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Selection of Optimum Species of Tetraselmis for Mass Culture

Chul Won Kim and Sung Bum Hur
Department of Aquaculture, Pukyong National University, Nam-gu, Pusan 608-737, Korea

Tetraselmis is widely used as a live food because of its easy handling, high nutrient, large
size and wide tolerant range of temperature and salinity. In order to find the optimum Zetrasel-
mis species for mass culture in Korea, five species of this microalgae were examined on size,
optimum culture condition (%0s, C) and nutrient composition. The results obtained were as
follows :

Among five species of Terraselmis, T. sp. (Haeundae) was the largest (major axis 17.6+1.87
“m, mean cell volume 727“m), and 7. sp. (China) the smallest (major axis 14.61+1.46/m,
mean cell volume 6254m).

Tetraselmis was very eurythermal and euryhaline species. But optimum temperature and sali-
nity for growth were 24~30C and 27~ 30%, respectively. Among five species of Tetraselmis,
T. sp. (China) seemed to be the most tolerant of high temperature over 30C, and T. tetrathele
of low temperature below 6C.

In culture density, 7. suecica showed the highest growth rate among the five species. The
cell density of this microalgae attained to 141X 10* cells/mé at 24T and 30% within 7 days.

In chemical composition, crude protein amount was the highest in 7. suecica (44.50% ), and
crude lipid amount in 7. sp. (Haeundae, 7.13% ). Total essential amino acid amount was the
highest in 7. sp. (Haeundae, 50.4% ) and total polyunsaturated amount in 7. sp. (China, 11.7
%).

The results on growth and chemical composition of five species of Tetraselmis indicated that
T. suecica seemed to be the most suitable species for mass culture in Korea.
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Aol ulked] ek ATFE 25, £
% (Jitts et al,, 1963 ; Laing and Utting,
1980 ; Brank and Guillard, 1981), °J3¥sioll
wZ Azl (Mclachlan, 1961) ¥ Bla® whe
d77F Barsle] it

T3 AEHeE| /AL Ue A%
wjkz7 (Epifanio, 1979 ; Webb and Chu,
1982 ; Fabregas et al., 1985a)3}, A&
(Fabregas et al., 1985a 5 Utting, 1985) 0] wz}
2o, 53}, I=EFE3 s Gy otnle
Are) e AEHo|NEY AdAE AR
= 838 Q40 a8 F 3 AL 27
ol oA AAEAE o= AAst welol
ot (Webb and Chu, 1982), E<olu)le
A A 2R 2APA T Al bl F8%
A&-Z gl (Brown and Jeffery, 1992 ; Enri-
ght et al., 1986 s Harrison et al., 1990).

R olu] Bug e ATEL 2R
FEALA Ho|WER Fo| o] &5 U B
HR2F79| Isochrysis galbana, Pavlova lutheri
(Fernandez-Reiriz et al., 1983 ; Fabregas et
al., 1985a ; Helm et al., 1973 ; Whyte, 1987)
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pseudonana, Skeletonema costatum, Phaeoda-
Nitzschia spp. (Ben-
Amotz et al., 1985 ; &, 1994) Soll x93 3
o}, e oleb e AR R FFe il
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ko] Fojatn oflriAE wlwA £
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AAA x| o) Ho|ER Tl o] §FT glen,
Fdol SR ME T tetratheled Chlorella 41
o}E 7)) rotifere] Ho|WEZE Ho| Agsia
Ak, 1988).

Tetraselmisoll 3t A+ T. tetrathele®l o
gt (FM, 1988), A& d<¢del sxo
W2 T, suecica®} 447 (Fabregas et al., 1984),
Aok o] sXkoll W T suecica2l thEFuldzt
ook o] M3l (Fabregas et al, 1985a) &
ulmA ol B Hglot 7+ Foll whzt w3t
73 whdlol] wel & ol & Mol ik Tl
Aol AFE 25 G, 2%l uhE Terraselmis
sp.(China) 9] A% (4, 1994)0l i X7}
US Tetraselmis spp.2] AA, G475 Hol
A Boll B3 FE3 A7t HoUA bk, wt
2p4) B =RAAE 559 TerraselmisE W32
2 A dgrtE F4stol fejvetelA tigk
wjckell 7 Hedla Helfigo]l 53 Tetra-
selmis?] straing s}etslaz} sigich

AS 2

Ay 1. Tetraselmis spp.2} 7] L &3

Tetraselmis 2| A|EA71= AA71 AHel 200
AEAE 23] ubEsto] A AH GFE FAHHA
o, ATLHe AdEsod FAE MEY &
g AEFRZ o] Feglen 7+ Folot 53
HHEsted o1 HAgks ALk

AY 2. Tetraselmis®) HAwe 259 9%

B Aol A+E-3 5F9| Tetraselmist 73
s At T A A Adv Al Z T2 A
BEI Y YFE ALl (Table 1). o1&
%2 /2 (Guillard and Ryther, 1962) #j=
2 23T, 4,000 lux, L: D cycle® 24 .09 =
A wieFsisich
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Table 1. Tetraselmis species for the experiment

Species Strains No. Source of strain
(KMCOC)

T. tetrathele P-2 The OI

T. suecica P-4 CCAP 66/22A

T. subcordiformis P-1 UTEX (7)

T. sp. (Haeundae) P-3 Haeundae

T. sp. (China) P-6 China

KMCC ! Korea Marine Microalgae Culture
Center

CCAP : Culture Collection of Algae and Prot-
ozoa

UTEX ! University of Texas
OI ! The Oceanic Institute, Hawaii

5%9] Tetraselmis®] ZH ALzl &
A= 250ml AHZF flaskoll A 100ml £8e g
ol 25 6,000luxE AR L %
6,9, 12, 18, 21, 24, 27, 30, 33C, <d8-2 24,
27, 30, 33%% o] AFE] (STATUS
Ser 2032-1)ollA 8U7ZF iy AU} ©E
Ao 27 HFLUEE 2X10° cells/mlZ 33
o, Az Y hemacytometers ARE-3}o]
AFs92™ Guillard (1973)2) F4lo) whe}
A4 A& (specific growth rate (s.g.r)/ day)
< Tk

s.g.r/day=3.322 X1log(N,/No)/ti — t
N, tAle AEF/me 4 HESF LA
No A9 A E5/ml to :

rlr W

HEY
A8 3. Terraselmis®) FYAE ¥4
5%9 Tetraselmis®l qk7} B4 20¢ car-
boy Hol] =& 25+17T, 9¥ 30+0.5%, £% 6,
000lux ] Z7ol|A] vloksty 3hsio] FAe

%ol A

ch kA9 224 B4 Kjeldahl F4%
g SoxheltF:ZEY (ether F+FH) & ol &3}
Ha, o)F UHHAEERE BF A2FT 100g0)
ek vl 2 $Hakste] bl opulkeAt B4 7}
At B ofulxat 2sE47] (Hitachi
model 835-50)¢} gas chromatography(Mo-
del 8700, Perkin Elmer LTD) & o}t &
Asad. FAIA 8= Computer Program Sta-
tistix 3.1 (Aanlytical Software, St. Paul, Mn.
USA)E ANOVA testg A3l 2afox}
HAoz FA7e FA4(P<0.05F HEsA
t},

4 3

1. AlE=r] 9 474

5Z9] Tetraselmis® A7) I AZELAHL Ta
ble 29} Zeh, =7 WA 7o sp.7F 22 17
+1.874m, ¥ 14.5+1.824m=E 714 Z o m]
FZA4 T sp.7F 273 14.6+1.464m, 7 11.9+
1.434mog 743 2k,

£42 g T sp.7t 7274m' 2 7P #
o] ZFA T sp.7} 6254m° 2.2 713 &gk,

O\

2. 529 Terraselmis® H* W23 &

5%9) TetraselmisE 250mf ArzFEolA o] 4]
8U 7 mFsl-Sull specific growth rate-2 Fig.
13} 2o}, Tetraselmis®) A4 2ol ujg} &
Ao & Holw, didl weliE ofzhe] ZelE
Holx Qirh wiof 8UAlol]l BE FollA] Aol
7t E=ul T tetrathele= & 30T, 3% 27

Table 2. Size and mean cell volumes of five species of Tetraselmis

. Size
Species Major axis(#m) Minor axis(#m) Mean cell volum(#m°*)
T. tetrathele 15.3£1.73° 12.311.54* 652°
T. suecica 14.8+t1.52* 11,9+ 1.44° 631°
T. subcordiformis 15.41£3.56" 12.6+3.30° 672°
T. sp. (Haeundae) 17.6£1.83¢ 14.51£1.82¢ 727¢
T. sp. (China) 14.6+1.46" 11.9£1.43 625°
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0.4 T. tetrathele

S.G.R.

0.6 ¢ T. suecica

0.4 p T. subcordiformis

0.4 p 7. sp (Hacundae)

0.6 ¢ T. sp (China)

Temperature (C)

1124%0 ®27% B30% 0 33%

Fig. 1. Specific growth rate of Tetraselmis spp. with different temperature and salinity.
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%ol Al AEF7F 112X 10%cells/n? (s.g.r., 0.35)
2 Qo] 714 Wk, T suecica®) AR &
24T, A& 30%0 4 AEF7E 133X 10%ells/mé
(s.g.r., 0.39) & A7bo} 714 Wk}, T. subcordi-
Jormis2] AL 2 24C, 27%0 A AESF7)
110X10%ell s/m¢ (s.g.r., 0.35) 2 Ao 743+
ek, -2l T sp. AL 52 27C, 98
30%00 4 AEF7L 89X 10%ells/mé (s.g.r., O.
3DE ARl wycl FFZAT sp. AL $2
27T, G 30%0 4 AES7} 120X 10%ells/mé
(s.g.r., 0.37) 2 AAo] 714 F4] Jelydol,

Aol o] 83t 522 Terraselmiss= 52231
6CollA Azko] E]2] @it upetell 7he}okol B4
AUE AEZ) gol B, 2HE 33TallA o
Foll BAlgle] AELTF AA Fiste] PRE
#H A3l et

B Aol AL 5F9 Terraselmist 92
27~30%N A AAo] Egront 7+ Ayt
g 2ol 2A) GeHAe s Yelyrl ateb 7+
F2oll vhE 49 QEFTe HFAMEFE v
3ldcH(Table 3). & 28 A} 529 Terrasel-
mis2| A wF5F-L 24~27C2) WAL A
ol 7M4 EUW FL T suecica® 24Tl A
s F 8L A7) 130X 10%cells/mé (s.g.r., 0.
39)n 7 Az F HEHA T, sp.EA
AFLE7IA 27CA A g 8UR A EFT} 89X
104cells/né (s.g.r., 0.29) 2 cth& Fdj vl A
7o) =¢ A z}gic)

7t #8 HUAELEE @by o] 7

A 32 6CAA T, tetrathele} 7V 43, 3
F& 33CoH M= FT4 Tetraselmis?t 717
%k 2 o] 12~24TolAE T sue-
cicaZt 7V 93, 27CAN A= FZ4 Tetrasel-
mis, 30CAAE T. tetrathele?t 7V =94t o
24 Alzdz el wHilo) olslH T suecicar A
] 6T} a2]) 33CollA A He Ay
5 Hyich aelm 30To4 33CE 45HdE
uf Azt Fo] A A FL T4 Ter-
raselmisdth, ol AnE B o TF4 Ter-
raselmis & 4L 7|1Q0 olFoll, T. tetrathelex
A1 ALl diguioksizlol sl 2
2le] Al™dl= T. suecica’t A3 Aoz wgh
e},

3. g E 4

5%9] Tetraselmis® UHMIE 24 Table
48} Zv}, 2P AL T, syecica’t 46.8% 2 714+
=A JebkaL 7. subcordiformis7t 37.6% 2 7}F
A 2 e Bk 2R 24t T, sp.ot
71% 2 A Yeb F34 1. spt 4.1% 2
7+ gA el

5%9 Tetraselmis2] o}v]:=At A2 Table
59 Zoh 7Zb Foll wel opm:Ale] AL &
Xpol& Kol ik=dl vjES olu ik gly-
tamine¥} aspartate®] #e] FA el
Glutamine &2 F34} Tetraselmisoll 4 14.1
%2 74 A4 Jelgkes, aspartate3 3 T,
tetrathele®ll Al 10.8% . 714 £l H4eoln)x

Table 3. Mean maximum cell density of five species of Tetraselmis cultured at different temperatures under
6,000 Jux and salinities ranging 24% to 30%

(Unit : X10* cells/m¢)

o Tem(©) o 9C 12¢ 18¢ 247 27T 30¢C 33C
Species
T. tetrathele 3312.2° 67+2.6° 7311.3° 91£3.3° 98+19° 102£2.2° 111+2.1° 6+1.0°
T. suecica 23+1.8°  56£2.2°  79+3.0° 103+2.6° 130£10.4° 116483 105+4.9°  4+0.5°
T. subcordiformis ~ 28+2.1° 7242.2° 7612.2° 93£2.9° 1026.9° 9314.0° 90+4.0°  4+0.8°
T. sp(H) 24%1.0°  68+3.7°  75+2.9° 761220  76%2.7° 87+2.3°  8243.0°  3+0.5°
T. sp(C) 28+1.1° 66435  T5+6.8°  102+3.4° 10949.0° 12043.7° 109+2.8° 15+4.8°
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Table 4. Proximate chemical composition of five species of Tetraselmis

(unit© % in dry matter)

Species Crude protein Crude lipid Crude ash
T. tetrathele 44.5 6.7 242
T. suecica 46.8 6.3 21.7
T. subcordiformis 37.6 5.3 27.4
T. sp. (Haeundae) 40.3 7.1 26.2
7. sp. (China) 41.0 4.1 28.7
Table 5. Amino acid composition of five species of Tetraselmis in this study
(unit : %)
Amino T. T. T. T. sp. T sp.
acid terathele suecica subcordiformis  (Haeundae) (China)
Aspartate 10.8 10.2 9.9 9.2 9.8
Tyrosine 3.7 3.5 34 3.8 3.5
Serine 4.5 4.4 4.5 44 4.3
Glutamine 12.7 12.9 13.0 12.9 14.1
Glysine 6.4 6.5 6.2 6.3 5.6
Alanine 7.8 7.9 8.3 8.7 8.7
Cysine 1.1 1.2 1.3 1.5 1.2
Valine 5.5 5.5 5.5 5.6 5.5
Methionine 2.1 2.1 2.3 24 2.3
Isoleucine 4.0 3.8 4.0 4.1 39
Leucine 8.6 8.3 8.4 8.8 8.0
Threonine S.1 5.0 5.2 5.0 4.9
Phenyalalnine 5.6 5.3 5.4 5.7 51
Lysine 4.9 4.8 4.7 5.0 4.7
Histidine 1.3 1.2 1.0 1.5 1.2
Arginine 5.9 7.9 6.4 5.6 8.6
Proline 5.2 5.3 5.5 6.7 5.2
T.E.A.A 49.2 49.2 48.4 50.4 494

T.E.A.A | total essential amino acids.

A 7HEHlE leucine¥Fol 7H %k oA
TetraselmisN A 8.8% & 7tA E9kch, Zolu|:
A ke LAY TetraselmisN A 50.4% 2
7V =% UnA] 4F5FE 48~499 2 & X
o7} gisirh.

5%9] Tetraselmis®} A4t 242 Table 63+
2l 5%2] Tetraselmis®) FQ AL 16 10,
18:0, 14:1 2 18:1 ol £3HAAL 3
B2 23~28% HAR F4 Tetraselmis7} 28.0
%2 7V A UEbT T. terratheles 23.8%
2 71 Al e B3 A e 8~11
% HIE HE APFoA vuA dA JEebyk

ov FFA Tetraselmis7t 11.7% 2 7H4 ¥7
Ve T, tetrathele™ 8.4% 2 7V YA U
Elstel, z2lx 20 5n-3 (EPA ! eicosapen-
taenoic acid) ¥HL T. suecicadld] 4.9% =
742 A Jebgen T terrathele® F37 T.
tetraselmisol A 3.9% 2 72 ik a8y 22
1 6n-3 (DHA : docosahenexanoic acid)+&
EE AgFA JepdA el & A &
e AT sp.7l 84.0% 2 M Ekew T
suecica?t 76.4% 2 7HA A JEIskey & X
o] Holz] okgirt
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Table 6. Fatty acid composition of five species of Tetraselmis in this study

(unit © %)
. T T T. T. sp. T. sp.
Fatty acids tetrathele suecica subcordiformis  (Haeundae) (China)
12:0 0.5 0.5 0.5 0.4 0.6
14:0 0.4 0.4 0.3 0.4
16:0 16.0 16.2 19.0 15.9 20.3
18:0 6.9 7.4 7.2 9.5 6.7
220 0.4
Saturates 23.8 249 26.7 26.1 28.0
141 16.2 13.9 13.8 13.8 14.5
16:1 7.0 9.6 6.8 3.8 59
181 239 18.2 26.3 257 23.0
2201 0.9
Monounsaturates 47.1 41.7 46.9 43.3 44.3
18 ! 2n-6 2.5 1.8 2.7 2.6 4.1
18 3n-3 0.2
18 ! 4n-6 0.9 0.8 0.8 0.6
18 : 4n-3 0.8 0.5 1.3
20 : 5n-3 39 4.9 4.8 4.4 3.9
22 1 4n-6 1.1 1.3 1.3 1.0 1.8
Polyunsaturates 8.4 9.8 8.8 9.3 11.7
Total fatty acids 79.3 76.4 82.4 78.7 84.0
Others 20.8 23.6 17.6 22.0 154
= 9 oAM= Aol A9 dojutal gkt m4L 33

B =Fol A8 5%9 Terraselmise 27
ool A A% T sp.7F A7 17.60+1.874m,
7 14.50£1.824m, A& 7274m’°E 7} ¥
Folder T4 T sp.7} %74 14.60+1.464m,
27 11.90£1.434m, A 6254m°E 7} 48
% o]tk €£(1994)& T tetrathele2] #H)= o]
668¢“m’e 2 Hirsle] B =% A3 6524m’
A kS Reo), mMPI(1988) L T rerra-
thele2] XA ] 3204m’22 B =5 9] 652¢4m’° S}
2 AolE Bt el #M1994)2 FFAL T,
sp.2] HFo| 7204m’E Hsle] B =79 625
“mehe vk zlelE el olxH e F
olAe] AELHS] Aol straine] T2 A
A4, w3l oz Wifes Az
(Harrison et al., 1990).

B =89 A 529 Terraselmis® AA-L
T 24~30Col| A Aol Fhon AL 6C

Coll A AZ9 A7t et o] Zhashs A
= B UArh o9 A= Tetraselmis )
wjok =2 WOlE 12~32CE X3 Ukeles
(1961) 9 Az}t FARsIict 18]3 Maddux
and Raymond (1964):= T, sp. 9] Al#bo] 23~
25CollA 7 F%em 17Colslel 29Col 4ol
Az AAe]l £A) gty Hiarste] B =Fo A
e} xolE Helil SQlth. Laing and Helm
(1981)-2 2004 %9 T. suecica WNEFu)<kA|
o] 18~22Toll A Fgtcka sho] B =F9
Azpel ofzke] ApolE HAch = MM(1988)-
T. tetrathele?} 26Coll A<= AAbo] kFslglon
7Celstoll A Aol =2 gkt 35ToAE HAL
shgivka Hatste] B =F-9] Aztel fARsS
223l Chen et al. (1978)2 T. subcordifor-
mis®] 2HuUtz7AL 25 5,000~10,000 lux,
T2 20~28C, AE 30~40%FE Hilzle] H
AT AT} e ZHgkolgich
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E =E9 Ao i uE Aaxtele
A vehtA] eEghont 24% HehE 27~ 33%0
A Aol Egket. MR(1988)2 35%l A T. ret-
rathele®] AAo]l FUtha Rarsto] B =79
239} #polzt 919iek, 18]} Laing and Utting
(1980) 2} Febregas et al. (1984)2 T. sue-
cica®) Aol et FE-2 25~30%24 31~
36% A Ao F3Eka sl B =79
Aot AR BE¢E Bk E 1994 L F
A T, sp. 7} 27T, 6,0001ux, 33%0l14 4l%ko]
Egkeha sto] B =79 Azkel §Asdch ol
9hzto) e ZARYE AR Aol7t A=A
strainol] whE FAAQ oo} Ae o] 42,
AR, 25 5 2L wgg AL Xoluie

dg3)
AZEZRFEY YT HolE AHY F
o] A3} AE gl T FgE F7) Wil =S
% Qslcl, Thompson et al. (1990)& A E&%
FEQ AW ke xxe] wit Fepaivka
R a3 Harrison et al. (1990)2 <z}
gl o] Aol we} AEZTRAES] 33HA z4o
Waletekan Barstich

B AN 5F 9| Tetraselms BUH3EE &
Ag A3 zxbi A dEke] T suecicadllAl 46.8
% 2 744 =A el T subcordiformisoll A
37.6% 2 7V oA vebgeh aela 2% 3
gRo -2l A M A T sp.oll 4l 7.13% & 7H3
Eton] 23 T sp.ollAl 4.11% 2 7 A
el Fabregas et al. (1984)2 T. sue-
cica®) A sheFe gl o] ditat e
5o o#fj4 wIstn R asgich. Brown
(1991)& T. suecica®) Z<hHE gFo] 31.0%,
ZA ke 17.0% 2 Balste] B E=FolA4 9
Zehd ek 46.8%, 2AW B 6.3% %= 2
2ol & Bt

5%9] Tetraselmisoll Al ZMF2 22
o] Z93 o3-S 3= oln|:eAl T (Brown,
1991)-& v]" & olu]=Akel glutamine 2] 3ol
12.7~14.1% 2 A e, doteed]]

EJ
ox
s

leucine e 8.0~8.8% 2 uEldrh Brown
(1991)¢) Rl oJsbH T. suecica®l gluta-
mine?} ¥#HE 11.2%, leucine FF 8.0% =
et B iAol vlel A vebkkeh ev
24 ol Al arginine L 13.5% & ek
W B o Az 7.9% Bk A4 Jebgh
5%9) Tetraselmis®) FLAYALE 1610, 18
20,1401 2 1811 olvh ESAPHA WS
224 T sp.7t 28.0% 2 714 #A Uehster
25 B¥3} AL 88F A FFAT sp7H 1L
7%% 7P ¥A Jepdeh 22y 200 5n-3
(EPA : eicosapentaenoic acid) ¥ T. sue-
cicadllA 4.9% 2 =A Jebytclh 1E8l32 DHA
(docosahenexanoic acid, 22 6n-3)& ZE&
Aol A VehbA gich WA(1988)2 T
tetrathele] 20 . 5n-39] ¥FE 6.4% 2 Hils}
o] ¥ AFrch EA vehdeow 221 6n-32 &
2o B o 72e} viAdviA 2 JehtA gkkth La-
ngdon and Waldok (1981)%} Ackman et al.
(1968)& HWHE {2 Pavioba lutheri®t Tt
2% Skeletonema costatum® 20 : 5n-37} Z+2¢
13.8%, 13.8% & UEelgtow, 22 1 6n-3 IA] Z+
7t 79%, 1.7% 2 Bughl ol9be FRHEF
vl el u) B ATl 2AE SAHTEF)
Tetraselmis 5= EPA, DHA § #2 B¥37
wake] ooy g e Zle® #AniEdh =
72229 AR HIA R Hol7t Ue oliT

u) g wokl A fA Xl WELR HAE

K

2 ise %
exo @ Ekulake] 4 FUT U5 AR
£3] vt AE 34 Tosp.t 35 1L
27\, T. tetrathele 77 AFL71ol Wik
sl7) A Fog AZHW 199 AR
27|17} Z3 Azbo] whEwm ook T.
suecica?}t ekl oFsl7] 23t

Aol Au 5% Tetraselm A

m o

A 4
2
2

o
o
it
el

p

e, 0
ol

£59t ol ol disted Aol Zsta B
=z
=]

ol 41914 ZAFE] AT
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gl ol M Tetrasebmis Eo 39

o] A8l QU= 559 Tetraselmis (T. tetra-
thele, T. suecica, T. subcordiformis, T. sp.
(Haeundae), T. sp. (China)) & $gue} 7]
5 3H6l dighulofo] 7 e F-5 Adsy)
A HAH FeR (L5, 9B$ 24
ojmj o] ME7)9} JYAE-S ZAIKh

5%-9] Tetraselmis®} AEA7) 3l MHL T. sp.
(Haeundea)”} &% 17.6+1.874m, A& 727
*m’E 7 g Eelden 34T spat A%
14.6+1.46#m, A 6254m’ 2.2 7t £¥Fo]
i

Tetraselmisv 33743, F&Adolt HAA2L
Ag & & AL A7 24~30C 27~
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