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Dietary Value of Three Microalgal Species for Seedling Production of the Ark Shell

Scapharca broughtonii

Byeong Hee Min

Department of Fisheries Biology, Graduate School,

Pukyong National University, Busan 608-737, Korea

Abstract

Microalgae were used as live food for larvae and spats of bivalve. Optimum
culture conditions for ~microalgae and concentrations of the ‘practical media
composed of agricultural fertilizers for efficacious rearing of larvae and spats of the
ark shell Scapharca broughtonii were investigated. In addition, growth and survival
rates of S. broughtonii spat were compared when different shapes of protective nets
and types of nets for preventing spat loss were applied in the intermediate culture.

In order toinvestigate the live-food value of microalgae for bivalve larvae
culture, growth rates. of five microalgal species [lsochnysis galbana, Pavlova lutheri
(Haptophyceae), Chaetoceros ~simplex, Phacodactylum__tricornutum  (Bacillariophyceae),
Tetraselmis tetrathele (Prasinophyceae)] were investigated in different environmental
conditions. These include changes in temperatures (20, 25, 30 and 357C), salinities (20,
25, 30 and 33 psu) and light intensities (3,000, 5,000 and 7,000 lux).

Growth rate of I galbana was faster at 25C than that of 20C. The highest
growth rate of I galbana was observed at 33 psu (0.413) although that was not
significantly different from that of at 30 psu (0.404). Similar temperature and
salinity-dependent changes were also found in P. lutheri and T. tetrathele.

Growth rate of C. simplex was faster at 30C than that of 25°C. The highest

growth rate was observed at 33 psu (0.428) and the lowest at 20 psu (0.389) in 10



days of culture. P. tricornutum showed a faster growth rate at 20C than that of 25C.
In addition, growth rate of P. tricornutum at 20C was significantly higher at 33 psu
(0.420) than that of at 20 psu (0.363) in 10 days of culture (P’<0.05). Incubation of P.
tricornutum at 30 and 35C resulted in cell death in 5 days of culture. Upon exposure
to the light with different intensities, all five microalgal species showed a
significantly faster growth rate at 7,000 lux than at 5,000 lux (P<0.05).

Growth rates of microalgae were compared in media commonly used for mass
culture. These include agricultural fertilizer media composed of different contents of
agricultural compound, urea fertilizer (EM,-0.5 FM, 025 FM media), and mineral
elements and vitamin (0.25 FMM and 0.25 FMV media).~A practical medium (0.25
FMM) composed of agricultural fertilizer which is cheaper and-easier to make up
as compared to that of common medium (Conwy medium) was prepared for mass
culture of microalgae. Growth rate of I galbana was the fastest in Conwy medium
(0.396) with different contents of agricultural compound and urea fertilizer (FM, 0.5
FM, 025 FM) in 10’ days (P<0.05). Growth rate of I. galbana in 025 FM medium
(0.368) was significantly higher than those of FM (0.294) and 0.5 FM (0.311)
fertilizer media (P<0.05). Such a change in the growth rate in different media varies
with microalgal species although-a similar tendency.in the growth of I galbana, P.
lutheri, C. simplex, P. tricornutum _and T. tetrathele was observed.

Growth rate of I galbana in 025 FMM (025 FM+mineral element) and 0.25
FMV (0.25 FM+vitamin) media was significantly higher than that of Conwy medium
(0.393) suggesting an improvement in growth of microalgae in agricultural fertilizer
media (P<0.05). However, growth rate of 1. galbana in f/2 medium (0.387) was not
significantly different from those in 0.25 FMM (0.379) and 0.25 FMV (0.384) media.
Furthermore, the growth rate of I galbana cultured in 25% intermediate fertilization
medium (0.136) was significantly (P<0.05) higher than that of I galbana in 75%
intermediate fertilization (0.086) upon 7 days culturing with different contents (75,

50 and 25%) of 0.25 FMM medium. A similar tendency in changes of growth rate
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in different media was observed in I. galbana, P. lutheri, C. simplex, P. tricornutum and
T. tetrathele.

A similar growth rates of I. galbana and P. lutheri was observed upon culturing
in Conwy medium as well as in 0.25 FMM medium for 10 days. Meanwhile, growth
rate of C. simplex, P. tricornutum and T. tetrathele in 0.25 FMM medium was
significantly faster than that of Conwy medium (P<0.05). Therefore, 0.25 FMM (0.25
FM+mineral element) medium seemed to be the practical medium that was
cheaper, more economical and easier to make up than Conwy medium for mass
culture of microalgae.

Factors affecting the™ development of gonad and“rate of induced sexual
maturation in S. broughtonii broodstock were investigated upon-feeding with three
microalgal species: (I. galbana, P. tricornutunm-and T. tetrathele) between May 10 and
June 26, 2007.

At 45 rearing days, the highest frequency (87%) of ripe stage in S. broughtonii
female was observed upon feeding with! mixed diet although: the results is not
significantly different from that of female one fed on the single diet, T. tetrathele
(83%). Frequency “of ripe stage of S. broughtonii male fed on the mixed diet was 95%
and fed on the single-diet, T. tetrathele was 90%.

The highest rate of indueed“sexual maturation in-S. broughtonii broodstock was
observed upon feeding with mixed diet (65.6%). The rate of induced sexual
maturation of S. broughtonii broodstock fed on the single diet of T. tetrathele (61.1%)
was significantly higher than that of S. broughtonii fed on the single diet of I. galbana
or P. tricornutum (P<0.05). However, no significant difference in the rate of induced
sexual maturation of S. broughtonii broodstock was observed upon feeding with
either the single diet of T. tetrathele or the mixed diet.

At 45 rearing days, frequency of the ripe stage of gonadal phases, the rate of
induced sexual maturation and survival of S. broughtonii broodstock fed on either the

mixed diet with three microalgal species or single diet of T. tetrathele were the
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highest.

Growth and survival rates of larvae and spats of S. broughtonii fed on three
microalgal species (I. galbana, P. lutheri and C. simplex) were investigated to
determine whether the composition of amino and fatty acid in mircroalgal species
improve the seedling production of S. broughtonii. The highest growth and survival
rates of larvae (pediveliger stage) was observed upon feeding with the mixed diet
(261.3£13.5 um and 27.4+5.3%, respectively), at 24 rearing days. Growth (shell length)
and survival rates of larvae fed on the single diet of C. simplex were significantly
higher (240.5+15.4 ym and 14.5+2.3%),-respectively, than those of larvae fed on the
single diet of either I galbana or P. lutheri (P<0.05). The highest growth (shell length)
and survival rate .of S. broughtonii spats fed on the mixed diet was observed
(1,114.8+128.0 pm and 61.315.5%,~1espectively). was observed upon rearing for 30
days, followed by C. simplex, I. galbana and P. lutheri.

The content of eicosapentaenoic acid (20:5n3, EPA) in C. simplex was 25.9£0.64%
together with high contents of n-3 polyunsaturated fatty acid (PUFA) and highly
unsaturated fatty acid (HUFA). The highest amount (13.5+1.97%) of stearic acid (18:0)
was observed in the spats.fed on the single diet of C. simplex. Saturated fatty acid
(SFA) content in the 'spat fed on-the single diet of C. simplex was higher than those
fed on other single or mixed- diet. The highest “content” of arachidonic acid (20:4n6,
AA) was found in the spat fed on the single diet of C. simplex (8.1+7.08%).

To improve the survival rate of S. broughtonii spat in intermediate culture,
different shapes of protective nets and types of nets for preventing spat loss were
applied. Growth of S. broughtonii spat was observed at 60 days by using different
forms of protective nets. These include the exposure form with an average shell
length of 12.843.2 mm, which was the fastest, the fish pot form with 12.2+3.5 mm,
the cylinder form with 11.943.8 mm and the rectangular form with 10.9+3.7 mm,
respectively. However, the result did not show any marked difference among each

other. Regarding the survival rate of the spat, the fish pot form resulted in the
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highest survival (43.7%) and the lowest for the exposure form (5.4%). Survival rates
of the spat for the cylinder and rectangular forms were 412 and 31.6%,
respectively.

In the intermediate culture by using different forms of nets for preventing spat
loss, the highest growth of spat was observed in a blackout curtain with average
shell length of 13.9£3.1 mm followed by a balsam pear net with 12.9+3.0 mm,
polyethylene net with 11.843.1 mm and the control with 12.6£3.3 mm, which was
not installed by preventive nets of spat loss for 163 days. The survival rate of spat
was 91.5% in a blackout curtain, 90.1%in-a_polyethylene net, 88.5% in a balsam
pear net and 61.5% in a-control group, respectively.

Therefore, we expect that survival rate of spat could be highly improved in
intermediate culture carried out_in fish potiform and cylinder form of protective

and preventive nets of spat loss.
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Fig. 1. Variations of annual production of Scapharca broughtonii in

Korea.

Table 1. Variations of annual production of seed and area of seed scattering

of Scapharca broughtonii

Year Seed production (X106 seeds) Area of seed* Rate of
Total Natural Artificial| ' scattering (ha)  scattering (%)
2001 1,780 1,780 3,560 89.0
2002 1,350 1,350 2,700 67.5
2003 553 553 1,106 27.6
2004 350 350 700 17.5
2005 550 300 250 1,100 27.5
2006 580 280 300 1,160 29.0
2007 1,500 1,100 400 3,000 75.0
2008 750 400 350 1,500 37.5
2009 700 600 100 1,400 35.0
2010 290 20 270 580 14.5

“Scattering density : 500,000 seeds/ha
Total licensed area for seed scattering : 4,000 ha
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Fig. 2. Outline for the artificial seedling production of Scapharca
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A2 A= 3 EH

1 PAERF 539 dFude AT 48 BE viR Y 25

11 ¥ FFE A e A/ 4%
vz7je] Aais 2 FAASS st o] 88 mAlzRe F=El Al
X723 (Korea Marine Microalgae Culture Center, KMMCQC)# = <4F-8t
o I EASATAE BREtL A= T FollA Axrie dATA F
37] & 38t FRRZEF 2% (Isochrysis galbana, Pavlova lutheri), T35
2&(Chaetoceros simplex, - Phaeodactylum  tricornutum)@} T35 25 1&(Tetraselmis
tetrathele) ©. 2 F 5&< A6t o83t (Table 2).
o] 5% Conwy Hi|A|(Walne, 1974; Table 3)2 20T, 33 psu, 5000 lux
z3to A vt e, XU EE hemacytometers A&t AE
& AlFeta, AFEL Guillard (1973)2] MR C.E specific growth rate (SGR)

E Axtsttt. &, 727 C osimplex$t P. tricornutum W F Aol 7]E4)

A Qe FAEF €W (NaSiOs- 9H:0 0 557 1 Lol 100 g &3l)<= s
<1 Lo 1 mLE A7 FAck

SGR = 3.322 x lotg W,/ Ztv ) (Guillard, 1973)
1 0

(N, ¢,A9 AES/mL; ¢, AF F QA N, 1,19 AzZd/mL ¢, 25

Al

111 234 ¢
T Ao mE vARRE A4 AE0ES ZARBP] flete] 559 mHx
FE 520, 25, 30, 35°CSF FE 20, 25, 30, 33 psuclA] 250 mL AFztEekFo)
50x10" cells/mLe] AIELEE FFsto] 10€7F 3502 448 =AY



Table 2. Microalgal species used in the study

Cell size
+
Strain No. Species (mean<s.d., um)
Major axis Minor axis
KMMCC-12 Isochrysis galbana 5.010.6 4.5%0.5
CCMP 1325° Pavlova lutheri 5.1+0.8 45+0.6
KMMCC-723 Chaetoceros simplex 5.5+0.6 4.7+0.7
CCMP 1327 Phaeodactylum tricornutum 16.6£2.5 3.0£0.2
KMMCC-53 Tetraselmis tetrathele 15.1+0.8 10.3+1.1

"KMMCC, Korea Marine Microalgae Culture Center
“CCMP, Provasoli-Guillard National Center for' Culture of Marine Phytoplankton

112 &=

z=d g mAleRE AF BAdSs 2AGH] St 5% mAlzRR

ARsk T

12. Y& HIE F=d O mAxRY 4%

VA 27/ 5F(L. galbana, P. lutheri, C. simplex, P. tricornutum, T. tetrathele)l
tiste] tF st Al 2=A7F Bolsh AAAR] A& wixE AEstr] S5k
THE 2avEe BEPRIRE o] &ty APt fanse] A
46%, ERIRe] A, 9, ZFe FF2 44 21%, 17%, 17% AF< A&
SHA. Schreiber (1927) iAo Aibddt I4tH o] =GN 1 Lol NaNO;
100 mg, Na;HPO, - 12H,0O 20 mg)E 7122 PlR9| & $Hbetd sl 1L



Table 3. Chemical composition of Conwy medium (Walne, 1974)

NaNOs3 100.00 g

EDTA (Na Salt) 4500 ¢

H3;BOs 33.60 g

NaH,PO;4 - 2H,O 20.00 g

A solution FeCl; - 6H;O 130 g
MnCl, - 4HO 036 g

Trace metal solution 1 mL

Vitamin-mix 100 mL

Distilled water (to make) 1L

ZnCl 210 g

CoCle* 6H0O 210 g

B solution (NH4)eMo07024 - 4HO 210 g
(Trace metal solution) CuSOy - 5H,O 200 g
Distilled water 100 mL

(acidify with 1IN HCl until solution is clear)

Vitamin B 20 mg
C Solution
Vitamin Bi» 10mg
(Vitamin mixed)
Distilled water 200 mL

Utilization : 1 mL Conwy medium/liter of seawater

o B3HE 1176 mg SAHIE 1637 mgoll slEslH, o5 sd& HIE ]
A (fertilizer-based medium, FM)Z IF=3}% o

sHE HRE AR Z8ste mAEFE S A WiAZAe] H4 5
== 793ly] 915k FM HIA, 05 FM HiA), 025 FM #1A), £/2 2 Conwy
WA S o] gete] mAlzFo A4S S TH(Table 4). Hi¥Fz=-2 250 mL

Azt Eela=, 20°C, 33 psu, 5000 lux 9% =Waldlx HEFEUEE 50x10*



cells/mLo| o™, 1047t 3aHE 0 & v Y3t

1.3. v|EFd 49} vgNle] Hrt &3
Kt
€ H|E 0254 WiX](0.25 FM : B3 HE 0.0294 g/I, &4 HIE 0.0409 g/L)

o

MRS WA ol gl vMER AL WY Udtel Y

°F 025 FM Hix|ol wZFHAALE FH7FE 025 FMM  HiA|(fertilizer-based
medium added mineral element), 0.25 FMM Hjxol]l HIE}F-S F71gE 0.25
FMV vl A](fertilizer-based medium added mineral element and vitamin), f/2
2 Conwy HiAE ©]8&(Table 5, 6)ste] PIA|=Fo-BH-e 43Ut 919
At TLF SR 1093 Rk = wjdstATt

Table 4. Composition of media made with agricultural fertilizer

Media Concentration
FM compound fertilizer 0.1176 g/L
(fertilizer 1.0 times) urea fertilizer 0.1637 g/L
0.5 FM compound fertilizer 0.0588 g/L
(fertilizer 0.5 times) urea fertilizer 0.0820 g/L
025 FM compound fertilizer 0.0294 g/L
(fertilizer 0.25 times) urea fertilizer 0.0409 g/L
f/2
control
Conwy

FM medium : conversion on the equivalent composition ratio as Schreiber medium
[(NaNOs 100 mg/L)+(Na,HPO; - 12H,O 20 mg/L)]
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Table 5. Composition of media made with agricultural fertilizer, mineral

element and vitamin

Media Concentration
0.25 FM compound fertilizer 0.0294 g/L
(fertilizer 0.25 times) + urea fertilizer 0.0409 g/L

compound fertilizer 0.0294 g/L
+ urea fertilizer 0.0409 g/L
+ mineral element 0.1 mL/L

0.25 FMM
(added mineral element)

compound fertilizer 0.0294 g/L
+ urea fertilizer 0.0409 g/L
+ mineral element 0.1 mL/L

+ vitamin 0.1 mL/L

0.25 FMV
(added mineral element
and vitamin)

f/2
Conwy

control

Table 6. Final composition of culture media for the study

o ) : Additi
Division Component Weight .+ Solution HHve
contents
Agricultural Compound fertilizer = 0.0294 ¢ 1L 1 mL/L
fertilizer (0.25 FM) Urea- fertilizer 0.0409-¢ sea water sea water
ZnCl, 210 g 1L
. CoCl, 210 g - 0.1 mL/L
Mineral element (NH4)sMo7024 210 g d‘lflziid sea water
CuSOy 200 g
o Vitamin By 0mg  20mE oL
Vitamin mixed N distilled
Vitamin By 10 mg sea water
water
Silicate 1L 1 mL/L
, Na,5i0; - 6H,0 100 g distilled
(for diatom) sea water

water
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14. HIS WA Z ¥|FA] FA M @E v RFY AR

9] 22 AolH AAES] ¥ 025 FM iAol 3+ Al¥] &35 dopr
71§13k, &< Conwy HIAI2} 0.25 FM HIA|[(EEHIE 0029 g/L, &
HIS 0.0409 g/L)+P ¥4 0.1 mL/L]E ©]83te] 743k vjeF & 2+ HijA]
75%, 50%, 25%€ F7t, SXF AHlstR e, 20T, 33 psu, 5000 lux A& =9
Sloll A 10€3t 3RS0 2 vl stk

15. B3t E<2% Conwyst FH& HIR A9 FId WS}

Conwy HlA|¢} FHE& HIEE ]8T Agu|AA mAZRF TFE wlY7]
Y wiA W FEEY RWstE dotRy] fske], Conwy #iAI¢F Y8 H
T A (0.25 FMM) [0.25 FM (Z3H]IS 00294 g/1, SA4BIF 0.0409 g/L)+"]
FU4 0.1 mL/LIE 30 L 9g87] 20T, 5000 lux A& Z=H3}olA 10¢7t
kR0 2 A ZF 552 iUtk HEUEE 50x10* cells/mLol Atk Al

== A

o\

30,3 7 10495 AZ=S 300 mL A8t GE/F filter (0.45 um)
2 AFs T d vtk A8k, NH,-N, NO,-N, NO;-N, PO -PE
Strickland and Parsons (1972)2] Wl &fste] EA813ith

2. MM ERF 33 WmE AT onY d=

1. 9=

1ol AMESH I 2= 20073 4ol A Fa vkl A AR ske] 2007 5

N

>

¥4 1095 20079 6¥ 2697FA] v ZF 3F( galbana, T. tetrathele, P.

tricornutum)< G5 5 EF FFSIRoH, 4 s FEFS =20 ofvy
Aot #ES FE =27 HIE ARG

2} (shell length, SL), Ztal(shell height, SH) % Z}3(shell breadth, SB)-<



vernier caliper= 0.1 mm7}A] &3} 31, % ZF(total weight, , S5 (flesh

weight, FW) 2 7}z (shell weight, SW)2 HAA 2 0.01 g7tA SH3IAT
AA7NE R FAS] Yl AR YIREE ZA= Akashige and

Fushimi (1992)2] Wl wa}, ofge} Zo] AAF=|5(flesh weight index)<}

Z} -2 A S(volumetric index)®] &41S ARE-Sk] SA3H T

Flesh weight index = FW (2) % 100
SW (g) + FW (g)
. _ EW (g)
Volumetric index = x 1,000

SL (mm) * SH (mm) *x SB-(mm)

22 AL A

20079 5¢ 10¥93E 20079 69 26974 BAMZRF 3FS @ E = 53
gt A4 s =59 I omj@oortEl/ Ad Y 22 WstE
w#slr] flste], 1569 HAL E A+ mir} 30vt2] ¥ paraffin HHR ol &3]

z
of o - AAMES B N HSAEE PIAUPOE BT ofn]9]

A aes 271847, %71847), 457) FEaer] 3 HEk/ FA

Aol AT FA2A ofnle A skt 1,000 (B A 65.343.6
mm)E 20079 4¢¥ 30¥ AWz &3kl 59 3YFE AAT(145C)0l
Al Y 05~07CH T2 AA3] A A BZT220C)7HA ol2A] 3t

.

A 7172 20079 5€ 1095FH 6¥ 2697FA] 45U3tollar, ARSHH-S
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FRP AHZFEZ(E2F @ 1.5 md)oll vFFU(Z7] : 80x60x60 cm) 371S H A 2}
Zk 1007k 4 F 3007t F&Eth RS A 2 H AR (Aquatron
YW-0275675, Yoowon Electronic)E AH-3IATE AW 25+ AA AFo=
100 lux Wel= 2=dstgl o, Aozl fde 19 4~533 A =43}
Atk

Ho| =2 [ galbamz, T. tetrathele, P. tricornutum® 3FF=Z 025 FMM
[025 FM (& 00294 g/L, QA2 0.0409 g/L)+7 &A% 01 mL/L]
Hj R & ©]&3lod 5~500 L &4 20T, 33 psu, 5000 lux < 35} A
Hj kst HolFgFe 3EHE I EE EEY N2 EFste] 20x10°
cells/mL/ ¥ =7t #4127 A=F Hold= Assa = =43t

AEES WE 2% 104 _#HAME THAlss S Aleste] gk, Al Al
2 ARE A A - BE 7R E ASE8YE sigloH, WS AMASEE

AFste] s FE&S AT

3. TR 33 W v fAF FIAX 9 Helas

4 Aol AFEE AL A sliRkLE szs) ojn =8 2005 849 8Y
o] D¥ FASE WAHOH, o]F A3t 5vtE]/mLE 100 L

AZrr e 83ttt ol A3 WMERE L galbana, C. simplex®t =
Hak skl eSS AFAE ol A BG3E P, lutheriS 0.25 FMM [0.25 FM
/L, SAHIS 00409 g/L)+7|Fd4 01 mL/L] HIAZ 5~
20C, 33 psu, 5000 lux A& ZH3tolA] vt & o] &3tk

Ho|FHL &5 B 3F HAZRFE AEZT 7IE 1112 S8t 3533

o AP F HolTEwe A4 WEsh 4ol we 05~5x10°

I
ey
R
il
)
o
I\J
o »-lh
QQ
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cells/mLE FA3tH F27|74A] A A3 2SS AT 8L
T2 2551ColAM 209 B Ag o2 ARGty W] 2 vio HgeE A
St

el AR 29wtk 30vmteE]e] S FARIE E8ke] Profile-Project
(Nikon-v12, Japan)$} Quadra-Chek 4000 Program (Metroics, USA)= ©]-&3}
o 243 Z73E 01 pm HE SHSATH

°FHTE FEotd 308 T ARSSIH ARSI B 2 WSk 195~
A

2508, 109 Bheh $4359) 443 AEge 25T BAZRE v
U_j'

2 AT T RS 10 P s0rkele] R vs Rl

3]}

3.3. HlA| 2R/t FFA| IS oprlicql g Al 24

331. FIAEFY opuxt F At 24

M A ZFE 025 FMM [025 FM (EFHE 00294 g/L, RAHIE 0.0409
g/L)+r1#d4 01 mL/L] #iAIZ 30 L ¥3d-8~7]°) 20C, 33 psu, 5000 lux
AL st A 1093 B ste] ti7]ol dAlEelste] FA A

Z il e dAEA7|(Elemental analyzer, CHNS-O Mode, CE

_15_



instruments EA 1110)E ©|&38t 423125 3 €2 AN59 C H N
o &F T N9 FHN% x 625 = protein (%)]|2-2 A4 tHCoultate,
1989). o}7]:=4F2 high speed amino acid analyzer (L-8800, Hitachi)E ©]-&-3}
o SAsHAt

AA-L flame ionization detector’} ZFZHE  thin layer chromatography
(TLC/FID MARK V new, Iatron Laboratories, Tokyo, Japan)E ©]-&3%F
Parrish (1987)°] < AR AHAF 412 15 mL test tubeol] YA F
o] AE(20 mg °1’H)E T8&3 $ 10% BFs-methanol 2 mLE FH7}etal Ai
2 FAT o3 85T oA 1A 3043 7FEst methyl esterd} st AR
© % 30~40C=E Y213 § =7 hexanes H7bete] A4S 8 F=314%
o FZ9 A4k HP autosampler7l A X% HP GC 6890 plus (Agilent,
USA)E ol83sted EAatdth A4 &4l AH8® GLC='| DB-225 (20

F

mx0.1 mm, id., 0.1 pm film thickness, J&W Scientific, Agilent Technologies,
USA)E ol 83ttt B4 2ALE column 2% 60~195C (25°C/min), 195~
205C (3°C/min) ZET 205%230C BC/min)e] 4 ZASE injectors}
detector &%+ 250C, ZLE]al carrier gast= He (60.cm/sec)= AHE3tTh A
ike] BA4L YA A A standard (PUFA 1, 10 ¥ 37 component

AME Mix, Supelco, Ontaro, Canada)E ©]-83t FA3IAT

i

332. REANT opulct R Ay 24
A9 Aol A ahel HPFEANY B FRT, VIS TF FEPE A%

DA AP FR A ARG o1 ARE oplimalsl A B4
]_

rot

2
N
B
23
(@]
2
ot
of
fz
e
ol
=2
1_.
N
r
o
o
ut
E
i
_,d
2
o
e
£
)
Lo
o
=)
=8
P>



4. I Z7) B3R FHFA

41. 257% FEE FNYA

411. TN A=A

oJu|ZHE 20059 6

] 9dFE 10¥€ 797HA

: 50x80 cm,

W& 0 1.5 mm)ol

R

o] A
=

Ag ;g—

Aoz

]

Q

15

A
A

ﬁo
)

Lo

AT

o

N
i

Ahe) AT AE

Z

1=}
T

41.2.

= B3 1)

H, A& 2 AES A

3|

A}

A

[ vernier caliper= 43

9 23 30vhe)d e R A

kT

bl Shars

S|

F(10x10 cm) FERATE Z=A

s
)

e uelw

=
—

A

7

al

42. 74 TAY FHE FALE
421. FFERE] BAXA

az7) ojm|Z5E 2005

/‘\J__

r?vl_

A] 3H(

123z, 200513 11€ 14€ FE 200613 52 229 74| 1632

S|

Al

N

)& ALE

1.8£0.9

gas

—
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[

Fig. 3. Location of intermediate culture

area.

Float

Surface

Long line(d 15m)

;f Am \\
."I Anchor rope

k | | (o 1Gm)
- — — \
.

Fig. 4. Facilities for intermediate culture of

Scapharca broughtonii spats.
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Net
i e (A
7 PHC piver
‘ " { ‘ -
N — = |~ Band

Fish pot form Cylinder fom Rectangular form Exposure form

Fig. 5. The shapes of protective nets used for intermediate culture of

Scapharca broughtonii spat.

Balsam pear nel Control

Fig. 6. The types of preventive nets used for intermediate culture of

Scapharca broughtonii spat.

422, 2ANY 437 A=
o dgstgom, 44 % ARs 2 2% 1)

s

AN

o AR 30vE s FASE ARS8k vernier caliper® S Al
3, AEEE DYHAF10x10 cm) AENAFE 24V Saksith

e AL 33 vkEo g s9lal, 49 23 one-way ANOVA testE A
A&t Duncan’s multiple range test (Duncan, 1955)2A4] 3 7te] 2] 4P
<0.05)= SPSS (SPSS Inc., 1997) program (Ver. 10.1)°.2 HA3}S T
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A3 42 3

1. AAZER 559 e 9%

1.1 W|FSFAHZA E vlA
111 523 4%

<0
T

Isochrysis galbanas 23}
737 2.
785.5x10" cells/mL=E <] 3}Al

cells/mL= 33 psu2}

=7
751.0x10*
629.5x10" cells/mLE SFTHP<0.05). ¥
A 0397= 714+
T 30 psu®t 33 psuste| A
o= o AFel7t fIUTh
Fo] 25T WL galbana-/] A xH
& BT} o= FAdke
psucl A 966.7x10" cells/mLZ -f2]3}A|

=3kat, 20

o=

Hi A=

L —

) Y

937.5x10"

637.0x10" cells/mLZ SA VYERHTHP<0.05). A&

o= 714 =gk

S I AL,
psute]

F20] 30CY W I galbana®] HE
EE BTt olFE i

A3

al

- 20

ol g

4R

cells/mLE 33 psul

20 psu®lAl 0.368Z 7%
AEES oS Aol7t QI%1aL, 25 psudl

psu BT} Gl UERE O 20 psu BT w2 A3

TUE s WA 53

=72 4%

HES A2 sl 1093 vlde A= Fig
AZe] A Fo] 200Y = #ig 1094 A& 33 psuclA

UFERyt 0.0 (P<0.05),

zZFol7F  §ISlal, 20 psudlAe=

30 psullAl=

A 33 psudll Al vl%F 10

psucll A 03652 7b4 Al VrERTHP<0.05). &

dZES gt AoVt /i, 20 psust 25 psu

TE i 8UA nE FE A3 TollA
AFE BATE MY 8YA AR 33
A YER S H(P<0.05), 30 psuolA]
fFolg zol7h AL, 20 psuclAE

A& 33 psucllAl 0413

SHTHP<0.05). H+ 30 psu$t 33
|4 4482 038322 30
1 A THP<0.05).

S w5 A)



1,000
—0— 20 psu
—A— 25 psu
——30 psu
—¥— 33 psu

800

600

400

200

Fig. 7. Growth of Isochrysis galbana at different temperatures and
salinities. Specific growth rate (SGR) was shown on the
final culture day. Different letter in the SGR means
significantly difference at P<0.05.
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psudll A 745.0x10" cells/mLE f2|5kA] EA] YEROm(P<0.05), 30 psuclA]
£ 739.7<10" cells/mLE 33 psu®t 93 zol7b 9llar, 20 psuclAE
648.3x10" cells/mLZ SA YERFTHP<0.05). AZEL & 33 psuolA 0361
2 7P =9k, 20 psuoll A 025602 71 WITHP<0.05). - 30 psust 33
psuste]l AAEL ol Aol7b §la, 25 psudlA AFELS 03282 30
psu BT Wk o ™ 20 psu Bt} H2 S HIATHP<0.05).

F20] 35CY W I galbana®] ME 72 vl 4494 BE 98 A3
A AT UEE BTt o2 7AStE AT BT vl 4UR 98 33
psucll A 691.7x10" cells/mLZ f2)s}A] ¥4 YERESH(P<0.05), 30 psuclA]
£ 6875x10" cells/mLZ 33 psust 93 zkol7b ¢ldar, 20 psuclAE

|

At

428.4x10" cells/mLZ S YERSITHP<005). B3 &S 33 psu°llA 0.353
S 2 7P =kal, 20 psudlAl 0.0192 7HE SETHP<0.05). E+ 30 psust 33
psuste] AAEL folet 2ol %a, FE 25 psudlA AAEL 01082
30 psu 2O WAl YEREOH 20 psu HO ¥ HEFS HATHP<0.05).
Pavlova lutheri€ &3 Q%= AE 285t 1097 vzt 234+ Fig. 8
WAk AlEo RS Fo] 20T o #1084 FE 33 psuclA]
817.5x10" cells/mLE 287 ¥4 JEREL H(P<0.05), 30 psudlAs
7945x10" cells/mLZ 33 psust FO3F A7k §I9al, 20 psuclAE
678.5x10" cells/mLZ A UERATHP<0.05). U7t AAES G 33 psuclA]
vk 10€4 04042 7H8 =9k, 20 psuolA 03772 71 WA delstth
(P<0.05). i 30 psu¢t 33 psuste] AHAES TR Aol7b %o, 20
psut 25 psust= 7 Zo)7} YA
F20] 25TCY Wl P. lutheri®] AZEE=+ vl 1084 FE& 33 psuol A
948.5x10" cells/mLZ #2371 ¥/ UEE o H(P<0.05), 30 psuclAE
925.5x10* cells/mLZ 33 psu®} & o7k I3, 20 psudlA e
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Fig. 8. Growth of Pavlova lutheri at different temperatures and
salinities. Specific growth rate (SGR) was shown on the
final culture day. Different letter in the SGR means
significantly difference at P<0.05.
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838.5x10" cells/mLE A YERFTHP<0.05). AFEL & 33 psudllA wiF
1094 04252 7H &8kl 20 psuolAl 04082 7Hd Al UEFRTHP<0.05).
HE 30 psut 33 psu9Jr-4 JHEL F3 o7t gllem, 20 psust 25
psut= Fol g 2ol 7k ISiTt
T20] 30CY W P. lutheri®] MELEE F 30 psu2t 33 psuollAl vl 7
A H EdEE Bt} o]FE AL, 25 psudlie v LA
A8k om, 20 psudllA= Bl 109A71HA] 5
Vehe AES BTk vk 7¢94 A8 33 psuclAl 930.3x10* cells/mLE %=
© H(P<0.05), 30 psuclAE 9155x10" cells/mLE 33 psu$} 2%k
2po) 7k AL, 20 psuclHE 718.0x10 cells/mLE SEA UERFTHP<0.05). Hl
B30 psucll A 638510 cells/mLE SAI LFERS © 1 (P<0.05), 33
psudll A& 675.0x10" cells/mLZ 30 psust f2lgk 2lo)7k 910ar, 20 psuciA]
= 8755x10° cells/mLE ¥=Al YERFTHP<0.05). AA-ES A 30 psuclA
03712 7} kar, 20 psucllA 04142 7 =4 UERSTHP<0.05). S+ 30

F 10L&

g

psu®t 33 psushe Y3 ZFolrt fIISH, 25 psuclAl BHES 0.394% 30
psu BTh A YEREOU(P<0.05), 20 psush= frolek &tolzt gldTh
To] 35CY W P. lutheri® M 3E 442 FaE 30 psu2t 33 psuol Al vl <F

64A Hi U=E BHITr} o|FZ A, 20 psust 25 psudlA & Bl
624 Hi WES HITP} o] FE Hidhe FEFS BT WY 6dA &
33 psucl M 917.0x10" cells/mLZ f+2l31A] A UERoH(P<0.05), 30 psucl
AE 903.3x10" cells/mLE 33 psush fo& o7k 920, 20 psucl A=
805.6x10" cells/mL2 WA EPZTHP<0.05). vk 1094 A% 30 psudiA
553.5x10" cells/mLE 97| UEFRO B (P<0.05), 33 psusl A& 586.5x10°
cells/mLZ 30 psugt F2& 2to)7} AL, 20 psudl A& 766.5x10" cells/mL
2 =/ YEPRTHP<0.05). AFAES F& 30 psuolA 035022 7Hd w9k,
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psuclAl 03%E 7 E=A UERRTHP<0.05). E% 30 psu®t 33 psufte
folgk Zfo)7t gllem, 25 psudlAl AAES 0.378= 30 psu Boh =4 UEF
5 OLH(P<0.05), 20 psust= o3t 2ozt It

Chaetoceros simplexS 23 FEES A= Dejstd 1093 W A=
Fig. 99} Zth Mz AA4e 420] 20CY wl vieF 10¢7 HE 33 psudl A
730.5x10" cells/mLZ  #o3HA =A  UERFOH(P<0.05), 30 psuclAE
718.0x10" cells/mLZ 33 psut F93 Aol7b Q1AL 20 psuclAE
615.5x10" cells/mLZ $A YJERFTHP<0.05). Y7t AAES FE 33 psuclA
weF 1094 0388% 71& =9k, 20 psudllAl 03622 7% @A Uebs
(P<0.05). i 30 psust 33 psuste] HHES el Aol7b U%le™, 20
psu®} 25 psut= #2)%k 2polz} USUTh

F20] 25CY ® C simplexd] AELEE vl 1094 E& 33 psudllA
816.5x10" cells/mL® #7] YENEOB(P<0.05), 30 psuolAli= 783.3x10*
cells/mLZ 33 psu} ]88 2to]7} $ISAaL, 20 psudlAlE 704.0x10° cells/mL
2 9 UERETHP<0.05). 4BES A& 33 psuclA 04022 7HE =3k, 2
psucllAl 03822 7} ShA] EFSTHP<0.05). 3 30 psus} 33 psuote] A%
ol zkol7F 1em, 20 psut 25 psufks oIk xkol7h fliTh
T20] 30CYE "W C simplex®] AMERE=+= W 1094 A& 33 psucl A

o

rlo

=
=

972.5x10" cells/mLZ 7} ¥/ Uelston, 20 psudlA= 762.5x10" cells/mL
2 7P 9A YERRTHP<0.05). A-AES G 33 psudlAl 0428% 7Y =%
a1, 20 psuollA 0.389=% 7HE WAl UEFRTHP<0.05). A& 25 psuold AHEE
< 04142 33 psu Et}t WA YEREO™ 20 psu HUb £ A HY
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Fig. 9. Growth of Chaetoceros simplex at different temperatures
and salinities. Specific growth rate (SGR) was shown on
the final culture day. Different letter in the SGR means
significantly difference at P<0.05.
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M 6dA7IA F71sitrt o] $ 2 FhAdte AEFS Bt MY 594 dE
30 psu©l Al 908.3x10" cells/mLE f9J&tA] =A UeEb o (P<0.05), 33 psucl
e 887.5x10" cells/mLE 30 psugt #<23 zkol7b QIR0 25 psuclAe
704.2x10" cells/mLZ A JERFTHP<0.05). ¥l 10€A SEE 25 psuclA
832.5x10" cells/mLZ A Uehoy o2 a7 AdTe}t f2g 2jo)7t §l
Ak woF 1094 AE 33 psucl A AEUET} 4533x10" cells/mLE SHA 1
Ehrom 25 psuollA 550.5x10" cells/mLE EA4 UERFTHP<0.05). H3E
HE 20 psuollA 0341Z 7H =3k, 33 psuolA 03192 7Hd @A Yebst
THP<0.05). E+& 30 psu®t 33 psutd] AEELS Fol3 2ol7t jleH
psuét 25 psust= o] gk 2Fol7t IAT

Phaeodactylum tricornutume 23 Hit= A= 22)sta] 103 wi ¢
Y= Fig. 109} Zth A28 AL $20] 20T of wj¥F 1094 <
psucll A 925.7x10" cells/mLZ F2|5hAl Al YEHZC.™(P<0.05), 30 psuclA
£ 865.5x10" cells/mLE 33 psu®t HFog Aol7b U, 20 psuclAe=
623.0x10" cells/mLZ SA JERFTHP<0.05). Y7t HAES & 33 psuclA
HiF 1094 04200 = 7H8 =9kal, 20 psuollA] 03632 71 WA UERS:

THP<0.05). @4 33 psuet 30 psuchHs Folgk Zfol 7} §llor, d& 20 psu
N HHAES 036322 25 psu HTF SHA YERY A THP<0.05).

o] 25CY u P. tricornutum® AEXHLE+= dHlF 744 E & A

AAM Hi BEE Bt} o|F 2 Fadte e HA WS 10294 A2

flo

3

20

~

*
rol
b

S
o8

3

33 psudll A 576.5x10* cells/mLE A UER M (P<0.05), 30 psudlA &
536.0x10" cells/mLZ 33 psu9t 23 =ol]7} 1903, 20 psuclM &

358.7x10" cells/mL2 A YERFTHP<0.05). A& FE 33 psuclA 0.352
2 7P =8k, 20 psuow 028302 7} WA L}E}‘}&D}(RO.OS). A& 33
psu®t 30 psush= Fo Zol7t §lloem, 9 25 psudlA AAES 0.306
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Fig. 10. Growth of Phaeodactylum tricornutum at different temperatures
and salinities. Specific growth rate (SGR) was shown on the
final culture day. Different letter in the SGR means
significantly difference at P<0.05.
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o2 30 psu Ht} 9 UEHC™ 20 psu Hu= =
(P<0.05).

flo
ol
)
o
H
2
v}

T20] 30CY W P. tricornutum®] MEZLUEE vl 297 A& 30 psut 33
psudlAl oA A= F7HE HYou viYF 394 o|F=E FrAste] i 6LA
AF HAEE o, 98 20 psu®t 25 psuoll A= vl 3€A i U= J7HE
Hejovk wiek 4L o|F2 F43%] st Wi 6LdA EE APTlA A
& HAbl ol2gth. 1g]al o] 35CY W P. tricornutum®] AEUE=+ uj

34 Be di AdTolA va SV AFFS UEIe Y o3 2 5473
raste] v 5AA R AP TFolA AlEe A2 AA dHE UERAIT
Tetraselmis tetratheles 27 FE-& A= ZDElste] 10981 wiYs Ao+
Fig. 113} 2tk A=) AL 420] 20w vjet 1044 S+ 33 psudl
A 6055x10% cells/mLZ  F28MAl EA] YERL O (P<0.05), 30 psuclre
581.5x10" cells/mLE 33 psu®t 23k zol7b Q1AL 20 psudlAE
495.0x10"* cells/mLEZ A YERATHP<0.05). €7t AAELS AE 33 psuclA]

ull
N
R

c
X
-
o
3L

B 1094 03588 7H kT, 20 psuclAl 0.332 2
(P<0.05). & 33 psugk 30 psust= FF Aol7ERAA0H, HE 20 psut
25 psu {rell&= o3 *Fol 7k |IATh

F20] 25T Wl T. tetrathele®] MEZLE= WS 8YA BE GE AT
A A3 IEE Bt olFE A S Bk Y sYA AR 33
psucl A 966.7x10" cells/mLE F2l3HAl ¥4 Uehgom
£ 9375x10" cells/mLE 33 psust 93 zol7b 9llar, 20 psuclAE
853.0x10" cells/mLE Al JERSTHP<0.05). A& &
o2 7P =3, 20 psuolA 0368 7HE WAl YERRTHP<0.05). F& 33
psu®t 30 psu®h= 3 2ozt gllerm, Hi 25 psuolA AEES 0.383

O 30 psu Bt} A YERGOH 20 psu R 2 AS HATHP<0.05).
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Fig. 11. Growth of Tetraselmis tetrathele at different temperatures
and salinities. Specific growth rate (SGR) was shown on
the final culture day. Different letter in the SGR means
significantly difference at P<0.05.
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20| 30CY Wl T. tetrathele®] AEZHUE+= WS 794 BE G& AT
A A3 IEE Bt olFE Thdhe S Bk g 7494 9E 33
psucl A 593.5x10" cells/mLE F2l3HAl ¥4 Uehom
£ 587.6x10" cells/mLZ 33 psu®t 93 zol7b 9llar, 20 psuclAE
528.2x10" cells/mLEZ @A YEFGTHP<0.05). A& G+ 33 psuclA 0337
2 7P Eka1, 20 psuolA 031622 7P WAl UERTHP<0.05). FE 33
psu®t 30 psu®h= R Aol gllow, dF 25 psuolA AAEL 0.329
2 33 psu Btk @A YEREOH 20 psu B 2 S HATHP<0.05).

Feo] 35CY ul T. tetrathele®] A|E AL vk 6Us) BE & AP
A H1 UEE HATL o]FE aste AYFS BATh MY 69 EE
33 psucl Al 537.5x10" cells/mL& fo&}Al =A] Wb W (P<0.05), 30 psucl
ME 516.0<10" cells/mLZ 33 psust o8k AHol7} §191a1, 20 psuclAE
441.4x10" cells/mLE A JERFTHP<0.05). AF-ES A& 33 psudlAl 0316
o2 71 Ekal, 20 psudllA 027302 7 Bl UERATHP<0.05). EE 33
psu®t 30 psu¢ts o3k xfolzt gllem, & 25 psudlA 4
2 30 psu®t 33 psu BE A YEEOH 20 psu-Bes E=e AEFS EA
THP<0.05).
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11.2.
A ZFE 253,000, 5000, 7,000 lu)E ZElste] 1093F vt Ade
Fig. 129} 2t} L galbana®] AZA=E vl 10€4 7,000 luxol A 845.0x10°
cells/mLZ 7} #A UYePom(P<0.05), tH3o2 5000 luxelA 765.5x10"
cells/mLol13L, 3,000 luxolA 643.5x10" cells/mLZ 7P SA vepgth
(P<0.05). 18]3 AZES vl 10¢4 7,000 luxolA 04082 71 =9k,
3,000 luxellA 0.369= 7Fg A YEFRTHP<0.05).

P. lutheri®] AERL=E wiF 1094 7,000 luxol A 887.5x10" cells/mLZ 7}
& = YR m(P<0.05), THOE 5,000 luxolA- 813.5x10" cells/mLo] X}
a1, 3,000 luxolA733.5x10" cells/mLE 7F¢ Al YERFTHP<0.05). 183

o,

AES W 1094 7,000 luxoll A 04162 714 E=9kal, 3,000 luxol A 0.387
2 718 @Al GERRTHP<0.05).

C. simplex®] AETTV=E #F 10284 7,000 luxol 8155x10° cells/mLZ
71 =4 U H(P<0.05), BH-2 2 5,000 luxdll A 738.0x10* cells/mLo] A
31, 3,000 luxo)Al 6685x10" cells/mLE 7% @A YeEbFTHP<0.05). 18]

oZ:

AES vk 1024 7,000 luxolA 040308 7R =9kar, 3,000 luxolA]
0.374% 7} A UERSTHP<0.05).

P. tricornutum® AEUEE vieF 1095 7,000 luxoll A 985.5x10* cells/mL
2 7 A YERGoH(P<0.05), RSO 2 5,000 luxollA 915.5x10" cells/mL
o121, 3,000 luxoll A 825.5x10* cells/mLE 7H3 @A VEsth(P<0.05). 18]
T AFELS Wl 10€4 7,000 luxoll A 043002 78 =3k, 3,000 luxol 4]
0405% 7} WA UERSTHP<0.05).

T. tetrathele®] AZWE=E wjek 1094 7,000 luxoll A 685.5x10* cells/mLE
74 =A UERE 1 (P<0.05), O 2 5,000 luxol A 611.5x10" cells/mLo] %}
31, 3,000 luxollA 547.0x10* cells/mLE 7} @A YERGTHP<0.05). 18] 1L
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Fig. 12. Growth of five microalgal species at 20C and 33 psu
with different light intensities. Specific growth rate
(SGR) was shown on the final culture day. Different
letter in the SGR means significantly difference at
P<0.05.
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AAE ek 1044 7,000 luxolAl 0378% 7H& =9k31, 3,000 luxolAl 0.345
2 718 @Al YERSTHP<0.05, Fig. 12).

12 98 H&E F=d ©E AR 4%

oAl 2ol R Al A 2R wAE AEsr] f1ske] Conwy, f/2
A 9 sge Bduset aaHRe wEE 1.09, 054, 02592 H7lsk]
043t vkt MMl R A W= Fig. 1337 2tk [ galbana®] viA] o o}
E AR Wst= diz27?0 Conwy HiX|[AIA A&l 03962 folstA 71
= YERR o H(P<0.05), /2 WA= froldk Abolzt /It w8 HIEE
Schreiber ®]A]¢] N3 PE 7]%o 2 0258)(E3 HI& 00294 g/L, 84 HIE

—_

0.0409 g/L)E #A7Iet 4L H= HA 025 FM)S] 45 A4ES 0368=
FM ®iAv 0.5 EM s Aol Hlal fefshAl 2] LERATHP<0.05).

P. lutheri®] WA o W& A% WMs= t]Z7Q Conwy HiR|AA AA-Eo|
04022 7P =4 Uebster, /2 wiAlel= {Folgk Atk giith 025 FM
HjZ 2] JA-ES 03912 FM BIA|L} 0.5 EM iz vlal felstA =A el
S THP<0.05).

C. simplex®] wiz|ol wE Ak WHsl= tf&F<l Conwy HIX|OA dAFEo]
038302 7P EA Uehgton, £/2 MiAg= fofd Aolrt flith 0.5 FM
Hjz)e] AAE-S 03552 FM vjAut 05 FM il sl f-28kA] A el
S H(P<0.05), 0.367%1 £/2 WA & A&AEH T2l A7t fiieh

P. tricornutum®] ¥iAo W& AA WM3le= th27<Q Conwy BiA| A A%
E°] 04082 FstAl 7P =4 vEsten, /2 wiA= 03822 Hlm HjA|
Bt} foletA o4 Conwy HiA| Btk SQITHP<0.05). 0.25 FM iAo 47
B2 03692 FM HiAIY 0.5 FM HiAlol Bls] FofstAl =41 dEhsten,
Conwyl} £/2 BlA] HT} SEYTHP<0.05).
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Cell density (x10* cells/mL)
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Isochrysis gal
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—4&— 0.5 FM
—8—0.25 FM
—¥—1/2
—4o—Conwy

. Growth of five microalgal species at 20, 33 psu and 5,000

lux with different media. Specific growth rate (SGR) was
shown on the final culture day. Different letter in the SGR
means significantly difference at P<0.05. FM medium :
compound fertilizer 0.1176 g/L+urea fertilizer 0.1637 g/L.
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T. tetrathele®] ¥iA] & 44 WM3le= thxz<20 Conwy HiA A A&l
0.355=% frolstAl 7He A1 UER oM (P<0.05), f/2 #iAe= o7t 2fol7t
ATk 025 FM HiA ¢ AAE-S 0324E FM #jAY 05 FM s Aol Hls)
o)Al A YEESH(P<0.05), 0.331%! f/2 wix|e] AAET= g 2o
7F AR Conwy HiA| B} FolshA] SEQkTHP<0.05, Fig. 13).

1.3. vjFALe) HERIY H7} 23

THE ¥R AR vAEFe 8-S Conwy HIA|O] FFOE FFFA7]7]
flste] 025 FM Bl A|(E3HIS 0.0294 g/L, 84HF.0.0409 g/L)ol mlZFda
oF MRS H7he AR wjst Al 2Ro] 44 Wshe Fig. 149 Zth

025 FM #j Aol m]Fd it BRI S F2Fek I galbana 2] 3% M= thx

T?1 Conwy HiAIA AF&EC] 0398302 FolstAl M A Uelsor
(P<0.05), f/2 ®iA|2} 025 EM ®jX|o] H|FHAE H7lgk HIE Hl=)(0.25
FMM) 2 HIERS H7HgE v g H12)(025 BMV)oH= o3t bol7t gl

F

025 FM vl #|o] maFd Aok HIEM-S H7ISE P. [utheri®] A% WHsl= tx
T4 £/2 WjAIA AFE] 04072 7P A UERE O, Conwy HiAI$}
0.25 FMM Hi#] 2 0.25-FMV: 3} 2| o= ol gk zko] 7k §lith

0.25 FM i =Jol] w4 el HEtS 71 C osimplex®] B ®3te o)
T2 Conwy HiA|oA AA-E©] 03812 7 =A YERS O (P<0.05), f/2 B
A o] AEEL 036622 025 FMM HIA| 9} 025 FMV HiA| 9} {-2]g =fo)7}
AT

025 FM HiA| ol m]zFd et HlelglS H71SE P tricornutum®) 3% W=
i Z7¢ Conwy HIA|AA AAEo] 04212 7HF =A YERES.H(P<0.05),
f/2 XS HAELS 04042 025 FMM HlX] 0393 2 025 FMV Hj#| <]
04033} o] gk zto] 7 §lAT

r
B

i

rr

BN
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Fig. 14. Growth of five microalgal species at 20C, 33 psu and 5,000 lux
with different media added mineral element and vitamin.
Specific growth rate (SGR) was shown in the final culture day.
Different letter in the SGR means significantly difference at
P<0.05. 0.25 FM medium : compound fertilizer 0.02%4 g/L+urea
fertilizer 0.0409 g/L, 0.25 FMM : 0.25 FM+mineral element, 0.25
FMV : 0.25 FMM+vitamin.
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0.25 FM uljR|ol] w]gFdae} HEtS HI1g T, tetrathele®] 737 Wsl= of
Z7R1 Conwy HIA|A] dAFE°] 03552 7Hd A UERLOH (P 005) f/2
vz o] HAES 03322 025 FMV HiA|] 03359 et =]z gl
0.25 FM HjA|9} 0.25 FMM HiA= W& A& B tHFig 14).

14. HIE WA Z vFA] SA M B2 wA 2R BF

Y8 HE AR PMERFY RS Conwy IR FEO 2 3FFAI7]7]
A8t Y8 HI= 0258 wiA| ol HFAAE H7FE #A(0.25 FMM)E v %F
St I galbana®] 37 Wshs FAM] §lo] 1797 HlF3tlS Wl Conwy HI
28] BES 0406= HlE A9 0343 HT} £3kTHP<0.05, Fig. 15).

¢ HE HjA(0.25 EMM)Z HiF 75 75%, 50%, 25% = F3Xt AlH|Eke]
00Uzt vt ™ 25% =3k ARl AT HEES 013602 75% AlH]

0.086 Htt FoatAl A YEFE O™ (P<0.05), 50% A1¥] A@Tote 9
zkol7h | glitk AR glo] | HjRE Conwy HiAIS] AlZHEE
,032.0x10" cells/mL BTt 2~8% A% =QIA|9F 25% 7+ AlH] AF T )

TR

—_

F 6YdA ] MEUEE 1,072.8x10* cells/mLE T %o, o]T 2= Az
=7t BASE &S HIATHFg. 16).

9L PR wjAo] HFAAE JUERE #12)(0.25 FMM)E viF3E P, Tutheri
o A Wsks FAM flo] 17¢3t midEide HlF 108744 =
Conwy2} HIE wiA] o] AEZLET} Fo3 Zfol|r
7} zkel7b Ul A&t Comwy viA9] A4
0.328 Bt} fol8tAl =A YERRTHP<0.05, Fig. 17).

& HE ##(0.25 EMM)ZE HjF 797 75%, 50%, 25% = Xt AlH|Eke]
1097 vigatRdS o 25% Xt ARl AR e A4ES 0.0702% 75% AlH]
3 0.044 HOb =4 YEFEOH(P<0.05), 50% AlB1g A= Folg 2ozt

=
E2 0364= H|E HjA| Y

oN"d
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Fig. 15. Growth of Isochrysis galbana cultured with Conwy.and fertilizer
media added mineral”element (0:25 FMM) during 17 days. Specific
growth rate (SGR) was shown'on the final culture day. Different
letter in' the SGR means significantly difference at P<0.05.

1,400

—E| 1,200 0.136:
= 0.132
0

o 1,000

o
<

e 800 0.086°
X
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2 ——75%

g 400 | —a 50%

g 200 | —%—25%
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Culture days

Fig. 16. Growth of Isochrysis galbana cultured with additional supplement of
fertilizer medium (75, 50, 25%) added mineral element during 10
days. Specific growth rate (SGR) was shown on the final culture

day. Different letter in the SGR means significantly difference at
P<0.05.
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Fig. 17. Growth of Pavlova lutheri cultured with Conwy and fertilizer media
added mineral element (0.25 FMM). during 17 days. Specific growth
rate (SGR) was shown on the final culture day. Different letter in
the SGR 'means significantly difference at P<0.05.

1,200

) 0.070°
g 1,000 | 0.066°
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e 800 ‘| 0.044°
<

e
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° 200 —%— 25%

(&]

o 1 1 1 1 1 1 1 1 1 1 1
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Fig. 18. Growth of Pavlova lutheri cultured with additional supplement of
fertilizer media (75, 50, 25%) added mineral element during 10
days. Specific growth rate (SGR) was shown on the final culture
day. Different letter in the SGR means significantly difference at
P<0.05.
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ATk A §lo] Mgz Conwy HiA1e] HELEQ] 1,005.3x10" cells/mL
Hoh 1974 =924, 25% T3 Albl AT wlYdk edAle] AMEUEE

1,009.9x10" cells/mLE T Egkom, o|lZg2w Axzdwr} A3 Zrlel= 4

HA1(0.25 FMM) & Hj gt C. simplex
o] AA Wsls AN glo] 17Uzt mldslde wl ¥IE w7} Conwy Hl
2 B} ek 3YA o)F2 o EA UehgoH, uiY 79R o] 2= HIE )
A7F fFolstAl #A vebsar, vl wiA o] 4ES 0.344% Conwy HHA| €]
0.328 Xt} #=A UEFSTHP<0.05, Fig. 19).

YL HE WA(0.25 FMM)E Wl 794 75%, 50%, 25% = S+ A5k
1097 vigatRd S W 25% Sgb AlHl Add o) 44ES 00928 75% AlRIgH
0.049 Rt} EA UERGOH(P<0.05), 50% AlHISE AdFel= F2l3k 2folrt
UATh SR glo] wiSdE Conwy HiAIS] AlZR =2l 972.7x10" cells/mL
Hop 29 A= © mE 5% FIF AH AFFe] miY 4a9R ] MEUEE
982.3x10" cells/mLE T &kal, HlgHjA|e] A2 sl 1,128.1x10" cells/mL
3} L3 wloF 6YA 25% 3 ARl ATl A= 1,166.6x10" cells/mLE T

H S A= vl 14 o] T2 MEEET) Adhs AFe EAth(Fig 21).
YL HE w025 FMM)E Wil 78R 75%, 50%, 25% % S+ AlHlsk

10431 vieFsldS o 25% 3 AlNls Ad T 52 0.081% 50% AlH]

S AT 0.065 Eoh =4 YEoH, 75% AW AT 0.018F B
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Fig. 19. Growth of Chaetoceros simplex cultured with Conwy.and fertilizer
media added mineral”element (0:25 FMM) during 17 days. Specific
growth rate (SGR) was shown'on the final culture day. Different

—o— Conwy

—— 0.25 FMM

0.344°

0.328*

01234567 8 91011121314151617

Culture days

letter in' the SGR means significantly difference at P<0.05.
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Fig. 20. Growth of Chaetoceros simplex cultured with additional supplement
of fertilizer media (75, 50, 25%) added mineral element during 10
days. Specific growth rate (SGR) was shown on the final culture
day. Different letter in the SGR means significantly difference at
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P<0.05.
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UERSTHP<0.05). FXEAH] glo] ¥l F3E Conwy HiA|S] Bi<F IR
21 1,021.5x10* cells/mL¥} L3 3t AH] 3L 25% Z3XF Al AP Tl A
1 &

Fel = o] o

104 Al

k

£ 1,062.3x10" cells/mLE T %9k, F3IHAIH] glo]
13¢4) AZDEQ] 1,226.0x10" cells/mL# FL3 S AW 647 25% 3t
AH] AP A= 1,240.6x10" cells/mLE T E3tom, o]Za2x Azuer}
MA3 F7kehe AgE BATh 75% S Aulg AT AEZiEs o
394 1000.6x10* cells/mLo]{ 3L, ©]F =
HAthFig. 22).

TPE v wAol HFULE HIUISE viR|(P<0.05)Z W3t T. tetrathele]
A7 WskeE FRARL §lo] 1793 wjdslas wl Conwy, HIAS] BEES
0295% Hl& HiA|] 02859} froldt Atelzt Itk ik 12UA7ZMA= HI=
iz o] AEYE7} Conwy HIA| Bk o A UEREoH, Conwy HiAIE= Hi
& 14, PR WA= Hiek 129 olFE MERETE A Daste AEE
A ChFig. 23).

TPE R HR(P<0.05)E M ¥ 79A 75%, 50%, 25% = SZF AlHlEke] 10
A3t vt e W 25%- 53 ARl ARTe] HEES 0.0960F 75% AHIgH
gl 0078 Bu =4 L}E}‘xkgt':l(13<o.05), 50% AR APTE 0.092%
25% AHIgE A@Tet o ztel7h gITh F3F Al glo] vk Conwy

[e)

iR o] MEEEE i 139712 A&2 07 =78l o

rlr
=
35
i)
b
N
S
ety
_>|J_r‘
)
DN
ob
rlr
o
O
o

>

00*‘

|1]O
e

AS eI, S AR 25% AdTo] AlEUEE ujoF 39A =3 A
H] glo] vt Conwy HiA|9] H) MEZHES} FAE S7HE BAoH o]%

A= MA3 F7F FAIE HERATHFig. 24).
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Fig. 21. Growth of Phaeodactylum tricornutum cultured with. Conwy and
fertilizer media added mineral ‘element (0.25 FMM) during 17 days.
Specific ;growth' rate (SGR) was shown on the final culture day.
Different letter in the SGR means significantly difference at P<0.05.
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. 0.076°
'E' 1,200 | 0.065°
)

o 1,000
<O 0.018°
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Fig. 22. Growth of Phaeodactylum tricornutum cultured with additional
supplement of fertilizer media (75, 50, 25%) added mineral
element during 10 days. Specific growth rate (SGR) was shown on
the final culture day. Different letter in the SGR means significantly
difference at P<0.05.
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Fig. 23. Growth of Tetraselmis tetrathele cultured with Conwy.and fertilizer
media added mineral“element (0:25. FMM) during 17 days. Specific
growth rate (SGR) was shown on the final culture day. Different
letter in /'the SGR means significantly difference at P<0.05.
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Fig. 24. Growth of Tetraselmis tetrathele cultured with additional supplement
of fertilizer media (75, 50, 25%) added mineral element during 10
days. Specific growth rate (SGR) was shown on the final culture
day. Different letter in the SGR means significantly difference at
P<0.05.
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15. W71t F¢ Conwyetl FH-& HIE HlA|9] Fd W3t

151 4§ HZE viA ] 27 mlAl=Fo AR

HiAE G el MstE dobir] fste] Conwy HiA|9F F-& BIE HiA|
o]-&sked 103t v R mMlERF2 47 WH3l= Fig. 259 2tk I galbana
1097k wWieFgk A3}, Conwy HiA| ] AMEUEE 1,0320x10" cells/mLE H]
T wiA ] 949.4x10* cells/mL Bt} ko §23 xpole= ¢ila, AFES

Conwy Hi|A|olA 04352 HlZ wjx]2] 04319 B3] E=kor}

Ll

Ll

o
UATE Conwy iR MEZLEE wjg 27| 5FE 7|stgTdos 78T,
HIE HiAl = i 5L ol A 5438 STk AEEEATH

P. lutheriE 10¥3t #j¥3 A3, Conwy HiA] AEL=E 969.5x10°
cells/mLE H| & HJX| 9] 930.7x10" cells/mL Rt} EkoU o)k 2pol= ¢l
N, BEEC A= Conwy HIAA] 0431= BIm HIA| 9] 0.4200] H]a)
=kou o3 Aol Qe Wi 3L AZAI= Bl= A7} Conwy HiA|

=

HT} B Jeho 495 o]$&2 = Conwy HIAI7F 30~ 70x10*
L

1117.5x10*

rr

C. simplexE 10Y3E Mg Z3, v #AY Hxd=
cells/ymLEZ Conwy Hi=]2] 938.5x10% cells/mL Et} F2l3tAl A Yehto
W, AAES HE WX A 0446°F Conwy HiA|2] 04210 Hl3] E=kch
(P<0.05). Conwy % HIZ HjX|o] MELREEE wif 27|5H 7|stgrAoz
71, Wl 7Y o1F2E HF mjA9 AZEE7} Conwy HIX|HT} 80~
100x10* cells/mL W92 & ZHES BT}

A3, vz wfA wjAe] AEdEE
1,232.1x10" cells/mLZ Conwy?] 1,151.5x10" cells/mL Rt} F2l3HAl A4 1
Eftor, A& HlE HjAoA 047002 Conwy BIXA|9] 0451 Rt} =94
THP<0.05). Conwy ¥ BIE HjA|] MEZHEE= 8l 27| HE 7|stgFdoz

-

P.  tricornutum< 10€937F vl kS
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SV, W 59 olF2E MR WA AEYES} Conwy WIAETH 6
0~80x10" cells/mL W2 =& HFS HYTh

T. tetratheleS 1093F vjoFg A3, Blg #jx] #jx]9] AEzU=E 771.5x10*
cells/mL& COl’lWy—O/] 651.5x10" cells/mL Rt} F28HA] A4 Yebgon, A
AES HE wiRA 038622 Conwy HiA|2] 0370 XU} =ATHP<0.05).

o

Conwy 2 HIE ¥jx]9] AZUEs g 275E 7egsdos 21619
M 59 ol F=s IR Hixe] AEREZE Conwy WA R 60~120~10°

cells/mL W2 &2 AFS BITh
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1,200

Isochrysis ga

1,000
—o—Conwy

800 —A—0.25 FMM

400

Cell density (x10% cells/mL)

200

Fig. 25. Growth of five microalgal species at 20, 33 psu and 5,000
lux with Conwy and 025 FMM media for the analysis of
nutrients in the media. Specific growth rate (SGR) was
shown on the final culture day. Different letter in the SGR
means significantly difference at P<0.05.
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1.5.2. Conwy?} &8 HlIg WA FL44E ¥t

Conwy HiA|9} FH-& BIE HiR|(0.25 FMM)oll &3+ I galbana®] ¥iF713E
5ot F¥Y el W3t Table 73 2tk wiF AlF Al Conwy Hl#|2] ghxyo}
FE+ 0020 mg/L, Y& #1X](0.25 FMM)+= 0590 mg/LE HIS Bx]9] &=
Yol 557} Conwy HiA| Bt} 2958 =4th wieF 1094 Conwy vix]o] &
HUYo}l 55+ 0043 mg/L, HIE ¥iA= 0105 mg/LE YEOH, HIE HjX]
dEYo}l F=7} Conwy HIA| B} 24 =9keh vlF A2 Al Conwy Wl
A 5= 079 mg/L, 5 WA= 0194 mg/LE BIE HjA|e] &
9 57 Conwy HiAl HOt 48] =3kt Bl ¢F 10925 Conwy HiA|o] Ak
FEE 0064 mg/L, HE #AE 0111 mg/LE Uelkom, niz wj=<]

E=7t Conwy HiA] B} 158 3k th wief A2 Al Conwy HiA| €]
FEr 2016 mg/L, HIE HlA = 1210 mg/LE HIE HjA]<] <l
Conwy HiA] ®o} 1.78] =kch HIRF 1095 Conwy HiA|] <QI4b4d
FEE 079 mg/L, V& HIAE 0413 mg/LE YeRFom, HE wjx]] lal
d F57F Conwy HiA Eo} 194 =34tk

Lo

A

S R [ R )
o o
of of H’

P>
@

off

=

-

Table 7. Variations. of nutrient concentration_in .Conwy and 025 FMM
media for Isochrysis galbana at 20°C, 38 psu and 5,000 lux during

10 days (unit : mg/L)

Media Culture days Ammonia Nitrite Nitrate Phosphate
0 0.020 0.006 0.795 2.016
3 0.020 0.056 0.218 2.234

Conwy

7 0.029 0.070 0.088 1.568
10 0.043 0.008 0.064 0.794
0.590 0.008 0.194 1.210
Fertilizer 3 0.247 0.006 0.175 1.101
(0.25 FMM) 7 0.170 0.003 0.147 0.696
10 0.105 0.003 0.111 0.413

025 FMM medium, (compound fertilizer 00294 g/L+urea fertilizer 0.0409 g/L)+mineral element.
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Conwy HIA|9} FHE BT HIX|(0.25 FMM)oll 2|t P. lutheri®] w713t
b @okde] W3k Table 87 Lk Wik A% Al Conwy ] gmuio}
TEE 0020 mg/L, HIE HiX](0.25 FMM)+= 0590 mg/LE HIS Hjxe] o=
Yol F57 Conwy HiA| Bt 2958 =34t} #iF 1024 Conwy HIA S| <F
BEUol FEE 0065 mg/L, HIE A= 0259 mg/LE UENSEOH, Hl5 1|
o] RUYol 57} Conwy WA HT} oF 4vf E3kth viF A2 Al Conwy
vz 9] Ak == 0795 mg/L, YIS WA= 0194 mg/LE H]E HjA| <]
A s57F Conwy HiA| Hot 4v] =ttt v 1024 Conwy HiA|9] 2
4HE FEE 0.074 mg/L, PlE HlAE= 0128 mg/L2 YEP e, Hls 82 <]
A F=7F Conwy HiA| Bt} 178 =34tk vjF AlZE Al Conwy HiA| 2]
A4 FEE 2016 mg/L, HIE HIAE1210 mg/LE HZE A< 144
E57F Conwy HIA| Bk 178 =Qkeh HISE 1024 Conwy HIAS] QUHH
FEE 0810 mg/L, PIE HjAE 0493 mg/LE UEson, Blg ujxe] 24t
A F=7} Conwy v A X} oF 2ul =3kt

of

Table 8. Variations of nutrient concentration in Conwy and 025 FMM
media for Pavlova lutheri at 20C, 33 psu and 5,000 lux during 10

days (unit : mg/L)

Media Culture days Ammonia Nitrite Nitrate Phosphate
0 0.020 0.006 0.795 2.016
3 0.035 0.008 0.341 1.572
Conwy 7 0.042 0.006 0.168 1.079
10 0.065 0.006 0.074 0.810
0 0.590 0.008 0.194 1.210
Fertilizer 3 0.467 0.007 0.178 0.905
(0.25 FMM) 7 0.326 0.009 0.152 0.682
10 0.259 0.008 0.128 0.493

025 FMM medium, (compound fertilizer 00294 g/L+urea fertilizer 0.0409 g/L)+mineral element.
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Conwy HiX]¢} T8 Hl5 w]=](0.25 FMM)oll 9|t C. simplexe] w713k
At A ] Wsh= Table 99 2t} wi ¥ A2 Al Conwy HIA|S] FEU o}
TEE 0024 mg/L, HIE HiX(0.25 FMM)+= 0542 mg/LE HIE Hjx9] o=
o =7} Conwy HIA| Bt} 2264 =3kt wiF 1024 Conwy HiA| ] &
HYo}l 55+ 0061 mg/L, HIE WA= 0211 mg/LE YEOH, HIE HjX]
dEYo}l F=7} Conwy HIA| B} 34u) =9kth vk A2 Al Conwy Wl
2] Aatd FEE 099% mg/L, HIE ®iA= 0171 mg/LZ HIE Wiz &
2 s57F Conwy HiA| Hth 468 =9kt wieF 1024 Conwy HiA|o] &
2 FEE 0.067 mg/L, HlE BA = 0.113 mg/L2 UEltom, Hlg Hjx] 2]
A F=7F Conwy HiA| Bt} 178 =34tk vjF AlZE Al Conwy HiA| 2]
AME FEE1935 mg/L, HI&E 8jA=:1.239 mg/LE HIE w9 U4k

of

L

Lo

F57F Conwy HiA| Eok 1.78) =4t HISF 1097 Conwy HjA|2] (14t
FET 0784 mg/L, ¥% HIA= 0371 mg/LE WERSo ™, HlE Hjx|ef <14
A F=7} Conwy v A X} 218 =3kt

Table 9. Variations of nutrient concentration in Conwy and 025 FMM
media for “Chaetoceros simplex at 20C; 33 psu and 5,000 lux

during 10 days (unit : mg/L)
Media Culture days Ammonia Nitrite Nitrate Phosphate
0 0.024 0.009 0.995 1.935
3 0.032 0.008 0.449 1.160
Conwy
7 0.041 0.008 0.127 1.012
10 0.061 0.007 0.067 0.784
0 0.542 0.009 0.171 1.239
Fertilizer 3 0.425 0.008 0.151 0.956
(025 FMM) 7 0.357 0.007 0.130 0.661
10 0.211 0.007 0.113 0.371

025 FMM medium, (compound fertilizer 00294 g/L+urea fertilizer 0.0409 g/L)+mineral element.
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Conwy HiA|¢} FHE HIE HIA(0.25 FMM)oll 2J&t P. tricornutum®] vl &
717k FF dFEe] ®skE Table 103 2tk wWiYF A& Al Conwy HiA] ¢F
ZYo} F%& 0.024 mg/L, HIE H]X](0.25 FMM)+= 0542 mg/LE H|S 8] X]
o] ¢EYo} FE7} Conwy HIA Bt 22.68] =3kch vl 1094 Conwy HI
298] ¢EYo} FEE 0.074 mg/L, IS A= 0128 mg/LE YEREOH, H
= WA dEYel F=7F Conwy HIA| Hrth 13u] =itk ik AlZ Al
Conwy Hj#|2] A4t F=+% 0795 mg/L, WIS A& 0171 mg/LE WIS
o] A §=7F Conwy HiA Bk 468 =Skt vk 10244 Conwy
Hjxe] AAitd FEE 0083 mg/L, HIE WA= 0110 mg/LE Yo, B
T A Hid =71 Conwy HiA Bok 15u] =dTh wjF AFE Al
Conwy HJA| 2]/ QIAHT F 5= 4935 mg/L, HIE HlAl= 1.239 mg/LE HIE
Hjz)e] 14k F=7F Conwy HiA| HTE SF 1.6H] EQhTE MY 109A
Conwy HiZ|9] 14+ FE=+= 1.088 mg/L, HIE HiA= 0308 mg/LE El%:
o, vlg HjAe QAE F =7t Conwy HIA| Ko} 354 =34T

O

Table 10. Variations of nutrient concentration in Conwy and 025 FMM
media “for “Phaeodactylum tricornutum at 20°C, .33 psu and 5,000

lux during 10 days (unit : mg/L)

Media Culture days Ammonia Nitrite Nitrate Phosphate
0 0.024 0.007 0.795 1.935
3 0.043 0.008 0.410 1.655

Conwy

7 0.068 0.007 0.184 1.215
10 0.074 0.006 0.083 1.088
0 0.542 0.009 0.171 1.239
Fertilizer 3 0.513 0.008 0.152 0.964
(0.25 FMM) 7 0.270 0.007 0.126 0.617
10 0.128 0.007 0.110 0.308

025 FMM medium, (compound fertilizer 00294 g/L+urea fertilizer 0.0409 g/L)+mineral element.
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Conwy HIA|9} FHE BIE H]X](0.25 FMM)oll 2|3t T. tetrathele®] v %717t
e F¥H] W= Table 113 2tk ¥k Al Al Conwy A9 F=U]
} $5& 0020 mg/L, HIE Hlx](0.25 FMM)E 0590 mg/LZ HIE H]x]<]
tE Yol F=7} Conwy HIA| Ko} 2958 E4TE i 1094 Conwy HiA|
YEYol FE= 0077 mg/L, HIE #iA= 0015 mg/L= YEFOH, v &
=] fmyol =7k Conwy HiA Btk 518) ESkeh ik AFE Al
Conwy HIA|2] ALY FEE 079 mg/L, HIE HlA= 0194 mg/LE HIE
Hj x| o] ik FE7F Conwy HiA] Btk 48] =3¢tk wiF 10274 Conwy Hi
29 At FEE 0232 mg/L, IS WX E 0127 mg/LE UERoH, v S
A 557 Conwy HIA] Btk 1.8 =%k wlF AZ Al Conwy
HjZ] 2] QI EEE 1316 mg/L, S H A= 1210 mg/LE HE HjA| <]
A4 =7t Conwy HiAl Ho}h oF 1.19) =S4tk HlF 10284 Conwy HIA|
o] 24t FEE 0095 mg/L, HIE HiAE 0392 mg/LE YEGOn, HE
Hj 2] 14k F=7} Conwy BIA| Eo} 418 =3kt

[

o

Lo

l

=
X
1o
X

w~

Table 11. Variations of nutrient concentration in Conwy and 025 FMM
media “for - Tetraselmis tetrathele at 20C, .33 psu and 5,000 lux

during 10 days (unit : mg/L)

Media Culture days Ammonia Nitrite Nitrate Phosphate
0 0.020 0.006 0.795 1.316
3 0.034 0.007 0.601 0.650

Conwy

7 0.058 0.007 0.260 0.311
10 0.077 0.008 0.232 0.095
0 0.590 0.008 0.194 1.210
Fertilizer 3 0.320 0.0075 0.180 0.916
(0.25 FMM) 7 0.172 0.006 0.158 0.705
10 0.015 0.006 0.127 0.392

025 FMM medium, (compound fertilizer 00294 g/L+urea fertilizer 0.0409 g/L)+mineral element.
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2. T ERF 33 WmE A2 onY d=

=
A A TR SFHo|FF TN 64172 T. tetrathele &wT2 61.37 BTt
A YEFG O™ (P<0.05), I galbana®} P. tricornutum dgwTolA= s A
o7} (ATE AbS 45¢A AARATE EFHolFZE A 6758 T.
tetrathele 3572 64.05 Bt} =4 UEFOH(P<0.05), AAFAT7E 54 3]
Sk 4&S B thFig. 26).

AE-GAA T AR 1597 Ho] AFTF bl Zolrt JIla, A 30 A
HE EdHelZ3 w7 T tetrathele FaT7olA AHF-84A471 212 S71817]
AlZfske] A 45U A RE AR = EFHOITF T T. tetrathele &7
7Rl SRk el L ATH(Fig. 26).
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Fig. 26. Flesh weight index (up) and volumetric index (bottom) of
Scapharca broughtonii fed single and mixed microalgal species
(mixed : Isochrysis galbana+Phaeodactylum tricornutum+Tetraselmis
tetrathele). Different letter on the final day means significantly
difference at P<0.05.
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TR B, Arddles MELR Aol FAHIL, o5 AT folA A
A7y hbs] ZEst] L FF SUbekH, AR A4 (spermatogenic
follicle) Blo|Al 2o HAMZEHR dF ARAEZE] B3 vid A<
w2 5 AATH(Fig. 27E).

a8 mAER SR WE 2718487 S8ES dRH TR A A

=z (Fig

5 783 % I galbana 357X %F 15%

37184 7(late active stage)

AR A-p, dARAHLEGHS 214 7] O BIshAl gobA e, 4
o] HAL FUIEo] UEtH: o] AlZloll= F2 A4 Z717F 40 um W<l

Ao MEAE 7HAE dRAMZEC i oE A4 WY o8 Ud

gAke] 7%, AAFAAEG L dholAt Zo] gFolxl JEjflon, A
AxSo] JFF YA, 2] W L thiE U=
Bo 277t & e 5971489 ARAESC] AR skl AATh(Fig. 27F).
83 AR SRl mE oo AL WIEEAl = 42 A, AN
459 743 & P. tricornutum Fa 1AM 727 EHELS 9E M =
A GeERE oW L qalbana 579 24%9F olg xfol7b QIRAAL, T. tetrathele
THETAAE 12%2 SA YERTthP<0.05). £FHelgadTose 7184471

o

FAY AS, IS EFELS [ galbana FF TN 20%=2 7P =%k

i, P. tricornutum- 15% = 1. galbana &5 7-9F 23 2ko|7F AATHFig. 28).

&7 (vipe stage)
dA e Ag, ALY A dEAHORE R dR

>
23]
|t
o
r
=2
Y
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Fig. 27. Photomicrographs of gonadal phases of the female (A-D) and male (E-H)
of Scapharca broughtonii. A, section of oogenic follicles in the early active
stage; B, section of the ovarian sacs in the late active stage; C, section of
the ovarian sacs in the ripe stage; D, section of the ovarian sacs in the
partially spawned stage; E, section of testicular tubules in the early active
stage; F, section of the tubules in the late active stage; G, section of the
tubules in the ripe stage; H, section of the tubules in the partially
spawned stage. Scale bar = 50 pm.
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=
> 40 F |

Fig. 28. Frequency of gonadal phases of Scapharca broughtonii fed
different microalgal species during 45 days (mixed : Isochrysis
galbana+Phaeodactylum tricornutum+Tetraselmis tetrathele).
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a8al vAER SRl BE oo AL dEuAlE SRS Ag, A
459 A7 & EFFFTAA FEA] EHE0] 13%2 T. tetrathele 33
°] 5% Hth FA YERRTHP<0.05).

TA A, T. tetrathele w79 F-24H7] SdE&0] 10%2 7P %2
(P<0.05), P. tricornutum &aTolA 3%=E 714 @A Yepom, I qalbana ¥
FrAAE FEAEY7E #EEA] ottt

2 A% Hls) A JERER(P<0.05) B WOl Ta TS T, tetrathele

FT77F 611+24% 2 1. galbana‘} P. tricornutum< D502 FET 71 At
= U o WP <0.05), &5 Holga 2t T. tetrathele &w 719k o7t
2kol7h gl A TH(Fig. 29).

vz7f) ojmle] BEES ARRZIRE B Y HolegF Tk /MY wkoH,
9= HolFg oAM= T, tetrathele w577F =JTHP<0.05). & =Holzw
To| AEEo] 883% 2 IHEF-EOA, A TROE T tetrathele B3 T A]
83.3%, P. tricornutum FFTNA 727%= YeEbgth &3 HolgaT+t T
tetrathele 357 toll= 723 Zpol7} flom, I galbana 3H7-= 61.0%= T
E ATl mls] WA YERETHP <0.05, Fig. 30).
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'B 40 5

Fig. 29. Percent of induced sexual maturation of Scapharca broughtonii broodstock
fed’ single and mixed” microalgal “species during 45 days. (mixed :
Isochrysis . galbanatPhaeodactylum | tricirnutum+Tetraselmis | tetrathele).
Different letter on the bar means significantly difference at P<0.05.

100
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‘% —e— Isochrysis galbana
—a— Phaeodactylum tricornutum
40 |
—m— Tetraselmis tetrathele
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2 o 1 1 1
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Rearing days

Fig. 30. Survival of Scapharca broughtonii broodstock fed single and mixed
microalgal  species during 45 days (mixed : Isochrysis
galbana+Phaeodactylum  tricirmutum+Tetraselmis tetrathele). Different letter
on the final day means significantly difference at P<0.05.
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3. T EF 350 WE Az FAH FRX| T Holas

31 fA9 g3 Y&

M2 OE rHERE Holz a3 A2 FAe A2 Fig 313 2
A 6QA FAADE FA TN AR BF FETOIA 1062:95 imE
7P oy o A3t wold 2ol It

ARE 189 FA(AE7] @A)el ARe £ FaTelA
219.7421.7 ymZ 7P W50 m(P<0.05), 1 B30 C simplex, I galbana, P.
lutheri®] =22 UERTE

o

Z 7

AR 209 A 8ol B & uTelA B 4% 230.8+17.1 ymE 7t
Z wEom(P<0.05), L FETolA Coosimplex 3ETY B A4F
205.8+14.2 ym&E YE}REI, L0 E Logalbana, P. lutheri®] =22 UEFSY
o aga EF Fu e T AT A8 9A230 pm)7kA] we wE s o
BRI oy &Y HolFgF7= 4% 200 um U2l A AFS eIt

AR 2497 FAFRV] A BANe] AL £ e TolA B 4%

261.3+135 ym= 7P w5k o m(P<0.05), T FF oA C simplex FH5TE
Pyt 24 24054154 pm=z EFFE T RO 9 et on & 9 IF
791 I galbana, P. lutheri-3-w7- Btk E4 YEFRATHP<0.05).

AE e PHEFE Yol2 I3 2 fA9 AESE(Fg 31)S A
64AMDE A GA) EF FFTNA 69.7+82%F 7HE Eh O K(P<0.05), T
A FFTRA C simplexet I galbana FwT-9H= Fod Aolrt A, P
lutheri T4 588+10.0%% 7Hg WA Ul oM (P<0.05), °ol¥2= A
&o| A} Fhadhe TS BT

A 189 FA (A7 AN AEES £F FFTolA 28046.7% % C.
simplex 357-2] 17.6+3.0% Xt A UEFSIL(P<0.05), I galbana} P. lutheri
a7 247 10.243.9% 9 5.0424% 2 WA YERgon T AT el

N

d
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Fig. 31. Growth (up) and survival (bottom) of the larvae of

th (um)

Scapharca  broughtonii fed single and mixed microalgal
species during 24 days (mixed; Isochrysis galbana+Pavlova
lutheri+Chaetoceros simplex). Different letter on the final day
means significantly difference at P<0.05.
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Folgk Apol7h AT

Abs 2424 AR A )] AEES EF FF Tl 27.4453%
2 C simplex 3579 145+23% Eth A YERSHI(P<0.05), I galbanas} P.
lutheri &3 T2 247 63+11%9} 3.0+1.2% 2 BA Yelgton £ AT 3t

£ fol@ 2ol7h gigiek

rok

FHAHY] 473 2 A&

MZ e HAERFE Hol2 Fud x| FRA e 87 Fig. 329
Aok AR 1097 AR e A
7Hd WO ™(P<0.05), C. simplex 3w T7F 68954769 um= E}oU ©-E
G FFTE FORE Aol ATk ARG 204 A FRA Y A £ F
FolA 47 819.7+855 pmz 7HE WEEOH(P<0.05), C. simplex 3HT-7}
789.0+98.9 um= P. lutheri Fw 7% 7591+90.8 ym Xt} FoletAl =S4Th
(P<0.05). AH% 3097 F2A|Hjo] e £ uTolA 27 1,114.8+128.0
um=z C. simplex 3372 897.9+89.7 ym Bt} f-2o54A o ko v (P<0.05),
C. simplex 579 3% P. lutheri 572 801.3#106.9 yim =t} +2]3HA|
E=UI(P<0.05), L. galbana 3772 87624763 ums}t 72]3 xbol= AT

AR OE HEFE Yol 3% A2 FRX 3 AE&(Fig. 32)<
AR 1094 &3 FFTolA 85.4452%F P. lutheri 33712 76.3+4.5% XU}
oAl > KP<0.05), TG FHTU C. simplextt I galbana &7
ok o]z AT ARF 2094 FHAI Y AEELS £F FFTOlA
69.9+5.6% = C. simplex 372 62.7+6.6% HT} 723t =%3L(P<0.05), C
simplex &5 T BEEL P. lutheri 3572 54.917.6% BT Fo3tA =
OLKP<0.05), I. galbana &FT2 61.9+65%9} 2% 2ol AATE A 30
A F2A| o] AEEL EF TFTolA 61.3:55%= C. simplex &5 T2
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Fig. 32. Growth (up) and survival (bottom) of the spat of Scapharca

—
=
33

—

i am

b
T

broughtonii fed single and mixed microalgal species during
30 days (mixed : Isochrysis galbana+Pavlova lutheri+Chaetoceros
simplex). Different letter on the final day means significantly
difference at P<0.05.
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54.4+6.1% Xtk F28kAl =JA(P<0.05), C. simplex 3T HEES L
galbana  FwT° 49.2+47% KT FkOW(P<0.05), P. lutheri &aT°lA
43.7£7.0% = 71 WA YERSTHP<0.05).

3.3. HlA|RFe EZA| oo otmi it & Akt A
3.3.1. [ A7 oluat B A 24

gz A 2 B2 o] Ho| 2 A [ galbana, P. lutheri, C. simplex 5 3% T
2 EF3 v 279 obu| =4tk 2418 Table 120 YERH AT o}

H) ek 242w A 27| FFell AR O] Hl=3 RS B G O, aspartic acid

9} glutamic acid7} 244+037~47.6+030%% 7 =& AL HII,

methionine, tyrosine? histidine 5.5+2.97 ~10.8+0.15% & Hlal& W2 A4S

BAT AR ZF/LI L qulbanat P. lutheri SN A P. lutheriZ} obv] =4t 3HeFo] =

2 S BAT, FHEZEFS P. lutheri®} TFE25<] C. simplex oA o] =4k

threonine, methionine 5ol A& o3k 2Fol7F gIAth. &3 Blol&= C. simplext
Hls3k A2 B3l glutamic acid®] 73-¢ & el Bk C. simplexoll A
44.8+14.97% = v 3- A UEFST

gz A 2 B2 o] Hol2 AL galbana, P. lutheri, C. simplex ‘5 3% T
Y T TYHLZ 33 n Az A AL Table 139] YERITH

D. lutheriol A 17.9+0.46% = 7} &= %3L(P<0.05), L

rlo

Palmitic acid (16:0) 3=
galbana$} EZTA +P+Ce= 247t 15.241.72%, 15.4£0.87% 2 C. simplex B0} 2]
SHAl = O LH(P<0.05) F AP T ell= ZFol7t fIlem, C. simplext 7.240.26%
2 714 3A YR T Stearic acid (18:0) 32 P. lutheriol| A 2.0+0.59% & 717
A e I(P<0.05), TH 2.2 C. simplex7} 0.7+0.11%, &377}0.5£0.05% 3.2
™, I galbanal| A= YEREA] 34T
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Oleic acid (18:1n9) $+#-2 1. galbanall 4 15.9+0.60% % E312] 6.4+0.14% H.TF
A YERSEIL(P<0.05), P. lutheri®} C. simplex= 712} 1.9+0.40%, 1.6£0.16% = 7-2]
sHA| WA UEFST Linoleic acid (18:2n6) 332 THE VM| ZFRET L qalbanaol)
A 7.3+0.48% % 71 =A YERE S H(P<0.05), T2 72 3.5+0.11%, P.
lutheri®] 2.0+0.48%, C. simplex2] 11+0.04% =22 UERRTE a-linolenic acid
(18:3n3) $Hg2 Th2 v M ZFET} I galbanaoll A 8.2+0.38% = 717 =A] VEFEIL
(P<0.05), TFS-0.2 BFHT70] 34+011%, P. lutheri®] 1.7+0.46% <=0191.oH, C.
simplex°| A& WERAA] &3k

Arachidonic acid (20:4n6, AA) 2 7ol A41-3.1+0.07%= P. lutheri®
1.2+0.67% B} -2l slAl A1 YEFRE 0.1 (P<0.05), eicosapentaenoic acid (20:5n3,
EPA) 32 C. simplex | AR} 25.9+0.64% Z L EFS T

Z3LA 4 H(saturated fatty acids) -2 P. lutheriol A 42.8+0.99% = I. galbana
©] 36.1+2.34% R} 23k =4 UEF S LH(P<0.05), & 372 42.4+0.87% 2=
frolgk xto] & Kol A] kkoH, C. simplexoll A= 28.740.26 % = 7H WA VERSE
ot SeE 232 B4Hmono - unsaturated fatty acids) &2 & PMZRET
P. lutherioll X 522+2.34%% FolstA =/l YERSTH(P<0.05). tHE23bA b4t
(polyunsaturated fatty acids, PUFA) $r&& C. simplex°| 41 27.7+0.53% = 1. galbana
o] 179+0.65% Rt FoetAl A YEFHIL(P<0.05), HelE ST
11.240.32% =01 R2™ P. lutherio| A 4.9+1.35% 2 7F¢ 2HA] et n-3 1%
B33} AW Hhighly unsaturated fatty acid, HUFA) &2 C. simplex©ll A
26.0+0.55% = 7} A YEFEAL(P<0.05), T2 = [ galbana®] 8.2+0.38%, &%
791 3.4+0.11% =01 21, P. lutheriol 4] 1.7£0.46% & 7+ WA Urebstoh
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Table 12. Amino acids composition (% of total amino acid) of single and

mixed microalgal species

Amino acids Isochrysis galbana Pavlova lutheri Chaetoceros simplex — mixed

Aspartic acid 24.4+0.37° 38.7+0.47¢ 30.7+0.56° 29.4+0.10°
Threonine 14.1+0.53° 19.0+0.18° 17.7+4.13° 15.3+0.13°
Serine 11.0+0.64° 16.4+0.50° 14.3+2.49°° 13.940.60°"
Glutamic acid  27.8+1.84° 47.6+0.30° 44 8+14.97° 33.8+0.22°
Glycine 17.6+0.33° 24.3+0.15° 19.242.13° 19.6+0.44°
Alanine 23.3+2.15° 34.3+0.08" 28.5+3.30° 24.9+0.52°
Valine 19.5+1.31° 27.3+0.58" 21.4+0.34° 21.1+0.14°
Methionine 5.9+1.82° 7.7+4.60° 6.2+3.36" 5.5+2.97°
Isoleucine 18:0+1.10° 22.0+0.42° 20.9+1.68° 19.1+0.50°°
Leucine 33.0+1.66" 40.1+0.07° 30.0+3.48 33.6%0.16°
Tyrosine 6.1+1.99" 10.8+0.15° 8.4+1.75° 8.1+3.80°
Phenylalanine 19.4+0.71° 23.1+0.28" 18.7+2.48° 20.3+0.35"
Lysine 13.2+0.13° 242+1.08" 22.7+2.99" 16.7+0.34°
Histidine 7.6+0.26 8.6+0.01° 6.8+0.92° 7.8+0.05
Arginine 17.1+1 5 27.2+0.19° 20.9+0.26" 19.8+1.13%
Proline 13.8+1.71° 17.0+0.93° 9.3+5.86° 13.1+0.84°
EAA” 13.1%0.75° 17.240.47° 1444127 13.9+0.26°
Total 27:8+1.32° 39.7-0.48° 33.0+2.93" 30.8+0.94°°

Values (meants.d. of three replication)-in-the same row not sharing a common

superscript are significantly different (I’<0.05).

“mixed : Isochrysis galbana+Pavlova lutheri+Chaetoceros simplex.

EAA : essential amino acids.
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Table 13. Fatty acids composition (% of total fatty acid) of single and

mixed microalgal species

Fatty acids  Isochrysis galbana Pavlova lutheri Chaetoceros simplex  mixed

C12:0 0.0+0.00° 0.0+0.00° 0.1+0.08" 0.0+0.00
C13:0 2.1+0.10° 2.0+0.07° 1.1+0.25° 1.2+0.26°
C14:0 18.0+2.09° 15.8+0.54° 17.4+0.02%° 21.8+0.59°
C15:0 0.0+0.00° 1.7+0.35° 0.4+0.03" 0.4+0.05"
C16:0 15.2+1.72° 17.9+0.46° 7.2+0.26° 15.4+0.87°
C17:0 0.8+1.43° 3.4+0.88° 1.9+0.08 3.0+0.23°
C18:0 0.0+0.00° 2.0+0.59° 0.7+0.11° 0.5+0.05%
C21:0 0.0+0.00° 0.0:£0.00 0.0+0.00° 0.1+0.11°
C14:1 0.5+0.84° 2.0+0.51° 0:6+0.31° 0.2+0.01°
C15:1 0.0+0.00° 2.1+0.47° 0.6+0.42° 0.7+0.38"
C16:1 8.0+0.18" 24.5+1.25° 27.6%0.49" 21.1+0.23°
C17:1 1.0+0.83° 6.1+0.36° 11.1%0.22° 5.6+0.34"
C20:1 1.7+0.23" 0.0+0.00° 0.0+0.00° 0.2+0.32°
C18:1n9 15.9+0.60° 1.9+0.40° 1.6+0.16 6.4+0.14"
C24:1 18.9+1.23¢ 15.6+2.31° 2.1+0.07° 12.2+0.42°
C18:2n6 7.3+0.48¢ 2.0+0.48" 1.1+0.04° 3.5+0.11°
C18:3n6 2.4+0.00" 0.0+0.00° 0.7+0.10° 1.3+0.09°
C18:3n3 8.240.38° 1.740.46° 0:0+0.00 3.4+0.11°
C20:3n3 0.0+0.00° 0.0+0.00 0.1+0.11° 0.0+0.00
Q0:4n6 (ARA) 0.0+0.00° 1.2+0.67° 0.0+0.00° 3.1+0.07°
Q0:5n3 (EPA) 0.0+0.00° 0.0+0.00° 25.9+0.64° 0.0+0.00
Saturated 36.1+2.34° 42.8+0.99° 28.7+0.26° 42.4+0.87°
nmoroursaturated 46.0+2.31° 52.2+2.34° 43.6+0.33° 46.4+0.62°
PUFA” 17.9+0.65° 4.9+1.35° 27.7+0.53¢ 11.2+0.32°
n-3 HUFA™ 8.2+0.38° 1.7+0.46° 26.0+0.55 3.4+0.11°
n-6 HUFA 9.7+0.48" 3.2+0.99° 1.7+0.12° 7.8+0.21°
n-3/n-6 0.8+0.05 0.6+0.11° 15.1+1.14° 0.4+0.00

Values (meants.d. of three replication) in the same row not sharing a common
superscript are significantly different (I’<0.05).
“mixed : Isochrysis galbana+Pavlova lutheri+Chaetoceros simplex.
"PUFA : polyunsaturated fatty acids,  HUFA : highly unsaturated fatty acids.
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3.3.2. B9 9] olu4t g A i A4

gz B2 v o] Ho| 2 A [ galbana, P. lutheri, C. simplex 5 3% &Y T+
S ER E9tete] TR vzr) FAR| ) 9] opn|ingl 242 Table 1401 Lk

WAtk opr 4k 2402 w27 TRl BARle] Hld BEFES HPon,
olFaT Ztoll ol Aol fllth Methionine2 C. simplex 3w T4
1.4+0.10% = 2 A @7 Bt} 7 stA = veErstt.

M2 gE rAlEFE Holz 53 A2 F2X|9) o] Atk 2442 Table 15
o) YFERH AT}, Palmitic acid (16:0) 332 3t o] 35 7ol 4] 21.0+0.44% = 717
A Yebt o, C.osimplex 3572 20.7+2.74% 2} P. Tutheri 3572 19.9+1.34%
o} Fol gt ztol= YIRATh I1ElAL stearic acid (18:0)3#-2 C. simplex &5 TN 4]
13.51.97% 2 71 =A Y EFL 2™ (P<0.05),-& 33 o] 3372} P. lutheri &5 T2}
= o3k 27k IR0 AL, Ligalbana 33714 10.3£1.18% = 71 WA YERR T
(P<0.05).

Oleic acid (18:1n9) 32 1. galbana & &7-9llA4] 10.5+1.02% =2 71 =71 ekt
31, C. simplex &3 74 54+0.07% =2 71 SEA| YERS 2™ (P<0.05), P. lutheri &
g7 EFFF T F2% ZFol7t {1 Linoleic acid (18:22n6) 3 I
galbana ZT-N A 8.6+0.78% 2 7} ¥ A LFebstaL, E3k8-w 7oA 5.9+0.33% =
SA RS U f2] 7 2ko] &= $IATH a - linolenic acid (18:3n3) 352 L. galbana
FFFNA 45:054% 2 714 A UERE O (P<0.05), 7L THe-O 2 P, lutheri 35
T7+3.1+0.70%, EF&5 77} 3.0+0.32%, C. simplex &7 77} 2.5+0.31%2] <=0
ot

Arachidonic acid (20:4n6, AA) &2 C. simplex 35714 81+7.08% = 717
= et oy t-& Holgg7-2 7218 atel= {131 Eicosapentaenoic acid
(20:5n3, EPA) & L galbana  FgTolARE 15+0.23%=  UERSEIL,
docosahexaenoic acid (22:6n3, DHA) 3+ L galbana 3579 S35 7l A
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Z¥7} 30.3+2.89% 2} 30.0£2.12% Z YEFF O} 7-2] 3k 2|o]= Gl T

Z3LA 4 H(saturated fatty acids) %2 C. simplex 837141 41.045.78% & 7}
& =A U o (P<0.05), &35 72 40.3+1.82% 2k -7 3 2bol = U &
B EZ A W4 Hmono-unsaturated  fatty acids) &S L galbana 35714

7215%2 714 B UERE 0T (P<0.05), EFEF T} 13.240.80% 2 7P &
< s Bt OE XA W Hpolyunsaturated fatty acids, PUFA) 3&-2 L.
galbana B304 503+4.29% 2 717 7] Uk 0.0 (P<0.05), C. simplex &3
7} 429+485%% 7Pg e TS BT n-3 DEEZIX| WM highly
unsaturated fatty acids, HUFA) 3t I. galbana 55714 36.3+3.38% % 7174
A R 01 (P<0.05), C. simplex F3 77} 280+3.76% 2 714 wre ke B o
3, EREE TP lutheri 3575 27 33:0£2.43% 9} 32.7+1.48% & -]k =)o)

7 s

=
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Table 14. Amino acids composition (% of total amino acid) of the spat of

Scapharca  broughtonii fed single and mixed microalgal species

during 30 days

Amino acids Isochrysis galbana Pavlova lutheri Chaetoceros simplex — mixed
Aspartic acid 6.7+0.73° 6.1+1.24° 6.7+0.68° 7.0+0.42°
Threonine 2.7+0.25° 3.2+0.27° 3.0+0.01° 2.9+0.21°
Serine 2.6+0.26° 2.8+0.05° 2.9+0.06° 2.8+0.18°
Glutamic acid 7.6+0.98" 7.9+0.10° 7.9+0.03° 7.9+0.35°
Glycine 4.0+0.46" 4.1+0.20° 4.2+0.20° 4.3+0.21°
Alanine 3.2+0.39° 3.3+0.01° 3.3+0.08° 3.3+0.18°
Valine 3.3+0.39° 3.1+0.23° 3.6+0.07° 3.4+0.26
Methionine 1.1+0.04™ 0.7+0.53" 1.4+0.10° 0.5+0.21°
Isoleucine 2:8+0.36" 2.9+0.12° 2.9+0.05° 2.9+0.10°
Leucine 4.2+0.54° 4.2+0.16° 4.4+0.17° 44+0.21°
Tyrosine 2.0+0.25° 1.8+0.44° 2.2+047° 1.9+0.00°
Phenylalanine 2.6+0.33° 2.6+0.11° 2.7+011° 2.8+0.21°
Lysine 4.8+0.75" 5.0+0.31° 4.8+0.15° 5.3+0.25
Histidine 1.340.14° 1.3£0.07° 1. %0.1% 1.3+0.15°
Arginine 4.2+0.50° 4.2+0.36° 4.6+0.33° 4.5+0.27°
Proline 2.0+0.40° 1.5+0.60° 1.7+0.15° 2.0+0.07°
EAA™ 2.3+0.28" 2.3+0.06" 2.4+0.06" 2.3+0.06
Total 5.6+0.69° 5.6+0.34" 5.9+0.30° 5.9+0.22°

Values (meants.d. of three replication) in the
superscript are significantly different (I’<0.05).

“mixed : Isochrysis galbana+Pavlova lutheri+Chaetoceros simplex

EAA : essential amino acids.
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Table 15. Fatty acids composition (% of total fatty acid) of the spat of
Scapharca  broughtonii fed single and mixed microalgal species

during 30 days

Fatty acids  Isochrysis galbana Pavlova lutheri Chaetoceros simplex — mixed

C14:0 6.2+0.49° 3.6+0.40° 4.0+0.34% 4.4+0.23°
C15:0 0.1+0.26 0.0+0.00° 0.0+0.00 0.0+0.00°
C16:0 0.0+0.00 19.9+1.34° 20.7+2.74° 21.0+0.44°
C17:0 2.1+0.35 2.2+0.28" 2.4+0.47° 2.2+0.15
C18:0 10.3+1.18° 11.5+0.53% 13.5+1.97° 12.7+1.85%
C22:0 9.3+6.93° 0.0+0.00° 0.0+0.00 0.0+0.00°
C23:0 0.0+0.00 0.0+0.00° 0.4+0.74° 0.0+0.00°
C16:1 3.0+0.58" 2.7+0.25% 3.1+0.24° 2.5+0.20°
C17:1 5.0+1.54° 6.4+5.73 4.5+2.02° 1.4+1.31°
C20:1 3.2+1.12° 2.8+0.70° 3.1+1.42° 3.2+0.93
C18:1n9 10.5+1.02° 6.8+2.06° 5.4+0,07° 6.1+0.27°
C18:2n6 8.6+0.78" 8.5+2.77% 6.7+0.84° 5.9+0.33
C18:3n6 1.0+0.02° 0.0+0.00° 0.0+0.00° 0.4+0.72%°
C18:3n3 4.5+0.54° 3.1+0.70° 2.5+0.31% 3.0+0.32°
C20:2 0.6+0.48° 0.0+0.00° 0.0+0.00° 0.6+0.53
Q0:4n6 (ARA) 3.941.37° 2.9+258° 8a+7.08 6.6+0.52
C20:5r3 (EPA) 1.5£0.23° 0.0+0.00° 0.0+0.00 0.0+0.00°
C22:6n3 (DHA) 30.3+2.89° 2954148 255+3.87° 30.0+2.12°
Saturated 28.0+5.47° 37.242.17° 41.0+5.78° 40.3+1.82°
nonounsaturated 21.742.15° 18.7+4.09™ 16.1+1.03% 13.2+0.80°
PUFA™ 50.3+4.29° 44.1+3.09°° 42.9+4.85 46.5+1.18°
n-3 HUFA™ 36.3+3.38" 32.7+1.48% 28.0+3.76° 33.042.43%
n-6 HUFA 13.5+1.45° 11.4+3.05° 14.8+7.85° 12.9+0.87°
n-3/n-6 2.7+0.12% 3.0+0.82° 274241 2.6+0.35

Values (meants.d. of three replication) in the same row not sharing a common
superscript are significantly different (I’<0.05).

“mixed : Isochrysis galbana+Pavlova lutheri+Chaetoceros simplex

"PUFA : polyunsaturated fatty acids,  HUFA : highly unsaturated fatty acids.
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Fig. 33. Variations of temperature, salinity and dissolved oxygen

concentration in" the intermediate culture area, Jindong
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Fig. 34. Growth in shell length of Scapharca broughtonii spat during
60 days cultivation in different shapes of protective nets
for spat in intermediate culture. Different letter on the final

rearing day means significantly difference at P<0.05.
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Fig. 35. Survival of Scapharca broughtonii spat during 60 days
cultivation in _different shapes of protective nets for spat
in intermediate culture. Different letter on the final
rearing day means significantly difference at P<0.05.
Hss 81~122 mg/LE M3 Fof AIEE0] ¥ FAE BUTHFig
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422 FIAH | 43 BE
T WA FHEE 16393 SAFET FAA ] e Apgute]
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Salinity (psu)

36.

18
16
14
12
10

o N MO

Jd

o2}

E

(o]

. (a]
10 —o— Terrlrferature (C) | 4

—— Salinity (psu)

5 | —&— DO (mgl/L) 4 2
o 1 1 1 1 1 o

Nov.14 Dec.15 Jau.13 ~ Feb.15 -Mar.15 Apr.14 May. 22
2005 2006

Variations of temperature, salinity and dissolved oxygen
concentration in" the intermediate culture area, Jindong

Bay.

—o— balsam pear net
L —a— blackout curtain
—&— polyethylene net
—%— control

O T T O

Nov.14 Dec.15 Jau.13 Feb.15 Mar.15 Apr.14 May.22
2005 2006

Rearing days

Fig. 37. Growth in shell length of Scapharca broughtonii spat during

163 days cultivation in different types of mnets for
preventing spat loss in intermediate culture. Different letter
on the final rearing day means significantly difference at
P<0.05.
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2 60 y
g
03, —e— balsam pear net
40 F —4a— blackout curtain
—&— polyethylene net
—*— control
20 1 1 1 1 1 1
Nov.14 Dec.15 Jau.13 Feb.15 Mar.15 Apr.14 May. 22
2005 2006

Rearing days

Fig. 38. Survival of Scapharca broughtonii spat during 163 days
cultivation in_different types.of nets for preventing spat
loss in intermediate culture. Different letter on 'the final

rearing day means significantly difference at P<0.05.
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H 31 ITHHur, 2004).
T Hol2A o] &He mAlERE AEU I

e A%, WE agla AEsdd FFS PAA Aok mas 2AF dE

FTEAM A B A3 Aol o] 8FHE HAlEFO IYTME A= A

< "9 F83}THWalne, 1974; Webb and Chu, 1983; Whyte, 1987), v A 2/

d

o Hol/}XE AWSE Qo GU A7), BAGE 234, Bed 2L o
M 7P A SOl JAT, 58] olE F A7), 9U4, 484 2t v}

off

e A NA HoldEe VHAE ddEe P F8F fsoh
(Jeffrey et al., 1990).
Ao ® HMEF FFi

28 2(Webb and Chu, 1983), & dATollA= Z77Y SHAL Al 8ol o&
HaL = 5F4] WM ZF(Isochrysis galbana, Pavlova luthri, Chaetoceros simplex,
Phaedactylum  tricornutum, Tetraselmis ftetrathele)®| ™3t 2, dAiE 2 X%
S A e S AN AAskaL R F
&, G B 25 dY AR AR T3 dFS vAH, ol

nAZ2FY AAES Y AiEe AR 7P 2 282 a8lEeH
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(Admiral, 1977). 3 HAZERF vl JAME 23 2= S A
st 7 Ta%t |MTEC|t(itts et al., 1963; Smayda, 1969; Durbin, 1974).
Kain and Fogg (1958)2 L galbana®] 37 H A< 20~25Cekal 81911,
Ukeles (1961)= ©] F©°] 15CollA Aol 7H Wwgton, 24~25CoA+= 4
7ol AAETa stk I28lal Ryu (1987)E L galbanas 15, 20, 25C2] <
< 2 1,000, 3,000, 6,000, 9,000 lux2] % Z7olA 7Yzt wjoFe 1Y &)
A Z4=9] T a9 AT 25 25ToA 7P =4tk 1,000 3,000 Tux
o] AFFAE 25 20, 15C9 +o=2 MEF9 Z7P} wmaA Uehton,
0, 9,000 lux ATl = 20CAA AM=E] S7H7F AY =gA debsta,
AEL 250 wehs A GeiRtha Rk
B Aol 422 20, 25, 30,,35C2F HE 20, 25, 30, 33 psudl WE 5% W
AzFo 3RS AR A3, L galbana®] BRELS 20C BT} 25T
3 FE 30 psugt 33 psudlA =3%e™, 20 psudAl M S HAES B
o} 30T ol delAs BdEel WA Yebsth L galbanas st 274 vk
T2 GEL.20~25C, 30~33 psuCl ATk 25T A HjF Al Hij<g 8 A FE]

M

o)
o
[}

o,

(@)
R
Ir
0
0,

'~

flo

AES BT AASRCEE Kain and Fogg (1958) %
Ukeles (1961)2] A7-9FfAREE A2 B, a2y 9o d7+ w2t
o] 7¥ol e, Hx HEULI} 10" cells/mLE B A9 k)3 10¢ 3

v
N

Z HAEFYUE 50x10" cells/mLet= zto]7} Qlomg AAFo|= 2polrt YA
v ATE wselal

% Hol =24 7]
ANAM T Holz dHA UAT, wieFeAd el Wt RZFs}
sl ofo] 417] eke Zo|ChEnright et al., 1986).

Park (1985)2 P. lutheri®] 7ol WA= &9 I A7-llA 28T, 5,000
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< Z2EUFF Aol Azl skdth Park (1994)2 Pavlova sp.x= 23T,
23 psu, 6,000 luxollAl Hile S RPN F23 Fio] Y3t =57}
Thas 2Ho 4000 lux® W= 764x10* cells/mLE AAES A A3t B
VAT 283 Yun (2005) P. lutheris 7U3F vl3tdS w 19C, 30
psu, 6,000 lux, Conwy HiZ|ol|A 654x10" cells/mLZ 312 A4& BHYriar
SHaAth

B AFA P. lutheriv= 25C, 33 psu¥d ™ 948. 5x10* cells/mLe] MEXLE
2 Haol A4S B Park (1985, 1994)9] A7t FAR A3E B
Yun (2005)9] AT A Hu 2 F202 YeRt-zol7) Itk HES
20T 4] 0404 KT} 25CollA 04252 =9ka1 F4 30 psu2} 33 psudllAl E=%o
, 20 psuolAl 7F8 ¥ AFES B 30C ololxe 5] B
Uel o, &l YWess AFEC]l =4l Uelsth P lutheri®] A vl
T GE2 77 25T, 30~33 psu®| AT

Kongkeo (1991)= Chaetoceros calcitrans®] & 20| 28~30TC, FHA 50|
24CH, HAFGEL 22~28 psu, =+ 10,000 luxoldlelal Haslh
Yun (2005)2 C. simplexs 793t vl (A 25°C, 20 _psu, 4,000 luxol A i1
AAS Btk B AelA G simplexs 80°C, 33 psuclA 972.5x10" cells/mL
2 Ha9 BAS B Kongkeo (1991)9] A<} AA8HA 2 Yun (2005)2
AT Hot 5L T3 G802 v ZolE HERSIT

C. simplex2] BAEL 25C HTt 30CAA o =%k3, E8 30 psust 33
psudll A E=3kom, 20 psucllA 7P @2 AAES BAT C simplexs 30C,
33 psuolAl AAEC] 04217 04282 7F =A et C simplexe] AA
v o3t J8-S Z7F 25~30C, 30~33 psucl Atk

Fawley (1984)= P. tricornutum®] Wl¥7be20] 141~249C=E, Kudo et
al. (2000)2 P. tricornutum®| 2 #jgF20] 10~20C= Hisiith & A+
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oA P. tricornutum® 47L& 20°C, 33 psu¥ Wl 925.7x10" cells/mLE # 1.9]
S Hod 9o] AT fARE AE Btk AAES 20CoNA 7 =3t
om, B5CAAE g 784 7 w=UTL o]F =

i 30 psust 33 psucllAl EShoH, @0l WEFE W HAHES HA P
tricornutum®] A WF &3 &

Kim and Hur (1998)& Tetraselmis sp.o] THEFuld<S 91k vlfsd Aol

2 20C, 30~33 psu°| At

A e Feo] 24~30T, HEo] 27~33 psuollA wWEA YER|AL, T
tetrathele’= <& 30C, GE 27 psuollA 112x10" cells/mL (& 035 7}
2 w2 A4S RYutal HustHnh B Ao A T tetrathele= 25T, 33 psu
oM 966.7x10" cells/mL (AAE 0413)2 AAo] wEA. Yellon, T.
tetratheles Wi Fdh= 278 WiF =3 @& 25C, 30~33" psuz YERY
Kim and Hur (1998)¢] ZA#e} ztol& HAHE o|e} 22 AF= Tetraselmis
sp.2 HlF =2 WS 12~-32T2 R1u3k Ukeles (1961)9] Aol A8
. Maddux and Raymond (1964)= Tetraselmis sp.2] “d74E0°] 23~25T A
71 =shom, 17 Colstel 29 o) doAE A dEC] Wtka Huste] & 4
T A} Ak

3,000, 5,000, 7,000 lux2] F=oA Hjekst A, 559 vAx=F =% 7,000
lux®] 2=oM 71 & AFES EATE ol 257F 28542 A4o]
2043 B3 Park (1985, 1994)¢} Kongkeo (1991)9] A+ ZAxe} fARRE 2
3= B}

27 AFFTRALE AdAE & - 2Ho2 58 HoHES IH A
o2 FFsl Folof 3tH, o] A HelES] migFs 3 Al FH F A

A7) 30%E AHAIBEAL 3l
& HolAE Ak AAAQ] AL MEAY F Ae WHORE HAERF

Aol a¥e vES As] 98] sHE R T2 o83 AAAA H

r{r
(>
o
o
)
O
c
=
(@)
QO
c
Q.
W
O
aq
o,
o
o
n
—_
O
O
N
o
v
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A7 g 712w Boh vAl =R st EsA

g S =2 e dles idse A ol Atk 53, vlAl
B

X
2
>
oft
>
2
i
P

3
o] A¥o] mzrng e FAs] Hsids ol ad I aTF
THsted wix]e] Fej= H7Yslof itk

g MAEFE wish=tl o1& 7hsdt viA e FR/+= of 5094 7HX7}F 74
wEo] o] &E JAT, FE {/2, Conwy, ES-medium F°] Bo] o] &=l
AaL, ©]§4d B HlE Rt "HolM HZole FHE-HIsE ZF FEAYML
AANA g viA Loz o] o]&stal ItHGuillard and Ryther,
1962; Walne, 1970; Guillard, 1975; Gonzélez-Rodriguez and Maestrini, 1984;
Valenzuela-Espinoza et al, 1999).

U8 Hg= T8 ARl dask )lo' FAdH 912 H(Ukeles, 1980;
Gonzélez-Rodriguez. and ‘Maestrini, 1984), &8 HI5 HjA|o= vAl=
37l Baz]l nEFday B So] fhrEol A dtk(Stein, 1973). &
Ao AL TYE HEY A9, QAN E FAa 9 46%, EPvEE A
2 21%, Q1 17%, Z-F 17%= F/8%0] Ao, L galbana 5 VIAZF] A%l

2o vFgdas 7o FEe] UA Fot Conwy HiA|o Hlste] w2 A

o

-

o= yEsit

Gonzalez-Rodriguez and Maestrini (1984)%] Hilo|A 1258 HIgEE ©]&3}
o 16FY wmAMEFE WY A3, Nannochloris  oculata, 1. galbana,
Chlamydomonas palla, Chaetoceros sp.olA+= £ A9 Ao} o] HIE HjA|
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oA m-g e AAES YEPNA Y Phaeodactylum tricornutum, Skeletonema
costatum, Tetraselmis striata, Thalassiosira pseudonanaw V152 Tl we} oF
el zpol= YA, tHETR! Conwy HiA A e] A3 FARSEAY AEE
o] B 3t

Bae (2004)= &ll<74t Chlorella®] o) Zuj 8 WA =24 Edv|E9} QA4HIE
e AT AS TS ¥R FHA BT} Schreiber WIS N} P e
1.25¥12kar B sk

A 272 i FAl v x| Z2=A17F &olstal 7Aool A7k ZAAR] A&
XS JNEslr] 218k Conwy, /2 HIAE U=F& 3t FHE Bs
o} g4v7e dFS 104, 058, 025812 A= 23 HIE HIX|(EM, 0.5
FM, 025 FM #jA)ell o3t _1093tel v&dx L galbana®] A4S thiz7<l
Conwy HIX|ol| A 4A4E] 039622 fostAl 71 =41 Yelston, £/2 Hj
A ok= Fofst abel7h qlRith 025 FM HIA|(H3 Bl 0.0294 g/L, 84 HI®
0.0409 g/L)ollAl A87-E°] 0368% FM HIAIL: 0.5 FM Hiz|o B8] A e}
ST,

ole} e AHslE ATl wet ofxte] Aole ey P lutheri, C.
simplex, P. tricornutum,~T. tetrathele W= [ galbana®l 373 A A
eI & AFelA g 98 s A4 s=% Schreiber Hj
A2l N¥ P 5%9 02541(0.25 FM)Z el Bae (2004)2] 2o} UX]31A]
gL, o= B ATl o] &R HAMZEF 550l Chlorella Bt FFH] N3 P
o] @] ¥ W Zow AHHT

o

ol

793t

-~
T
==
(o3
O

|1]O

Yun (2005) "|A|ZF 3E(C. simplex, Chlorella sp., P. lutheri)<
stle W 3% =5 /2 wWiA BTk Conwy HiA| A o] F&
stk 1y B AFNA P lutheris AE YA 4F oA = £/2 Bl
Aol Hl3} Conwy BiA||A Aol WhEta P. lutheri®] 472 Conwy HiA|
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Ho} £/2 viAol A wEA] Yebstou #2ol3k 2kol= gl

Bae (2004)= Y& HIE A9 ¢RUol FEE WEFI AAFFUAOEA
AAA(NaNOy) S A7Fsha wEda 5 A7h &dpr) 7% 29kd e 3.04)
(0.0588 mg/L)E F7I= H718te] Chlorellas wdstA<= = WE 0.2549)
+NaNO; (200 mg/L)+CuSOs 3.041(0.0588 mg/L) HjA|
Be] oF 96% 5 UER AT B uEksitt.

2 dATA wHGE IR HFdA HERE w58t &% HIME 025

Lo
(i
o
-
rlr
]
N
=
N

FMM #i Aol &3k 559 wA|lZ=7FE 10€3F ikt 23, I
Conwy Hi=]o|A] 0.4352-0.25 FMM HiA| ] 043100 |8l =qkovt foldk At
ol RAUTh Conwy HiA|o] AELEE= wi) 27IHH Zlstagsdoz S7t
sHAIRE, 025 FMM HiAl= vl 5L o] Auts 543 F718k7] AlZskitt o]
o} 22 AANs= Aol wet AREe] Aol ot P lutheri, C
simplex, P. tricornutum, T. tetratheled| A= L galbana®] 3782 FAMSE B3
HERA AT

Bae (2004) viA|e) 3t A &35 Lolr7] I8t Chlorellas WY 3
847 = 025¥+NaNO; (200 mg/L)+CuSO; 3.081(0:0588 mg/L) WA S 2
5~100%%] 3t AMIE-3F A3, FXF AHlE oFA &2 f/2 HiX A= F
HiF717E 199 A8 MZEE7F A4S o, 5% 50%E FXF AlHlg 4

B ATl U8 vR WiAZ g A plAlERe] S Conwy HiA 2

FEOE FAAZI7] f8ke] 025 FM viAol HFAAE HUFSE wlA](0.25
FMM)E vl 7¢4 &3FS 75%, 50% 18]al 25%% AR GElste] 3+ A
Hlol oJ3k 1043l AXN I galbana®] 37 W= 25% 3 AR A5
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dEo] 013622 75% AMIgE 0.086 HTh Ekal, 50% AR AT
o 27t fidw ol#iet JAHEte] <2 P lutheri C. simplex, P.
tricornutum, T. tetrathele®] AFAHANME L AFS YeERAALE o]
T AWl A= Bae (2004)9] Aol s oH, RMZEF 552 Wi Al
HE 3 794 025 FM #ix| ol vZFUAE H71e vi#](0.25 FMM) 7] 5%
o] 25%E AlHIste & Zo] JIPH o R MYLEE Y F Uv WHE A
o2 AoEth

THE HE AR AEFE G Al BEE Conwy HIA| Y] FEOE F
FA7171 f18ke] 025 FM HiA|(E3F HIE 00294 g/L, 84 HIE 0.0409 g/L)
of mHEYPA025 FMM)SE BIEFN0.25 FMM)S FH71eH miAlZ wjFs L
galbana®] 374 HZ7<? Conwy HIA| A B-E°] 039302 7 =7 v
Ebgror, /2 ujA$}t 0.25 FM v Aol wgkda 9 eSS H7IgE HIE )
A o= Folgk zpolrt ISk oleh e Aol wisl= Aol wet AAE
o] Apol= Jouk, P. lutherilM= L galbana®] 483 §AS &3S YeR
At

g 025 EM- HiAo)  wEEAAo ) HIEH S TRRE BiA|E kst T

=

tetrathelex= DHZ7-%1 Conwy HiA| oA &S] 03552 7 A UEGS
™, £/2 wjX e BAEL 03322 025 FM HiA|el] HIEtS 7 HE 6
(025 FMV) ] 03359} #2138k Zko]7} §121T, 025 FM wi=|$} 0.25 FM wj Ao
nFAAE H7FSE ¥l 81X (0.25 FIMV)& @2 &S BAn olgt 2
37e) Wshes Aol met AFES vad Aole ey, Cosimplexst P.
tricornutum N X = T. tetrathele®] 3783} AR 43S UER ST

A ZEF F od FFe =2 dREUCl 5(1 mg - atom N/L ¢FEUYo}h
of uwj-g- Wiy, o] Aafldtta Bard vl lthKalpan et al., 1986 ) ely

i Hop 09 £ 259 pHY wjdst
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M HiFEHE 109F FA R ARe At HRusty o
(Admiraal, 1977). 53], 2 £%, pH ¥ ¥EUYo} =0 @A 3
A FESof atH, =2 pHS dEUo} st HFH R rAxRd F4<
71Z15 3l B 3151 tH(Kalpan et al., 1986).

AR A wiA] W] kEYot At FE Adishe Ao
B 153 tKCaperon and Meyer, 1972; Epply and Renger, 1974; Bienfang,
1975; Conway, 1977; Terry, 1982). J¥H<= st FEY "MHERFe d4
TEECEA At Ee dERYCLE o&stH, o7 FFe rmAH=xER
(Anabaeba wvariabilis, Nostoc. muscorum, Chlorella ellipsoidea, C. pyrenoidosa,
Chaetoceros simplex,” Cyclotella cryptica, Skeletonemn sp.)v= A4 FHHEEZA &
A e dRYotl A FARF AAES UEIGL B uE vl UTH(Leftley,
1980). 121} Paasche (1971)= Dunaliella tertiolecta= Z4+E Rt} F=yo}
7ol 10~30% A= H e FAIHAL Husiith. =3k Anitia et al.
(1975)2 vMZERE I 45 S R A oA O sl w0t
T ByslTh olg Zo] HMAZRS B3 ArAl g Aso e A
Aedz) rmuole) Eafs the Ao ® BuH Tk

2 AFolA Conwy HIA| <k & & HIE BJR[0.25 FMM)oll 9|3t I galbana
of Hj<k 713k b YFd ] W= mMeF AlE Al vlR HiA o] dRYol Tk
7} Conwy HiA| Rt} 2958 =9kar, #ieF 1094 HlR #jA¢] ¥EYo} %
7} Conwy HiA| Ht} 248) =3Uth vk Al2E Al Bl wfx]e] A4 s=7F
Conwy HIA| Rt} 4v] £9ka, HiF 1024 Hls #iAe] 49 s=7F
Conwy ®i#| Hth 158 =Tk wit AR Al ¥l iR 4 =7
Conwy HIA] BT} 1.7d) =9ka, viF 1094 Hlm HiAY <14 5%7)

Conwy ®i=] Bt} 1.94] =4tk vl 1094 =y}, A 2 i &
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off
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=

2025 FMM)olA Aakd o] ZHaeFe e R a7k Bt dEYoto
o A 7+4asts AZES e T. tetrathele= 473 o] L3 o
o B} gdwyolE g wWo| 935 Aow FohE )

Valenzuela-Espinoza et al. (1999)- f/2u]X| 9} 54 HlE ®jA=Z I
galbana% HleF Al Al v Ao B3] /28| A2 AT ] ekt A8
= Blgo] ¢ 8H} O AQHThy HISIGLE E AFoA Conwy HIA 9} &
Y& PFIRE o83 025 FMM HiA|(E3h HI& 0.0294 g/L+84~ IS 0.0409
g/L+H|Fd4 01 mL/L)E HAZER 1= HEE A9 285e HE&2
Conwy HiAI7} F 1,747, 025 FMM BiA|IZ} oF 10501121, Conwy HiA
7b 598 vE #jA B okgeerfel Hlgo] B Wol A2 EATHTable 16).
U8 PR WA} Conwy HHA Rk A7 &olet 2INF FEAA A

mAEF wgel Le8es HlEs AAE £ olome FERAYN LeFH=
Hl§& W& o Qo] izt Aol A 719 o e Aew dddnh
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Table 16. Comparison of cost per 1 m’ between Conwy and 025 FMM

media for microalgal culture

Conwy medium 0.25 FMM medium
Component Cost (won)  Component Cost (won)
NaNO:; 550.00  compound fertilizer 48.51
EDTA(Na Salt) 495.00  urea fertilizer 51.13
HsBO; 258.72  ZnCl, 0.23
NaHoPOy - 2H,O 110.00  CoCl; - 6H,O 1.99
FeCl; - 6H,O 1573  (NHs)6MoyOn - 4HO 3.00
MnCl, - 4H.O 6.34  CuSOy - 5H,O 0.26
ZnCl, 0.23
CoCl, - 6H,O 1.99
(NHy)sMo07Oz4 - 4H,O 3.00
CuSO; + 5HO 0.26
Vitamin B, 3.00
Vitamin By 302.50
Total 1,746.77 105.12

025 FMM medium, “(compound. fertilizer 00294 g/L+urea fertilizer 0.0409 g/L)+mineral element.

2. AEF 330 W& A7) on|9 A
TN AT R A A 2UA 8<l(exogenous factor) WA
22%l(endogenous factor)2] FaFe W= ZoE AHA Qh QI8 8R1e=E
, @2 2 714 S0l dern, W
A 8Qlo2e fFAsHE 8l WiEHIA 8% 55 & T e, 722
ol#g o2 8lE JheH M FasHAl AEshs fRlo|ltiMackie, 1984).
of HolHE=EA FFT

nAl 2R el O A des
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¥4 W3l o2 FEE $tthGarcia-Dominguez et al., 1994; Behzadi et al.,
1997; Villalejo-Fuerte and Garcia-Dominguez, 1998; Marsden, 1999; Chung
and Kim, 2000; Chung et al,, 2001; Park et al., 2003).

] BivtEE A Tes) A STk, oAz BE e
7223 tHChang and Lee, 1982; Lee et al, 1997). ¥ <A7ollA Iz 2]
AAFA o} AR-EHAF= AF27]ds WEt filed, AHS 1597

A APTFNA HoldES s AAst A T2 Alde QAFATIY

gz AaFre ARaA e d Hslel Aah WA wxe ¢
S 7122 11-399) NZAY), 3~599 271847, 5~729 7184
7], 6~8€9] $=7], 8~10€d 2= B EH3 2 728 5 gloH, 4kt 5
WAL T2 6~890 doJdh(Chung, 1997; Park et al, 1998; Lee, 2000;
Park et al., 2001).

B ATl Az OE mAZRE B == £ I vz ojme

e dEaA s AdAEe g, 27] 8 £3le] =A%y 54E = o
2718747], ¥71847], 457 9 FEAer| 4adAlE BEE S Il

T. tetrathele @Y T 350 Ho|YES &3 FHT HF 459 F3 & IA
L 83%, AL W0%o)e] S&ETE YT

5270 olme] A A4S Kim et al (2006)9] &0l )& %o ot

2009)-2 WM Z=F 3F(Chlorella ellipsoidea, T. tetrathele, P. tricornutum)-<

[¢]
-
oY)
=
—~

9= e &3 Fgete] 712N (Atrina pectinata) ©1v] A& AN Ay, A
d TE A AsfFEgo] T tetrathele =35 TN4 820%= 7P =%a1, C
ellipsoidea 3114 720% 3 EFEFToIA 580%= HElSH = 71270
ojulo] AELL EFFF 7oA HMA%E 7V A YEeR A, P. tricornutum
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GEEFTolA 90.0%, T. tetrathele =35 74 831% B C. ellipsoidea &
3 g TolA 788% o2 YEFTHMoon et al., 2009).

T8y B AFlA e vAZRF 3F(L galbana, T. tetrathele, P. tricornutum)<
O EE T Tl A2 ondse AR 23, AesfiEed £
SETAA 65.6%=2 7HE =A UEREaL, on|e AEEE T FTolA

2 7P =t 28U T tetrathele G535 % HolgwT
o7k A7t §l& Ao FL Holas&S Ht(Min et al, 2011). & 17
A ditHo R 2R HoldER ot o= 2y IHX L galbana7t Bt
&9 AEES HSl ARt Bolsith
o9} e A¥E Hol AghS AT =) ou|e) AASL T. tetrathele &=

Tg T T tetratheleEs E33H 235 S333 3g3k= 7ol AFE A

Jo

=

3

3. TR 3% W& v AF FIAAI 2 Holae

2N F BAeA710 ARl EAE FRT 29e e AR 2T, f49
WE g Yol 4B Sof Qo aFelN $eo] S AMSE MY ST

agloln, 2o we} wol 4 JHel DA AT 2 dee v
r4—(L003anoff, 1950; Loosanoff and Davis, 1963; Walne, 1974).

ZNFe VHEFE oA AAsies duolA 4 H ofn ARSS sl
Me mHEFe 17} 7P F 2810 (Epifanio, 1979), ©l#% mAZFE Al
E el drd G 7HAOl w4, Ao A, 7o HE B AE
£l I vA|A FhHolland, 1978; O'Connor et al., 1992).

ZMNF FABASA L galbana €+ P. lutheri & 7] Hol|E2A 7] 2 <
F A A -5 Ho| = U A (Enright et al., 1986), T2 @o| o] &F &=
FoltHDelaunay et al, 1992; Marty et al, 1992). WetA 2 A= 35(L

(]
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galbana, P. lutheri, C. simplex)®] wAZ77} 227 A3 F2hx|afje] 44, A
Fof| VA= FTFE opr|iAt B AR 23 AAISk] FAFSHE .

= et
B AT 0] 535S U E FUNEE FFW WAZF AP 24 £

=)

of

A} A3}, eicosapentaenoic acid (20:5n3, EPA)x= C. simplex | A1 %} 25.9+0.64%

fu
kv

Ebstar, e 23R H(polyunsaturated fatty acids, PUFA)# n - 3 AL =832 351X

AN

WK highly unsaturated fatty acid, HUFA) = C. simplexol| A 7178 =) Yrebstt
vzl 747 Hold=ol k] 4JF - Il (1969)L P. lutheriv= A<
=7F =3 wjekshy] ofe Wk olago] wrhal Huskgleh £ h
&

(1974) & Wo] FFE f4 AZAeIN HolE BEow FFH A@Tol

jud
o
£
ot
Off
of
]
1t
o
. o
4
K3
R
o2
ol
_9_13
jih3
_‘L
Ll
12
32
=11,
kL
2
Ly
ok
hat
= B
=
3

and Laing (1987)< I galbana 2} C. calcitrans | = o]l3-gol ©&
o Aol B Hla AN 25 EF ST A Ho ddFLE ¥
A7 G FHANAN T8I 8471 AHEI7] wEo FRIS A4S
el etal Bagk v Rl & ATeAE 35S et 9

A R AT AEsS EF FETA M =03, 9 3
T SoNAME C simplex,I.galbana, P. lutheri 2] <=o] Atk

n-3 HUFA Alg Aake: fAfoll 283 miAlE®E Akt a3 81|

v

™ (Watanabe et al., 1983; Rezeq and James, 1987), V|| Z/-2] A&7 FH 9+
o] W3}, 53] A et EXSIAI AR vl §7 o]l Hofsh= ofE 7HA| =3
#Hol] ttal K H vl gtk (Iwamoto and Sugimoto, 1955; De Pauw et al., 1984).
2 AFNA C simplexs THE 259 w2/ Btk 2324 L n -3 1L

ARAke) ko] o2 Sz HA ARSA Y FE T ol A wE A%

=2 Z 02 Al HE T

1-'1

o

=
A
=
32
kl
ox
ri
o
b
Hir

M zF2 At s F HUFA, 53] EPA®F DHA= Z/1F 49 4
A AEE FFES FohLangdon and Waldock, 1981; Enright et al., 1986;
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Brown et al., 1989).

n3 HUFA AlE A2k F2lolA et nAzRE Adster 8%
f271o]thWatanabe et al, 1983). L& mlAlzRFe] A&7 JUFAAEY WA
3}, 53], AWTEFH EXSIA AR wjfE o st o8 bR =

HHo] vt K% tkIwamoto and Sugimoto, 1955; De Pauw et al.,

)

_?_

o|7}x] #te] 2 HZA QI Hr} Q4o|t) Palmitic acid, T -EZ A AR
2 A% 2 &3 A = o]-&(Enright et al, 1986; Thompson et al., 1993)%]
o, n=Ex3A| L EPA, DHAE &, A$H/, °oF

(Volkman et al., 1993; Castell et al., 1994)°] 483} X5} o] HAst=
Ao R B8 A Atk (Langdon and Waldock, 1981; Thompson et al.,
1993; Brown et al, 1997). Z12]al arachidonic acide 5%, dittol{ 2
FHF5Ee] Ao wW-$ F23 prostaglandine] HATEH, o] %

=

2 gFRdel 9% G ZI0R UM LAY By

N

ol
2

>
oift

r4—(Castell et al;; 1994).

s

ATl A 3 27N F2kx|sfe] H ol &4 1. qalbana, P. Tutheri, C. simplex & 3% <

T B TLHER S5t 353 I3 F-AA| 9 9 opn)ieqt 242 mlA =
7d

B AT A2 TE M ER 35S B w Fgehe Ho| 2 T3% w2

Al YeF o™ (P<0.05), E3FAAF 3HF-E C. simplex 35714 & A3+ B
o =2 AS eI Arachidonic acid (20:4n6, AA) $HF-S C. simplex
T-olA 81+7.08% % 7H =A YR A AL, B XAt FEF2 C simplex &

| 4] arachidonic acid®] gH&Fe] Th2 A Tl vl 2 A Atk
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H

o

C simplex w74 W B4-S BRA, EFFaTN4 7 weE A%
AL, 1. galbana, P. lutheri 357+ FHACE o] Flsigiom, A+
Ao AEEE A FL AEFES UEidTE 1Elan FEAge] A9

i3

[e)
T

b

[e)
T

ol¢} 22 AFNE Yepd AL HONERA C simplex= I galbana, P. lutheri
n3 WEEZIAARY] Fho] wob whE AT w2 AT
o FFE mX Ao=w ATdEnt AW, G EIZSAIES FE AR
2 S5 HA R o] &= ZE (Enright et al, 1986; Thompson et al., 1993) T
T % C simplex 5714 EZ3A L ol %ol 443 SFdvA=
ol&Hol WE HAS RN, FAHAFTEY AHBE " T3 9L
8= arachidonic acid®] SEE & B a7l Blsl ok e 2ol #
5 F-ax|we] G o] =2 Ao R AGET I HolMEe] I3
ALF TS Fashs A Boe C simplexs 2933 2355 S8l 35

A% WE g Ee 422 AUNE HS I A 5 99

NzAE B 2Rk Bel PIAEFE B RN FYAE 2710
A BEASE YA F8S T Yol ATFE AL ANAE FA

SRl ARG Tl R AAe] Fusofol i ofglgo] gom, B
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ko] W3k 54~85 mg/Lolfiem, 849 23YUel 54 mg/LE 7P W3k,
790 85 mg/LE A YUegtor, Wl 4kASI]E YERA] gof o2
Qg A HRI5A ekt

o] H ZH 12.8+32 mm=E 7+ ,!_P‘v'lgu%(P<0.05), Sdgo] 12.243.5 mm,
7 2 & zolE YeA
gkt o] A= Ryu et al. (1993)0] Bug |5l E5sde 2 5594 11.0
mm= AT A FARE RS YEAT. S 7 5 BRE FEH
E AR 2 RERA e AEEL TEE 87% HFH 41.2%, A
2 Boy o] mss T2F B dFFol AANAE 2ok folstA
%o, =E8o] 54% = vl EATHP<0.05). &b 4 (1977, 1978)2 3¢
FA 71 T AEEC] 1975 A=9 6.5%, 1976\ A= 26.6% 3!, Kim et al
(1980) 2 1 mm F-2APHE 5547t SR A E Ao, AES0] 239~
250%% Ril g-u} Qo

92 AEEY AL A=

i)
by
=
4
L
=
IS
o
@
o
o
>
f
ol
o2
2
i
nY

SEGIE

5 ATE sl SARYL, FolA 2L B APEAT SAEH Aol
7h glo} olge] AFAel ulmsle] LA ol g, oF AT B
O M e 4RSS UBRIUT. B ATeNE AT n5w 7o)



b 13.9+3.1 mm=E 7P W5E3(P<0.05), A 12.9+3.0 mm, PE%

= o
— I

2ol A 12.6+3.3 mmo| <07 Yehon, 42 o

=i
=

11.8£3.1 mm

o)zt AT T

é—l_

o 90.1%, Aol 885% 2 o

i)

FelsA

12t AldTEn

A X

(P<0.05).
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2 5e) HoWER T2 o8HIL Yt MAHEF 5Fol tF MIIHE
£8 TelE, U3 447 §4 9 23

JELT AN Y FUNFHA VEE FHS

A3 w48 ¥R A A §

o] wz)= wA|ZRF

Ll
-

)
LY

1 PAzRF 539 dFulde AT 48 HlE vjR Y 25

AP AHEE HHERE AT FAT RN HoWEE FE o &

i
R
32
rr
B
5

HEZEF  2&(Isochrysis  galbana, Pavlova lutheri), TZEF 2%
(Chaetoceros ~ simplex,  Phaeodactylum  tricornutum)™ =527 135 (Tetraselmis
tetrathele) & 5%= AR oM, vjFeE L 52(20, 25 30, 35C), BE(20,
25, 30, 33 psu) 1¥]3L 3=%(3,000, 5,000, 7,000 lux)E A= EE|ste] 552 1|
Aol thh e Akt
L. galbana®] 2372 2 20T Rt} 25ToA wE A3S epdlon,
2 25T o L3
oA 03682 71 WAl UERFEHP<0.05). 25 psucllA U3t AZAES 03832
2 30 psu Bt Q@A YERGA, 20 psu B H2 AFS HATHP<0.05). ©]
of & w23 fiol e nAlRRY dAES TER
D. lutheri, T. tetrathele| M= 1. galbana®] 373} FARGE ZAaF& UERH AT
S, C simplex?] A4S & 25T Hr} 30TolA wWE 43S Yeliidle

o, 2 30CoA I AZES wloF 1094 & 33 psudllA 04282 713
}_‘_-;_

o

A& ¥ 33 psucl A 041322 74 =k, 20 psu

k3L, 20 psuollA 0.389= 7HE Al YEFSTHP<0.05). T=3F P. tricornutum
AE 2 25T Btk 20ToA wE &S deplilen, & 20TolA

Lo
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A7t AAEL ol 109R & 33 psudllA 042022 7Fg =9ka1, 20 psuol
63202 71 WAl UERATHP<0.05). 97 30T, 35Col e vl 59
AEE st 25 #Askdt 1Ea AR tE Z2RoA wjdet 55| HA
Z79 4L 5000 luxe =5 Hr} 7,000 lux] 2xoA 7H4 e A&
UFEFH $ATH(P<0.05).

FTEE BEPrset aivme] e AR ZE HE HIAEM, 05 M,
0.25 FM)$} ml kAot vIERN-S H71sE 8 %](0.25 FMM, 0.25 FMV)& HA| %
o] A4E 71E WA 9t vlaste] WAl 2R oAl 2A7F golstal A
AAelm Conwy HiA 5 71E iAo M52 4 AUs
FMM)©| s Fa 7S Eelatsirt.

TYE BRuset g R AR 23 HlE HR(EM, 05 FM,
0.25 FM)ell o3k I galbana®] 10€43te] A% A4E2 tiz+<2 Conwy HiA|
oA 039602 7 A JEACH(P<0.05), W& HiA S ¢ 025 FM
Hj Ao A 0.368%2 FM vt 0.5 FM HIA|ol] BI3] =7 UERHATHP<0.05).
oj9} 2 wiAe] mE mAERFY AWM= oo Aole= oy P
lutheri, C. simplex,. P. tricornutum, T. tetratheled)| A =-T. galbana®] 373 A}
& A YERR AT

THE vE Wil o3 mMEFY] S A7) $5ke] 0.25 FM H]
2 iAo P H7F wiA0.25 FMM)9E BIEFT 37} HiR(0.25 FMV)E
Hj et I galbana®] 37¢E-S Conwy HiA|A 039302 #A YepiA O
(P<0.05), £/2 MiA| <} mFAA F HEPNS HUkeE HE wl=])(0.25 FMM, 0.25

X
o
W

off

A& Hl= 8iF(0.25

MV)SH= §rol3h 2tol7h qigleh 3k mAl=R Wik 724] 025 FMM HiA
Fge M= Gelotd(75%, 50%, 25%) E1F AU Aol 25% F1+ Alul A
Ho) AL 75% 27+ A AET BTk =A LERKP<0.05), 27 AHle

EHE BAT 5 YT oloh 2L FAEFY 4R MEE thaol ol

a9

Lo

rr
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Ao, P. lutheri, C. simplex, P. tricornutum, T. tetrathele| <= I. galbana®] 73
A AR A UERA I

TG = mFAATE HIFE 025 FMM v Aol o3t 559 mMERE
1047 wiet A3, [ galbanat P. lutheri®] 372 025 FMM vj#] Hrt}
Conwy HiA|o|A tha wWHE 7S Uepll oy /o3 ztol= fllth 18
W C. simplex, P. tricornutum 123l T. tetrathele®] 3742 Conwy ®jA| HTh
0.25 FMM HiA| oA w2 372 UER ATHP<0.05).

webA ol o] ApollA mA|ZEFE AFAANA g W 2=A7F &
ojstal Aol {/2, Conwy HIA| 5 7]E9] HiAll HEZ & A= HiA

T T9E B8 mFdAa7H H7E 025 FMM HiRI S 1T = AT

op

2. FAZF 350 mWE 22 v As

v M 25 3% (L galbana, P. tricornutum, T. tetrathele)< = °]2 FF3™ w]A]
Z7 TR e Az oo Hnty, XA Id g defr 8-S e
At

gz ofne] AAFAFE ou|AHE YR HAEF 3TS EFT &
o)l FFTolA 67.58Z T tetrathele T HolaFT 64.05 Ht} f2l5HA
A UERS O H(P<0.05), AF-&AA T EFHolEF T T. tetrathele ol
o] gk zbol= YERA] FSiTh.

oJHIALS 459 A T A9 d=v] EHELS EFFTITA 7%= THE
SUOH(P<0.05), T. tetrathele FHFTT+ 83%= THTTFT YT Aol
7F GERA] it A9 ¢5r] 2dELe ERFF T BrE =AY
ERRRAIL(P<0.05), T. tetrathele GHEHTE 90%E EFFw T4 7 Aol
= YERA ettt

Nzl ou|e] AafEEe EFTE TN 6.6+12%% e APl H
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3 =SXAUP<0.05), T. tetrathele TA3Fw T+ 611+24%= [ galbana‘t P.

tricornutum GLHO|E FFT A HO = UHP<0.05), EFETET T

k)
L
X
H
l‘
=
2
=)
1o
o,
H
rlo
Q1
(o
B
>
K3
2
=)
Ll
S
oo
31'4
£
Sy
rlo
B
@)
K3
X
~

tetrathele TAHO|E FFSHAYU T. tetratheleS XT3 35S T3t HolA
3R Aol 46d A F - F BT Ss7)d o]2 ofu|g o

PG 2] A o] Ths skt

(il
o

o
rok

3. FIAZF 3F9 W& o2 AT R A L AE

L. galbana, P. lutheri Z1¥]31 C. simplex & VIAIZRF 35S HolZ FH3lH,
nAzR SR e AL FHXY A, AE T AN FES Sl
27 HolyES ofr| i g AL 243 A ske] T sk

t 2Hsle] Holz ¥HY W= 4

H

o
T FET TN Cosimplex 35Tl 7P =& BES BT
a8 ANE & vHEF3ES O =
A el AEES AN 6LADE 74 BA), 18LA (A7 DA), 24
A TG 7 SA)Y AEES EF FFTONA T =4 UERRL
I, G FFT FAA Cosimplex 3ETOA 7HE =& AEES BT
A 2 R2RX| 9 o] H o) ZA] [ galbana, P. lutheri, C. simplex & 3&< &
Y = FUHIEE EAT HAlERRY At 24 eicosapentaenoic acid
(20:5n3, EPA) &gl C. simplexol| A%F 25.9+0.64% = YEFSEI, THEE 824k
(polyunsaturated fatty acids, PUFA)¥} n-3 JIE=EZ3A]4Hhighly
unsaturated fatty acid, HUFA) St C. simplexol| A 718 A VRSt
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MEZ OE AR 3ES GY e Edete Hol 2 353 I 27 F-2HA] 5 9
stearic acid (18:0) &2 C. simplex &g T7-ollA 13.5¢1.97% = 71& =A] UEP S
™ (P<0.05), LA 4t gHeF2 C. simplex 35704 B2 AP B} =8 4
+ YEMAT}. Arachidonic acid (20:4n6, AA) 3HF-
81:7.08% % 714 A Ve i, Brsa i shake

arachidonic acid &] $t&Fo] T2 A3 o) vl HUth

simplex &7 4]

simplex 357l Al

mm= 7P W5om(P<0.05), T 122435 mm, ¥9FF 11.9+3.8
mm, AAZFE 109437 mme £o=2 2 zol= UehiA 4t yE=sLe
S NA 43.7%, VFH 41.2%, IAGE 316% = Hae| e w2t F

Ty g dFde] AAAFERG 2om, kEFol 54%= vl Wt

it 24 139431 mmZ 7Pg W (P<0.05), A 12.9£3.0 mm, PEWo]
11.8431 mm 2 thZzFoA 126433 mme o2 yelygon, MESLS 2}
Fetoll Al 91.5%, PER 90.1%, A 885%= ol ztol7t flleh 12iut

T WALS AASHA 2 tlxTolAe] AEEL 615%E FANAGES
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