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Selection of Isochrysis and Pavlova Species for Mass Culture in High
Temperature Season

Sung Jin Yang and Sung Bum Hur’
Department of Marine Bio-materials and Aquaculture, Pukyong National University, Busan 608-737, Korea

Even though the microalgal species of Isochrysis and Pavlova are widely used as live food in bivalve hatcheries, they
are difficult to culture in mass during the summer season. Therefore, the present study was conducted to determine the
optimum species or strains of Isochrysis and Pavlova to produce good growth and high contents of fatty acids at tem-
peratures over 30°C. Four species of Isochrysis (I. galbana KMMCCI12, I. galbana KMMCC214, I. aff. galbana, and
Isochrysis sp.) and four of Paviova (P. lutheri, P. gyrans, P. viridis, and Pavlova sp.) were cultured at 25°C, 29°C, and
33°C, and then analyzed for specific growth rate and fatty acid composition. Microalgae were cultured in f/2 medium
at 23 psu and continuous light of 80 pmol photons m? s'. For the 1. galbana, growth rates were highest at 29°C and
decreased at 33°C to the level observed at 25°C. 1. galbana (KMMCC12) and Isochrysis sp. cultured at 29°C and 33°C,
respectively, exhibited the highest growth rates of all Isochrysis species. In terms of fatty acids, /. galbana (KMMCC12)
contained higher contents of PUFA and n-3 HUFA at 33°C than did Isochrysis sp. For species of Paviova, growth rates
of P. gyrans and P. viridis at 29°C and 33°C, respectively, were higher than those of the other Paviova species. In par-
ticular, P. viridis grew as well at 33°C as it did at 29°C. However, P. lutheri and Pavlova sp. did not grow at 33°C. In
terms of fatty acids, P. viridis cultured at 33°C also exhibited higher contents of PUFA and n-3 HUFA, as compared to
P gyrans. Based on these results, we suggest that I. galbana (KMMCCI12) and P. viridis are suitable species for mass
culture during the high temperature season.
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Table 1. Microalgal species for the experiment

wefsto] AlEZRke elshal -80Coll Hakgt - AARS B
A5k, A HHARS lipid classol| 4] %% #] 218 Metcalfe
et al. (1966)2] B of whe} BF3-methanol 2 methylation A
71 % auto sampler”} A2 gas chromatograph (HP-6890
plus, Agilent, U.S.A)Z B4t GCo EXxAo=R
column2 w-wax column (30 mx0.1 mm L.D length, 0.1um
thickness, Supleco, U.S.A.)S AMESIFLL, HFE A|WARS
37 component FAME mix. (Supleco, U.S.A)E AR8-5}4itt
Carrier gas+= N2 (30 mL/min)E AR5, Oven 2%+
200°C ol A 230°C7HA] 1°C/min Z7}A1 2 3L, injector2} detec-
tor®] 2% R 250C 2 A4

KMMCC

Species Sources
No.

Isochrysis galbana 12 Japan (Institute)
Isochrysis galbana 214 China (Qingdao Institute)
Isochrysis aff. galbana 213 North Atlantic (CCMP 463)
Isochrysis sp. 1072 Thailand
Pavlova lutheri 78 Japan (Institute)
Pavlova gyrans 215 U.S.A. (CCMP 607)
Paviova viridis 220 China (Qingdao Institute)
Pavlova sp. 218 North Atlantic (CCMP 1390)

KMMCC, Korea Marine Microalgae Culture Center; CCMP, Provasoli-Guillard Nationnal Center for Culture of Marine

Phytoplankton.

9] /2 (Guillard and Ryther, 1962)uj%]E 1 LY 31 20C, 80
pmol photons m2 s~ o] A< 2 O 2 227F A A|HlF 3F &
4ol ol g3ttt
25 MIE 53

alep2o] L A A S flel AR 24 952250
mL Za}A (e okl 100 mL)o] 50% = 45Kk 13106 cell/
mL-6x10° cell/mL) $ 4 v FAI9F 53 24 SfoflA] &
EkE 25, 297, 33CE FEste] AlZarh s wizt
2] 10-20217} 3uk20. 2 2] jokstol 444-e 2, A
E Unt AN olgelx m o 10440] 3uks
ZS745HaLl A tie719] F 3 Al EAMAE 7o R
A7 E(specific growth rate, SGR)S 5} tH Guillard,
1973). (SGR = 3.322 log (NZ/Ni)/(t=t)), NaitzA| 2] Az,
NitiA] 2] HJszae, tedl QF AlAEY, to 231 A2 = wif ).
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7ol A viokst Isochrysis 4%} Paviova 4% &
C AL M A H O R Foo AFES B F S 7
7} 254 Adsto] ok F& 4] 3,000 rppm &2 2557F 214

2= A% Avk= One-way ANOVA testE AA|3HHOH |
- 7E2] §-214(P < 0.05)2 Duncan multiple test (Duncan,
HASI T EA 2418 SPSS program (ver 17.0)

2 o

25, 29°C ¥ 33 oA wi¥st Isochrysis 453} Paviova 4
F9 AAE2 Fig. 13 At} [sochrysis 4% X5 25T HT
29°ColA AAEC] EUAL, 33ToIM= 25T TR T
Sh= Ao 2 Yepth, 25CoA L galbana (KMMCCI12)9}
Isochrysis sp. (KMMCC1072)= A47-E0] 0.2299}0.212%

B2F RO =3k, [ aff. galbana (KMMCC213)
L 0.1482 714 WQITHP<0.05). 29°CollA] Isochrysis sp.
(KMMCC1072)¢} I galbana (KMMCC12)9] AA-&o] zt
7F0.2909} 0.281 5 TH2 2Ff| Bal 5-28HA =0ktt, I aff.
galbana (KMMCC213)+= 0.214=2 714 @9kt I galba-
na (KMMCC214)2k= g-2Jgt 2ol 7} g13iek. 33 0ol A 1
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Fig. 1. Specific growth rate of Isochrysis and Paviova species at 25C, 29°C and 33 °C. KMMCCI12, Isochrysis galbana; KMMCC213,
L aff. galbana; KMMCC214, I galbana; KMMCCI1072, Isochrysis sp.; KMMCCT78, Paviova lutheri; KMMCC215, P. gyrans;
KMMCC218, Paviova sp.; KMMCC220, P, viridis. Different letters on the bar means significantly difference (P<0.05).
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galbana (KMMCCI12)%} Isochrysis sp. (KMMCC1072)+=
AAE0] 0.22891 0.201 2 ThE 25K} Fol5H & A%
53 E‘}j\i P<0.05), I. galbana (KMMCC214)&= 0.175=2
7V o Agko)9l o} I aff. galbana (KMMCC213)2}F &
«lﬁi 3 Abol= it

L. galbana (KMMCCI12)¢} Isochrysis sp. (KMMCC1072)
£ 2w U BT 3ol I A 8 43S
HET, 330 TR §HBe| Aoz ol B
e o vpehdeh, ek o] 5 % Ajolo] §-ojet A
2Fol= §lith (P<0.05),

Pavlova & Isochrysis $ik= ge] 220 wha} 459] /4
AEo| A Wl 25CoANX = P lutheri 2} P. gyrans 2]
AAELC 7F7F(0.229240.195 2 71 o AAAFE-S | 9] Pay-
lova sp. (0.128)0]] ®]3l| 3-2]8}A] =THP<0.05). 29°C ol A
= P gyrans®] 47801 03172 27 Z7Feko] 714 295,
P, lutheri= 0.043%2 =LA 73435}t 33 CollA+= P, viridis
9] AE0] 0.2492 7P =3k3(P<0.05), P. lutheri®t Pav-

tlo rl

J F

lova sp = 708 AJASHA] 3T

P, lutheri’=25Co| A= 714 28 AL B &%
7h o g ] 948 dasto] alo] 7H ot F
o Uepa, 2579 20ToIA] ThE Fof ula) e A%
£ HYY Paviova sp .= 33 CoAE Ad 1A %
E‘r 0]9}— ) 2H 02 P viridis=25Co|A= 8|13 ¢
U 2120 45 JAEo] motAl= AFelqltt. P gyrans=
292] nzolA| AREo] 7F 3 B oz, 33 0ol
= 0.1300] 4488 $A519ct
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A7 AE Aap 1evfoFo] AKst I galbana (KMMCC12)
&} Isochrysis sp. (KMMCC1072) 2] Z|WAE 242 Table 29}
Ztt. Oleic acid (C18:1n9)2] 3¢ A &&= 17k A] 23.84-
37.03%2 71 &2 H|S&-S H$ AL, palmitic acid (C16:0)
= 16.17-22.34%2%] =2 1:1]EE Bl EPAL A L7t

Table 2. Fatty acids composition (% in mg/g of total fatty acids) of two Isochrysis species cultured at 257, 29C and 33C

Fatty acid

Isochrysis galbana (KMMCC 12)

Isochrysis sp.(KMMCC1072)

25T 29°C 33T 25T 29T 33T
C14:0 10.89 11.62 13.89 11.14 9.08 14.89
C15:0 1.36 1.98 2.42 1.23 1.07 3.03
C16:0 20.97 21.98 16.17 21.62 21.01 22.34
C16:1n3 0.09 - 0.16 0.04 - 0.09
C16:1n5 0.75 - 0.06 0.11 - -
C16:1n7 3.45 5.20 5.70 5.61 8.59 8.34
C16:1n9 - 0.15 0.26 0.30 0.26 0.23
C16:2 4.88 - 1.06 0.77 6.38 1.45
C17:.0 0.27 - 113 0.06 0.26 -
C171 0.75 0.92 0.82 0.84 - 1.04
C18:.0 0.94 1.33 2.32 147 1.03 3.06
C18:1n7 3.25 3.99 7.66 2.18 3.21 4.55
C18:1n9 34.75 37.03 23.84 36.66 29.05 26.06
C18:2n4 2.16 2.07 2.76 0.14 1.90 3.24
C18:2n6 0.19 0.14 0.05 0.19 0.16 0.32
C18:3 0.06 - - 0.08 - 0.11
C184 7.28 8.09 6.20 7.61 6.02 5.98
C20:0 - 0.19 - 0.12 0.10 0.18
C20:5n3 0.54 0.51 10.97 0.37 3.45 0.28
C22:0 0.73 - 0.07 0.75 1.41 0.32
C22:1n11 1.07 - 0.25 1.57 - -
C22:5 0.21 - - 0.30 - -
C22:6n3 5.37 4.80 4.21 7.07 7.02 4.44
C24:1n9 0.06 - - 0.07 - 0.07
Saturated 35.16 3710 36.00 36.09 33.96 43.82
Monounsaturated 4417 47.29 38.75 47.38 41.11 40.38
Polyunsaturated 20.69 15.61 25.25 16.53 24.93 15.82
n-3 HUFA 5.91 5.31 1518 7.44 10.47 4.72

KMMCC, Korea Marine Microalgae Culture Center; HUFA, highly unsaturated fatty ocid.
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A 0.28-10.97%2 HHURe™ [ galbana (KMMCCIZ)L
33 oA 7P =9kt DHAE 4.21-7.07%2] W%
Isochrysis sp. (KMMCC1072)= 25CoA 71 l;‘}hﬂr
Arachidonic acid (AA, C20:4n6)+= F oA 5% YeRY
A erefet,

PUFA =2 15.61-25.25%°] WKL, L galbana
(KMMCC12)7} 33 CollA 78 &3ttt & n-3 HUFA 9
© 472-15.18% W92 Isochrysis sp. (KMMCC1072) 33°C
AN 7H =ttt L galbana (KMMCC12)9] 79 PUFA
2} n-3 HUFAE= 33TCoA 7P =koLt Isochrysis sp.
(KMMCC1072)= 29°Co| 4] 7Ha =2 ghars thehjo] &}
ol Bttt AAA o2 EPA+= I galbana (KMMCC12)°1]
Al DHA¥ Isochrysis sp. (KMMCC1072)9A ¢ =2 4
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1.8 ufjoFo] Aet P gyrans € P viridis 9] AWAE A
2 Table 3 ¥} Zt}, F £ X5 myristic acid (C14:0, 7.82-
21.29%), palmitic acid (19.78-36.53%) % palmitoleic acid
(C16:1n7, 7.63-26.53%)91 4 =& £A4< Wt EPAL:
P. gyrans | X1.45-9.93%, P. viridis oA+ 7.57-8.10%2]
S B, 33 ColAe P viridis 7} 1.57%= P. gyrans
(1.45%) Et} =3Utt. DHA= P gyrans 2] 739-25C%} 29T

of| A= 3.10-4.65% %11 33C oAM= HEEA =2 ¥4, P
viridis+< 33 Col A 7.69%= 7V w2 31& 5o 1’417“—10] 3l
t}, 33 C 12| A P viridis=PUFA2} n-3 HUFAZo] =7}
SEREA, P gyransi= 4t 2 4Q1 A0S H Qo)
=F

LA,

oAl =R 9 digEigeld =0 282 Az

Table 3. Fatty acids composition (% in mg/g of total fatty acids) of two Pavlova species cultured at 257, 29C and 33C

Pavlova gyrans

Pavlova viridis

Fatty acid
25T 29T 33T 25T 29T 33T
C14:0 17.68 21.29 10.24 17.66 18.29 7.82
C15:.0 2.37 5.27 111 1.31 0.40 2.50
C16:0 24.83 26.48 36.53 19.78 23.03 21.09
C16:1n3 0.30 0.83 1.67 0.28 0.09 0.80
C16:1n5 0.27 0.34 3.20 0.54 0.12 1.45
C16:1n7 20.76 18.82 25.71 26.53 19.13 7.63
C16:1n9 0.24 0.25 0.03 0.78 0.25 0.21
C16:2 - - 3.30 - - 14.23
C17:0 0.20 - 0.18 1.39 0.92 -
C17:1 - - - 1.70 0.03 -
18:00 1.22 219 4.64 272 6.07 4.59
18:1n5 - - 0.27 - - -
18:1n7 3.76 1.05 2.31 6.13 279 1.81
18:1n9 8.81 2.64 5.50 212 6.12 15.90
18:2n4 0.87 1.16 0.28 4.52 2,94 1.29
18:2n6 - 0.49 0.11 0.10 0.38 0.61
C18:3 0.08 - 0.05 0.34 0.39 -
C184 6.81 3.31 3.41 0.51 411 4.82
C20:0 0.66 0.79 - 0.41 1.47 -
C20:5n3 8.04 9.93 1.45 8.10 7.95 7.57
C22:5 - 0.50 - - - -
C22:6n3 310 4.65 - 5.00 5.51 7.69
Saturated 46.95 56.02 52.70 43.27 50.18 36.00
Monounsaturated 3414 511 38.69 38.15 28.53 27.80
Polyunsaturated 18.90 38.86 8.60 18.57 21.28 36.21
n-3 HUFA 11.14 14.58 1.45 13.10 13.46 15.26

HUFA, highly unsaturated fatty acid.
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oj&sjlof = EA o] gltiRichmond et al., 1993), 317
o o] e nAxRe 4B 2 Folzt sjrhe
straino]] wfe} tf=27] wfj&2of|(Grima et al., 1994; Renaud et
al., 1995), SejollA tigf wjokS & A9 1 A9 7|+ =
Ao Agkst £ E= strain®] 4812 2= Q d}ti(Park and Hur,
2000). EHof A of Bl N ERE FHH o 29| o
S 317] YslA= 2F30°C 9] oA = Hjofo] go|gt
Folojof g

A R R 50f| &51= [sochrysis @F Pavlova &= M|3E2] A
717h A3 A Rl ok 27150 Habgeld Hol 4
= g o] i aLof ofpt ZAxlo] ik, Isochrysis sp.
=257 (Grima et al., 1994) T=+= 27 (Renaud et al., 2002)
A o Az Gk 7 wkew 27t ool whek Al
wEs} B 7asto], 33T o] Aol Al T ARgcH(Renaud et
al., 2002). E3t P, lutheri®] 7% Wik w71 22°c Y uf A&
Eo| 7H o1 I oA LTt wobdeE AAE
o] Zragttal B 1%l QIti Carvalho and Malcata, 2003;
Yoon, 2005),

2 Aol o-§H Isochrysis] 79 459 AHES BT
250HTH 20T 27 AAT 33TAAE FHasier,
Claquin et al. (2008)< 130 umol photons m=2 s~ o] ¥

ZHO = 35 psul] 172 WA 2 i A] I galbana @} I aff.
galbana2) 7o) 212 2209k 30°Col A 71 EtohL 51o]
L aff. galbana7} A|A o7 120 Agkst £0 2 B3¢
o}, 2y B Ao A Q) L aff. galbana (KMMCC213)+= th
& Isochrysis &0l v A 33T 2] AL HE0] HAl=
ShopAle 20°C 9] AR WAl U FL g de &
g Btk E o]t Ao strain} Wik 27 o] Zpo| o
$o2 g,

Paviova®| 7-%- P viridis & A 2|3t 352 &= 71 33T
2 zoplef whet AAEo] A Wokle A Btk &
8] P. lutheri = 25CHT 2 =04 0] 7H¢ A4
Haskelar, 33 Colxe Ad AJAsEA] Zste] 25T o] ol
Ae AXREO] Hadith=s Bl S5kt Carvalho and
Malcata, 2003; Yoon, 2005; Claquin et al., 2008)

T} P viridis = 257 2e2E RE0| o} 2
Fih= Ak A0S By 29) oigk uljok Al P viridis 9
Kol 25C R 30CoIA E9kehs B ash §AHCKHu
et al., 2008), o]} o Aug Wo| 25T A= P lutheri,
29CAAE= P gyrans, 33 ColAE= P viridis7} 22| o=k
ol ket Ao Aok, o]} 7o Paviova= Fof o
et 2Ieof digt AR50l Isochrysisol vl o o ulgke
o = QlSiTh

nA| 252 PUFA= ti729] 2705 487 sfabs=9 g
A HPAFO]H(Webb and Chu, 1982), 71 5 EPA= A W
Ay A ] A7 oA d o' AHEEH | DHA= 4329l
Az o) g 7)ol Tt 9 vk A

(Helmetal., 1991; Whyte et al., 1991; Pernet and Tremblay,
2004), E3F ZIAPAY G U B ZSAPPARS FHFEE2
AA A Sg of| L X ¢ 0. 2 o] 8- FH Tt Thompson et al., 1993) .

Renaud et al, (2002)2 Isochrysis sp. (T.ISO)9] 7-$- 25-
3379 2% kel A o] Aubat w4 At sZopR ek
A 25 kol Al gl of 39-44%= Blxekal HYEE 3}
APk oFg2- 25 CollA 7HE wow | 27t S S 2
Agthal Bashity, E3F PUFA §HF2 A 2% 17kl A
OF 37%= H]5=5HA| Yebthal sh3let, o= & AtolA L
galbana (KMMCC12)2] 3} | HlalkskFo] A L& L7k 4]
oF 35-37% AL FAZESAA AFE 2L} SIS
= Uil UEpd Z3ke} SAKSRICE, el PUFA ] 7
&I galbana (KMMCC12)+=29Coll A 15.61%=2 714 Wt
3L Isochrysis sp. (KMMCC1072)+= 29°C ol 4] 24.93%= 7}
A 7] e Aol 8 B}, oleiet ol Fo] §44 5
A3k wjokalg o] xpo] R o g WzFETH AAL I galbana
(KMMCCI12)8} Isochrysis sp. (KMMCC1072)9] Z]HFA}
B4 A AEHA &ot Renaud et al. (2002)2] Isochrysis
.2 Ak 54 ket alshoict,

Paviova®] 7% P. gyrans &} P, viridis 2] 2 A4S
Cl14:0, C16:0, C16:1 2.2 UE} Hu et al. (2008)2] Z1}o}
A28k}, P viridis] 7% 20°CHT} 30°Col|A ] RS
7} PUFA Hefo] ©] rhil 21619 =d|(Hua et al., 1999),
2 Aol A = 33Tl A AED T FE 23 A ARe] 36.2%
2 7V ol SARSE 2SR QITh, P viridis ] EPASF DHA
S i =7 obd s Wolxlthal(Hu et al., 2008)
SFLo Lt i ¢15tol 4| DHA 9] 74-9-= Wit o] ake el
I AAE P gyrans & P viridiso| A= HAEEA] &ot P lu-
theri®] B4 Ailel= 2}o]E K thHidetaka and Etsuko,
1995).

2o A 27 ARl 2 ¥ 712 H(Thomp-
son et al., 1992), wNxFO] ExsAARIFS UhA
o7 2o Hhulg dtrkal B skl U (Thompson et al.,
1993; Renaud et al., 1995)  Hu et al, (2008)2 2of up=
A 278 A ARgHEE: Fol| whet thefstA| ek | 2=
OF Aakekero] A = FElshA] gdthal Harskelet, &
A+ Aol A v f2 ol whE At 244 Wshs Fofl u
2} ThFsHAl UrElstTE, o 2fgh A3 7 Fo HH =Tt o
231 3% A of whet Ak 2A4Jo] 27| i o = wekE
tHZhu et al., 1997; Lin et al., 2007; Xu et al., 2008) .

2 A3 Ang & ul 4 £9 I[sochrysis % I galbana
(KMMCC12)&} Isochrysis sp. (KMMCC1072)= t}2 & &
of v|ste] 337 9| AL A o] Wil o] F [ galbana
(KMMCCI12)%= Isochrysis sp. (KMMCC1072)0] H]3)A]
n-3 PUFA 3 oF 3uj| =7 Uyttt g 4 £-9] Paviova
Foll A= P, gyrans 3t P, viridis = 29C o]/449] 2Eo|A th
& 7 Fol nlste] o] Wttt 53] P viridis + %74 &



1.87) Wagel g

ol & AEC] A v 7 240191, 33Tl A
I n-3 PUFA g&Fo] P gyrans R} oF 108] 5] YR,
ufebA] 2] o2 59| uere: slakel 4ol mhe
n-3 PUFA $lefo] =2 £2 [sochrysis oA+ I galbana
(KMMCCI12)7}, Paviova 5ol A<= P, viridis 7} 717 2 &3t
Fo2 wrEn,

Al AL

o] =52 20103hd % ATk A WgA ARl
oJ5to] A5 91-2(PS-2010-0165).

b

i

0
o
1t

Ackman RG. 1982. Fatty acid metabolism of bivalve. In: Pro-
ceedings of the Second International Conference on Aqua-
culture Nutrition. Pruder G, Langdon CJ and Conkiln DE,
eds. World Mariculture Society, Louisiana State University,
Baton Rouge, LA, USA, 358-375.

Brown MR, Jeffrey SW, Volkman JK and Dunstan GA. 1997.
Nutritional properties of microalgae for mariculture. Aqua-
cult 151, 315-331.

Berthelin C, Kellner K and Mathieu M. 2000. Storage metabo-
lism in the Pacific oyster (Crassostrea gigas) in relation to
summer mortalities and reproductive cycle (west coast of
France). Comp Biochem Physiol 125, 359-369.

Carvalho AP and Malcata FX. 2003. Kinetic modeling of the
autotrophic growth of Pavlova lutheri: study of the com-
bined influence of light and temperature. Biotechnol Prog
19, 1128-1135.

Castell JD, Bell JG, Tocher DR and Sargent JR. 1994. Effects
of purified diets containing different combinations of ara-
chidonic and docosahexaenoic acid on survival, growth and
fatty acid composition of juvenile turbot (Scophthalmus
maximus). Aquacult 128, 315-333.

Claquin P, Probert I, Lefebvre S and Veron B. 2008. Effects of
temperature on photosynthetic parameters and TEP produc-
tion in eight species of marine microalgae. Aquat Microb
Ecol 51, 1-11.

Dridis S, Romdhane MS and Elcafsi M. 2007. Seasonal varia-
tion in weight and biochemical composition of the Pacific
oyster, Crassostrea gigas in relation to the gametogenic
cycle and environmental conditions of the Bizert lagoon,
Tunisia. Aquacult 263, 238-248.

Duncan DB. 1955. Multiple-range and multiple F tests. Bio-
metrics 11, 1-42.

Enright CT and Newkirk GF 1986. Evaluation of phytoplank-
ton as diets for juvenile O. Edulis. ] Exp Mar Biol Ecol 96,
1-13.

Grima EM, Camacho FG and Perez JAS. 1994. Biochemical
productivity and fatty acid profile of Isochrysis galbana
Parke and Tetraselmis sp. as a function of incident light in-

Isochrysis} Paviova 349

tensity. Process Biochem 29, 119-126.

Guillard RL and Ryther JH. 1962. Studies of marine planktonic
diatoms. 1. Cyclotella nana Hustedt and Detonula conferva-
cea (Cleve). Gran Can J Microbiol 8, 229-239.

Guillard RL. 1973. Growth measurement. In: Handbook of
Phycological Methods. Stein JR, ed. Cambridge University
Press, London, U.K., 302-306.

Helm MM, Holland DL, Utting SD and East J. 1991. Fatty acid
composition of early non-feeding larvae of the European
flat oyster, Ostrea edulis. ] Mar Biol Assoc U.K. 71, 691-
705.

Hidetaka T and Etsuko T 1995. Changes in lipid and fatty acid
composition of Paviova lutheri. Phytochemistry 40, 397-
400.

Hua XM, Zhou HQ and Ding ZP. 1999. Effect of temperature
and illumination on the microalgae's growth, total lipid and
fatty acid composition. J Shanghi Fish Univ 8, 309-315.

Hu C, Li M, LiJ, Zhu Q and Liu Z. 2008. Variation of lipid and
fatty acid compositions of marine microalga Paviova viridis
(Prymnesiophyceae) under laboratory and outdoor culture
conditions. World J Microbiol Biotechnol 24, 1209-1214.

Hur YB. 2004. Dietary value of microalgae for larvae culture
of Pacific oyster Crassostrea gigas. Ph.D. Thesis, Pukyong
National University, Busan, Korea.

Jeffrey SW, Brown MR and Volkman JK. 1994. Haptophyte as
feed stocks in mariculture. In: Leadbeater BSC, The Hapto-
phyte Algae. Green JC, ed. Clarendon Press, Oxford, 287-
302.

Langdon CJ and Waldock MJ 1981. The effect of algal and ar-
tificial diets on the growth and fatty acid composition of
Crassostrea gigas spat. ] Mar Biol Assoc U.K. 61, 431-448.

Lee SM. 2004. Utilization of dietary protein, lipid and carbohy-
drate by abalone Haliotis discus hannai: A review J Shell-
fish Res 23, 1027-1030.

Lin YH, Chang FL, Tsao CY and Leu JY. 2007. Influence of
growth phase and nutrient source on fatty acid composition
of Isochrysis galbana CCMP 1324 in a batch photoreactor.
J Biochem Eng 37, 166-176.

Liu WG, Li Q, Yuan YD and Zhang SH. 2008. Seasonal varia-
tions in reproductive activity and biochemical composition
of the cockle Fulvia mutica (Reeve) from eastern coast of
China. J Shellfish Res 27, 405-411.

Metcalfe LD, Schmitz AA and Pelka JR. 1966. Rapid prepara-
tion of fatty acid esters from lipids for gas chromatographic
analysis. Anal Chem 38, 514-515.

Min BH. 2012. Dietary value of three microalgal species for
seedling production of the ark shell Scapharca broughtonii.
Ph.D. Thesis, Pukyong National University, Busan, Korea.

Park JE and Hur SB. 2000. Optimum culture conditions of spe-
cies of microalgae as live food from China. J Aquat 13, 107-
117.

Pernet F and Tremblay R. 2004. Effect of varying levels of di-
etary essential fatty acid during early ontogeny of the sea



350 FA -

scallop Placopecten magellanicus. J Exp Mar Biol Ecol
310, 73-86.

Ponis E, Parisi G, LeCoz JR, Zittelli C and Tredici MR. 2006.
Effect of the culture system and culture technique on bio-
chemical characteristics of Pavlova lutheri and its nutri-
tional value for Crassostrea gigas larvae. Aquac Nut 12,
322-329.

Renaud SM, Zhou HC, Parry DL, Luong-Van T and Woo KC.
1995. Effect of temperature on the growth, total lipid con-
tent and fatty acid composition of recently isolated tropical
Isochrysis sp., Nitzchia closterium, Nitzchia paleacea, and
commercial species Isochrysis sp., (clone T.ISO). J Appl
Phycol 7, 595-602.

Renaud SM, Luong-Van T, Lambrinidis G and Parry DL. 2002.
Effect of temperature on growth, chemical composition and
fatty acid composition of tropical Australian microalgae
grown in batch culture. Aquaculture, 211, 195-214.

Richmond A, Boussiba S, Vonshak A and Kopel R 1993. A new
tubular reactor for mass production of microalgae outdoors.
J Appl Phycol 5, 327-332.

Sunderlin JB, Baab PT and Partry EM. 1976. Growth of clam
and oyster larvae on different algal diets in a tropical arti-
ficial upwelling mariculture system. In: Proceedings of the
Seven Annual Meeting World Mariculture Society. San Di-
ego California, January 25-29, 215-221.

Thompson PA, Guo M, Harrison PJ and Whyte JNC. 1992. Ef-

fects of variation in temperature on the fatty acid composi-
tion of eight species of marine phytoplankton. J Phycol 28,
488-497.

Thompson PA, Guo M and Harrison PJ. 1993. The influence of
irradiance on the biochemical composition of three phyto-
plankton species and their nutritional value for larvae of the
Pacific oyster (Crassostrea gigas). Mar Biol 117, 259-268.

Watanabe T, Kitajima C and Fujita S 1983. Nutritional value of
live organisms used in Japan for mass propagation of fish:
A review. Aquaculture, 34, 115-143.

Webb KL and Chu FL. 1982. Phytoplankton as a food source for
bivalve larvae. In: Proceedings of the Second International
Conference on Aquaculture Nutrition. Pruder G, Langdon
CJ and Conklin DE, eds. World Mariculture Society. Loui-
siana State University, Baton Rouge, L.A., 272-291.

Whyte INC, Bourne N and Ginther NG. 1991. Depletion of nu-
trient reserves during embryogenesis in the scallop Patino-
pecten yessoensis. J Exp Mar Biol Ecol 149, 67-79.

Xu Z, Yan X, Pei L, Luo Q and Xu J. 2008. Changes in fatty
acids and sterols during batch growth of Paviova viridis in
photobioreactor. J Appl Phycol 20, 237-243.

Yoon HY. 2005. Growth of culture environment on food organ-
ism. M.S. Thesis, University of Mokpo, Mokpo, Korea.
Zhu CJ, Lee YK and Chao TM. 1997. Effect of temperature
and growth phase on lipid and biochemical composition of

Isochrysis galbana TK1. J Appl Phycol 9, 451-457.



