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Abstract

DHA and EPA are important fatty acids that essential for fish development and
physiological function maintenance. The rich content of DHA and EPA in Copepoda
enables it become an important living food of fish fry in aquaculture. Traditional
outdoor and mixed culture of copepoda brings virus pathogens into fish fry culture
pond easily. The high quality and high density culture of copepoda with no specific
pathogens can be achieved by providing specific algae as food. However, the culture
of algae needs intensive labor and.large slpaceZ and is easily influenced by the
competition of harmful BiOlogical 'organisms"qnd climate. In order to cope with the
problem, we tried to establish a pure c’é?ure system.and design the food formula for
copepoda to produce the 11V1ng fpod fd-r:;ish ﬁry Besidesl, we also compare the fatty
acids composition differencé between .copepod;t that fed with algae and other
formula food. Apocyclops royi is a common copepoda found in aquaculture pond, so
we use Tetraselmis chui and other formula food to culture Apocyclops royi for 13
days and observe its population changes. On the 14™h day, the copepoda were
collected and the fatty acids composition were analyzed. We found that the density
of copepoda that fed with Tetraselmis chui is 23,100 per liter, and the DHA and EPA

composition is 4.44% and 2.15% in total fatty acids, respectively. The density of

copepoda that fed with shrimp chips is 3,750 per liter, and the DHA and EPA

il



composition is 4.00% and 2.36% in total fatty acids, respectively. The density of
copepoda that fed with formula food I is 5,475 per liter, and the DHA and EPA
composition is 15.08% and 1.86% in total fatty acids, respectively. The density of
copepoda that fed with formula food II is 6,700 per liter, and the DHA and EPA
composition is 7.09% and 3.96% in total fatty acids, respectively. As far as
production volume is concerned, algae are still the best food to produce Apocyclops
royi. However, from the convenience point of view, formula food not only can save
the cost and time of algae culture, but-also ;:én av_pid the influence from climate and

other pathogen contamination, and maintaifi a stable production. Besides, from the

f 'I',—' sl L

: | == 1 ;
analysis results of fatty acid co:i‘nbos'ﬁ?o;f:c()pepoda fed with formula food I that

’ -

contain highly a-linolenic acid Ehas particula‘jr highDPHA production in copepoda,
(R | | e

|
|

which may imply that Apocycldps royi can ttrn a-linolenic acid into DHA.

s



7 AP I
ADSTraCt .t e e e e ITI
B B i e e e e e V
2 P VII
B T e e VII
o VII
FAWT T EE R N ... 1
11 Zoge-kaA .. A . . W TS 1
12 kA H72 A A Fn LA N R 1
1.3 7 4p4rry Bﬁﬁ&;g%i:f@ztxﬁl_éﬁ—}i'-F#Pm‘é‘-tH ........................................... 2
14 7 4o fems R A FEM AU £ ik cessdlocottt e 3
15 % 4pdesydpphehg SN i 0 Ll 4
16 BeEAT KB E P AT Ll b i B e 8
17 e84 % XM A2 T et Y A 9
18 & B &l-k3 24 . T N . - - AT 9
19 % X R B2 B A e I e, 11
LLL0 B 8RB B Tttt e et e e 12
LRI = 13
2.0 B A A e 13
22 A R 8P EEHELRARE EE S L PR 13
2.2. 0 B B ettt 13
2.2.2 B K B FEBE R oot s e e e s oo 14
223 @A B AI7KS L H oo ee e 15

2. 2. BB e 16
225 A I BE™ oo 16
23 PR S HBEAE B G KRR FVGFEEA T o 17
2. 3.0 B B ettt 17
23,2 AB T T B B e e sen 18
2.3, 3 L B e et e e et e e s e e eaeenaes 19

v



pc T I SO 20

235 F 4 & 17 (Gas Chromatograph » GC) ..o, 20
T AP 22
31 7 8 RAFHEEIEEE S L 2B 22
32 27 8 RIRF I PR ES 2L 25
321 MAF 8H R B NREEIEZ FERG8 W Bl e 25
322 A R SHF B R BRI Z P EE R LT e, 26

L I 27
L~ %4 f’c ........................................................ 31




Figure

Figure 1.1 Structure of Polyunsaturated fatty acids (PUFA) .........ccccevvevievienierierenee. 4
Figure 1.2 Elongation and unsaturation of fatty acids. ..........cccceceevveieieieriesierieriennn, 5
Figure 1.3 ApPOCYCIOPS FOYi NAUIPI. c..ccveevievieiieiieiieiieieieeete e 10
Figure 1.4 Apocyclops royi egg sac-bearing female............ccoceveveeeeieieiesiesienenen, 11
Figure 1. Population growth of Apocyclops royi fed with Tetraselmis chui.............. 38
Figure 2. Population growth of Apocyclops royi fed with shrimp flaskes................. 39
Figure 3. Population growth of Apocyclops royi fed with formula 1 containing
F1AXSEEA 011ttt 40
Figure 4. Population growth of Apocyclops royi fed with formula 2 containing squid
01l and fiSh 01l c..eeiieii e 41
Figure 5. Population growth of Apocyclops royi fed with formula 3 ........................ 42

Figure 6. Population growth of Apocyclops royi fed with different kinds of food. ... 43
Figure 7. Gas Chromatograph of standards. (A) EPA.(B) DHA. (C) EPA/DHA 2:1.

.................................................................................................................................... 44
Figure 8. Comparison of Gas Chromatograph data. (A)Tetraselmis chui.
(B)Apocyclops royi fed with T. chui™s. ... o NS RR 45
Figure 9. Comparison of Gas Chromatqgraph data (A) Shrimp flakes. (B)
Apocyclops royi fed with shrimp flakes e 46
Figure 10. Comparison of Gas Chrdmatograph data. (A) Formula 1. (B) Apocyclops
royi fed with formula 1....... TINS5 R KO 47
Figure 11. Comparison of Gas Chromatograph data. (A) Formula 2. (B) Apocyclops
royi fed with formula 2. .............. W SR . R A 48
Table
Table 1.1 Essential fatty acid requirement of fish ..........ccccooviviiieieiiieieeee, 7
Table 1. Summary of changes in fatty acid composition of copepods fed with
different Kinds of fOOd. ... 49
Fidsr
Figure 1. Relationship between relative retention time and carbon number of fatty
acid. (Watanabe, 1987) ...c.uii ittt eaae e e e e e nne e 50

VI



s
eS|
)

A Ry T TRk A ERRE G R EF LR RIS
Pbrfed  TE KDY BRLEFFHERETE BFRLE V- S ad w2 R
AP e 0 2 KERZ RASG K M ERRALELG ARG B
P EBFE A e GRS CERI NI AT LF  FEL A
%i%rﬂéﬁ’a*&makavan$%‘ c@ B BLZ2ED LE
Bd e o 2 %*“é‘b%ﬂ“fvﬂ é,’imlﬂﬁéf A FHRE & A g AR A

ﬁod%?ﬁﬁﬁ@&”“&r%ﬁ’#@mﬁﬁi’ﬂlﬂ%%ﬁ€%’¢

ﬁﬁ%’*“b‘éﬁﬁ%ﬁﬁéﬁﬁﬁF%ﬁé% il EESUECREE 94
e Y iﬁa"ﬁ%fﬁ;,&#&_’iﬁr% %rtil'—tﬁr Bl iR £7s 3P AT
ﬁﬁ’iﬁ%ﬁu%@ﬁ%ﬁ[%’ﬁé%hkg;gaiyo
%ﬁémiémﬁA?m@ff’ﬁﬁr I e N A
BrEEEfAAHF 0 i II}F".E,\II%J’L—\;A IR RS S R L L
CRREES LB AR MR AT R I ARFE A
Lo P HEN 18 1 24 24 ER 04 3 06 N B EAH

FH O LA BRI E T D Pl S e B R LA AN 812061 #

FHAMEILAAZ T - 27 2+t 3 A (585 2007) -

12 kA A2 42 4

VI



AT B G PR AMEET o G MET RATFRE X
Aok S BB DA A e 0 d g A R T R B A
Bedf A gD SR G R F AR TS S
S FFA Mg PafR s oy iR BV FIe a e e Rl R OR A
PP E e s FIR it R b A A F AL (T £ T A Ak e o 12
Fr g AR L b kB IARTAEE S Foh BT A R e s

% (R 1999) ¢

AR R A AN S ATEER SRR A S B0 R
g e 3 8 AR s Y S F R R
ﬁﬁﬁ&v&&#g»ﬁi%*ﬁkﬁhﬁ(mmWwwﬂww*@mmwﬁ’

B B - § A @ % - 2004) - H o AN LR ERE

. Hefh
W &ﬁaimﬁﬁ*ﬁﬁ%;$mﬁ ﬁ%wﬂﬁw*FE%ﬁﬁﬁ
(Bt » 1997) o o >3 &_#7 el TL% i\p ; y’ »bt-ﬂliﬂ P AW ER AR

FEYE Tala %Wﬁgéﬁ”@$mp&#? E P R S T
o AW u%%aﬁﬁﬂéﬁigﬁmﬁyi TR Ry B

£ &3 H (30 1992) -

13 #4eforgirfi 7 £ 2 fdg Al d $ F chE & 1

hdow PR EARY o Py s Foardk iRy & 2 A BT b u B g
TREDERME FIRARALKRIpN > AT 2R F &S EEE
ﬁlﬁ%%iﬁ’%%$£iEﬁﬁ?%?2@£’?¥éi$ﬁﬁ%’Eﬁ

R he AT IBE A SE AR G (ST

"

o W EME Y K A AP AL R oy Tk

DHA 4= EPA> & #p %t e K47 0] 5 & DHA 4 EPA % % 48 fo7g 35t - Toledo %

9



(1999) 4p 1 #E %57 7 % £ 9 DHA (Docosahexsaenoic acid > = -+ = B - % fik
22:6n-3) fr EPA (Eicosapentaenoic acid » = g7 % it » 20:5n-3) » 70 H % f
4% 2% 7 @ (Epinephelus coioides) * & # 4 (Brachionus sp.) 2 %% F 4v
TR AR p AR HEED TE SRR Lo AL 0 B B SR SR
FRlIE- AR TE R o RRRGD S AR T BEHE T TE a7
Gforyiph s % o DHA v EPA 5 A2 £ 5 T 2 @31 ¥ 2 10 % 3w

hE R G (% 2002)

14 7 & ferg a2 fUE2 & &

& ”Fﬁ‘@—f&f#wa?méiﬁw = ﬂ nL? *t&p R-COOH » R # 4 gt
d4a RRRLG 4AP R F 2 W%@i—mﬁiﬁ Ao ;éﬁ"ff”’ "5 (Saturated fatty

P
acids) ~ ¥ = 7 &7 {riy ’Jﬁﬁ& (M?rtouns,fturatéd fatty ac1ds) o b 22 ke forig hpk

|
|

(Poly unsaturated fatty a01ds PUiF ) ZOE{'!Q 2 o LE ’iﬁﬁ&? Fréttew B b paF
B B R A oy U?‘vy:‘é (Higflly unsaturatehd fatty.acid, HUFA) o # &8 fvrg 35
C ) 1 A w]ﬁit%:’r - JI*'EJ PABAGY - BESEF RS
= BR-pAE > BIFE S n-3 fatty acid (" L 5 -3 fatty acid) > I > FEEETE
hF s BR-BAED 0 BIFEE n-6fattyacid (P AL S -6 fatty acid) o 3 ¥ S B B
G2 BIR¥ D BHE RS v LR SR Al BeETE
Bl4ers 18:2n-6 % 4 5+ Linoleic acid » # 77 ¢ o354 7 18 ek » si4éY 2
BB T v - B T ARy B o His 3R o

fik 5 H 4 77 4o Figure 1.1 -

10



EPA 20:5(n-3)

j\/_\/W\/:\/\/u\ﬂ
OH
AA 20:4(n-6)

W\JV\/’WY

DHA 22:6(n-3)

&ﬁum@»wwlwm

e
Figure 1.1 Structure of polym}sii_.?lratedfat
"l

M.

&y
= x

15 # & frry pphend & &

el

"‘" ".v'

*ﬁ#&ul—ﬁh,{ﬂi’@‘{?«%‘f f
& &

Wtk RgY o cmpary Fﬁﬁi'? u—" ' Es}iéﬁi&%ﬁs (e ongase) it * XL 4

01997) >

SR R EL Py VAL R ARS J*Jd v i‘ﬂ-i fﬁ"f\?ﬁ*} (desaturase) # 4 g -# i
G K da n3F0REA R O RS n-3P AR G w AR 0 R 4B n-6Fp R R T O
‘®hl n-67 Yppk 5w AEd o ALA (o-linolenic acid) €. n-3 % = % & {rfy bapkeh
LA & > A A RY v e - k7|2 o (desaturase) frpkdait E fF
(elongase) iF* > # ALA # # % DHA (Docosahexaenoic acid) f= EPA
(Eicosapentaenoic acid) EamEZE AR AT RFFAY 7 - R
(Figure 1.2) » A #f &2 F »xp (& X X B enk a7t e {oingWhfk > M RIS 4

A vt gk A &F{oig apk (Watanabe, 1982) -



AG

A12 A1
190 —p  13I0-8 s 182n-8 siccews 18:3n-2
afearic oleic » incleic 5’ o-linolenic -
elongase . elongase
N AB AB A
20:2n5 18306 18:4n.3 20:3n-3
mi-gicosadiencic y-linolenic stearidonic wi-gicosatrienoic
l&lnngase lelcnngase .
AB
- AR
20-3n-6 M? 20-4n-3 f
Dihoma-y-linclenic eicosatetragnoic
l.-‘-. 5 lms
20:4n-6 __':*:_"_?* 20:5n-3 :
arachidonic eicosapentaenoic
l&lnngase lelnngase 'r
2756 a4 22:4n-6 22:5n-3 A4 22:6n-3
wE-docosapentaenoic < adrenic w3-docozapentaenoic * docozahexaenoic
TB-D:': dation lelnngase lelnngase Tﬁ-nxidatinn
AR AB
24:5n-6 +— 24:4n-6 24:5n-3 —> 24:8n-3

wi-tefracosapentaenoic

id-tetracosatetrasncic

w3-fetracozapentaenoig

i3-tetracosahexaenoic

4

£ o
LE e
o]

7/

Figure 1.2 Elongation and desaturation of fatty acids. m %4 7 M % B 47 %

AR L R T

iz

s

o R RE TR EEFMP T A DR R

o Ad~ AS5~A6---5F %8 £ 7 A4 desaturase~ A5 desaturase~ A 6 desaturase--+

E 4% trfery B A AT ) 4 AT ARG Moga BEA T

FENEFAEFET CBERASE F RS > SRR R 03 %
NBZ G (ALA)~ = L pT %k (BPA)~ = -+ = g e (DHA)» 2

gt A R (LA)~ 2 L AR (ARA) KA de ALA f4

12




Ao PR AP F s A - A AR AR

3% DHA s #
& DHA-~EPA 2 ARA Z 72 & {cigpfh » A RAK T & ALA 2 LA X7 4

ferasmps (M2 gk > 2005) »
S b b M R A 4 B AR 1R % F Y & KR
B Y «Hq@ hAEdlen g & ¢ o B E e o2y }375?

-

E2T I A S - A ",% 1
%% P (Carriers) # it > EL ¥ 437 § 42 % A>D'E frK B3
":F'n Bﬁﬁ/xmr—m

SR T LIS s T

54

14 % o T AT
CRABANG ARG RS PRI L YL -

RoF AR LET R
KA E KGR E A atanabe, 1982) -
i EE %;-}i@,ﬁ i )
y A

13



Table 1.1 Essential

¢ ﬂﬁi’;}?% Hﬁﬁjfgﬁﬁ 7 e % Fo AR FPF N

fatty acid

=

A

requirement of

fish, &7 I 4247

MK AW TR I8 BAcS AT

e feigdafc kP AR A TR 20 BARLL Y hF B A A foig SREL 0 L RAE R e

A4 aseRE LR 4 o # EPA #rj <~ £ § & (Watanabe, 1982) -
Essential fatty acid requirement of fish
Fish species Requirement Reference
18:3n-3 1% Castell et al. (1972)

Rainbow trout

18:3n-3 0.8%
18:3n-3 20% of lipid. . -+

n-3 HUFA 10% lipid

Watanabe et al. (1974)
Takeuchi & Watanabe (1977)

Takeuchi & Watanabe (1977)

\ [ Watanabe et al. (1974)

F -"\- .,_‘
Carp 18:20:6 1% and 18:30°3 4% (| |
_,’."_:-!'-__',2 || Takeuchi & Watanabe (1977)
| 1 11
TR Wi =
Eel 18:2n-6 0.5% and 18:3n-310:5% | || Takeuchi et al. (1980)

|

X
i

Chum salmon

18:2n-6 1%and 18:3n-311%

n-3 HUFA 0.5%

“\Fakeuchi et al. (1979, 1980)

Takeuchi et al. (1980)

Coho salmon

18:3n-3 1-2.5%

Yu & Sinnhuber (1979)

Ayu

18:3-n-3 1% or 20:5n-3 1%

Kanazawa et al. (1982)

Tilapia zillii

18:2n-6 1% or 20:4n-6 1%

Kanazawa et al. (1980)

Tilapia nilotica

18:2n-6 0.5%

Takeuchi et al. (1983)

Red sea bream

n-3 HUFA 0.5% or 20:5n-3 0.5%

Yone et al. (1971)

Turbot

n-3 HUFA 0.8%

Gatesoupe et al. (1972)

Yellowtail

n-3 HUFA 2%

Deshimaru et al. (1983)
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Figure 1.4 Apocyclops royi egg sac-bearing female. Bar = 0.2 mm
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2% < 5 & (Tetraselmis chui) > pp & 8-k & 5% 97 o

22 2 8Fir it EmE B &R 3 EFS R S

221 ¥ %
| ot
(1) # k% (InstantOceamlu. || &

1

(2) Boric acid (H3BO3 » Sigma) _ n;
(3) Ethylenediaminetetraé;:etic _a::id disodium éalt:(NazEDTA » Bioman)
(4) Ferric chloride hexahydrate (FeCls - 6H20 1 Sigma)

(5) Manganese chloride tetrahydrate (MnCl; - 4H,0 > Sigma)

(6) Sodium dihydrogen phosphate dehydrate (NaH,PO,4 - 2H,0 » Sigma)
(7) Sodium nitrate (NaNOs3 > Bioman)

(8) Zinc Sulphate heptahydrate (ZnSO4 - 7H,0 > Sigma)

(9) Cobalt chloride hexahydrate (CoCl, - 6H,0 » Sigma)

(10) Ammonium molybdate tetrahydrate ((NH4)sMo07024 - 4H,0 > Sigma)
(11) Cupper sulfate pentahydrate (CuSO, - 5SH,0 > Sigma)

(12) Thiamine (Vitamin B1 » Sigma)

(13) Cyanocobalamine (Vitamin B12 » Sigma)
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(14) Biotin (Vitamin H » Sigma)

(15) Dry baker’s yeast (White rose®)

(16) Flaxseed oil (Olmiihle solling®)

(17) Vegetable juice (Kagome®)

(18) Vitamin mix (Wyeth®™)

(19) Fishoil (J§ = & X iF 3 % % % &)

(20) Squid oil (Br < & % 7% % 3 45 =)

(21) I % 4 2E % (Omega®)

222 %X hEHuE K 4 %
& - %
A
& oy ”; B,
% < % & (Tetraselmis chu % B 7K & 35 7 o 11 Walne
L] =]
s . L
(1970) mediumsz % - ‘~
5 B
:'-.FI. : o IT‘
Walne mediumfiz = 4ere i oy
Walnep # 7% T 20 . 51 mlg
s
Walnep=# ;% 111 S oy 2 'b.lb ml
MR A LAk 2 E T 1,000 ml
Walnep=% % 1:
NaNO3 100 g
NaH,PO, - 2H,0 20¢g
Na,EDTA 45g
H3BOs 33.6¢g
MnClz . 4H20 0.36 g
FeCls - 6H,0 130 g
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Walnep= i /% 1 ml
" DDH,O =z # ¥ 1,000 ml
120.22 pm i p % (Millipore) g

Walnep= % % 11

ZnSO; - 7H,0 44¢
CoCl, - 6H;0 20¢g
(NH4)sMo7024 - 4H,0 09¢g
CuSO; - 5H,0 20¢g

1 DDH,O Z_& | il T l’OO ml
120.22 pm 3 ﬁ,}@.’ﬁil (Mllﬁpore _‘ﬁﬁ Ji - -:"

-" -‘;Tr.ﬂ' [ { -
I,‘\: H‘\{ rr'-hl
S
Walnep # iz 1Y e
S | ~
. L & s
B4 % By =
= - I8
w24 Bl oy
Biotin @,y o _1"
= o W 4

2 DDH,0 wi Jf” 5, mq_»ml ‘:-"-
r20.22 um 3@,}3’93— (Mlﬁmom) E}é@:@‘v’oxm EI

B g ER A 2 odamaiEg? oA L L 55 1048 7200K & PL
¢ (Philips) & kiR-24 [Pk ¥ 25 0.22um @™ (Millipore)
WREOTF 4 0 BARE 2% KR 26£1TC o

223 ®4 B &IkE P &

@4 B &-k 3 (Apocyclopus royi) &fé - FER LB KA RT3 %3 2
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DEMAILY o R SR RS BF TR kD 107 cellyml 2 1 4
13 X » 4§ 7,200K ¢ PL % # (Philips) % ik » 24 | Pk » & 02 5
0.22 um & jp "% (Millipore) EipiE 5 F #3545 (0.02~0.04 =2 /% 48) >
WA S 20ppto kif 2641 °C o - BL T SEREE S 0 56 2
REXPREERHR A LT LERKIIR IS AU L IRk
(Tetraselmis chui) ~# % » A T e - ~ A T e 200 % A 1 fe™ = » 4245k §
40 2 > 2k A 300 &/ > @A G 22+lpptc kR 2651 °C o 5 £
06~12 2 /mss 3% 1 2 ~% 4 2% 7 X% 10 X ~% 13 2 &%
G- S b EGVECRERPEAMBA S 14 X2 300 mesh (T35 p 45
nm) A e e ARG BB B TR L PR R B
Kok D 0L #%ﬁﬁ% + »N100 Tl %z%ﬁv’ CEEEEL A
@iﬁﬁ@w’”&?%ﬂW% N - @&F*#%’Umk¢m¢@ﬁ,ﬂ
£k 20 C# &ﬁupu)r.q%ﬁ;\;ﬁhvﬁw CHMERH A LGRS T

|

1 3
F

i[ ‘irl_

) B

224 &%

T E 5B Y (Omega™) P HF L E3 U207 » 55 Sg §okiE Y

%> 300 mesh %7542 4! N VA g )—‘i 2% A 1 & J\ﬂ—»-iE”:&m’ = e d)

JfHE R (54 2% A 1Ak E 100ml o A K EE o FSRPEE O REER A 2

ml> FHER L 50mg/l e

225 A 1pge?

% Rhodes (2005) e~ (34 & = 3% = f673 b fie™

23



Aj_?ja,—%_ :

Vegetable juice (Kagome™) 200 ml

Dry bakers yeast (White rose™) 15¢g

Vitamin mix (wyeth®) 05g

Flaxseed oil (Olmiihle solling®) 5ml
A1fe oo

Vegetable juice (Kagome™) 200 ml

Dry bakers yeast (White rose®) 15¢g

05¢g

3ml

El - il-"’l:.“:']t--. JI"F

EEeT 2% A3 AR D 1,000mly 323 0R g A KT G -20°C
AR FRRHRPFELR G 2 A IR AN FHRPFEPLET L E D
kA 2ml e

23 A aH e d R KRG P BREA T

231 &%

24



(1) Sodium chloride (NaCl > Sigma)

(2) Chloroform (CHClI; » Sigma)

(3) Methanol (Sigma)

(4) Ethanol (Sigma)

(5) Ethyl ether (Sigma)

(6) Acetone (Sigma)

(7) n-Hexane (C¢H14 > Sigma)

(8) Boiling stone (Sigma)

(9) Methyl orange (Sigma)

(10) Potassium hydroxide (KOH - Sigma) =
(11) Hydrochloric acid (HCl-; sigma)

(12) Sodium sulfate anhydrous (. aQSO4 ) Slgma)
(13) 51% Boron trifluotide methaquol '(:é'igﬁré)L t‘
(14) 0.1% Methyl orange (Sigma;) f :T |
(15) Docosahexsaenoic aéi';i'(DI—{A > Sigma) ) A
(16) Eicosapentaenoic acid (EPA ~Signta)

(17) Magnesium chloride (MgCl, > Sigma)

2.3.2 42 k% B

5 Folch ¥ & (1975) e 2 » Bf=E Hefk S 4 > 50ml hg /7
fi% (chloroform/methanol, 2: 1 v/v) %% @ » 11325 4 (Nissei AM-3, Tokyo Japan)
5,000 rpm #4- 5 A &R pAE WKL ER > T S50ml & F/7 @ (2
1 Viv) RS 7 5 iR MRk 23 0 AR RL Y 5 E 4 20ml

1 0.03M # i“ 48 (MgCl) ki » } TRFARikL 1 ~a LA 1



g

B & B RIEY R BT KRR B RS 0 R R R
R WM T ENERG o NERFER RS LR KT G

% -

233 & i

iz ¥ Takeuchi et al., (1990) = j# - # 1 ml 5150% 4 § i 49 (KOH) -k
% ide 15ml ¢ fg (ethanol) #v » 7 F 427 B'ﬁﬁjiﬁéﬁfﬁﬁi“‘ ’ *:“5%&1%3‘?““ T -
‘|- #g% % (boiling stone) » & + 4 /;ig fEns ’?“J* P4l 80 °C 2 it 40 &
$ 0 241 Mk SRR LIS~ &,,31%4 ¥ T 40 ml 2 &5 Rk g
F o M3 oap s }\\%FE 30ml z ﬁL(ethylether) %%}A},,zz% P PTRIEA
AEL 1 Ak R o ﬁ%“i»@ %%/’?%WRT*W\% " 40 ml e
EEP 2 g d Mﬁ;a nLéTp”* %‘ I#ﬂ“%‘] 1#.43 ewB‘mb [ R L]

AR
g 20 ml thd B 71\?:,5_‘,4:;[[ T e %%?m» AT B R AR (BT
Y YR YT ' e » 50 Wl @ifc 2 i 0.1%7 A (methyl
orange) 4p T A 0 ‘e > 2 N (HCI) ré’ KR d x ¢ (pH>45) # 5 =4
(PH<33) > } TRFARKL 1 p& REf 3 BERSE > ARERET
RELE M LR R AR ED ﬁz'f" KA B R A SRR R R

he [ B RPR R R o a R R B OTIREEICY o MR R R A R R

v B0 (8D hEE o
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234 9 fpgi

%5 Vorbeck & A (1961) =2 o mw® AR 5 @ A Kk > 4 v/ (BF;) &
it A o #- Sml 700K CAET FRR R e~ 7 F R ALk ERELY 0 YR
AP e - ] R F (boiling stone) » & A GEE T AR AeB T 80°C
fin it 20 & 48 REH# Sml e %% (n-hexane) d 4 SE it » 0 FIRHEHL
PRAEAE 1 SIS BT REERL A AT e ek W4 (NaCl) (kg o
L e R FIORMEELL B0 Mm L g L m ok ER A (NaxSOy) Mok E# 3

fLi@rﬁﬂ /k ﬁﬁpi s 1Y }E\‘}E‘“’ ﬁ,& ﬂﬁ]i}‘if\fb f"“ ez, e fu]ﬁq’iﬁfj& ﬁq °

235 § k17 (Gas Cﬂhi_romatograph » GC)

o oy

'

‘ ‘i.l |l.." \
™ |

r-' " i, F

AP %}%’I s 1R 10T111 ; ﬁ*glﬁh/OIml S U= gl f"]ﬁ'_%$pgl Hﬁﬁ’;
Y MR A =l oM i# AR ?Hl’%ﬁ.@wﬁ -
I ) B.A ;

7?3 *Bé} "H’J}% ]FI';!: i_k‘?'r_ _

Bl Shimadzu GC-14 A

1P BB Hydrogen Flame Ionization Detector
8RR R 240 °C

R Supelcowax-10 » 30 m x 0.32 mm LD.
R 205 °C

TF % # (Helium)

g B4 He = 0.2 kg/cm’

H, = 0.5 kg/cm®

Air = 0.9 kg/cm®
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FARRAT RO PIFT ARG T E R o d 4 B (Hitachi) £ 2 @)1
A DE AT 50 R E & (DHA {- EPA) &0 retention time > d  relative

retention time &5 & 2+ LM (X & i dapL o
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31 2 8 XA EBEESES L LT

hIfaaffe it TS EE R &K (A royi) hF KT B LN
4o Figure 1 & Figure 5 #7770 » @4 B &R 3 end £ B EFHP - &8 T
chui 7 A royi &% 4 A pFend Ed R E3HL > 4 W F naupli B R
550 ind./L » k3% ¥ v 32.84% > copepodid % & 5 875 ind./L > kB EFE D
52.24% » egg sac-bearing female % & = 250nd./L > @34, % 35 14.93% 5 % 7
% o AL royi €0 nauplic % B 1,575 ind.‘/i,’ ik 2w 25.00% > copepodid %
B %5 3,750 ind./L #» (&8 FF 759 52% ’-egg saé-bearing female % & 3 975
ind./L > ik 33 5% 1 15.48%; % 10 aﬁm royl 1 naupli- % A& 5 3,875 ind./L >

);::E; 7 300 ind./Lo- i 4 %+ 610 53.78% » egg

b2 e 28.55%

sac-bearing female %7 5 .2,4q0‘ ind./L » ié;' ";éﬁf‘lim 17.68% ; 15 » BLZ I %
13 % /% > A royi e naupli Bk B TI05275 nd/L o ik 5 S 22.84%
copepodid % & B3 B ¥] 13,925 md./L > it % %3 0 60.28% °» @ egg
sac-bearing female % & % 3,900 ind./L » ik % %3 1 16.88% (Figure 1) ©

%4k & shrimp flakes = & 4- Figure 2 #7177 » B2 %M1 &% 4 X A
royi 2= naupli % /& 3 400 ind./L > i& 3,3 5 40.00% > copepodid % & 5 500
ind./L » 1k %,%% 3 0 50.00% > egg sac-bearing female % & = 100 ind./L > ik 4% %
#:1 10.00% 5 &% 7 %= A royi ¢ naupli % & 5 400 ind./L - 3 5¥ o
16.67% > copepodid % & % 1,700 ind./L » it 3%, %% ¥ 1 70.83% » egg sac-bearing
female 2 & % 300ind./L > &5, 2% 5 12.50% 5 % 10 = & A royi 2. naupli

&R 5 750ind./L > ik 3% F e 22.39% > copepodid B & 5 2,200 ind./L 5 1k 5%
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% ¥ e 65.67% 0 egg sac-bearing female % & 5 400 ind./L > ik 5% %% ¥ o
11.94% ; @ 4 & shrimp flakes T % 13 =< pF > A. royi ¢ naupli &% & 5 550
ind./L » i 3% ¥ 0 14.67% ° copepodid % & % 2,750 ind./L » ik %% %3 e
73.33% > egg sac-bearing female % & % 450 ind./L » & 3% %3 0 12.00% -

M Atk d formulal “HF %> 5 > B %4 Figure3 #7070 &% 4 % g1 A
royi 2. naupli % & % 275ind./L > it 3% ¥ 50 37.29% > copepodid % & % 400
ind./L » ik 443 ¥ e 54.24% > egg sac-bearing female % & 5 63 ind./L > ik %%, %
¥ 847% 3 % 7 % Al royi 2 naupli % & % 400 ind./L 0 ik 3 FF D
2.38% » copepodid % & % 1,200 ind./L > i %% ¥ 67.13% > egg sac-bearing
female % & 5 188 ind./Ls ik E,’?E%Im 10:49% 5% 10 = &1 A.royi 2. naupli
RA L 725 ind/L ; (b 15 20,9408 gopepodidiiz & 5 2375 ind/L » 4
R 68.59% egg‘ sac-bearigg fer“;r'.la_.l"é‘ %R 5363 ind/L o G % 3 e

[ = | |
12.67% 5 & BLZ3| % *130% p* ,iA.;,Eeyi:aL maupli %% 5 800 ind./L » k4%
h | |

¥ 1 14.61% > copepodid % Ei
' F 1

5 450 Gind./L > ik 4k 3 75.80% o egg
sac-bearing female % & ;- 525 ind./Lao ik é,"”i%im 9.59% o

¥oho kS formulaZL.'rﬁ?,‘ﬁéE*‘* oo H &% e Figure4 #r7 > 279 % 4
% e Acroyi 2. naupli % & 5 250ind./L > ik 3% % F 0 31.25% > copepodid
& 5 400 ind./L > it %% % 3 50.00% - egg sac-bearing female % & 5 150
ind/L » k5% 18.75% 5 % 7 % ¢ A.royi 2. naupli % & % 500ind./L >
ik % %3 0 24.39% > copepodid % & 5 1,250 ind./L > ik 33 % # 0 60.98% > egg
sac-bearing female % & 5 300 ind./L > it %% ¥ 5 14.63%; % 10 % =0 A, royi
2. naupli B A& 5 950 ind/L > ik 3 %% 24.05% > copepodid % & 5 2,500
ind./L » 3% #  63.29% > egg sac-bearing female % & 5 500 ind./L » k4%
W 12.66% ; BRI S 13 TP A royi 2 naupli %A 5 1,250 ind/L »

b8 2% 18.66% > copepodid % & 5 4,600 ind./L > ik 543 F 1 68.66% > egg
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sac-bearing female % & 7 850 ind./L » ik, &¥ e 12.69% -

Bis ks formula3 P %> 5 o H & %4 Figure 5 #7870 % 4 X
1A royi 2. naupli & 5 167 ind./L - & 5% % ¥ 0 35.46% > copepodid % B
% 283 ind./L > ik %% 3 9 60.28% ° egg sac-bearing female % & % 20 ind./L >
8 %E¥ e 426% 5 % 7 X e Aroyi 2. naupli B R 5 67ind./L 5 ik 4 EH
£116.39% > copepodid % & 7 300 ind./L - i 3% % 0 73.77% > egg sac-bearing
female & % 40ind./L> ik 4% ¥ 0 9.84%; % 10 = ¢ A.royi 2. naupli %
B % 83ind./L > k3% F 5 16.03% > copepodid % & 5 383 ind./L > b3 2% %
e 73.72% > egg sac-bearing female % & 5 53 ind./L > & 3% FH 5 10.26% ; B
1% 13 xpFo A royiiZ nawpli %A F 67 ind/L > i3 %5 12.20%
copepodid % & 5 433 ind.;L W B EHE N 79'127% » egg sac-bearing female %
B i 47ind/L s i Heebn 864% [ |

e g2 T, chul ~ Shrimp ﬂak[es ;-;UfmuLla 1~ formula2 7 % formula3 4% %
A.royi 2 2 £ ¥ Hde ﬁgure6 ‘!?'r "%\'ﬁr'?fi % % 300ind./L>#& & T.chui =
¥ 4 RHVEHEHBAE A 1;675' 1r1FdL/L’ 5.7 % m"i%i%)?. % 6,300ind./L> % 10
X EERE G O13,575 ind.}L % 13 XeERF R R G 23,100 ind/L o A& @
shrimp flakes 2% 4 % ~ % 7 % ~ % 10 X &% 13 T a2 ERAE L W5
1,000 ind./L ~ 2,400 ind./L ~ 3,350 ind./L 2 3,750 ind./L - @ 4 & formula 1 %
EH B AEFL AW L 738ind./L ~ 1,788 ind./L ~ 3,463 ind./L 27 5475 ind./L - 4
a formula2 2p]% 800ind./L ~ 2,050 ind./L ~ 3,950 ind./L 22 6,700 ind./L ° #
{64 & formula3 22 % B R4 % 5 470 ind./L~407 ind./L~444 ind./L ¥2
547ind/L o Edcde B RV R F R H&E W BV U EE R GRS T A
BOEHEDBR K 77 & (23,100 ind./L) > B =x ¥ _# & shrimp flakes ~

formula 1 % formula 2 > = & & # 4 % 5 13 & (3,750 ind./L) ~ 18 &

M

(5,475ind./L) % 22 & (6.700ind./L) > $ 4k formula 3 > = & & Hp| M3t 2 B
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(547 ind./L) - “f 7 formula 3 &2 ® A.royi ¥ & 7 »cdk B2 ¢h > 12 shrimp
flakes ~ formula 1 %2 formula2 4 & A.royi 32¥ (¢ H *23 & P A2 3 4o o

¥ ¢b o A& s T chui &7 A royi 2 egg sac-bearing female '“ | #2 %
(14.93~16.88%) * #4& <_ (Figure 1 B 1 Figure 5B ) 4 & formula 3 7 A
royi 2. egg sac-bearing female +“ 0] i X (4.26~10.26%) > &% = X {8 ¥ 5T 2
3 =& o & & shrimp flakes ¢ A. royi 2z egg sac-bearing female ' i
(10.00~12.00%) -4k & formula 1 7 A. royi 2 egg sac-bearing female +* &
(8.47~12.67%) v >4k & T. chui & - 4k & formula 2 7 A. royi 2 egg
sac-bearing female * &] (12.66~18.75%) # % #i74k & T.chui - e fici@ § &

)
L o
i ¥ . |
1 .
P, |
k “’,%s |
j. 1
I o |
= | |
|

32 % F & SR HREIR 7 ke
{ F

321 17 k&4 33 Henfb Raf 4 g 7 ol

4 w12 T, chui ~ shrimp flakes ~formula 1 ~ formula2 12 2 formula 3 4% %
BAERAORE R AZE I X% 4 X8 7 X% 10 240F% 13 %
BiEaH 8% 14 T RBEMhBEM > BERBPEBRIIE B ok
SERF A o1 formula 3 FIAMECE B A 1oL BT

Je gk ® k= A B s formula2 7 3.399 0 T.chui 9 3.129 > formula 1

2.999% 14 %2 shrimp flakes 7 1.75% -
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322 MR S A PR AR ES AN

b gk A d7is cniE S I (Table 1) #& S T.chui e 4 B &)-k3 2
DHA 4.44% > EPA 2.15% > & % P %%k 5 16:0 (28.83%) > 2 =t 5 18:1n-9
(13.75%) (Figure 1 B) : #& & shrimp flakes 7 & & & &|-k % Bl 7 7 DHA
4.00% + EPA 2.36% » & 5 chigwefit 5 14:0 (43.44%) 0 £ = 5 16:0 (12.34%)
(Figure 2 B) ; ¥k @ » # & formula 1 «v& 4 £ #-k3 7 7 DHA 15.08% > EPA

1.86% » B % ey spE 5 16:0 (19.05%) » H % 5 DHA - £ # = 5 18:1n-9

(13.28%) (Figure 3 B) ; @ #% & for_n}ula 2 e d B wloks 77 DHA 7.09% »
Sl e,

14:045.68%) T S 181109 (12:86%) (Figure 4
g 1

EPA3.96% 1 b 3 0% 973 i

B) - | )]'f..

i~
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FIH* ik P RPN DR A RS T 16 BRI T hérfoig ik
fe timPe B P2 ¥ d  fatty acid synthase & = > p#ici 18 1 ehig AR R AL d
TN F ol R g aE £ FEF (clongase) d 16:0 M A & (R
2004) - A Pq e (18:0) ¥ A4 p d  A9desaturase #-H g% L 18:1n9° £ &
d clongase & % 5 { & 48 n-9 gk 7[Fgimpied A A RPN 32 £ A 12 desaturase %
A15 desaturase #7041 & 2 B & RPN 4 & 18:2n-6 fr 18:3n-3 ¢ #Ff & JF i d G 4
%P 18:20-6 fr 18:3n-3 » FLpudF A M5 = (B 4870 e T% O 7 ik o 18:20-6
¥k d 3 desaturasesfr e'longase 735 ;&]L; 20:4n-6 (ARA) % n-6 i 5|7y %5
fe 5 18:3n-3 » 5 d 4p e ciap¥ &k Suid ;&j’; 2‘0:-5n-3 (EPA), f= 22-6n3 (DHA) * n-3
o P e dppe o fe Hd ot 4 gV AD uﬁk mﬁf A RTEPER A 38 0 (3R &
& 4 ¥ #P DHA {r EPA "M'a“/u} rﬁ 'T’Tm’; ; '-"Lru BFAR L G E ARG
R b fons ik e q“ﬁﬁ’x}i%’rﬁ - (Nelsdmand C6%,/2000 ) « fo g AR P 2%y 5
e P3P X RALL S o A A8 F""—’ff”‘h AP 16 éﬂL*? P P AR R AR S E
18:2n-6 v 18:3n-3 > % Fr 4 55 B 18:2n-6 v 18:3n-3 2 Z 147 > F]M 4

2F 5

$
5y

@AY E A2 20:4n-6 ~ 20:5n-3 v 22:3n-3 EF R A Apfeip RpL 0 19

l
<

g A L MTILE = F AR AR o

A RSN F R A g ot b0 f 1960 & Rz 18 o g AR
#f7- kg g 0 1395 Watanabe {r Takeuchi ¥ 4 87§ > §F 3 &) f 37 41 7 97
i g fend bR R4 kg s Y ARASEPA {- DHA % HUFA 4% 8 >
AAFGE Kt g 88 8 kg 5 a0k b ¥ HUFA e03 F0 g > kk 4 (8
1982) « For g A kA2 A< 7 o HE T by FUE BRFE L

¥R ZFDE R 2 EFF AT oMb v AR I Z TV - AR E

oy
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EhpER L f g A A s & 0 T A PR chh BT R ALA ¥ & & end

B RMAEZ - o

sk (1992) e & B &)-K 3 Apocyclops royi % < & & (Tetraselmis chui)
% % (Chlorellasp.) ~ # % (Naviculasp.) & & 5 » #3 A royi ¥ T.chui 3 &
B a5 o ¥ (2000) = Hsu % (2001) #£3t% < & % (Tetraselmis chui) ~ £
% & £ & (Chaetoceros muelleri) -~ % ¥L £ % (Isochrysis galbana) fr# 7% &
(Nannochloropsis oculata) % = féicim %4732 % © 4 B &]-K 3 (Apocyclops royi)
o ogF AR S T.chui e &2 T8 53 P 2REFETHEREKE - AP %S
LhEHKSEERGLE TV EEHEFEEFE S AR (23,100ind./L) ° % = £ s
LIRS E SO ) ﬁﬁiz\"‘#ﬁ 'rhgtﬂ hOECREER Y S0t B > T
%Wﬁﬁ%%%/3«%ﬁ$4ﬁk%%@%m@W(%’m%)af%&ﬁ%

#

weAeET ekl Wﬁﬂm.*’%i S R T

SEEEEE EL T TRy TP T Bk 4 e
\,
;pa%W§¢wwwm$mE %éﬁi%%%’jﬁﬁﬂg%aguo

| j B

B G 43 pes 2 i LTS Ex TEAEDNT ST A R A T Ren
BAL R 68 4L B 8 g R T B B A, Toyi T S

R

- T L AR A P A 8 47k 3 P (Calanoida) ~ Kk 3 P
(Harpacticoida) £ &|-k 3 P (Cyclopoida) ffisg o 7 ¢ B2 & Sg R PN 7% Bk X 3t
Fedchinl v R b AN RE4aT 40 L a5 DHA 4o EPA i A
4 £ o Rhodes fv Boyd (2005) m K& cjs X4 & 37 E-k 3 Nitokra lacus 3
F A o A %S L & Tetraselmis suecica frg 7 18:3n-3 e 4 1 e » A4y
JE-K % Nitokra lacus %3 = £ forg 3ppk o2t 7 4 A4k § R & 4% 7 18:3n-3

2R N » EEE AR E K hﬂ&?‘_‘%’iﬂ » ¥ B RN DHA fo EPA st s ;;7;



B e FIt e v {7 183n3 A AR BN B R B R FF AR
KA FEkD o ¥ - BEOFLsE k3 Tigriopus sp. Ak &4 L B R 7 ok
YRRk el ¢ XA PR T o BRER 195 4 2% £ 48 03 k5] (12% DHA e
7% EPA) (Watanabe et al., 1978) » a3k s -k 3 & & 3 (A B 2 > 7 i3 A7 o7
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Figure 1. Population growth of Apocyclops royi fed with Tetraselmis chui. (A) Growth

rate of A. royi in different culture days. (B) Percentage of egg sac-bearing female,

copepodid and naupli of A. royi in different culture days.
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Figure 2. Population growth of Apocyclops royi fed with shrimp flaskes. (A) Growth

rate of A. royi in different culture days. (B) Percentage of egg sac-bearing female,

copepodid and naupli of A. royi in different culture days.
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Figure 3. Population growth of Apocyclops royi fed with formula 1 containing flaxseed
oil. (A) Growth rate of A.royi in different culture days. (B) Percentage of egg

sac-bearing female, copepodid and naupli of A. royi in different culture days.
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Figure 4. Population growth of Apocyclops royi fed with formula 2 containing squid oil
and fish oil. (A) Growth rate of A. royi in different culture days. (B) Percentage of egg

sac-bearing female, copepodid and naupli of A. royi in different culture days.
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Figure 5. Population growth of Apocyclops royi fed with formula 3. (A) Growth rate of
A. royi in different culture days. (B) Percentage of egg sac-bearing female, copepodid

and naupli of A. royi in different culture days.
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Figure 8. Comparison of Gas Chromatograph data. (A)Tetraselmis chui.

(B)Apocyclops royi fed with T. chui.
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royi fed with shrimp flakes.
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royi fed with formula 1.
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Figure 1. Relationship between relative retention time and carbon number of fatty acid.
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