table 20 YERAS. Ha"E+ 16TolA 1,405 7HA
/mLE FolH oz 7b =A YERGTH(/X0.05). T FZ 12 2 20TANA ZF
Zk 508, 422 JHAl/mLE =A WElwth Wk 8TolA = 110 7HAl/mLE
oo r YAl ZAEAUTHX0.05). MA BHAES 16T7F Fro]dog =4
YEFSE A RH(%0.05), 20 B 24T ko] o] ARl ztol= Holx] ZUTH(2>0.05).
FAAAE 2 FAHAELS 20CoAA FH2 M =A YERR S (/%<0.05),
16Toke] FolAQl Apol= HolA| FSkTH(2>0.05). ¥ W+ A1k 20T
A 313 /N2 FAHOE FA YERAT 16T zol= YebtA] skt
(P>0.05). ¥tH 8 I 12CoAE 247 1.0, 22 /M2 FoFo=z A Yel
TH(<0.05). mL & W7+ Aatol] Qi = 20T A TolA 626 M= 7Y
How 7 A YEbRTH(<0.05). 1y 16TC A@ T2 FoH A Aol
© HolA eFFTH(2>0.05).
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Table 2. Growth, sexual rate and production of resting eggs of S. Aitina on the different temperatures’

Tem.  Maximum density Specific growth  Mixis rate Fertilization =~ No. of resting No. of resting
(C) (inds./mL) rate (SGR) (%) (%) egg/day egg/mL
8 110+23.0° 0.3+0.02° 28.3+10.45° 10.4+2.10° 1.0£0.26° 4.2+0.27°
12 508+103.3° 0.5+0.02° 17.7+10.75° 8.3£0.10° 2.2+0.43° 9.8+0.06°
16 1,405+38.3¢ 0.6+0.00° 50.0+11.15° 29.2+4.15 26.3+7.38° 52.6+12.2°
20 422+51.5° 0.6+0.01° 53.0+11.30° 445+13.85 31.3+6.47° 62.6+4.24°
24 234+35.8" 0.6%+0.02° 19.1£11.15° 23.7+6.95" 14.0+2.11° 28.2+2.41°

Values (mean+SD of three replications) in the same column not sharing a common superscript are significantly

different (/%<0.05).
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Fig. 2. Hatching rate of the resting eggs on the different temperatures.
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3. o] FFF WE W& 44t

Ho| FFFo| W S ktina®] HIEE, AAE, FENNE, FHE
7=k A4ke] ti$k A3= Table 3] YEWAT HiaWE+= rotifer 1,000
MA B 04 mg a7l 542 A/ mLE Fo|Ho 2 7M =4 Ve
W(<0.05), 08 H 1.6 mg ATk FolZQl o]z Holx skt
(P7>0.05). /MA BHAES 02 2 04 mg FF T4 0622 Foldoz &/
UERLTHIX0.05). 84 ES 1.6 mg T3 7oA 411%=2 =2 7S BA
O H(F<0.05), 0.8 mg Fa T F& < 2tol= UELUYA FUATH0.05).
AES 08 mg FHFTAA 358%% FoHom JHE =4 UeERoy 04
mg Fu T FYHQ Aol HolA FUTH(>0.05). LY HFH AL

AA = 1.6 mg FEToNA 33.0 M=E 7 EA YeEPEAIT 04 2 0.8 mg

T3 T v-MdOJ Zpole HolA It P>0.05). mL G ul7E AJAES
08 mg FwTolA 620 MNE Fo|HoE =A Vet o UH(/x0.05), 04 %
08 mg &5 792 FolH < Aol HolA| FhTh(2>0.05).

L)
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Table 3. Growth, sexual rate and production of resting eggs of S. Aitina on the different feed quantities’

Feed quantities = Maximum density Specific growth ~ Mixis rate Fertilization =~ No. of resting No. of resting
(mg/1,000 rotifers) (inds./mL) rate (SGR) (%) (%) egg/day egg/mL
0.1 226+67.5° 0.4+0.02° 20.9+2.90° 7.843.62° 1.0+0.26" 8.0+2.24°
0.2 316%20.1° 0.6=0.01°¢ 22.4+3.95° 10.2+3.14° 2.2£0.43° 16.4+6.80°
0.4 542+32 8° 0.6+0.01° 28.8+3.14% 30.9+7.93> 26.3+7.38° 52.6+2.82°
0.8 532424 5° 0.5£0.02" 32.9+5.21> 35.8+5.91¢ 31.3+6.47° 56.6+8.54°
1.6 540+22.8° 0.5+0.03 41.1+6.95° 21.8+2.85° 33.0+2.11° 62.0+2.21°

Values (mean+SD of three replications) in the same column not sharing a common superscript are significantly

different (/%<0.05).
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4. 249 rotifer, S. kitina®] W73 A4t
4. 1. & ©OE U7 A R 73 A

Rotifer®] FAA2E, male®} 7|4 mictic femaled] FAHE 2 FAHH
mictic female® WFgk Abgbes Wit Ak B2 = |
(Hagiwara, et al, 1989). 1% 7] wj&ol WS tFALeH7] flsise o
2 8Rle9 F4E ¥ AHES FAFolr & A

gHH, L-type rotiferQl B plicatilis €& Awo] RotdrE FAHE 9
s Agkgrt sopittal st th(Hino and Hirano, 1984, 1985, 1988;
Lubzen et al., 1985; Hagiwara et al., 1988a; Hagiwara and Lee, 1991). ©| %}
2] S-type rotifer?]l B rotundiformis & HiEC]l AT E FANAE Z
TAEC] FolA B WFES ANE F A= Zeg RuEH Itk (Snell,
1986; Hagiwara et al.,, 1989; Hagiwara and Lee, 1991). TR} 30%, ©]/do] =
A oA Aadstes AEFE BolAl Hoh(Snell, 1986). © | W B plicatilis 2 B.
rotundiformis &°] W& A4S 2 Gl oA ArE BES HolA
Ao 2 Ao es 9] ders #8484 E, HE 2 W e
7} Eob L-type®t FARRE &S Hole A= Uyt ok 15%o14 ¥l
2 AAAAES TS AdEes B
o] 2% 1 @&l g &
2 #ddEtH(Hino and Hirano, 1988; Hagiwara et al., 1995).
AWA 0 % rotifer®] W F3&2 @Al wEbs ohefstkA e
e ZeE Hi¥i ¢lth(Hagiwara et al, 1985a, 1985b; Minkoff et al,
1983). Minkoff et al. (1983)°ll °|3tH, B plicatilis®] W& HZ H3} A&
2 16%°l A1 40~70%°]1™(12~15C), Hagiwara et al. (1985a)+ Bl 2 #| <
A 8%l A 0%t HIFFHATH25C). WA B rotundiformise 4~ 32%, 1l 4]

rf

rr
__‘TL‘
o
rlr
=
-
)
ot
ox
>,
lo

w2 El
o Mz 4

O

rr
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83~100% 2] R34S ROty ste] ARG E YFeke EHirt 7153
Aoz HHE3 th(Hagiwara et al, 1989, 1995). & A A= 5~10% 2] Hl
WA A G ol A uﬁwﬁm B3lgo] 7k =4 U Minkoff et al. (1983)°]
il

= m, H&o w2 =A™ rotifer, S. kitina2l W+
T=HE, THMAE 2 72 MBI =UE 5~
o

10% 010, =& &322 10%<2 R2E ECHEICE

&l =4t rotifer, B. plicatilis?} B. rotundiformis®] 7873 W A4S
W= (M, 1989; Hagiwara et al., 1988a; Hagiwara and
Lee, 1991; Hino and Hirano, 1984), |3} A717t & B plicatilise T

o] Y &5, 77l A2 B rotundiformisc T 30C FANA Aol =

2 Zo 2 77 RAaEoH(Mi, 1989). E3 Awsiss and Kestemont (1992)
= @A rotifer, B calyciflorus®] HZA A7 22 25TC8al Hist3oH,

Kang et al. (1997)2 & 22, 25 % 28ColA B calyciflorus®] 37&= Hl
wWIPS W 25C7F 22T 28CHY =gy Rysdo. I3y
Rico-Martines and Dodson (1992) % Park (1998)2 G=°] E=T% B
calyciflorus®] S21&0] A YEGow F 30C odolA 714 A4 e
Wt B AYeME 8, 12T A2 ulal] 16 2 20T A rotifere] %740l

A UEhes AS0E ZAFEAY. =3 fFAAAAE 9 T e E |
wal = 16 8 20ToA E2 A2 Yelyt. ols & F2olA
mictic female®] Zd % F719} maled] &go] FHFEHA7] WEd A= &
HE T} Hagiwara et al. (1988a, 1989)-2 mictic femaled] 282 2 TAHE
< FE5Y & JA He=d o)A mictic femaled] BE F7H W FH

Lo

WrRIE=7E F7kekr] wj&oletal sk3ith. ®3F Snell and Garman (1986

o rotifere] f9H e wrle] o}F FaF f<lo] AT shef YT A

~—"

2
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3k 8Qlo] A83 ZoE ATHTH
datd o2 2A AEfoll A Y rotifer TS 90% ©lFo=E =

ARk YA o2 YikE WFEE 50% ol3tE e R3lEo W Aol

ATH FTH(Hagiwara et al, 1997). 21%7] wi&o A4 374

T FIeo S WEA élﬁﬂﬂoiok < Aot} A s4

Plicatilis®] ¥ W78 F31&2 28ToA 7H

FLo] o}z

o
Hir
rlo
e
ot
o
tlo -
fz
o
E

E
4
o

4. 3. Ho| FF&d mE U7 A4k

Rotifer= Holgx7t Wold4E o] dojA 1 qtgkes dolAn, ¥
ool WEFE rotifer A FUISThY R3S ThHLee et al., 2001;
Groeneweg and Schliiter, 1981; Guisande and Mazuelos, 1981; Galindo and
Guisande, 1993). & A3 AL Ho| FgF#Fo] A F71ET5F rotifere] 4
ol =4 YEhd 7€ A9 A AEFS Bk

g Snell and Boyer (1988)° <Jst¥, FAdA2 femaleo] HF/3A2
femaleS ¥+ ZART A2 femaleS E=6H oF 108 Ao HolE T
ST Bustoh 4t rotifer, B plicatilis®] /348242 Hols&rt
01 B 05x10° AlZ/mL &€ W A3 W& Y4e Holx ¥gpoy, Hols
=7F 108) o]l 2x10° ME/mLolAe AMEE o2 R
(Lubzens, 1981). o]2|3 A= Holgrrt =5 W Aitol =& A
o2 AgFHAR, B AYPANAE rotifer 1,000 MA & 7. suecicas AZFH

04 mge2 FFY APTA HAuBErt =4 Yebsta, 48482 16
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% A7HA $9 AR

I<AW4> 12 ton AXA Y |<AFI5> 20 L AXAEE  [<Axle> AX A (8YH) |

|<AR7> SREEQRYH)

</‘]-7~]10> T suecica N |<AHRA11> T, suecica 1’41*'/'}-</\]-X]12> T suecica
=)

HjFB0 L A3 Hl QF(100L 23\l &) Hl 1 ton OFS|Fx)

- 159 -



<A18> 5o SR

<ARI21> HolHH B

- 160 -



Rl
N
0
|'O
-
=
[
o
ke
e
0z
H1

0
)=l
i
i
o
1o

S Y3 A= o WE straine FRT 5 AA FHUCH

APS Pk
4, F48 adow gRute B S5 straing A}
%49 rotifer, S kitina7t AP/H F& $AT, ANELE Y AXIE 7179

= =
strain AtEkEel $o] thEsl eyt A@AT, AED straino] THE

~

- 161 -



i

Ao\ M= Tetraselmis sp.

=
T

220 HolF Rl w

o
=S4

Aol 7 712l H

&l

Ll

S
=

Asdo=

o
oF

o
o)

o

o|J

&

o}
o
o

i

rotifer, Synchaeta << Yl

[S]

HAAN7A 24

I Ao

S

Al

FO 7 Ho|YEFZEH o]g9]

+

FAIRE 2L gFEel JRAR

713

0]
AA

AN A

o

A&
3. AR S} E 24 rotiferd Y XA}

L
|

s o

ol A

Bn

I
K

[e)

rotifer+—

beo] Aol

9

o] A

o &

bol Apoje] wWolw

9

5ol 4 ASEE AoldA FEE 4, o
S

9

Al

—
o)

‘mO

o

v
Nd
il

Bde B Aoje] oz

o
~

A=A
- 162 -

o]
AA

2=
T

gne

=

N 22 strain



% 22 =0 ATERE G4AE 9 #A™ELY JHx

TUE OFuF system 7N

%49 rotifer, S. kitinas HOANEZA /NEstH = S5 Ao Ao A

AFE ATHI Y H2AG]7] WEe] e wE A o] dakelA
288 4 AT PILOT FRE BHAA} & Aol ol & falxe &
Fo AWE v ko] A ofokgt Fht,

e, B ATEEAE LU RS s o5l H W
2 $5F 5)e FENA =G olAF MIBAL

Wk st B Zo) o system 7l

N
Y

i

o

f

rioh

o I
o

b}

IS
-

3

5
=2
R
)
of

olZgt AyEx Ao o) Hu AAAHoln FEZA MY systemO]
NEEANeH, £ NN E HE&ED F e IUE WY systemo] 7=
i oF = rotiferES A 2ol A How wWIA. AATY 4 9

Hj¢F system 7WEE Qla) FHAY

T AE HolF g ¢S FRE F A HIAH of

2. 249 rotifer, S kitina®] YEFEA L HolE&(TEXF ¥ FAXA)

Z4 rotifer, S kitina®] AAR] e s Rz 71Ee] HolA
E2I rotifer, Brachionus rotundiformis (S-type % SS-type)oll ¥ ¥4 3E P
B AYTE Fol Hlw 48 Hdt 1 23, F AE 8

A4 class®] AF x7] AofeAl FL3 strols, phospholipid®] &2 S



kitinadl Al =& ZoZ Yegth E=3F Fgrobu| 4kl threonine, valine,
methionine, arginine ¥ histidine(&3 o}lv
o, Whpoluleat Sl ofF Aol el 23 2
taurine o] B Ao AT B DHA o] 71E9] Holnt)
s Aom vugth olAd JPAHE VA RS
o W% Srstths A
ol@A AHow $53
FE 2 AN Aofelil F
o] 712 Holng
B oApEge 94e Fo A3 PA4S 9% s e G
H95, 1% SEEE 2 A Ao Al S1E }
A AEE SHANAE P4 ATge B N2 Hol4ERA T 7}

sAS A FAT

i
[
S
I:IQL'
A o
S

3. g Al BAAE 4

B AFEREE 247 rotifers W el o] Bk BAHela &

| 93l o]FoFH Tt 0.5 ton TFEOA Z4&F rotiferg 19
A A4kA 2= ZBls Holzh 32,0009 (46.4%), Azl 36,0009 (52.2%) =

AZH] 1,0009(14%) 22 F 69,0000 £8F = Aoz ZAE .
E A= batch YIRS T3l o] FoH 7] wiEo Axdnle] vHlE&o] A
TRALE A Holo tig Bl&2 30% ol/dolH

ol# g M & Fol RS AuVL AASHA "ok wEbA B Fo

Hop AAHoln ZE&AQ wiFtHe Y] AEE HUF Fole Ao

olde] AHE T do= AAAR] WY system 7= T2AHE A4

& 4 BoH, semi-continuous WHH 2 T2 Y systemS FTE

T Al vkEolE AZI7E H A
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% 3AEES ATERE SR Y #A™ELY JHx

1. @375y 14E HFudrie AL

Batch ¥ semi-continuous®] i He wE AY4HE] 83 rotifere] F& <
FH(QFEA)NA oud ol RS AL B S B AF7F Al
g AT

A¥ A, 1 tonoll A rotiferE 19 7§14 A4rsl=d] &= B8-S batch
o] A% o]z} 17,1219(22%), 17AH] 48,0009(62%) 2 A EH] 12,0009
16%) 0.2 F 77121402 Q1An7E gRES AASe A 02 AT
HFH  semi-continuous B ol A= Hol7l 36,0519 (47%), UX1H] 24,000
(31%) 2 AZH] 6000(8%) 0.2 = 6605199 Aaugo] == Hoz U}
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