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SUMMARY

Recently, aquaculture is a new industry in every country. To become
commercial industry of an aquacultural species, artificial seedling production is
primary conditions. In this case, phytoplankton culture is very important for
larvae culture. With regard to phytofood organism in seedling production,
Chlorella is wildly used for rotifer which is the basic zoo-food organism in
marine fish larvae culture.

Chlorella is easy in handling and can be -cultured in high density. The
nutritional value of this unicellular algae is high. So, this microalgae is widly
used in seedling production, particularly in rotifer culture. In Korea, according to
development of marine fish culture industry, the demand of Chlorella increases
rapidly, and its cost is very high.

However, the mass culture of this microalgae is very expensive, and high
mortality occurs frequently in mass culture. So, the consumption of concentrated
commercial Chlorella products increases continuously.

Nowaday, concentrated Chlorella are mainly imported from Japan and its price
is very high with about US $20/Kg. The annual consumption in domestic market
is about US $2 millions.

The purpose of this study is development of the technique of concentrated
Chlorella to substitute imported product from Japan.

At first, the native Chlorella strains are isolated from the Korean coastal water.
We isolated 50 marine strains and 11 freshwater strains. Now, 50 domestic and

11 foreign Chlorella strains are kept in the laboratory. To understand the genetic
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variations the representive 18 strains were analysed on random amplified
polymorphic DNA, and we identified the Chlorella strain used in the study.

For mass culture of Chlorella, the economic media should be developed. For
this study agriculture fertilizer was tested on the growth of Chlorella and its
effect was compared with other media. Two kinds of fertilizer “Yoso and
Bokhap” were tested, and 163.7mg of “Yoso” and 117.6mg of "Bokhap"” were
optimum concentration in 1 £ of seawater culture volume.

With regard to concentration technique of cultured Chlorella, three equipments,
AML flow basket, Utrafitration Membrane Modules Superane and Separator
(HFG, 5016HK) weré tested. However, first two equipments were not suitable
because of small size of Chlorella. The ultrafiltration membranes were easily
clogged and AML flow basket takes too much time to isolate the nannoplankton
as Chlorella. We can condense Chlorella using separator step by step. The
volume of Chlorella reduces about 70% by a concentration with separator. The
exponential equation between the density of condensed Chlorellaly) and time of
concentration(x) was calculated as Y=ae''**(a=initial density).

In this research the storage method was carried out. The survival rate as a
growth of Chlorella kept in different storage conditions was tested with the
control group. The survival rate of Chlorella depends on storage period,
temperature and density. the condensed Chlorella kept for longer period showed
lower survival rate. and lower density of Chlorella showed higher survival rate,
Until 3 months of storage, there were not significance between Chlorella treated
with antibiotic and control. But, from 4 months of storage, antibiotic group
showed higher survival rate than control group. The survival rate of condensed

Chlorella with 500 ppm of oxymycine kept for 6 months was 1.22 times higher
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than that of control. So, for long term storage of condensed Chlorella antibiotic
addition will be effective.

With regard to dietary value of condensed Chlorella the chemical composition
as amino acid and fatty acid was at first analysed, and it was also tested on the
growth and resting egg of rotifer, Brachionus plicatilis. The dietary value of
condensed Chlorella made in the this research was better than that of Japanese
commercial products at the point of nutrition, growth and resting egg production
of rotifer.

Among the strains kept in the laboratory, heterotrophic Chlorella was screened,
and the growth of several heterophic Chlorella strains were compared with
different media as urea, acetic acid, sodium acetate and glucose.

Finally, we produced the condensed marine Chlorella in pilot-scale. The
experimental products were supplied to hatchery through E-Wha Oil company.
This products were practically used at many commercial and national hatcheries,
for the purpose of @ green water in hatchery, @ live food for rotifer, @
enrichment materials for rotifer and Artemia, @ inocula for mass culture of
Chlorella. We collected the opinion from hatchery on our experiment products,

and we are going to produce high quality and economic condensed Chlorella.
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HAZINE g Holggel WP L 5% 7% So| ojn] o AYH Y%
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A2 34, 1964 “Y& Chlorella T4 3417t 4P =0} Chlorella® A %Y=
2 LA, 2o ¥4 FRALE Hol4E FFY FHo2 ¥% Chlorella
€ dZAdse F&3tn Ut £, vF9 Cyanotech, Unisyn $9 3AtlA
Spirulinag W@FuiFste] o tF R FYYEBR &8 U1, {2 Coast Oyster
Company, SP Engineering Technology, Bio-Marine, Inc., Innovative Aquaculture
Products§ 2l #AtolA st ojsiFe] ZRAUAE S8l 5% F2FY 52% 5
<€ Bojstxn qUo. 'E 0] Z 2] Market 3]Alol M= Heterotrophic microalgaeg& vj%
Z2E ol &3t dF st FAAA A F%5 Wojstn U}, o9} go] Fr A
AFAME 55 HE FAAE AFol 93] ZokilA on] 443} Hej e,

M7 &9 7% ov] ¢ 30dd ARE HEYo|AEE WHoR WY &3
o WF FF R FALAT) FFsE dFo) AW gou, U A$e
ojof s Fel ME7 AD MR &5t 7] Wl 58S FH A2 HolYE
ol o] Foj)] G AAolth 22y FUME AE oY B wiYSs
AR 712 HeHH AFE on] 83 FHH 1, I ouHF ATAR
ol gaddol dFHEA HE HolAE dFEY uge] AT ML AUs 4F
ol o}

olgt A& FHAA FH AEY)YE ML g FuUle NEFELS YFo vy
ste] R& dAolA s, ole 71ee FAAY wWEoEs] Boe UdFARY Ha
dol U™ o2 siwo]l ANdEe fvtn ¥ £ Aotk WA HI23H Po] o
7o R0l gAstH] $F AEDo|AEY Favt BFE B¢ B ENE
FAE I A7 A&t F&3] S ML sHesig,

A FuelA olgsHe A& HolUEEL F2 TN =¥ Hol g,
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£ 22 ye Aoy, AWY 71F 26l AR 2 A7} ol 7
% AAA A4ste HEE N Hol4ge Age] MO Basth E 4
g ®ol4EY TR0 waAME 999 27 2 AY4H 540 U Solshu
ol e 71z AFARI NS FFE Aejolch

@2, FAE 4 Hol4Ed uBUFEe AP A4} $28 F¥el a7HR
ol Y P4 FERAAE] sdssldE Be o2gel ok wAA v FE
YAEL AYHY FRANE AMAE 538 4T P42 e FAstel ALgat:
Aol w g Holm, FAHolch

A3Ad AFMALd ¥

olgt & FH HEHOILEY UAHE st dAH oz FRANAANA 7}
7 e AHg s Chlorellag FHo2 AF /HEdn. ol H3td OAHA 4E o
oJ¥EE £FEYdTA Y. I AYH FAHd AP JIIAHE Hold 9
3, ¥E7} FE3A 2 dAHolnz FI HE Hol4E F s 8
Hatna o QuiFuide AY 2, &, Y3 #HAL 7Y} @
t. Chlorellad] M3 4%E A FFWUILY, % &, 98, dFF ) +
Hol ufstez 7AW Chlorellad] HH YFES ZAtstnz @oh. @ A&
HolY&ol] g 2, AW T 712GEA 7 ofvjxt, BXEAYA T 7
AHY %7t Yol viFsez I HEYolHEY HA4EMS T J¢7tE ¢
Yt @R WFE Chlorelladl +37]¢3% $5%= 9 AY §78A7 old o
€ 4E YolAE9 HE&& T A} tiEsERE I FEY HE Yol4E
Chlorellag ZAAH 2z 37| 238 + A 71 Mg © d3udsto 5
%€ Chiorellad] ¢35 R FHola &g ZAste R&EF 44 2 A4F Az, 4]
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oj¥E &F BY R #AA Bank ¥, HF HE FRHAEY A, Y EA
7Y, 42 FRAAEL ol&% B A9 (FABY, YETY, HF, AIRAA F)
BRAZ, 4 Y2 cTrEHdE T8 AY-AH A7t @485 FHEA
2o €32 dAd FRAF T ZIdAFH} et FAY FRAME FR
AAAA L NGt FE T UL I FAY Ax;, A AT ¥ 20
4Y Ax9 FEE FUSE AR HolAE AT I dA, AT o 100 ¥
Y A=Y AFTERZ GdE vy S HolAE A MY, g0z 9ol4
T FEAY NESY AFS 7lddrh ol 2 AT YR FIHezE AY
A FEANE TY A oRIEY Y4 YR FRXoj& FH, 4E FHA
€2 o1 &% g A9 sl HFHEI € Rolv, 48 FRHAEEY e
T 12277 24850 WG @48 A L eF HFr 2 2
Mol AR AFFe HFEFAI digdgrt £ & dFRLZ AT A - BHAHY &
4udeze oF, AHAF R W7 UF AT FERAY 7l 9Y, AL AL=xA
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NEEX :

H 2 = cjjakd]2tol] = gtst Chlorellad el ME)

4 1 A Chlorellast9 £5%9

I & Wy

$8 ue dctelM AP YN ERFAE FoA Chlorellag €2 A
AR e RAUSE 4FH T AR 5oz AFFY AYE o8&
o 20ume] AEBRFAE netd AMEsld e FRHAEL AMANNG AE B
2o Agdeied U4 FagdFa)qA MY, FHE=EH, capillary
pipetterd & o] &3t AERFAES cFEYAt

2. #4839 strain 1

My

9ol e WYoz &42e 9 Chlorellafst 721& B3 Chlorellaf ] &1
A= Table 2-1 7 gt} o]F @44 11 strain, 354 50 straine}® FuloA
42y FL& 50 strain o8 &ZALS 11 straino] R EHJY ©]E strain® ¥

RE e AF/)W, AAdA £ 2578 o FAEHT A

A 2 A Chlorellafte #A3 Wo|] XA}

Chlorella® & i vlMste 33 dvjFoz F&o] oy FARHA P S
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Table. 2-1. Chlorella strain isolated for this study

Source
Strain No. Species Original strain Habitat
Saige designation
KMCC FC-1 |C vulgaris. - UTEX 259 Fresh water
KMCC FC-3 [C vulgaris. Nacdong "
KMCC FC-4 [C pyrenoidosa = UTEX 26 "
KMCC FC-5 |C ellipsoidea - UTEX 247 v
KMCC FC-6 |C ellipsoidea - UTEX 20 "
KMCC FC-11 |[Chlorella sp. - Japan "
KMCC FC-12 (Chlorella sp. . " "
KMCC FC-13 |(Chlorella sp. - " u
KMCC FC-15 |Chlorella sp. Jinhae N u
KMCC FC-16 |Chlorella sp. Jinhae N "
KMCC FC-21 [Chlorella sp. Andong - »
KMCC C-11 |[Chlorella sp. Masan - Marine
KMCC C-12 |Chlorella sp. Nacdong - "
KMCC C-19 |C stigmatophora N UTEX 993 "
KMCC C-20 |C ellipsoidea N Japan u
KMCC C-21 |C ellipsoidea N UTEX 247 "
KMCC C-22 |[C vulgaris. Nacdong - "
KMCC C-23 [Chlorella sp. Kamcheon - "
KMCC C-24 [Chlorella sp. Suncheon - "
KMCC C-25 |Chlorella sp. Suncheon - "
KMCC C-26 |Chlorella sp. Suncheon - "
KMCC C-27 |[Chlorella sp. Yeocheon N "
KMCC C-28 |[Chlorella sp. Nacdong = "
KMCC C-29 |[Chlorella sp. Nacdong - "
KMCC C-30 |Chlorella sp. Nacdong - "
KMCC C-34 |Chlorella sp. Masan = "
KMCC C-38 |Chlorella sp. Haewundae = ]
KMCC C-39 |[Chlorella sp. Haewundae - “
KMCC C-57 |[Chlorella sp. Haewundae - "
KMCC C-58 [Chlorella sp. Deukryang - "
KMCC C-59 |Chlorella sp. Deukryang N "
KMCC C-63 |Chlorella sp. Wando N "
KMCC C-64 |Chlorella sp. Kunsan - "
- 28 -
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Table. 2-1. Continued

Source
Strain No. Species Originalistrain Habitat
Source . .
designation
Chlorella sp.
KMCC C-65 Chlorella sp. Deukryang N ' Marine
KMCC C-66 Deukryang N "
KMCC C-67 Flioreli spi Deukryang - u
KMCC C-69 |Chlorelia sp. Deukryang - .
KMCC C-70 |Chlorella sp. Nacdong - "
KMCC C-75 |Chlorella sp. Nacdong - "
KMCC C-80 |[Chlorella sp. Youngkang N "
KMCC C-84  |chiorella sp. Deukryang - "
KMCC C-85 Chlorella sp. Deukryang N n
KMCC C-86 Chlorella sp. Deukryang - "
KMCC C-87 Chlorella sp. Deukryang = "
KMCC C-88 Tailand "
Chlorella sp.
KMCC C-93 |Chlorella sp. Boreneo - -
KMCC C-94 |[Chlorella sp. Philiphine - -
KMCC C-95 |(Chlorella sp. Jodo - -
KMCC C-103 |Chlorella sp. Narodo - -
KMCC C-105 |Chlorella sp. Taejongdae = -
KMCC C-106 |[Chlorella sp. Boreneo = N
KMCC C-107 (Chlorella sp. Jaba - . -
KMCC C-108 |[Chlorella sp. Taehanhaehyop = -
KMCC C-110 |Chlorella sp. Puzon = -
KMCC C-111 |Chlorella sp. Taehanhaehyop - =
KMCC C-113 |Chlorella sp. Daemann - l -
KMCC C-114 |Chlorella sp. Namhae - '
KMCC C-119 |Chlorella sp. Daebyon = -
KMCC C-125 |Chlorella sp. Puzon - =
KMCC C-127 |Chlorella sp. Haewundae = =
KMCC C-128 |Chlorella sp. Jinhae - '
KMCC C-130 |Chlorella sp. Taehanhaehyop - -
- 99 -
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olg&%ct. $EFY Chlorella F dlEHolgt BLEE 18 straing g2
random amplified polymorphic DNA(RAPD) technique2 ©l£3led DNAY HAIS
€ v 2489 olF 18F9 AMPFFAe YvHE ¥4 Table 2-29% 23 F
datel fAl= 24 ZAIe Table 2-33 2o, o] ZAse oo FIFFAYIA A
299 A 65(761-769)° AAMT v} 3Uc}.

Al 34 diFugel 3 Chlorellad 9 M

g @i goll 2§ Chlorelladl F HegL 3o A4 G449 ChlorellaF
RS YArt 45t dEAHY G53 6F, Tl 252 ddstod xAEAY
W]z ¥= /2, Erdschreiver, complesal, S K., Wai Wl 2] & AlGEtH T FAE 0%, 3l
FAL 30%, ZXE 3500 lux d&2YsA 20CE %30 JFLYstad. Z
W)z 9] x4d& Table 2-4 ¢ 2o,

of 4d ZAM FFAtlME C vulgaris7t &AM C ellipsoidea?t 7ol
53tk C vulgarise complesalthxolA vl 1094 2308%10° cells/ml 73]
C. ellipsoideats f/2e Aol wiF 1094 306%10°cells/ml 7kx] 4738} % cH(Table
2-5). WA o] T FHE WYL U HUYYE A4S & A7 e @5
Atoll w)Eta] A Aol & Ao YEIGTH E opn| kAt E4o M ¢ Glurt
¥3 954 NHyt Bdides g4 Jebgch(Table 2-6) 22y, 43
FA C vulgaris7t W F5dAch wet g54 Chlorelladl 2 2x9 d&
A AEE shopstr] fste] 25Tl A 3,000, 4500, 6000 luxE 71F22 0, 5
10, 15% 8ol A LD cycle 24:03% 1868 MAse wFddsAct. 2 23 Aol
g FES =1L 0%, 6,000 lux(24:0 LD)R 2 15% ANE Ao zHigle] A

§°] 7}s3 i (Table 2-7).
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Table. 2.-2. List of species collection sites and chemical composition for the
genetics variation in Chlorella species

Salicton Species Collection sites Chemiea ComDOSitom]

Bumbes Protein Lipid Ash
KMCC C-19 | C. stigmatophora UTEX 993 20.10 1.80 47.09
KMCC C-20 | C. ellipsoidea Japan 26.46 8.66 38.67
KMCC C-21 | C ellipsoidea UTEX 247 29.48 0.12 3267
KMCC C-22 | C. vulgaris Nacdong 33.11 1.03 30.05
KMCC C-23 | Chlorella. sp. Kamcheon 41.16 6.85 30.05
KMCC C-24 | Chlorella sp. Suncheon 23.66 10.85 41.18
KMCC C-25 | Chlorella sp. Suncheon 30.87 369 34.68
KMCC C-26 | Chlorella sp. Suncheon 31.70 377 30.80
KMCC C-27 | Chlorella sp. Yeocheon 24.96 221 37.66
KMCC C-28 | Chiorelia sp. Nacdong 26.65 493 34.46
KMCC C-29 | Chlorella sp. Nacdong 21.64 7.44 35.62
KMCC C-30 | Chlorella sp. Nacdong 21.60 6.99 317
KMCC C-31 | Nannochloris oculata |UTEX LB 1988| 3355 1.87 40.76
KMCC C-32 | Nannochloris salina Seri-2 25.02 8.38 3799
KMCC C-33 | Nannochloris sp. Israel 35.19 3.65 29.49
KMCC FC-4 | C. pyrenoidosa UTEX 26 N.D?
KMCC FC-5 | C. ellipsoidea UTEX 27 N.D.3
KMCC FC-6 | C ellipsoidea UTEX 20 N.D.?

' Hur and Lee.(1996) Chemical composition of microalgae. J. Aquaculture, 9(4) in press.
% Fresh water Chlorella acclimatized in sea water.
3 Not determined.
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Table 2-4. Composition of media for the experiment

/2 ium_(Guillard and R - 1962
NaNQs 150 mg NazSiO; - 9H;0 60 mg
NasHPO, 869 mg Na:MoQq + 2H20 0012 mg
Ferric EDTA 10 mg Bi2 10 mg
MnCl; 022 mg Biotin 1.0' mg
CoCl; 0.11 mg Thiamin 02 mg
CuSOyq - 5H:0 0.0196 mg Sea water 1000 m¢
P00 THEO - - o O R e e o e o
S.K. medium(Sorokin and Krauss : 1958)
KNOs 125 g MnCl; * 4H,0 00144 g
KH:PO, 125 g MoQOs 00071 g
MgSQO4 - TH,0 1.00 g CuSO, * 5Hz0 00157 g
CaClz 0.0835 g Co(NQ3); * 6H:0 0.0049 ¢
H;BO; 01142 ¢ EDTA 05 g
FeSOQ, - TH.0 0.0498 ¢ Distilled water 1000 me
ZnSQ, + TH,0 0.0882 ¢

The pH of the medium is 6.8

Erdschreiber medium(1927)
NaNO, 100 mg Soil extract 50 m¢
NagHPO - 12H:0 =~ 20 mg  Seawater 1000 me
Wai medium_(1955)
KNG; 15 g Wai solution* 10 m¢
MgSO, - 7TH;0 15 ¢ Distilled Water 1000 mé
KHzPO4 12 ¢

* Wai solution
Ca 30 g Mo 4 g B 20 g
Cu 4°g Zn 20 g Co 1 g
Fe 10 g Mn 4 g D.W. 1000 e

o 36N H2SO4 2 drops
Complesal
Total nitrogen 10 % Soluble Magnesium 03 %
Soluble Phosphate 4 % Soluble Copper 002 %
Soluble Potassium 6 % Soluble Iron 005 %
Soluble Boron 005 % Soluble Molybdenum 001 %
Soluble Manganese 01 %
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M 3 & dizuits 9st =& ufx] 7w

flo

el Mol d¥A3t s54k Chlorella® iFatr)o] A e {262 et
Xt 28\ Chlorellag wZw 2} & 3t7ldles [/200A & v]go] o) Enz AAH
A WA ido] Wastth gaM B AP BUL 849 BYugE o4
At aovge] A4 $Be 46%, LPuEY F2UFE 2%, AYF 17%, 748
FF 17%9] AFo|22 Schreibertf Ao G AAHe) ¥ T E(NaNO; 100mg,
NaHPOq * 12H:0 20mg, 84 1¢)8 7]1202 g 4 S43d &4 109
YU E 1176, 8£4ME 1637 g 22 AME olg@ HaE $xE AL el
&9olA Erdschreiber w212} 1.0¥o] &35},

A FdvIEe] €87b54 e Hdsls) Aste /2, Schreiber®i, U4 M2
(4, Z9u8) ¥ A4 ¥l89 complesalg ©] &3 Chlorella®l &g v @ty
o wMFREL 25T, 5000 lux ALZFENN HEFE 35x10" cells/mE 3o
250 mt flask(100 m¢ F&)olA 5U3 wjgsHch i FQ Ao} AT YA
Avstdn 28 g dYagc. AL A$E Hol 0.1 mme hemocytometer® A}

&3 specific growth rate(SGR)E Guillard(1973)2] W& &35t T3t

log(N2/Ny)
tz -ty

SGR = 3322 x
(Lt A F A5, N N2 @ AT ¥ 6, I A EF)

2 Z3E 2Y /204X M A& o] 032452 7b¥ I Schreiberh x| ¥ i
Aete] FU8 HIE(0.2814)7F o Foh complesaldl X](0.2206)H & AMR = R
8ol 7t sgkom FAE vIE(50%) + complesal(5096)2] wx)(0.2813)= ¥ &
MERE AL’ Ao vt & stolst QAATH Table 3-1). weby f2ux & oz
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Table 3-1. Growth of Chlorella ellipsoidea with different media

Culture Cell density( X 10°cells/me)
day 1 2 3 4 5

0 35 36 36 36 35
1 66 47 43 53 41
2 80 67 50 68 60
3 84 69 66 76 64
4 101 81 72 85 82
5 130 84 86 94 92
6 147 100 91 124 97
7 169 131 105 141 137

S.GR. 0.3245 0.2662 0.2206 0.2814 0.2813

1. £/2 ; 2. Schreiber ; 3. Complesal ; 4. Fertilizer ; 5. Fertilizer(50%) + Complesal(50%)

T2 E o 7l A wAe & vEE2 YEEth

olg} & ANE 1Y W A vge ¥FE iy g 4¥FE O
/2, @ £/2(75%) + ¥]& 1.0¥4(25%), @ £/2(50%) + ®l& 1.0¥1(50%), @ i/2(25%) +
HE 1.0u1(75%), ® vlE 1.08], ® ¥l® 15¥, @ vl& 20W 2 FEs d¥sd
o 593 AYAIE Table 3-2 9 2o] hZFQ /2014 specific growth rates
(S.GR.J)7} 038372 7b3 &k 727} Bel E0 €22 4Fe] AR E Hlg
BE P AL {289 4ol ¥R HEE Wol ¥ RYFE HHo FA R
At

ol & ARE 1Y W oiF wiFY FHo2 AL 5 U viAE LS
g LOWIZE A Aoz HAY £ AN 2o Y AT vEe FEE A
gas7l Aty @ /2, @ ¥z 108, @ ¥l& 158, @ ®lE (LY 154, A4
d 1.0¥), ©® ®ls 1252 B FEa 4FE 4P AN (Table 3-3). 2 A /2
S H4AE 0378622 7M1 H%T HB 1.25¥%F 034078 H|2H Esich ¥E 15
e ZHE 2 H43E (0266008 Yetdz, A44F 154, A4 1.0¥= 0.2809
2 day ko,
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Table 3-2. Growth of Chlorella ellipsoidea with /2 media and fertilizer

Cell density(x 10°ells/me)

Culture
day 1 2 3 4 5 6 7
0 35 35 35 35 35 35 35
1 66 61 61 60 53 50 45
2 78 74 72 68 64 57 54
3 87 85 79 79 84 66 59
4 110 101 95 94 83 81 64
5 134 101 95 94 83 81 64
S.G.R. 03837 03617 03403 03297 02891  0.2703 0.2082

1. /2 | 2. £/2(75%)+Fertilizer(25%) ; 3. £/2(50%)+Fertilizer(50%) ;

4. 1/2(25%)+Fertilizer(75%) 5. Fertilizer 1.0 times ; 6. Fertilizer 1.5 times ;

7. Fertilizer 2.0 times

Table 3-3. Growth of Chlorella ellipsoidea with different concentration of

fertilizer
Culture Cell density(x 10*cells/me)
day 1 2 3 4 5
0 35 35 35 35 35
| 1 67 53 47 53 60
2 78 63 55 62 69
3 91 75 64 69 76
4 105 81 74 78 93
5 130 98 88 90 114
S.GR. 0.3786 0.2971 0.2660 0.2809 0.3407

1. {/2 ; 2. Fertilizer 1.0 times ; 3. Fertilizer 1.5 times ;
4. Fertilizer(N 1.5 times, P 1.0 times) ; 5. Fertilizer 1.25 times
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olg} & YA AYAARE F1Y 9 Schreiberth 2|9 Z4YEFH UMY $5€
NNEo @ U4 HBE 1L25ME AMSEle Ao JHY HAE&FHo: FAAY wA
2 gAY 84, 29 FPol & wWAMEE Adtq qFE 94ES A%
3o AP AU
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H4ZF 548 = AEYH vfx] 7yt

i
o

0| &

a4t Chlorellad] Wi wjdg QoM FolnlSe] golstA &8 + UARE &
e HBE ol8F 2= Add we wixzAdH F51 ABERE ZAMSAC

A14d 229 AZY vAE A 278 I

2

THFANETY FHFAFRUNGFAN wiFstn Ud C ellipsoideas A ¥
Agstget, dguil2s $A4 371A] wlx| F, Schreiber ¥j2I(BAS), 2§y 8,

o

2HlE R FEZA(EFIEANE T A (COV), 28ln EHu a9 S4HBE
&% i A(CUC, CUV, CUM, DEL)E &H|&tdth(Table 4-1). H|BujA & WS o
S R(NGF: 21%, PEF: 17%, K&3F: 17%)9 L2 (NgF 46%)9 &%
Auj7E B3uE 1176 mg/d$1L, LAHE 1637 mg/d109 FEQHon, B
Fuls, 82uE 9 FXA EF AuTe BHHE 588 mg/HFle, S2HE

819 mg/el1¢ R FLAF 025 m/aF1L Y FEH

Table 4-1. Media for the culture of Chlorella ellipsoidea

Codes Initial supplement Additional supplement
BAS Schreiber medium Schreiber medium

cov Pokhap + Yoso + Complesal Pokhap + Yoso + Complesal
CuC Pokhap + Yoso Pokhap + Yoso

Ccuv Pokhap + Yoso Vitamine solution

CUuM Pokhap + Yoso Mineral solution

DEL Pokhap + Yoso -t

" No additional supplement
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n%td F&(autoclave)dl . F@FE A7) 374 APulA F H@ulss 2L EE
EEY wAS 47 Fusn Ul wE FAY Evstd 2F 678 500 me €
g230 300med 2tz @3 50 x 10 cells/m2 HFsAch. = 10, 25 30T
WFrlol 2T 4,000 luxd A45F 2N FEEE 0%=2 st AW IRAG.
Y HESFE ZAED pHE FA3AC.

AXF7F Z7h5td A0 ol2He& W 7 WP FAAHE AU
(Tables 4-1, 4-2). 672 wjx|F %, Schreiber ¥{X|o] thA] o] & F7PAJHIF Wiz
(BAS), B23H|g, 84u8 € FZHL EFT v A o]&& F7HAuIE o)
A F(COV), 2gulgst 84H8E EGE vild A o)L FIEAIHIE WX T
(CUC), 2gulast aAnEg E¢E iAo vitaming F7HAuIE WX 7(CUV),
Eguge QAN ES TP wixo minerald F7HAHIE wAF(CUM), 231
HEguge 9288 EFE wAd FHAHE A && wiAT(DEL)NA &7t
Ab] & 24 7L ARG, £ 29 Fo MEFEYE specific growth
rate® F5Qth BAS, COV ¥ CUC #lAFeIME FF27] AHZ 10%8 F7t
NS 2 CUVE CUMeIA & Table 4-291 YEbd FE 9 vitamin®} minerale F
N s AEe 2 wrE P2 AAEA 10, 25 30CoAA fg F& 4¥e] A
g o33 2o

7k 10T WAL 8

C ellipsoideas FF ¥ 114ARH we F7t #4& Yt AH(Fig. 4-1). 3
A2 SoME A7 0YAAR ZE WA TN AEFY Tt BFES KA
% ou specific growth rate:= 0.138 ~ 0.1459 ¥ A tHFig. 4-2). 304 Al 7}
Al g AAE Ax 29 99 specific growth rate® 0.063 ~ 0.1919] HAZA
DEL i FollX 7} Estemg F7iAule axe dYetudx @t HARAxs
£ CUV ulAFAM 47705 X 10° cells/meol it Wi F7Izt &<t pHE 8.16~10.28
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Table 4-2. Chemical composition of BAS medium and additional supplement of

nutrient for CUV and CUM media in culture of Chlorella ellipsoidea

Schreiber medium for BAS

NaNOQO; 100 mg
NazHPO,q 20 mg
Distilled water 50
_ S(_ea water 1,000 me
Vitamin solution onwey_medium_for CUV

(100me/1000 ¢ Sea water)

Biz (Cyanocobalamin) 10 mg

B:1 (Thiamin) 200 mg

__Di_stilled water 200 me _
in luti wey medi for C

(1mé/1000 £ Sea water)

ZnClz 21 g
CoClz - 6H20 20 g
(NH¢)sM07024 - 4H20 09 g
CuSO4 * 5H20 20 g
Distilled water 1000 me

9 WA, ARSI wa F8te ¢ pH JA F71E 0] Zoh(Fig. 4-2).
L}, 25C WigA
C ellipsoideas FF ¥ 3YAYEH wg 42 BIg(Fig. 4-3). F ¥ 149

H AM7IZ2 EoME AI7I7A] RE A TN MEF F7F FFL FAEJL
o specific growth ratex 0295 ~ 0.3082 ¥ AcHFig. 4-7). 4L A F7pAn]
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AAEEX:

£ ANE A3}, 29 549 specific growth rate= DEL Wiz FoljA] -00483 ure}
B3 oA WA FAHE 0009 ~ 00549 W2 etk mekA FrRAbe &
37k detgoin @ 4 Qlou S8 CUV s TN 7y Ssc AYAES
£ CUC wjx| 7oA 38315 X 10° cells/moltt. wj}71zt $<¢k pHE 812 ~
970224, HF F 2UHE 4 ~ 6Y7AE & o2 Frlslged olFdE A
#23AotHFig. 4-4).

o} 30T wWie4d ¥

C ellipsoideats FF ¥ 3YAFH w25 F713AHFig. 4-5). ¥F F 1594
AA7I2 FoMe A7I7tA BE WA 7N MESFY F7F B2 FAREA 2T
specific growth rates 0253 ~ 02669 ‘HIAHFig. 4-7). 1589 A F7lAu &
AN A3t 29 F¢ AZF7E F74E WA TFE CUC WA F2A specific growth
rate7b 0.0210] Q3 Ui ] Fel e MESF7 ZA8A specific growth rates
-0.024 ~ -0.061°] MHZ ettt waty F7HAH8 Z3E CUC WA Fol At
Uetgtth HAMESE CUV WA ZoA 27505 x 10° cells/meoldct,  wjFrI3t
¥ pHE 812 ~ 95524, AF ¥ 4URE 6 ~ 8U7RA = pHY & Foz 37t
oy ol Fol= P AU HFig. 4-6).

ols} 7o) 10T, 25C B 30C wMiYY PN F7tA1u] Mol specific growth rate:
72t 0138 ~ 0.145, 0295 ~ 0308 % 0.253 ~ 02669 HHAZA =& Wiz TolA
AEFY Frtdxs & Ao)7t AT ExE2 e 25CAA 71 w2 A F71s8 %
. 10CAAME HF F 10897HA HEF7E AL F718HA ¥oi7t o ol ¥ &E F71
dded, 30CAME 27 F7E4Ee fABIAoY o #eE HA7IE2 soiedy
HE 712 WwgH(Figs. 4-1, 4-3, 4-5).

2’??%] H Hdolg 2x0 we} w742 & Aoj7t Aoy F7HAH] Foe A
o]7b Yelntch 10C wiFA Pl ME F7tAlH o] HH7E e, 25C I Eel
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HE CUV WATFM $7AH S E37h $ReUR Uolx W TAAE s
Get oo, 30T MPFAHAME CUC MRIFoA F7HAlule) E37} obatA e
Wt §3] CUC ¥jA| FolA & 25C9 30CAA Ax7 JeEpR S (Fig. 4-7).

Al 2 A A Chlorella ellipsoidea® AAYW 29 dF wgAF

AdE &9 P wiFHAEL &4 '96d 5Y 314 HE '%d 69 14Y47HA], A
‘96 89 1948 ‘96 8Y 17971, FA ‘96 119 15U %€ '96d 129 9U7
A, azln FA '97d 2¥9 209 5H '97'd 3¥ 179 7R AA ST

o7&l +8 128 FRP 2o 184 %z g2 C ellipsoidea® 500 x 10 cells/
w2 JFAU 27]A 0 FrAHE ATE FLd YA FUsA HABA

ZA}st specific growth rate® 3}

l

I(Tables 4-1, 4-2), ol 10A1 Qo HEF
fom &% Fx pH F9 #7421 EL FHsAth 49L& 2 g8 2 A3,

L)

b @A ¥ WA

C ellipsoideac HEF ¥ 39ARY w2 AHAsHcHFig. 4-8). 4F ¥ 1.2‘3—_1_'7‘11
AA712 EoMe A7I7A Y specific growth rate® 0.162 ~ 0.191¢] %%é*i g
ztol7b Ao COV WA T e 016284 o ujxFo| vldte] 3tch(Fig.
4-24). 129 A0 F7HAHIE AAT AT 29 FF AESF7E FHE WA FE CUC,
CUV ¥ DEL wix] 3+ +=d DEL WX F+9 specific growth rate= 0.0079] & 23}
I CUCS CUV WX 79 ZA%E 244 01003 0049022 F7tAH]e &g &2
F ARk ARAEFE CUV ATl A 54660 x 10° cells/meol ek &2 v
A4g 71 ¢ &2 184 ~ 225C, 2=+ 10400 ~ 101,450 lux, pHE 819 ~

9359 W3l Y& el A oH(Figs. 4-9, 4-10, 4-11).
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' 10°C ‘ i

BAS
Ccov
Cuv
CUM
DEL

25C

0.40

0.30 |

0.20 |

0.10 |

0.00 : : : - ,

7]
-0.10 X

SGR

Vv

COV

CuUC
C

CuMm
D

30C

0.30
0.20
0.10
0.00
-0.10
-0.20

SGR

Fig, 4-7. Specific growth rate (SGR) of Chlorella ellipsoidea with different media at
incubator culture. B : SGR for days before additional supplement,
{3 : SGR for two days after additional supplement.

_52_

NEEX: sSASHOIME(Chlorella F)HZS] &Het /s8R



‘aIN3[NO JI0OPINO Je BIPSW JUIISHIP YIm DapIosdija ojja4o01y) JO Yimold 'g—p “8i

9661 ‘1€ "ABN UO paje[mooul

130 —— WND —<— AND —=—
oNDO —«— AOD —— SYE —m—

vL €F 2i i

1

NOILYINOONI WOl SAVA
0L 6 8 2 98 S ¥ € 2 L O

1 1 1

F's
|

e uswarddns

-+00S

000}

00St

0002

00Se

000t

00se
000r

00sy

000S

00SsS

0009

(lw/si199,0T x ) YAGWNN 113D

_53_

)

Lk

%

N

= PNEL IR

2018/07/08 14114

 SEASHO|MS(Chlorella F)HL S MHSH/ SEHSF

PNE=E--Ps|



0661 ‘TE "AB UO pajenoout

‘3IN3[NO I00PINO B BIpSW JUAISNP Yim ainjerodurd) 13jem JO UORELleA G- Bl

NOILYTINOONI WOHS SAVQO
vvm_—N_w:.o_vm 8 L 9 S Vv € ¢

1 1 1 1 ] 1 1 1 L

“'-h..."

A

8l

0c

éc

144

(Q) 3UNLYH3dWIL

2018/07/08 141 1489 XIBU0/ 2 Lo

NEEXN . sHEASHUOIME(Chlorella TN &3/ SEF



"9661 ‘1€ "ARJN UO paje[noout
‘aINj[Nd I00PINO JB BIPSWI SIM[ND JUIIIP Ylim AYSuajur IS JO uoneLrep

NOILVINOONI WOHH SAVQ
vLELCL LLOL 6 8 £ 9 § ¢ € ¢ L+ O

e | 1

Oc

ov

09

08

oct

‘01-v "B
—

= 2
X 5
= 2
m m
= 2
s o
l

<

2018/07/08 14 4= X80/ 24 W38

 SHRASHOIME(Chlorella F)HE 2 MG =R

A=zEX



‘9661 ‘1€ AR
UO PaJB[NoouUl ‘UMD 100PINO Je BIpawl JUAIIJJIP YIm KA Jo uoneurp “1[-p 814

130 —v— WNO —¢«— AND —&=—
oNO —— AOD —— SV9 —a—

NOILVINOONI WOHH SAVQ
v_.m_wm_._;o_,mwh@mvmw_vo

1 ] 1 ] 1 i i ] L 1 1 w

S8

Hd

S'6

FO18/07/08 141 1482 X9/ 2 W o

cSEAZSYH0|MS(Chiorella YN A3 S S

AA=2EXN



Y. 3tA o wigdy

C. ellipsoideat AZF AF w2 FZsgdon IFF ¥ 8YdAM 10¢7HaE ¥
AAQA AAZNE B F 9A F7F 3FE JEIAG(Fig. 4-12). AF F 1494
AA71Z EolME A7174A) 9 specific growth rate= 0.120 ~ 0.145¢] H$2A 2
apol7k Aoy CUC ®iz|F#9 3% 014022 Hue B ATHFig. 4-24). 1497
of F7IAHIE AAF A BE PN NEFI}F ZarsHenz F71AH] 9
A% YA HARHESE CUV WA TN 38625 x 107 cells/meol it 87
WFad 717 B &L 265 ~ 303C, REE 27000 ~ 110,000 lux, pHE 8.19

~9.789] ¥z HHYE YA (Figs. 4-13, 4-14, 4-15).

o A W i

C ellipsoidea® ¥ F 39AFE Wz A Fr713tAHFig. 4-16). A% F 229
A RAA7I2 EolM & A717HR 9] specific growth ratet 0.080 ~ 0.0908] ¥ 24
2 Aol7t AU (Fig. 4-24). 228 Ao F7tAulE AA g ZA3 DEL} CUM uix)
79 specific growth ratet ZtZ -0.019%} -0.0012AM HEF7F 72231 Yo
AT e 0052 ~ 01159 HHAZAN MES7E F7HEdoh webd BAS, COV,
CUC ¥ CUV wiz]FollA F7tAIH] o] A7E & 4 AU AHMESE BAS W)
ZF)A 41065 % 10° cells/meolch, A gAY 71 ¢ £2& 35 ~ 168
T, ZEE 6875 ~ 76150 lux, pHE 818 ~ 9.899 W3 WNE YehiAH(Fig.
4-17, 4-18, 4-19).

2}, A diz YAy
C ellipsoideas AF F 14Y#EE w27 F7139cHFig. 4-20). 43 ¥ 239

A FA7NZ EoM = AZ|7HA 9 specific growth rate= 0.073 ~ 0.0829] HY=Z A
2 Aol7} glloy BAS iz 7o ZA$ 008282 Huzte EYoh(Fig. 4-24). 239
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Ho| FtAuE AAE Az ZE i TYM NEF7E FrMsQdEd, DEL WA+
9] specific growth rate 00260124 COV, CUC ¥ CUV wix|FolME 74z
0.123, 0.073 % 0.0692A DEL WA 79| 7Z¢+Ht} 28] o] whong F7iA|n 9
EZE 2 4 ARS HWAESE CUV A FA 34900 x 10° cells/meol ATt
SA wWFAY 71 $¢ £ 41 ~ 108C, 2=E 9870 ~ 40200 lux, pHE
8.17 ~ 10.169) W3} WS JYehATH(Fig. 4-21, 4-22, 4-23).

of, Ald vl

e MIAFGAME F71A18] A9 specific growth rates Wi FE2 a3
2 fAEHA vebtey, #A diE wEd¥e] A5 COV WA FoAAM & WA F
o vt W& P& YR FA dF wjFAEY F$E BAS wMiA PN ¥
@& 2k &, 7428 AARAE &A0) Schreiber A T2t HeulE ¥ Q4
& EY v TAM A =% A} FAdE BE AT HHo] FAHEIA
om FAlolE Schreiber Wiz FoAA Aol ghth ey, F7HAR] Felle 2 &
4g gesto, EAl9 CUC% CUV il el A, FA9 BAS, COV, CUC R CUV
WA F A, 22jz FAY COV, CUC ¥ CUV iAol F7tAIv|e] AFJE &
T AN

FAE 714471, A a7, FAe 717, 2en FAE AT
2M Add dPFe &x9 FYE IA ¢S Ao AdAHT, WA dig )
FAY A 27T WFAYe vad ¥ Yt Ao AE SLUAs 184
~ 225C2AN AMEF9Y F7H4%E 25T 2<% 71F #FASA 29 specific
growth rate= 0.162 ~ 0.191¢] HAHYD HMASE 54660 X 10" cells/meZ A
g AdEd wdd sAle #2897 265 ~ 303CTRA MESF FrAGLS
30Ce A8t 2™ specific growth ratest Hoj7iA+FE ARG 2t FA 9
SAE £e¥d7 42 35 ~ 168T S 41 ~ 108T% 29 specific growth rate
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Spring Summer
0.20
0.10
e 0.00
0]
9 -0.10
-030 | -0.20
-0.40 -0.30
Autumn Winter
0.20 0.20
0.18 F 0.15 F
0.10 % 0.10
m . r .
1] n
? 0.05 0.05
0.00 - 0.00
0w >0>s
< Q o w
-0.05 ‘-0

Fig. 4-24. Specific growth rate (SGR) of Chlorella ellipsoidea with different media at
outdoor culture. B : SGR for days before additional supplement,

O : SGR for two days after additional supplement.
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= 47 0080 ~ 0090, 0.073 ~ 00829 W2 At stAl vldloq Rt &3
FhANE MES9 F71e 10C AR vGAoAMe 2ol IF 27|19 FHEE
7 L3 AdY S wddFelMe 229 ¥e TR} &4 10400 ~
101,450, 87 27,000 ~ 110,000, 34 6875 ~ 76150 ¥ FAl 9870 ~ 40,2009
A9, #49 3tA 9 specific growth rate?t 329 A6 vlgtd ¥ ¢& |
Bl R 2% B olUF 259 JIE UAE Rez FAHHAY.

FIIAHE AAG A, Adel weg ERE el wiA T @fes 53
CUC% CUV s FollMe &#AE Al Adel 25 &AL e, wiFdd
o ARE 29 AP wFAENM e S8 Fo A7 €8 depd A
& SUYME &5, & 59 §7 2P0 YAHSA &1 WFo] 437 o
Fd Aoz udsd.

AE8H o2, FIHAHE 82 %& ZS Aldle FZo) XFE COV WA F7t
g g stA FACE FBRed, FAdE BAS WA T F Schrieber ¥
F7b b3 Agsdd. F7iAHE @ A Rdle Aldd 2AIYl CUC =& CUV

WA & AHEstE Aol F& Aoz ALRSH UG
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Al1A AF g

FUE HEE ol &3t 50 M/T 729 9% FRP & 37N & )83l diF o
F& SoolA AAFAT FFA GBS I%E 2YHAYT L3} 2EE A =
Aatel A et on, ofd 24 1040 &7 AT e RASIA

9 dFuFelde FRY 4T FFE & FE UUS o1 Zol 9 P
gAY dFE BFE F4d &£ AU olF 2 ARHY Fe2 I¥ I

dERE 7t 2 g4dez dddd, Ao JFdE 22 ©E AL F
ZYERYT BE ¥F Fo] FAFeR YEHRD, AgHde FHPL Yoy
& dyPolAst ol
Schreiber ¥j2] 8] FAEH QUFE 71F22 1.0~154 Ato]7t F-datch izl

rir

We 802 Ao ¥ EBARL B WA BE

%Al vk 27 Table 5-13 #c}

A24dF%

9o} o) uiFulFd Chlorella®l $%& AML flow basket, Separator(HFG,
5016HK), 228]x ¥ 93 x| (Ultrafiltrarion Membrane Modules Superane, A7 tj &
Eft)E o] g3te MEEIYSAG. 4 FLAAE Chlorellazt W F ul At o
of 4A Hav AT FHHI}AL AML flow basket 7%= ChlorellaZt 4
F uAstd fFAdHE AE7 Bol FAHEEAT. et Separators AEd HA
Joz F&se Wiel 7MY AT Separatorg o] 3l 213 AA
50M/T tankoll A i #Zuj}d Chlorellag 5%3F ZA3= Table 5-29 2t}
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5 o @& ¥539 UsE 24U Table 5-3% 2ot 4 ¥% sioitle §F
9 Yo WsE BY 22 ~ 46% YANL E & ¥F oicke] &3 WsE 243
o A FHEY 28 ~ 36% WHZA BT 31.2%2 vebgd olg 22 A3

Table 5-3. Variation of volume in percent by concentration number

Concentration No.

No. &t 2nd  3d  ath  Sth 6th 7o Mean
1 3 40 %5 30 23 333
2 2 33 32 46 33 33.86
3 2% 35 27 33 28 20,62
4 38 50 3] 30 24 3481
5 42 37 29 28 31 3321
6 36 44 17 62 21 2 3456
7 37 41 46 18 28 37 34,65
8 28 29 25 35 24 28.17
9 27 29 2 31 27 27.89
10 27 33 11 a1 22,47
11 2% 29 33 2 20 28.98
12 32 37 28 30 22 29,89
13 29 36 42 29 47 28 35.15
14 28 40 46 31 43 27 3570
15 29 31 2% 50 9% 46.36
16 28 42 46 78 %5 91 37.99
17 30 33 28 21 28 46 3096
18 28 39 42 30 13 46 3285
19 27 27 18 50 16 56 32,38
20 36 41 42 37 39 20 20 3459
21 21 62 27 20 41 16 3111
22 21 27 35 25 22 36 2772
23 29 28 32 32 21 2% 27.90
24 2 32 20 2% 21 24,62

Mean 2978 3639 3055 3505 2894 3112 2857 3149
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€ ¥ 9 separator® 5% F ¢ 5F85cl e 839 Fae o 68%Y Rz
gddd.

olg} ¥ 7|8 ARE o838 FHAF WE AXULEY FZIAHZE THH
B9 Fig. 5-13 ¥ Fig. 5-19| 2489 23 2& ARE ol Zo] Hx AXLF
o e} ¥535o BE FE5YEY YT dL Aozt AU 2480 FH ¥
8% B T WIHE ALY A9 71&7] ;S YT 119742 e
W metM Y=ae "o A44g 71Fo2 Hx HEFT agtd dYHE 3%
A(x)e BE AEIYZE AAY 7 At FF A4 HAEFEE dUSd 4 5
% 34 doic} $5E AEYEE AT 4+ A2 FT 0% sF5EE 225d
%% Chiorella®] ¥3% =& 3% 4+ Ao
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Feb. 9, '96

Mar 20, '96

y = 0.1011g" %"

Mar. 29, '96

y = 0.0779¢" "

Jun. 6, '96

y = 0.097¢" 965

L 3
L 3
4

Jul. 19, '96

y = 0.0737¢"2%%

Dec. 12, '96

y = 0.0603e" 333"

200 . 200
150 y = 0.0833¢" 4% | 150
100 ﬂ// |
50
0 2 - y
0 2 4 6 8
Mar. 25, '96
150 . 80
768 y = 0.0768e' ¥*™™ 60
40
50 20
0! 0
0
e May 30, ‘96
£ 150 o 200
- 150
9 o100 y = 0.0888¢' ™™
= 100 |
O 50 50
© 0 0
o
= 0 2 4 6 8
Lo
> Jun. 9, '96
g’ 150 e o A = 150
= 0.066¢"""
@ 100 4 100
(@]
— 50 50
7] :
O 0 2 & g 0
c 2 4 6 8
Oct. 6, '96
B0 - ¢ e memsa—— 50
60 y = 0.0345¢" 247 40,4
40 0%
20 |
20 10
0 s s - 0
0 2 4 6 8 0
Dec. 12, '96
50 ST - ; 100
40 . 13037 80
3 y = 0.0603e ' 80
20 | 40
10 i 20
0 e % g ]
0 4 6

Concentration Number

Fig. 5-1. Variation of equation between concentration number and cell density
with different initial densities.
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Feb. 19, '97 Feb. 24, '97

250 -

250
200 y = 0.0983e" %™ 200 | y = 0.093¢" '%"
150 150 |
100 100 |
50 S0 }
0 * & & 0 S
0 2 4 6 8 0 ? 4 6 8
Feb. 27, '97 May 9, '97
250 600
- 1.2796.
fgg y = 0.0909e"?"%* 400 | y = 0.1205¢' 1576
‘gg 200 |
) —— . 0 e mn
n 2 a A R 0 2 4 & R
May 4, ‘97 Apr. 30, '97
500 - 600
= 400 | y =0.1078¢'"""® 500 |- y = 0.0946e’ 25
£ 00 A
£ 200
o 100 @
o 0 e .
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'_;" 200 (- Agu. 20 '97 300 Aug. 23 '97
g y = 0.0414e’ 19470 250 | .
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O 50 so Il
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200 y = 0.0368e' 22! 800 y = 0.0587¢’ 1%
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Fig. 5-1. continued
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X 6 & == Chlorella X & gt

ool M i FNEY Chlorellad VB4 7I(HFG, 5016 HK)E ol &3t 5%, &
8te] paste FHE E7] A AML flow baskete 2 ThA] A4 &8l sgich
T8E F% Chlorella®} pastex 3 A% F hemacytometerS o)-&38te] 4004 &v)
Bo2 54 ity A&sd dx g FH%HA

AlAd Lexe A5 s g dr3 AF

%€ Chiorella®l paste® &=9 WEE ZZ @esld 10, 20, 309 A 334
. % 20T, 4T, 0C, -3BCTR UL, =L 30% 93 - BF HFE o83
o] paste(991 X 10%ells/me) & 5 8 4)(198x 10%ells/me), 108 3] 41(99 X 10%ells/me),
2080 3149 (50%10° cells/me), 30M) &M (33%x10° cells/m)atAct. 5% ¥© Chlorella:s
10 me¥ ampulesl zZtZ Po] foil2 4 F A3 dzFE UF HEFAY
Chlorella ellipsoidae(KMCC C-21)& A}-43t}.

259 AEE 7z st AZD Chlorella 5% 94E 10, 20, 309 H ¥ &
Zk wizle] HFFstd 7Y 4G FASAG o, -35CAN AR Chlorellats
109, 209 A3 Fo o o) AAsA Fponz 304 AY Fole JF&EHS
82 e skt

A& HFYEE 20x10° cells/mt, 250 m 4zt E}AaE A5t 100 me
£33 W& Yol EHAUD, WFL /2 wilol 25T, 30%, 5000 luxdlAH 74z
g3t Flow baskete2 ¥%% #l54t Chlorella paste® BT YX& 9919
cells/g dt}.

2694 IS8 434 RENEIIA I
TREEE =R AP M R reRl T PELPIAKOPER) Pt



AA=EH

7h 109 A3 F A% 259 A¥dxd & AR

25 YEst 4z o AFEAAA 109 4% ¥ wiId 4% F}= Table
6-1, Fig. 6-1, 6-2, 6-3, 6-4, 6-5% Zth lg/me] =2 HAFLEE 20T, 4T, 0T,
-35Col N AZF $% Chlorellad) 7497el 258 43 & 20CAM AZ® 4T
o sgrol 71 E& 09942 Jeigo -35Co AP §%F Chlorellas 43%°)
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2 e,

lg/omee] YEZ AFLE 20T, 4C, 0T, -35CAA 109 AZE 5%
Chlorella®) 79 €48 A%AL lg/me LxoMs vpaztx2 20TAN AZE
AgTe sgrol ¥ B& 095342 Yl -35C AFE ¥%F Chlorellas 4
o] wolx @kt 4TS 0CHM HBY Chlorella® ¥IZEE 4CTAM HFE
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lg/lome WE2 AALE 20C, 4T, 0C, -35CoM 109 AZE %
Chlorella®) 793 €=¥ A%L 4T AT A¥TY 2714% % sgrol 7
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HAato)lE w1 @kt -35Tel HNAF ¥% Chlorella® A73°) BolA Fdrh
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-35Ce] AXE ¥3 Chlorellas A%l BolA &kt

1g/30mee] YE2 HFLE 20C, 4T, 0C, -35TCA 102¢ AZE §5F
Chlorella®) 793t €= 43L& 20T AT Ag7e 2714% R sgrol 7}
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ol QlojA xpo)lE UebR] ¥ttt -35Co AA G 5% Chlorellas 47& EolA
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Table 6-1. Growth of concentrated Chlorella preserved under different
temperature and density for 10days
(unit: x 10%cells/me)

Storage Stt::je Culture days cor
o ¢y 0 1 2 3 4 5 6 7
20 20 41 74 252 1483 1890 2406 2479  0.9934
lg/ml 4 20 4 89 431 1141 1684 1750 1895 0.9380
0 20 20 75 344 968 1561 1654 1795 0.9269
-35 20 8 16 11 12 14 13 14 -0.0772
20 20 25 60 207 1085 1505 1990 2041 0.9534
1g/5ml 4 20 30 75 309 1020 1860 1884 2001  0.9493
0 20 25 64 317 1060 1354 1636 1938 0.9426
-35 20 12 11 9 13 13 10 12 -0.1053
20 20 21 33 192 719 1655 1899 1938 0.9426
1g/10ml 4 20 38 81 399 1085 1705 1876 2088 0.9580
0 20 28 72 250 930 1430 2034 2075 0.9567
-35 20 9 10 10 9 10 5 7 -0.2164
20 20 45 110 423 1469 1494 1789 1878 0.9361
1g/20mi 4 20 29 90 412 1118 1381 1978 2169  0.9658
0 20 58 118 580 1431 1620 1840 1930 0.9418
-35 20 13 12 13 10 10 5 4 -0.3592
20 20 27 8 283 1035 1629 2073 2210 0.9697
1g/30ml 4 20 35 93 465 1229 1659 1771 1993 0.9484
0 20 34 78 345 1051 1661 1773 1988 0.9479
-35 20 10 14 6 7 10 9 7 -0.2001
control 20 25 38 286 1248 1496 1838 2320 0.9797
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Fig. 6-1. Growth of concentrated Chlorella preserved under different
temperature of 1g/ml density for 10days.
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Fig. 6-2. Growth of concentrated Chlorella preserved under different
temperature of 1g/5ml density for 10days.
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Fig. 6-3. Growth of concentrated Chlorella preserved under different
temperature of 1g/10ml density for 10days.
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Fig. 6-4. Growth of concentrated Chlorella preserved under different
temperature of 1g/20m] density for 10days.
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okt 104 AFU=s APLEr g AYFE iz vl 25 2 4
& Ut AZYxd waMe 4B Aol YErlAl o

4. 209 A% & ABLE AU me 47

2ES} WSt 242 BE A% 8RN 09 FF £ WYY 55 Chlorellas) 4
2 A= Table 6-2, Fig. 6-6, 6-7, 6-8, 6-9, 6-10=} t},

lg/mee] =2 AFL% 20T, 4T, 0T, -35ColA 2042 A A% 55 Chlorella
o 792 LW 4L 0CAM HF BE sgrd) 0967322 UEO, 20T
2 0CeE ME e 4Fe Aol dehix ddn vag 4FE RAS 1g/6
me YEZ AYLET 20T, 4T, 0C, -35CAA 204 AAS F3F Chlorellad] 7
A7e) £XW 42E 0CAA 713 BE sgrol 0964322 Ut 20T 4T
o A% dYdFe vxE sgr.& YU 1g/1ome] 22 AFLE 20C, 5
T, 0T, -35TIA 2097 ARE 5% Chorelladl 797 =4 43& 0TAA
M BE sgrdl 095512 GERROL 20T, 4Co] AAE AW HET 43S
YeltWyd. 1g/20me] 952 AZLE 20T, 4C, 0T, -35ColA 20947 AT 55
Chiorella®) 797t &8 AA L 4ToAA M8 & sgr.dd 0963002 Vel oy
20T, 0Co) A%E APTF vxP 42e Fehdnh

1g/30meel et AALE 207C, 5C, 0C, -35CAA 2047 AAg x5

Chiorella®] 793t 2548 A3 20CAA 713 =& sgrQ 096212 et 4
Tst 0Col 438 UPFE ML sgre dehdth 2E YEFA -35T
ARE 5% Chlorellss H73E Uehla @gtc 2092 AFeEs APYET} o
& AdFe dEz2Fo v 27183 ey sgr2 dEZF9 g9 0.81428.¢,
2% 5e @ HAT AU gads 439 xolE uehix Lsko
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Table 6-2. Growth of concentrated Chlorella preserved under different
temperature and density for 20days

(unit: x 10°cells/me)

Storage St:;:je Culture days oo
o ¢y 0 1 2 3 4 5 6 1

20 20 30 61 212 1236 1668 1863 2041 0.9534

1g/ml 4 20 27 75 327 1208 1581 1893 2099  0.9591
0 20 25 53 276 1349 1725 1846 2184  0.9673
-35 20 16 14 15 13 11 13 11 -0.1186

20 20 28 43 199 1080 1611 1928 1975  0.9466

1g/5ml 4 20 26 64 302 1205 1576 1745 1958  0.9447
0 20 23 54 252 1376 1455 1960 2153  0.9643

-35 20 19 16 17 20 23 24 21 0.0101

20 20 25 4 224 1043 1521 1814 1933 0.9421

1g/10m] 4 20 26 57 273 1280 1568 1774 2025  0.9517
0 20 24 55 261 1238 1366 1925 2059  0.9551
-35 20 20 22 20 19 14 15 17 -0.0396

20 20 29 66 264 1253 1676 1820 2069 0.9561

1g/20ml 4 20 32 77 339 1330 1460 1923 2133  0.9630
0 20 38 84 435 1420 1555 1755 2128 09619

-35 20 22 23 19 18 18 21 20 0.0026

20 20 25 56 235 1181 1630 1959 2130 0.9621

1g/30ml 4 20 32 77 289 1280 1558 1764 1986  0.9477
0 20 38 84 409 1414 1575 1723 1984 09475
-35 20 20 18 17 17 18 20 18 -0.0275

control 20 36 170 407 873 83 954 1039 0.8142
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Fig. 7. Growth of concentrated Chlorella preserved under different
temperature of 1g/ml density for 20days.
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Fig. 6-7. Growth of concentrated Chlorella preserved under different
temperature of 1g/5ml density for 20days.
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Fig. 6-8. Growth of concentrated Chlorella preserved under different
temperature of 1g/10ml density for 20days.
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Fig. 6-9. Growth of concentrated Chlorella preserved under different
temperature of 1g/20ml density for 10days.
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o 30¢ 23 ¥ ARz UEd wE A
=St U7t 274 d& AFEFAA 0 23 F WI® $F Chiorella®] 3%
A& Table 6-3, Fig. 6-11, 6-12, 6-13, 6-14, 6-15% 2t} lg/mee] =2 A3

Table 6-3. Growth of concentrated Chlorella preserved under different temperature
and density for 30days
(unit: x 10%cells/me)

Storage S::::e Culture days cor
Vel (C) o 1 2 3 4 5 6 7
20 20 24 35 8 260 561 1018 1218 0.8468
1g/ml 4 20 27 44 104 373 646 1010 1194 0.8428
0 20 22 42 136 509 1033 1404 1585 0.9012
20 20 25 35 82 245 674 1231 1330 0.8651
lg/5ml 4 20 25 40 100 322 636 891 1336 0.7826
0 20 25 3 62 157 309 636 83 07828
_ 20 20 28 36 101 350 748 1044 1259 0.8538
1g/10ml 4 20 25 42 135 462 941 1210 1350 0.8681
0 20 24 34 73 135 222 483 716  0.7375
20 20 37 61 134 425 1034 1409 1707 09165
1g/20m]l 4 20 23 58 171 537 1088 138 1380 0.8727
0 20 28 61 127 582 1169 1384 1551 9.8968
20 20 23 3 71 165 220 639 1228 08487
1g/30ml 4 20 36 63 169 456 80 1231 1215 0.8464
0 20 32 50 130 344 738 1348 1536 0.8948
control 20 21 38 150 548 1029 1248 1465 0.8850
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Fig. 6-11. Growth of concentrated Chlorella preserved under different
temperature of 1g/ml density for 30days.
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Fig. 6-12. Growth of concentrated Chlorella preserved under different
temperature of 1g/5ml density for 30days.
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Fig. 6-13. Growth of concentrated Chlorella preserved under different
temperature of 1g/ml density for 30days.
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Fig. 6-14. Growth of concentrated Chlorella preserved under different
temperature of 1g/20ml density for 30days.
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€= 20T, 4T, 0ColA 3093 AZE 5% Chlorella®] 723 258 43L& 0T
A 7 B sgr.gd 090122 udelwith. 20Ts 4T ARE AYTE Hsw
sgr.& Yetd.

lg/smee] Y= AAFLE 20T, 4T, 0CAA 309 AF¥ §F Chlorellad] 7%
FeEy HAL 0CAM 7t £& sgrdl 086512 YEEch. 4TS 0T A
F¢ AT e vEE sgrg JERRUY.

lg/10mee] =2 AZLE 20T, 4T, 0CAA 309 NI ¥F Chlorella®] 7
At =¥ AP 4CoM HF £ sgr.d 086818 Yeldch. 0TCe AZ§
AYTFE MF *E sgrdd 073758 vEid.

1g/20mee} RE2 AFLE 20T, 4T, 0CA 30U AZ# 5= Chlorellad 7
Azt &= AL 20CAN 71F EL sgrd 091662 et o 4Ce 0T
AR AgTFS vz sgr.& BAT

1g/30me] =2 HPLE 20T, 4T, 0CAA 304 ABE 5% Chlorellas) 7
A7t &9 AZAL 0CHA 713 &L sgr.Q 08948% ettt 20T 4Tl
AR AYFE v£P sgr.g BAch 309% AR L=} AFLErt e dETF
' gz va 2743 wkey, sgrd H%E ge detdlt AFLEd
gt e 4o AolE YetllA Ft

gt AZ7|0el e 7UL YA E

$% Chlorella® WEst €58 g8t A4S F wjFsAE B¢ ARB710E
793 sgr.& Fig. 6-16, 6-17, 6-18, 6-19, 6-203 d. Fig. 6-16, 6-17, 6-18,
6-19, 6-20014 H& uis} Fol ¥5F Chlorella® A Y=o L& 239 10,
20, 30% MZ¥ Chlorella® WIS AE A$ 1929 sgr.& AF7Itel FALS
2 U2 e Bolud, A 10Y, 20¢4ATRE A Ao]E RojA ¥R 0
AR BEHE sgr. gho] PolArt
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Fig. 6-16. Specific growth rate of concentrated Chlorella preserved
under different temperature of 1g/ml density for 7 days.
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Fig. 6-17. Specific growth rate of concentrated Chlorella preserved
under different temperature of 1g/5ml density for 7 days.
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Fig. 6-18. Specific growth rate of concentrated Chlorella preserved
under different temperature of 1g/10ml density for 7 days.
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Fig. 6-19. Specific growth rate of concentrated Chlorella preserved
under different temperature of 1g/20ml den;ity for 7 days.
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Fig. 6-20. Specific growth rate of concentrated Chlorella preserved under
different temperature of 1g/30ml density for 7 days
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A2Ad F7NLAd d& 43

7h ARdxe E 43

S0E7A] £9olM dFejY3 Chlorellad ANEd F=H2 AFstded
AL E 3R L VYT YEE 2846%10%ells/me(A)ol 1, 13 FHEAG
29 YEE 1.138X10°cells/mi(B)ol T, 23} QA LG Rl YEE 4514% 10°ells/
m(Clol 2, 3a} YALYF AL 2158x10%ells/me(D)o)v, 43 AL R
5056 10°cells/m(E)o) 2, 53 YAEAY Yx& 1660 10°ells/nt(F)Ach. A, B,
C,D,E F 2% 4YTE 250mt €7] 100me4 2/HE 2C $3 1o Buaigic
Axg g3ty A Chlorella 5%% 1,2 3 4,5 6719 A ¥ 4zt wix
oA ¥Fstd 793 A FAs%At

A% 23X JF YEE 10°%cells/me, 250n¢ AZEA0] 1008 §F i &
Wol AEFAn, vl /2 iAo 25T, 30%, 5000 luxe] &AM 3tAH.

Table 6-4. Specific growth rate of Chlorella kept in different densities and
periods in month

Specific growth rate
Month
A B C D E F
1 0.4552 0.444 0.4503 0.4353 0.4285 0.4171
2 0.4449 0.4395 0.4303 0.4226 0.4159 0.4017
3 0.4290 0.4386 0.4042 0.4125 0.4064 0.3713
4 0.4396 0.4297 0.4213 0.4134 0.3998 0.3489
5 0.4129 0.4039 0.3947 0.3824 0.3624 0.3359
6 0.4008 0.3780 0.3723 0.3345 0.3167 0.2953
A control(2,486X 10* cells/me) B: Ist concentration(1,138% 10° cells/mé)

C: 2nd concentration(4,514 X 10° cells/mé) D: 3rd concentration(2,158 X 10° cells/m¢)
E: 4th concentration(5,056 X 10° cells/m¢) F: Sth concentration(1,660X 10" cells/me)
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¥H, AXYEE 2@ 5% Chlorellad) 44E9 vlii: Table 6-49 2t A
AR Mol =7 714 Be A AYF(WZT, 2,846%10" cells/m)e A &o] 7}
T ED U= MR E& F AY7(1,660%10° cells/m)e A&o] 7ha @gton o
E7t &5 8 4ol ¢e Ro2 Yeyr ojg & FAL Aol ALLE F
HE Atol& Hol: o] 671U BHAA F 4PF= A ATl vlsley oF 73%)
eSS BAdFig. 6-21). WM £ YEZ HAYFE 3770 BB HAE

€ #Aa¥ge & F AL

U A7) g A%

SeparatorZ 5xtell A $%% YE 166X 10%ells/mée] Chlorella® 10¢ 9 &}
=9 §7ld WFste] 2T YA dEFHeNZ AFsgh A 1, 2, 3, 4, 5 6,
8MY 2 ¥ 1089 8718 2 &E Chorellag AAsA /2 vjxlo] 1x
107cells/me ) WE2 HWFh] 792 4B 2YSUch MPFLEE B5TCHYD, 2E
€ 5000 luxZ 2¥+E 4Y¥E AANHA dE2TE 2904 WY £ 9 strain

Table 6-5. Specific growth rate of concentrated Chlorella kept at 2C in long

term period.

Storage month Experiment Control
1 0.3959 0.4363
2 0.3544 0.4246
3 0.2947 0.4284
4 0.2907 0.4370
5 0.2531 0.4341
6 0.1927 0.4307
8 0.1447 0.4288
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Chiorella € 83k A% ¥ 87A¥7tx 2¥¢ 5% Chlorellas] 43 & 449
ot Table 6-53 2o} Alzte] A4S ATl APEL Zasn Ut 1449
BE F A4AES Y27 o 91%el g¥oy 3714, 67149, 8/Mdo| Ayd A
B2 dx79 69%, 45%, 3% £Foz 2k g shssid dE AY
kol AHggol HIpHo|ct

o A7 AZA AN Mo 2

Y=}t 166X 10%ells/m S ¥% Chlorellad] #4412 OTCE 24% ¥fstn 3l
€ SAuto] (53183 d FAHA A F)E 100ppm, 500ppm H7MEP o, Az
TE FAAE 1A G AYTE ALEAh 34 YT AL 250w sample
Woll 100me4 ¥Wol 24 270E 2Tl W3R stdd. &4 Hot ¥=& s
o AAE Chlorella %Y4< 1, 2,3, 4,5 67018 A3 ¥ 7z wjx|o) HF3A 7
At 4L FASYT A% A HFUEE 10°cells/me, 250m¢ A4 EF 2
100me %2 Wl B Yol FFAx, Wi /2 vixlo) 25T, 30%, 5000 luxe] &
73l A 3.

ojs} o] A7zt BPAY HFEL] FAE HAEI Y] SAvtelAE HI}
¥ Chiorella®] 43 && HY Table 6-6% 2tk 3M¥Y7A = FAAE M Ay
HEF7E Aol & RolA] Ftoey 4MUNYEe g4a AT 43 ol 9 ®
%kov 100ppmETE 500ppmolA AFE o o 4IZ¥UC 6/1¥YE BFY A%
100ppmel Y} 500ppmoll A B &% Chlorellas Wiz Aol wl3le] 1.14u), 1.226)
4%l o Etoh
ol F& AE B W 4/1Y oY 7% RAF AE¥ FF Chiorellas 44
o] Hex & Wol € £ A& Aoz @dEd
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Table 6-6. Specific growth rate of concentrated Chlorella with oximycin in long

term period
Storage Oximycin(ppm)
month 0 100 500
1 04313 0.4417 0.4380
2 0.4209 0.4335 0.4314
3 0.4298 0.4224 0.4250
4 0.3375 0.3845 0.4079
5 0.3215 0.3504 0.3718
6 0.2944 0.3368 0.3596
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X 7 Z == Chlorella 9 2o] &=

Al 1 A Chlorellagl I E

124 02 Chlorella strain®] W& FUHAEE ZASAU 14 straing] 2T, A
4, g¥e 2AE AHE Table 7-13% 2ot 2o, 22d FFo] 717 &
strain® KMCC- C-2324] straindll we & Aoj€ 2ot & A2 233
°] ¥ 4 straing WAoE EBEXAPAE 2AY AP} n-3 BEZ AL
KMCC-C-27914 363%Z 7}3 &st2s EPA + DHA #3 g4 KMCC-C-274
343%2 7+ E%tHTable 7-2). 19k Zo| Chlorella®] strainel wet FF7HAlE
2 o)zt AN

$H, 984 3% Chlorellast & d¥olA A4 AZF Chlorellaste] It I
Ao Zae Table 7-373 2ok Yutd oz E HgoA wjdd %3 Chlorellax
XA gFo]l 89%Z Y&l Hlstd thh FRon &4 AF FAE 4t
Ql Marine a & A 3] 55%2 ¥kch. Bl=4t Chlorella® Aol 1.8%2 W3t

Al 2 4 %% Chlorellag) ¥»#7|7to] 2 Bolg &

1660X 107 cells/mt 9 =2 ¥ %8t H#¥ #+4 Chlorellad ez B3
717t w2 2ol &8 A HT) Chlorelladl BE#e 2°C dALHANA 1, 2, 3,
4,5, 6 8 /R ZABE rotifer(Brachionus plicatilis L-type)ol 383 43S =

Ast dz2F2E KoM WY Chlorellag ol &8t 43FE vlmato
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Table 7-1. Chemical composition of Chlorella

Strain No. D.M. Moist Protein Lipid Ash
KMCC-C-11 8858 11.42 17.42 384 49.42
KMCC-C-19 90.72 9.28 27.60 292 3353
KMCC-C-20 92.07 7.93 26.30 5.55 30.21
KMCC-C-21 92.10 7.90 434 1.97 21.24
KMCC-C-22 91.31 8.69 21.17 395 26.97
KMCC-C-23 90.69 9.31 46.88 8.64 20.53
KMCC-C-24 91.37 8.63 28.34 4.42 29.58
KMCC-C-25 91.91 8.09 28.37 339 31.87
KMCC-C-26 93.96 6.04 20.74 4.27 39.17
KMCC-C-27 93.16 6.84 32.26 8.18 17.66
KMCC-C-28 9443 557 2041 440 3391
KMCC-C-29 92.36 7.64 36.63 283 25.39
KMCC-C-30 93.07 6.93 33.99 429 19.74
KMCC-C-39 81.35 12.65 14.56 3.68 50.26

KMCC-C-11 Chlorella sp. : KMCC-C-19 C stigmatophora ; KMCC-C-20 C. ellipsoidea
KMCC-C-21 C. ellipsoidea ; KMCC-C-22 C. vulgaris ; KMCC-C-23 C. sp.
KMCC-C-24 C. sp. KMCC-C-25 C sp.; KMCC-C-26 C sp.. KMCC-C-27 C sp. |
KMCC-C-28 C. sp.. KMCC-C-29 C. sp. : KMCC-C-30 C sp.; KMCC-C-39 C sp.
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Table 7-2. Fatty acid composition(% area) of Chlorella strain

Fatty acid KMCC-C-20 KMCC-C-23 KMCC-C-24 KMCC-C-27

80 0.2 0.2 0.1 0.1
10:0 02 0.2 0.1 =
12:0 0.3 0.1 0.2 -
13:0 0.3 0.9 0.3 -
14:0 42 0.7 35 4.3
14:1n-1 0.2 0.9 0.3 0.3
15:1 N - 0.1 0.1
16:0 24.3 19.7 26.9 194
16:1n-7 19.0 1.0 185 15.1
170 - = - 0.1
17:1 - 0.2 04 0.3
18:0 0.6 0.2 1.0 0.7
18:1 10.2 37 12.1 49
18:2n-6 57 154 49 29
18:3n-6 N 0.2 0.4 0.8
18:3n-3 0.2 22.2 0.2 0.2
18:4n-3 N 0.2 0.1 0.1
18:4n-6 - ~ s -
19:1 05 N = e
20:0 - - 0.1 02
2011 = N - -
20:2n-6 - - 0.1 0.6
20:3n-6 05 - 04 0.3
20:3n-3 04 - 24 09
20:4n-6 3.1 . . 3.7
20:4n-3 - - 0.2 0.1
20:5n-3 19.2 N 18.8 33.8
22:0 - - 02 10
22:1 = - - 0.3
22:2n-6 - N “ 0.7
22:4n-3 - - - 0.1
22:5n-3 = . = 03
22:6n-3 - - - 05
Others 10.8 342 86 8.2
Saturated 30.1 22 323 24.8
Monoenes 30 581 314 20.7
Total n-3 19.8 224 21.6 36.3
Total n-6 93 15.6 5.95 9.94
n-3 HUFA 19.7 - 21.3 36.0
EPA+DHA 19.2 - 18.8 34.3
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Table 7-3. Chemical composition of concentrated Chlorella of different products

(unit : %)

Product Moisture Protein Lipid Ash
Japanese

Uni Chlorella 5.01 54.84 0.99 9.34

V12 (Samhae) 292 54.49 507 6.64

Fresh green 600 3.67 58.45 0.84 840

Marine « 118 41.13 522 34.22

Thailand strain 1.97 25.70 1.79 15.85

Present study 3.85 41.20 8.86 7.54

Rotifere 25C, 20%, 3,000 luxollM w3 FFs=E 50 7HA/m = 250me
flask(100m¢ )M 792 wiFste] old HFFE ZAeA(Table 7-4, Fig.
7-1).

Table 7-4. Specific growth rate of rotifer fed on concentrated Chlorella in
different storage period

Storage period Specific growth rate

(month) Experiment Control
1 0.4627 0.5020
2 04133 0.5090
3 0.3566 0.4978
q 0.3368 0.4866
5 0.3117 0.4934
6 0.2452 0.4866
8 0.2314 0.4986
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1 month 2 month

500 500
400 1 400 |
el : 300 | i
100 | 100 }
o LB e ol , .
0 1 2 3 4 5 6 7 0o 1 2 3 4 5 & 7
3 month 4 month
500 500
400 } 400
300 } 300 |
200 } 200 }
5 100 | 100 |
& 0O 1 2 3 4 5 & 7 0 1 2 3 4 5 6 7
o]
%; 5 month 6 month
é§ 500 500
400 | 400
300 } 300 }
200 | 200 }
100 } 100 }
0 e I e R it L
0 1 2 3 4 5 6 7 0O 1 2 3 4 5 6 7
8 month
500
400 |
300 |
200 |
100 }
o L

Cuiture day

Fig. 7-1. Growth of rotifer fed concentrated Chlorella kept in different
Months(lll : control, @ : concentrated Chlorella),
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17019 73X 9 Chlorellad] 434 E2 B8 x79 92% A4F&5L Bwgdoy 3 6,
8 /AY 2 Algto] AAgo) wel AF 7o HAAEL 2T 72%, 0% 46%E 4

s2 ol ols} BE Holags FWAE ¥ W sEHW ¥ 2EsE ol A

Holt}.

3, g4 (LA ve)A)E Htee] B#Y F3% Chlorella® HFo2 #% &

& Wy oz rotiferd WUt diz7 o vlmg ZAFHE Table 7-5% 2o

Table 7-5. Growth of rotifer fed concentrated Chlorella kept with oxymycin

Specific growth rate
Month .
0 ppm 100 ppm 500 ppm
1 0.4445 0.4718 0.4885
4 0.3368 0.4562 -
5 0.3193 0.3244 0.3915
6 0.2922 0.2846 0.3552

100 ppm3} 500 ppme2 AT AYFE A ¥ dxzFd H& rotifere

AAEc] &3tk 500 ppme 100 ppm o B3t Algte] AEFE o & HFE

€ By a2y 2E

AYFAA Aol AL4E rotifers) 43E BL A

23y 100 ppmel A$ SHERAE 2T vl a5t Aoy 6/ Yl

=79 Aolst AU,

170 238 ¥ 100 ppm= 500 ppmolA] B & E Chlorellad]

HolE & tlZTFol H3te 6%, 10% o4 4FEE ©on 500 ppme] FAYA
Hste) 67HY RAY AS h2TFol vt 2%014e] 4FES LA

Al 3 A ¥Z Chlorellag o] & & rotifer %
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F4 %% Chlorellas £ AgdA A3d AGAES AEsAT A28 55
Chlorellat @44} Chlorellag A &2 o|vl A% 29 Fresh green 600(7 o v 7 54
At Az, 2z 2 FA3A Bo))E ALEsE o] ¥F Chlorellad] %ol&dd
Bl @3}l7) ¢35l L-type Rotifer (Brachionus plicatilis)& A3didFo2 sttt
400¢ FRP 2}z £z JEE 15%9 d4si+& 350¢ B3 Rotiferg 10°2/me
9 ¥E2 AFsgen EE B5CT2 fAHAL. F 72 ¥5F Chlorellag &
2t 20 % 10" cells/mt/day¥ ¥F&¥A R Rotifers] AMF& ZALSHL o] 24F
specific growth rate® 739 £% Rotiferd] T3¢ FFXJFE ZASA

AYe 2 w27z ANE,

7}. Rotifere] 4% ¥l

A ¥% Chiorellast Y24 52 Chiorella & Z/F& 24 2 rotifersl &
HE F 597A AL Z7F 3¢S EHtH(Table 7-6, Fig. 7-2). 234, 64AF
B 24k ¥% Chlorella® F3% rotiferd] 3% &3 7150 104 HAAMs
7b 1820te)/mEA YEAF 53 Chlorella® ZFF A% 9UA 98vtel/me Lt 1.94w)
woteh W specific growth rate® F4 5% Chlorellag 33 % 3$E 041924

YEA ¥ Chlorellag® FFF 299 03268 A Yeltoh

. Rotifere] E@&3 HIXFF A

24 ¥% Chlorellast Q&4 5% Chlorella  F/FF 44 99 rotifers) £
&3 YFIIFE 3 ~ 44 F7I2 Fgo] WEHEA Ago] ZFFHel whet i
stgel, 4 5% Chlorella® 3¢ 4% TS} YT BF7E 9424 55
Chlorella® 3% 7ZA$2ct A2 EtHTable 7-6, Fig. 7-3). I ¥=
Chlorella& F3% rotifere]l Z$E HF ¥ 29T 5YA 39%2 A9 TA&g

_c,'_
Bgon ABA ¥2 Chlorella® 53¢ Z%dde %3 19 ¥ 41%=2 H19 &

- 113 -

E01B/07/08 1427 - G XIW Y A B

NZEX: s=EASH0IMZ(Chlorella F)HL 2| M3/ SSF



uede{ ut gpewr (g UsAIL) ysolg 2
ANsIsau [eUOEN SUNAYNG Ul 90UIDG SSUSYSLY JO JNIISU] e SpRW DIpIOSdi|2 D)j3101y7) PANRRUIDU0YD) [

. . X ) . o . . ) . . 9¢e0
0000 0E00- 900 6T0 LI00 2660 SO GO0 LELO EEO SO g OOf oo
. . . . i ) ) ) . ) . 6170 oyyradg
0000 6920 6100 ZWEO SOE0 98GO KGO 2050 V0T BLO 890 g OOM
20 20 ZO 20 TO 20 ¥0 20 €0 ¥0 ¥O - 90[ (pu, ssm
20 Z0 €0 € 10 €0 v0 €0 €0 S0 g0 - ooy 0N
o W oz 1m u %€ W 1§ % I - 00f (%) swmor
gutALres-83s
91 1) 92 62 €l 62 6€ 6¢ 6¢ 6¢ 8 = 003 jo sBejusdreg
% % 8 @ ¢t w w© & € s ¥ o D2 .
281 781 I1ST 6,0 9%l zol 89 9% b 61 91 Ol 00y “OUmuIRD
m o 6 8 L 9 g y g z t 0
s1eiq

uonEMOOUr WOl SAR(]

SI91p JUDIHIP YIM SAep [T 0] paimnd 3dAy-] syypoyd snuonopig ‘19§00l jo uoponpoid 833 pue PImoi) ‘g-; JqeL

- 114 -

e
o4
&
=2
S
=y
=
a5
<

FEHE

3|

CSEASHO|MZE(Chlorella SN2 &Y

I=&EX



200
180
160
140
120
100
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N
o
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o

0 1 2-3 4 5 6 7 8 9 10 11
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Fig. 7-2. Growth of rotifer, Brachionus plicatilis L-type with different
diets.
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Fig. 7-3. Egg production of rotifer, Brachionus plicatilis L-type with
different diets.
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)

€S Qo HEFXBFE IFA 55 Chlorellag T3 A5 HF F 294 05
M2 Hge Jeton YRA 52 Chiorellag 33 Aol AF % 19,2
d 2 5YA 0402 Huge JePHUC

3, YBA ¥5 Chlorella 2 43NN A=Y 5% ChlorellaZ rotifer& I
Frotifere] FFEM AL Table 7-73 2o} 34 olddiAF FRALA TaY
dge e Ao A £ AFo2 uUYd rotifers Y& FAL HEA A
Ao o] & Ao Yeht Yol g FHoA YB4tel) st 43 A

22 e,

Table 7-7. Chemical composition of rotifer fed different concentrated Chlorella

products.

Chlorella products Moist(%) Protein(%6) Lipid(%) Ash(%)
Japanese Fresh green 8.29 58.12 754 10.75
products 7.08 58.15 6.12 11.68

Uni Chlorella 9.48 57.93 8.44 12.03

12.76 55.84 6.05 1.59

V12 11.34 54.90 - 599 11.92

(Sambhae) 10.93 57.42 10.34 10.94

Marine « 7.40 57.44 6.34 15.64

11.00 54.73 9.28 15.72

Present study 832 56.50 9.70 12.45
6.01 55.59 9.82 10.30

Al 4 B Rotifer |73 AL 943 %= Chlorellad] Holg &
2 AgoA diF Az2F ¥ Chlorellag AL Z rotiferd] W3S diFAA4L

@ Holage ZASAT $4 4E Holdgd BmE BT 44 YhEe 2

Abg ¥ 53 9€ Chlorellad] @& W7& A4 ¥3&8 ALY, E 08 72
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2 HolZFo) Be YT oF AVLYL Setad Holnge FAbshd

b A gdol 4 gol e WTYE AR Fie

Rotifers AY nEZ AF dAdAM £ S-type rotifer, B. plicatilis(C-S)
strain(3] - ¥, 1996) & A&st¥h 28C, FE 15 pptoll A HAHE HTFRE 3R
S 4Co WAEBE T 28T, 15 ppt, 2,000 luxel A 36413 Bt F5AA 7 H
o]'d female 2074 M & 30me(v] ¥4 20me) A @oll HFstsch 4l A8 A2
o2 AU FINGTNAHZFLYNAN 2F L A2 Yol F{FY ¥
232 Table 7-83% 2. Yol EL Conway HjAl(Walne, 1966)2 wWi¢d o5,
dAEY72 AENE TS FFsAC MFEIAL £ 28C, 94¥€ 15 ppt,
Z5 2,000 lux2 &4t

Table 7-8. Density of the microalgae for S-type rotifer

Microalgae Amount of food density/2day
Chlorella ellipsoidea (KMCC-C-21) 120%10® cells/mé
Nannochloris oculata (KMCC-C-31) 250%10° cells/mt
Tetraselmis suecica (KMCC-P-4) 06X 10°® cells/mt
Pavlova lutheri (KMCC-H-4) 4.0%10° cells/me

AP Bl A rotifer AAFE AY 294FE & 22 AA ¥L female (7%),
HUAQA L 3t female (£ §), maled AAsE female (3 §), W3 Qs
female (D$), 2T male (3)2 FEsted WY ZASQT ¢ 82 A %
& female (?%)& 05 m¢ multi culture plated] & A4 10743 SHH22 F
2% ¥ ujFatAA female2 o] Fel@sE A AT old & FE9 female ¥|
L Hx AN 28 AEo HE3] 4 P female/RAF2 @Abst
At 2zt female®l ¥ ElE Hagiwara et al. (1988)2 Wl & ot
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T2 E (mixis rate, (3 $+D%)/$$x100% FAHE (D$/(3 % +D3)X
100) & Hagiwara et al. (1988)l *#3eol wet ARG 22z WF7It F
rotifers] H WM F/me)et A& & (specific growth rate, r)-& ZAMSEF T -
8, 1996). 4Ee 9¥z &l 4Y FEA U= 50 m seived ol &3t F T

+& ZAsA . Rotifer WY 4@ 7& 1Y 28 E50 FUAx 23 w8 2Ys)
Ak A2 HolYE FFHo "t PP WFde] FEFEL WTFRE FTHRFA 3
NYEL 4C FF oM BHstd YWFL 1007HE 5 ml(FF 4 ml) multi
culture plate®] 4&3ta] 15 ppt, 287C, 3,000 lux AN 36AL Z(F F3&
< A AEe 23 vEIGNH.

F79 A8 Yool wWE rotiferd] WTF@ A4+ Table 7-99 2t 43

=N

AT E N oculata® FFH APF7F 79A 825030/m=2 71 A JE

N

13
w
M Aol7t YA 2y 5 BEE AU Yt P lutherit T. suecica

kI

= il
& e C ellipsoidea® 997 7307MA/m 2 JelYNT F A7 M2 &

g 3T AYTE 5YA &Y 343, 3RAA/ME Hn Y =2 F 6UATH
Zasd. 28y HZEL P lutheri, T. suecicad 377t 2% 1.160, 1.1612 o
E AYFRY g4 Jeixd, Holo @& FAHAYANEL P. lutherid 377k 22.9%
2 7 A JdERAR g2 4879 FAdol ANt FHEL N oculatag
FFY AYFI} 7HE BL 601% FAT C ellipsoidead TFE HYTE A
Te 79AQ Aole Bolz @t Yol FEe wE rotifer WTE A4S N
oculata?} 3,76071/20m¢ 2 7+ ol A HUm, B+ P. lutheri’d ¥ 7(1,91071/20

mg)el® C ellipsoidea® F8% APT7F 59278/20m 2 7+ AL A4S B
U 5&" Yo|FFo ©tE T YA P&

Rotifer= A3d 1o AlE§ Y37 strain® 2 28C, 15 ppt, 3.000 luxZ H3A1AH

36A1 7 2t B3bst 1570 rotifer clones 30me (vhF Y 25me) Al Fol 1AMy 27
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AEEXH: 55

Fg8] UFE Aol 7bF &L cloned MHdte] dYol AL&EATE o) 4

T RRAZZF(OISGFAFTA YA, 4ARF(HAFH YA, A5 C ellipsoidea
(KMCC-C-21)& i 3uh¥3ted 5%A20 8144t Chlorella?(120x 10 cells/ml), 2
#4 C ellipsoidea (KMCC- C-2)& MEW &stel 0Tl B5RUE WE
Chlorella T, " E2(30%)+ WS Chlorella (70%) EFTF, WEE(70%)+¥ T 3+
At Chlorella(30%) T8, 48 34 Y& Chlorella F(%¥% Marine o), 48
7uv7F4AAA Axg F FH d& @5 Chlorella T(4F™ Uni
Chlorella-Sol 9, +4 x>~ &, A%%, Fresh green 600-2ul, 7 x X F2 A}
2 2% 9 487 Yo] FFHL rotifer 657 A/mE 71ELE ZF Holo A
23 % 15 gg/day2 F Atk Rotifers 250m¢ AZ4F 2z (vl g 200me)e] 9~
100A/me AE2 £& 28C, 9% 15 ppt, 2= 2,000 luxollA 1Y 23] wjP
4718 &89 FUon AYr|te 9Ye 2 33 wrEEct Rotifer MAF A
TE, FAANE, FAE A 49 18 %%'3}%!4.

%9 Yol4E FFHol wel €48 WTEE ¥ 15 ppt, 2CAA 3WL TS
238 & 5 ml(sl%4 4 ml) multi culture plated] W 7& 300~4007] &3t 15
ppt, 28°C, 2,000 lux oA 3641 ZAFHFE $3&E AU T AFL 43 t&'—‘—i'.-%}%i
o},

¥% Yol4 B w& S-type rotifers] HUUYE, 4AE, FH4NE, +HE 2
W@ Aate Table 7-10% %t} Rotifer A 1Y =& Y& G54 $F Chlorella?
Uni Chlorella7t T17703/me2 7t3 A Jebdoh HAR(30%)+ 8% Chlorella
(70%)2) EFTE 6087WA/m2 Y& @44 Chlorella Fresh Green 600 (62770 %)/
m)ETh wA veEbgAT Fo A Aole g WA R(70%)+EF  Chlorella
(30%)8) EFTFG22 A/ myckeE A Jdetwd. W3, ¥F 4 Chlorellas Z
z+ 398, 3867HA/m 2 Y& 44 Marine o (273703/m)Rthe EA JEbkTh &
2HU WERE 3237/0M/m B2 FRAER (225/0H/m) 2t = A JERRT
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448< 9T Chiorella7t 0.4462.2 713 &4 vdetdn W3 Chiorellast F4t
Uni Chlorella’t 2+2} 0.414, 04182 EA Yet@gA o]&3Fe {4H Aole o
Aok AR +YEF Chlorella EZT9 94 Fresh Green 6009 4 %&<& 0387~
04052 Yetch £ FAZE, AR, Marine ¢ & H2A 473go] 0338~0.351
2 v Zy @A Jepsch

FABNELS slsat 55 Chlorella(33.1%), WA R(30%)+¥E Chlorella(70%)9]
E37(306%), TFAt Uni Chlorella(27.4%), A E(70%)+Y¥ %5 Chlorella(30%)9]
EF+(260%), ¥F Chlorella(215%)c o2 A JeEtRAT M2k {44 Y
ez gt FRAAZR(220%)= WAR202%)ET FA44 &0 AT oA
A Aole YN Marine o & FA A4 &l 7HE & 11.7%2 JEtW

FHEL BAR(70%)+¥E Chlorella(30%)9) EFTF7F 7t &L 631%2 Y&t
WA % BF Chlorella(62.5%), AR (30%)+WE Chlorella(70%)2] &% T(56.7%),
FAAZ(50.1%), A 2(47.7%), Uni Chlorella (45.0%), Fresh Green 600(43.3%)z}
froAQ Aole YelyA gt WF Chlorella®t Marine a+v 242t 246, 34.7%9
FHEEZ Fdon olg MR {FHQ Aole UM

Bojo] W& mF N e WI2(70%)+¥F Chiorella(30%)e] E&F+
944t Uni Chlorella7t 2837/1/mE 7134 A JEwn, WEZEX)+YF
Chlorella(70%)2] & &9} Fresh Green 600°) 26370/m¢2 ®o| Yebktch. 22y
olE Yo|zte] £ Aole UUG. T WF Chlorellas 11570/m2 B F
Chlorelia 687H/mEtt BRAT F APFdes F4HA Aols AUS. 2y
FRAEARSY HERE 7 4870/me, S570/me2 vl AHA et 44t Marine
et 7H AL 1174/mE YEbsch

Rotifer 10,0007041%2 W+ AL WER(70%)+YF Chlorella(30%)2] &7
o WAR(30%)+YF Chiorella(70%)9] E&77t 242 5566, 4,350 7t% ¥l
et A e 22 F3A zoje AN @4 Chlorella® <! Uni Chlorellast
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Fresh Green 600°] 3813, 4201712 sj<=4t ¥3 Chlorella 2,98371st= FAHA 2
ol 2itt. 2y WE Chlorelaitt fHez A Jdeiwy. f#ALRY B8
2E 2 225170, 170570 QAT M 229 froA Aole fUT  s4t Marine
ae 434 7t3 HA Jdetgd.

AZ 5% o] Ingd WT I HAL HAR(0%)+EF Chlorella(30%)9] E37
o} WEP(30%)+WF Chlorella(70%)) 77 z42 213, 1812 & Holdn
o] Yelgn @44 Chlorellad) Uni Chlorellast Fresh green 60001 22t 179,
17102 Jet AT o]EddE F943A Aole Y. i+ F5F Chlorellac
W% Chiorella Btk B%AT #94Q zole ARX, FALZEG7H)E BEREGS
MBY BRAD FHQ Aol gLt )8 AEFE #FA Marine e (1472
g foyez A debsd

$%9 Yo|] £Fo WE ¥ FAAEI MY L 674%AT HEFLE
UYE g4 Uni Chiorella?t 60.7%2 JebgAIrt o] &te] £l zole UM
t}. Y& @44 Fresh Green 600 Z€ 7% Uni Chlorella 2ot & 406%2
g Jelktch WS Chlorellast "8 ER(30%)+¥ % Chlorella(70%)9) E£@3& z
z} 433%%} 455%2 ol £t FYHY zole YA WA Chlorella (37.8%)
WE T (70%)+WE Chlorella(30%)] &7 (378%) Bt &A deiwc. 713 ¥

g AR 328%AUH

t}, Mo|FFo @& L-type rotifers] W& diFA

Ay ALEE L-type rotifers A& 7T &FA #2|@ O-L straine 2 20
C, 15 pptoll A ALY W FFE 4ColAM 3/ML3 Badto 28°C, 10 ppt, 2,000 lux
ol RstAlZcH 200¢ FRP #7dsa I HFoAZFSYAAN £G4 s
A} Chlorella sp. (KMCC-C-27)€ Wi Zulgd & £XEE o839 9d& 10 ppt2
ZHY ¥ 2 IAY rotifers FFsIAT 200 ¢ FRP #ZA #£2& 20CE +«
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A8t rotifer7t 1507H#/me2 @ W74=] ¥% Chlorellad Yolz wjtg & g4
zol FsEch 48e 1.2m° (MBS 1m®) FRP 4Zol Wi Chilorella o +%%
& HolM 9E 10 ppt2 =AY o0 ojg Chlorella 2EE 2500%10° cells/meo)
AL rotifer & =& 3~5 7MA/meslch £&& BYHE o83 21.1~219TC
2 A8,

Aol ¥% WA Chlorella 9 * 3 R (Sacchromyces cerevisiae)& ©)-8 3t}
"I rotifer 10703/meg 71E22 ¥% WA Chiorella (495%10° cells/ml)+ &=
(J2T%F 061)8 T T80 1 WAL IdTe 2252 09 S FTFst Ao
Ho] FF A7l 49 5¥9A FEH Asidz FINFE oY 33(10:00, 16:00,
23002 #%th ¥% Y% Chlorella £ 4m® #2H m’F Zgv2 60gd a4
HE 20g2 WY AE A4 AARAVZ ¥ F YZAET) BT A}
23U WARE HFFAYA AFL ALttt Rotifere] AMNYE, A E,
TRE ZAME - 319969 HHE ok WTR £ H4Y F8A 145,
125, 50im seiveE o] & & o},

Im’ ¢z 9] HolFFol e WP 43 ABE Table 7-113 2o}, ¥ 5
A A e HSE 4L BRAAT WG 8YANFE 35 WY Chlorella+WE R
L7t ©5TFEYG 4ol F5dAT $%F YA Chlorella+ AR EFFAA
o HmU=s HFES ¥Z 175504/, 02642 WAR GET9 10570 H/me,
02032t wA detwtch =& 5% WY Chlorella + AR EFTFAAM ujgF 7
YA maled] E¥o] 07/MA/mo2 YEROoY BET GEFANE Y AL 5
e 10/ H/meol st 2 A Jebtch W 7@ AASE mictic femaled] YEE A Y
9d7tA e ZE AYFoA vHlxsA HEIRAT 9Y olF FE FEANAANE ¥E
W& Chlorella + &R EF7F H1 22~387/M3/m2 WaAR HET) 3~10
MA/mET A Jdebdch % W3 Chlorella + a2 EFFoM 444
% £HES 27 201%, 844%2 WA RE GETo| 158%, 600%H T A vehg
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NEEH

S5

Al

—/

A fo A Aole AU F WD A4, 10° rotifer & WF Y At Az 9
o] g B HFHF AL ¥% YR Chlorella + HERS ERT7 22 545%x10°
A, 305%10%H, 100X 10°AQ 2, #EZ ©STF7F 2tz 305x10°7K, 285% 10°7H, 67
X102 Jetgoyd M2 £ sols AU}

2}. S-type rotifer] W ol FAYA

Ayl ALEE  S-type rotiferes WY LET AF(C-S) FHAA NP3 &F
a7 straineZ £ 28C, 2 15 pptollA]l ALY HFBE 4TColA 371¥3
BT o] WFEFE 28T, 15 ppt, 3,000 luxell A 23}A17A 3647 F 2 F3}
g rotifer& 1574 clone22 F&3t9 15m¢ Alg (g} 10me)ol 4 F43tAch
dY=d& 28T, 15 ppt, 2000 lux 2 AT HolYg2E AU FIsgv
AzF2 ol BFee Nannochloris oculata (KMCC-C-31)& W4 ¥ A4 E
gste] METE 38te] 2000%10° cells/ml/day FFetdch 4FAZL 169 F¢
5o F Ay APPE EES0] AW ol HEHHA HYn WTFE M w2
cloneg Meate] Alga%th 1.2m° FPR(MWZS 1m®) $2AME clone 6& © 43
92, 4m’ AYE YYFZRANE clone 68 THAl et 2L WPoz MU
clone 63& ©l&3t3th Zt clone2 A P22 28C, 15 ppt, 200 ¢ FRP FZ oA
¥% C ellipsoidea (KMCC-C-21)& 9o|Z AM&-3td wigstgld. +£& zd&
Im’ $2306~321C)NME lkw A718E 202, 4m® $£2(27.5~285T)elNE B
Ui g ol &3t

gol FFE Im’ £2olME $% WA Chorella® B522 FF4AD 4m’® +
ZolME WAR (70%) + ¥F Chlorella (30%)8 &% FF3AT o) FFFL

rotifer 2570 8/m¢E 71Ee2 7z} 2olo] AHZFFo 2 |5u/day2 FF3A. 2

¢4

Chlorella ¥ m’% 2% 2 60get S8AHE 20g2 4 m® 2N s AL

& AAEY7IZ 130x10° cells/mlZ ¥4% F WAAMUT) B3 AEEA
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Y. WF Chlorellas 5% 3% Chlorella& A 944 Y4 Ee7IE AH&3o
Chlorella A X3¢ F&sta] YEn(-30T)o] waste] AHE3ct. 27 rotifer A
FUx & 5~1070A/me2 33t

S-type rotifer 7 tFHAE Table 7-12¢ Zch Im® F2AN 5% Y3
Chlorellag B3 APAME rotifer A1YTE 107~14903/me2 Vet 4%
L 0511~06448 AN AN ES P EL T2 104~36.7%, 668~8l4%=2
Jebtth & U PE A 50~104x 10702 YTl wekA 2 A E o)z} et
Wb 10° rotifersst A= wo) 1g% WFI YA 7 47~82x10°70, 136~260%
10702 Jebgo.

4m® $Zo| 4 S-type rotifere] Hn Y=o HAEL 42 41~146703/me, 0372
~061322 APF wA Aoyt wth FAHYNER} FHEL 47 203~
58.4%, 64.4~90.9% %2 % TP AL 149~567x10°/12 vtebuteh. 10° rotiferst
Az Yo| 1g% WTFE A4S 2z} 36~123x10°70, 131~338x 10°7/0 = o]zt 48
A deErso
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X 8 Z Heterotrophic Chlorella 2 7i 4t

334 & 8= autotrophic Chlorellad] 2 $ 971219 HolME Fou diFAYLA

o

3ol 4e WA L9 ® ANHOED AAE AHA 2 ol go] Utk

pid

By, F& dHoAM wWF2E olgstd AAHY #AZA] 9 heterophic
Chlorella®l 7i%to] Fg3tc} o} ¢ Chlorella 33 ¢HAF} ZAHA FHAM
AU 7]Fe] FEFgFE WA gu AAA
Chlorella®) #s S8 dgd AA
Chlorella® 7M'&3t) AA Chlorella®) 550 A8 E + At WAL 28z
2t Ao

£ dYol Al8€ Chlorellas

fosich, w2 AFeME

Aatg 7HEEAl &) % 3t% Heterotrophic

FAQSGR FA%H o FIAGVAZFSYAM

BESHD Qe D5A Chlorella TN 8% Mdslod AL&-3 % tH(Table 8-1).

Table 8-1. The list of species for the experiment

Strain No. Species Source Stock Media
KMCC FC-1 Chlorella vulgaris UTEX 259 S.K.
KMCC FC-3 Chiorella vulgaris Nacdong S.K.
KMCC FC-4 Chlorella pyrenoidosa UTEX 26 S.K.
KMCC FC-5 Chiorella ellipsoidea UTEX 247 S.K.
KMCC FC-6 Chlorella ellipsoidea UTEX 20 S.K.
KMCC FC-11 Chlorella sp. Fresh Green S.K.
KMCC FC-12 Chlorella sp. Uni Chlorella S.K.
KMCC FC-15 Chlorella sp. Jinhae SK.

2 JFL SKHAE o83, 2EE 4,000 lux2 3t 29, LD cycled 2402

2 pusfg,
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1. $484 2 Vitaming 7@ u]F

7b. A A7 wiG

UreaZt ¥7He vlx|o] 8% & HFFsld 24U AAF dx 4Y 24N 2 49
TolA bacteria®l d402 Ad Chlorellas) WAl UM, 215 bacteria®] ¥4|ol
7b% B Chlorella sp.(KMCC FC-12)¢ Ad¥sta QA& Hrlsta 49343
. Ay AlRd FBAE OTCE U%HF3IR Ue SAnlo] (W -3 EdF
A3 A AE)o2 200, 500ppme 4z Atsgen, dxFe FAANE HosA
gstch AE YEE 100% 10%ells/m), 250n¢ flaske] 100n¢ &2l WAE Y7,
S.K. ull®], 34T, 3000 lux9] €ZA 12¥€3 wiFsAt.

4L )Y HemacytometerE& AH§3te] 400v] #o|AHjellM WH3od HEE A
gt gAY T2t 2t g wiReA 1293 wigd 4F FIAE Table
8-29} zth. 500ppmel A #j € Chlorella’t SGR. ol 7t &< 051892 YElit i,
200ppmoll M 04945, ZFoAM 044992 FYA ] o] wAsts YFES B
o,

Table 8-2. The growth of xenic Chlorella on antibiotic substance
(x 10" cells/me)

days
Antibiotic B

substance

SGR.
1 2 -3 4 5 6 7 8 9 10 11 12

100ppm 107 362 885 945 1095 1419 1900 2169 2231 2850 3338 3950 4513 0.4499
200ppm 99 1181 1671 1710 1950 2069 2406 2563 3044 3394 4050 5675 6050 0.4945

S500ppm 109 1391 2605 2631 2006 3150 3219 3688 4688 4813 5638 7000 8163 0.5189
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. Vitamin 7} W%

AEe o 483 o) Chlorella sp(KMCC FC-12)2A, vitamin®] F &%
¥SE Table 8-3% Zth H3F YEE 100X 10%ells/ml, 250me flask 100m¢ &%,
A& Urea-B, SK. vl x]d] 34T, 3000 lux2] #7734 3Uzt wigatsddt,

Table 8-3. The volume of vitamin

Concentration

Vitamin
x 1 X5
Thiamin, HCI 0.1mg/ ¢ 0.5mg/ ¢
Biotin 05ug/ ¢ 2.5u8/ 0
Cyanocobalamin 05ue/ ¢ 2.5ug/ ¢

Vitaming 1v], 5vi2 H7lsted wjddt AgeA == 6,000 luxol A vitamind %7t

& e A¥F7F S.GR.o| 0469322 713 wA el cH(Table 8-4).

Table 8-4. The growth of xenic Chlorella on vitamin (XO0:control, X1: ltimes,

X 5: Stimes)
(X 10* cells/me)
Light 6000 Jux 0 lux
Vitamin X0 X1 X5 X0 X1 X5
0 117 111 113 114 122 114
1 149 134 146 105 111 107
Days
2 215 192 185 97 115 117
3 310 273 266 89 93 113
S.G.R. 0.4693 0.4350 0.4141 ~0.1146 -0.1300 -0.0021
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2. Heterotrophic Chlorella®l @4z AR x99 uiA

7t Heterou:ophic Chlorella &

RAEL 9 AY9 G54 Chlorella 83& 4332, € ¥ & 4¥9%H
2% penicillin G 350ppm, streptomycin 200ppm, Chloramphenicol 40ppm& ©] &3}
of 2@Mesta] Al YFLEE 100X 10%cells/ml, 25008 flask 100m¢ &%,
WX = Urea-C, Urea-B, Urea-Col Acetic acid 0.2% #7t¢ uiz], Urea-Cdl
Sodium Acetate 0.5G/ ¢ A7t¢ vix& A85 R 2o(Table 8-5), 30T, &&F2H ol
A 7URE g,

Table 8-5. The Composition of Urea-B(Endo et al., 1974)
Urea-C (Endo et al., 1977)

Urea-B Urea-C
Urea 6000 1000
KH2PO4 1000 200
MgS04  sH:0 1000 200
CaClz 30 100
FeSOq4 + TH20 15 5
As solution 3 1
H3BO:s 1142
ZnS0O, + TH20 882
MnCl; - 4H20 142
MoO; 71
CuSOq - 5H20 167
Co(NO3)2 - 6H20 49
Citric acid 250
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Table 8-6. The growth of eight Chlorella on different Media

Days
Media S.G.R
0 1 2 3 4 5 6 7
Urea-C 102 108 120 133 140 139 152 159 0.0915
FC-1 Urea-B 101 97 96 84 91 86 87 92 -0.0192
Acetic Acid 107 107 111 111 108 110 113 109 0.0038
Sodium Acetate 106 113 118 126 131 137 142 138 0.0544
Urea-C 103 110 125 135 135 155 162 170 0.1033
Urea-B 104 100 99 90 90 86 89 87 -0.0368

FC3 Acetic Acid 100 97 102 102 112 118 123 109 0.0178

Sodium Acetate 107 132 127 133 141 143 152 158 0.0803
Urea-C 103 103 113 109 117 118 121 116 0.0245
Urea-B 108 104 105 99 94 95 98 94 -0.0286

Acetic Acid 106 109 117 116 116 116 117 120 0.0256

Sodium Acetate 102 108 120 134 133 140 152 148 0.0767
Urea-C 107 120 121 129 132 138 142 146 0.0641
Urea-B 101 100 9 99 8 8 84 8 -0043

Acetic Acid 108 109 112 115 119 117 110 105 -0.0058

Sodium Acetate 106 114 121 122 135 138 129 136 0.0514
Urea-C 101 108 120 135 137 151 163 168 0.1049
Urea-B 97 9 90 90 9 89 82 86 -0.0248

Acetic Acid 103 110 107 117 115 116 120 119 0.0298

Sodium Acetate 105 115 123 129 131 137 142 149 0.0721
Urea-C 106 115 116 111 119 123 132 129 0.0405
Urea-B 101 96 9% & 90 8 94 89 -0.0261

FC-4

FC-5

FC-6

FC-1l Acetic Acid 104 105 113 111 117 112 108 115 0.0207
Sodium Acetate 103 117 118 140 151 170 189 203 0.1398
Urea-C 106 117 115 116 123 118 128 132 0.0452
FC-12 Urea-B 100 97 - 94 91 87 87 82 93 -0015
Acetic Acid 107 117 125 122 123 128 132 129 0.0385
Sodium Acetate 103 115 117 135 144 171 189 201 0.1378
Urea-C 109 110 123 128 142 149 162 172 0.0940
FC-15 Urea-B %8 9% 89 8 8 8l 76 82 -0.0367

Acetic Acid 107 114 126 128 136 140 152 146 0.0641
Sodium Acetate 103 118 131 143 170 195 231 252 0.1844
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Urea-Cul Aol A} Chlorella ellipsoidea (KMCC FC-6)7} S.G.R 0.1049, Urea-Buj} =]
oA Chlorella sp. (KMCC FC-12)7} S.GR. -0015, Urea-Ce]#o] Acetic Acid 3
7}e #jA oA Chilorella sp. (KMCC FC-15)7} S.G.R. 00641, Urea-Cuj=|q
Sodium Acetate ¥7}€ ujx]o)A Chlorella sp. (KMCC FC-15)7} S.G.R. 0.1844%
ztzt 71 ¥ A JEbdcH(Table 8-6). AA o2 2z} wiAdA o] FEH F
Chlorella sp. 2% (KMCC FC-12, 15)2.2 YEx.

U HAYZE g4y

¥ HYo] ALL® FL Chlorella sp. 2% (KMCC FC-12, FC-15)2.2 %9 4¥<
53 Mdsigon, A¥uzE= Urea-CuiAlol Sodium Acetate® 05g/ ¢ 713t
AbgE gt 25 0, 100, 1,000, 2000 luxE &¥en g 2de A FIo.
Chlorella sp. (KMCC FC-12, 15)& °] &3t =% 0, 100, 1,000, 2,000 luxlA 49
s%€ ), Chlorella sp. (KMCC FC-15)7} % 2,000 luxold S.GR. 09276 22
7t Aol A Yeiko

Table 8-7. The growth of Chlorella on different light intensity

Light . Days
species S.G.R.
(lux) 0 1 2 3 4 5 6

FC-12 109 117 452 320 257 219 144 0.0670

0 FC-15 101 114 207 180 141 132 127  0.0551
FC-12 107 124 206 266 314 361 337  0.2759

100 FC-15 102 151 237 245 251 266 259  0.2241
1,000 FC-12 107 178 612 718 830 880 717 04767
. FC-15 104 213 343 373 409 407 364 03012
2,000 FC-12 109 274 951 93% 1027 1309 1360 0.6069

FC-15 102 555 1180 1919 2551 2641 4831 0.9276
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RE AFTF} 2=V 5€4E FL AAES EAHTable 8-7). &&= 0 lux,

]

Chlorella sp. (KMCC FC-12)9] 73 ¢, HF 5‘95‘“-”}7‘1 S.GR. 0201322 A4%Eg =
olttzt, 6¥ A FAY F4£E RAUT

o AR By

E AYel A8 ¥ %L Chlorella sp. 2%(KMCC FC-12, FC-15)22 @9 432
Z8 ddstdon), 4guxe Urea-Cl 2ol Sodium Acetatest Glucosed] sE&
g2lste] 4PstAcH(Table 8-8). ZE+& 0, 2000luxdlA 2@ en, e 21
Az Fd3d.

Table 8-8 The volume of added sodium acetate and glucose

(g/ 2)
Sodium Acetate 05 1.0 15
Glucose 05 1.0 15

Sodium Acetate H7} vjA]7} Glucose 7} wizlol] vl AAZE] A YEldan,
Sodium Acetate 1.5g/ ¢ @7} wx]9lA Chlorella sp.(KMCC FC-15)7} S.G.R. 0.2151

2 & 43¢ Jveds(Table 8-9).
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Table 8-9. The growth of Chlorella on sodium acetate and glucose

Days
Species lux Media amount S.G.R.
0 1 2 3 4 5 6

05g/¢ 101 104 108 112 121 118 117 0.03%4
10g/2 99 104 107 104 114 109 112 0.0297
15g/¢ 98 104 115 113 117 121 118 0.0447
05g/¢ 101 107 106 98 107 112 102 0.0024
Glucose 10g/¢ 98 102 104 105 96 112 108 0.0234
15g/¢ 92 98 8 95 102 104 96 00102
05g/¢ 104 124 126 142 148 182 188 0.1424
Sodium
Nestafe J.0g/¢ 101 135 141 157 176 189 204 01690
15g/¢ 100 142 151 166 168 192 221 0.1907
05g/¢ 105 112 118 116 121 128 130 0.0514
Glucose 10g/¢ 102 105 114 1089 120 127 125 0.0489
15g/¢ 105 107 125 114 132 129 136 0.0622
05g/¢ 107 112 109 120 117 118 117 00215
10g/¢ 109 107 101 108 112 114 117 0.0170
15g/¢ 104 104 112 114 109 116 123 0.0403
05g/¢ 1056 102 117 98 107 105 112 0.0155
Glucose 1.0g/¢ 108 112 107 95 112 108 102 -0.0137
15g/¢ 104 102 101 96 112 108 114 0.0221
05g/¢ 102 121 142 145 168 187 205 0.1678
10g/2 104 124 154 174 198 221 225 (0.1856
15g/¢ 103 134 168 169 204 226 252 0.2151
05g/¢ 103 112 121 119 138 142 162 0.1089
Glucose 1.0g/¢ 107 121 132 129 143 142 152 0.0844
15g/¢ 108 123 134 135 148 145 162 0.0975

Sodium
Acetate

FC-12

2,000

Sodium
Acetate

FC-15

Sodium
Acetate

2,000
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Random Amplified Polymorphic DNA (RAPD) Identification
of Genetic Variation in Chlorella species

Jung jong CHoO, Yong-Tae Kim*, Sung Bum Hur** and Young Tae Kim
Department of Microbiology, **Department of Aquaculture, Pukyong National University,
Pusan 608-737, Korea
*Department of Chemistry, Aoyama Gakuin University, Setagaya-Ku, Tokyo 113, Japan

The random amplified polymorphic DNA (RAPD) technique was used to characterize 18 reference
strains of microalgae, mostly Chlorella species, collected from various localities around Korea
peninsular. Eighteen strains consist of four genera of the family marine Chlorella from 12 samples, two
genera of fresh water Chlorella from three samples, and three genera on Nannochloris. Twenty 10-mer
anonymous primers were screened for amplification of genomic DNA extracted from samples using the
CTAB extraction method,

Nineteen of these dligonucleotide primers were positive or band producing. Three of 20 random
primers (OPA 10, OPA 12, and OPA 18) resulted in both clear band and a high degree of reproducibility
and showed some potential to be used to discriminate individual samples of both genetically hetero-and
homogeneous populations, in determining phylogenetic relationships between species within a genus

NEEX: sELSHUOIME(Chlorella F)HL2 MAYs/ =

and developing individual fingerprints for each samples.

Key words : Chlorella, polymerase chain reaction, polymorphic DNA, polymorphisms

Introduction

The family of Chlorella is one of the most important
microalgae groups in marine environments. Some me-
mbers of this family are important as live foods to cu-
lture rotifers and larvae in aquaculture. Members of
the Chlorella often predominating in sea water have
been shown to have the nutritive elements, mainly hi-
ghly unsaturated fatty acids and amino acids that are
required for fish larvae and crustaceans (Snell et al,
1983; Watanabe et al., 1983; 1984).

Recently, genetic engineering and genetic manipula-
tion techniques have been used in applied biotechno-
logy programs for agriculture and aquaculture. Espe-
cially, a new technique using the polymerase chain
reaction (PCR) (Innis et al., 1990) has been developed
to differentially amplify anonymous regions of geno-
mic DNA fragments using oligonucleotide primers, re-
ferred as random amplified polymorphic DNA (RAPD)
(Williams et al,, 1990; Hadrys et al., 1992). Amplifica-

tion fragment length polymorphism (AFLP) have been
proven useful in identifying both inter-and intra-spe-
cific genomic DNA variation and in determining gene-
tic compatibility profiles (Kapraun et al, 1992; Hadrys
et al,, 1992; Baird et al., 1992). Taxonomic studies are
important to ensure that microalgae of interest are
correctly identified and recognized to enhance utiliza-
tion of microalgae resources for the development of
phycoculture and aquaculture industry.

The family of Chlorella is highly differentiated. The
phenotype of this family exhibits complexity and va-
riability on several factors: temperature, intra-and in-
ter-individual, salinity, environment and geographical
distribution, and chemical composition (Hur and Kim,
1988; Oh-Hama and Miyachi, 1988). Phenotypic clas-
sification systems of this family results taxonomic in-
consistencies and arises many problems. To comple-
ment the existing classification systems, new genetic
and molecular approaches are recently introduced
(Dutcher and Kapraun, 1994; Ho et al, 1995). The
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RAPD technique for fingerprinting or comparing poly-
morphisms in arbitrary nucleotide sequences could be
used for the discrimination among individuals.

The present investigation was conducted to access
the usefulness of the polymerase chain reaction using
anonymous nucleotide primers in differentiation and
characterization of Chlorlla species. The amplification
product banding patterns would provide comparisons
between genomic profiles and analysis of similarity
matrix data.

Materials and Methods

Materials

Collection data for 13 samples of the Chlorella and
Nannochloris. species obtained from localities around
Korea Peninsular and are given in Table 1. In addi-
tion, 5 other Chlorella samples collected from other
countries were used for comparison purpose. Prelimi-
nary identification based on morphological characteri-
stics was carried out with the photomicroscope (Hur,
1992). Restriction enzymes were purchased from New
England Biolabs Inc. and United States Biochemicals
Corp. T4 DNA ligase and Tag DNA polymerase were
purchased from United States Biochemicals Corp.

Preparation, preservation and culture of samples

Chlorella and Nannochloris species were cultivated
in an /2 medium (Guillard and Ryther, 1962) at 20C
and 26C, respectively, with aeration under continuous
illumination (ca, 5,000 lux) using a cool-white fluores-
cent lamp. Cells were harvested using a centrifuge
and stored at -25C,

DNA {solation

Genomic DNA was isolated using the CTAB extrac-
tion method (Ho et al., 1995; Rogers et al., 1988; Mu-
rray and Thompson, 1980). Approximately, 5g (wet
weight) of samples was ground in liquid nitrogen be-
fore addition of 30m! of 1x CTAB (cetyltrimethyl

ammonium bromide) extraction buffer [1%(w/v)
CTAB, 50 mM Tris-HCI (pH 8.0), 10mM EDTA (pH
80), 0.7M NaCl, 1% polyvinylpyrolidine (PVP)] and
incubated for 15 min at 65C. An equal volume of ch-
loroform-iscamylalcohol (24 - 1) was added, mixed
and centrifuged at 11,000g for 3min. The top
aqueous phase was collected and one tenth volume of
CTAB solution [10% (w/v) CTAB, 0.7M NaCl] was
added to the top aqueous phase. A second chloroform-
isoamylalcohol extraction was performed and centrifu-
ged again. One volume of the top phase was added
to two volumes of CTAB precipitation buffer [1%
CTAB, 50mM Tris-HCl (pH 8.0), 10 mM EDTA (pH
80)1, and placed on ice for 30 min and then centrifu-
ged at 11,000 g for 3 min, The pellet was resuspended
in 100 4l TE buffer (0.1 M Tris-HCI (pH 8.0), 1 mM
EDTA (pH 8.0)] containing 1M NaCl and heated to
65C for 5min. DNA was precipitated, washed, dried
and dissolved in TE buffer.

Random amplified polymorphic DNA PCR (RAPD-
PCR)

Polymerase chain reaction (PCR) amplification was
performed in 25 ul volume containing 25l 5x Tag
DNA polymerase buffer (USB), 100 uM each of dATP,
dGTP, dCTP, dTTP, 5 pmol primer (Operon Kit A,
Operon Technologies Inc., California, USA), 200 ng of
genomic DNA and 25mM MgCl, and 1.0 unit Tag
DNA polymerase.

Amplification was perofrmed in a Ericom DNA De-
lta Cycler I programmed for 45 cycles of 1 min dena-
turation at 95C, 1 min annealing at 30C(when scree-
ning for primers) or 37C(all other experiments) and
2min extension at 72C(Kim and Richardson, 1993;
1994). Twenty microlitres of the reaction products
were separated by electrophoresis through 1.5% aga-
rose gels and stained with etidium bromide.

Agarose gels were photographed with a Kodak Po-
laroid camera over a UV transilluminator (312 nm)
using 667 film.
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Table 1. List of species, habitat and collection sites

Collection . o Chemical composition'
Species Collection sites - —

number Protein Lipid Ash
KMCC C-19  C. stigmatophora UTEX 993, USA 20.10 1.80 47.09
KMCC C-20 C. ellipsoidea Japan 26.46 8.66 38.67
KMCC C-21  C. ellipsoidea® UTEX 247, USA 2948 0.12 3267
KMCC C-22  C. vulgaris Nacdong 33.11 1.03 3005
KMCC C-23 C. sp. Kamcheon 41.16 6.85 30.05
KMCC C-24 C. sp. Suncheon 23.66 10.85 41.18
KMCC C-25 C. sp. Suncheon 30.87 3.69 34.68
KMCC C-26 C. sp. Suncheon 3170 6.77 30.80
KMCC C-27 C. sp. Yeocheon 2496 221 37.66
KMCC C-28 C. sp. Nacdong 26.65 493 3446
KMCC C-29 C. sp. Nacdong 2164 7.44 35.62
KMCC C-30 C. sp. Nacdong 21.60 6.99 3171
KMCC C-31  Nannochloris oculata ~ UTEX LB 1988, USA 3355 1.87 40.76
KMCC C-32  Nannochloris salina Seri-2, USA 2502 8.38 37.99
KMCC C-33  Nannochloropsis sp. Israel 35.19 3.65 29.49
KMCC FC4 C. pyrenoidosa UTEX 26, USA ND?

KMCC FC-5 C. ellipsoidea UTEX 27, USA ND.?

KMCC FC-6 C. elliposidea UTEX 20, USA N.D.?

' Hur and Lee. (1996) Chemical composition of microalgae. ). Aquaculture, 9 (4) in press.

? fresh water Chlorella acclimatized in sea water.
’ Not determined.

DATA Analysis

Band sharing analysis was carried out for RAPD
data using pairwise comparison of the samples accor-
ding to the formula of Nei and Li (1979). The formula
of coefficient similarity is F=2n,/(n,*n,), wher n,
is the total number of DNA fragments from sample
X, n, is the total number of DNA fragments from sa-
mple Y and n,, is the number of DNA fragments that
were identical in the two samples. In a comparison of
two samples, F values close to 1.0 indicate high deg-
ree of genetic similarity. An F values of 1.0 indicate
that the two samples are identical.

Results

In order to assess the usefulness of the polyme-

rase chain reaction using random amplifed polymor-
phic DNA (RAPD) primers in the differentiation and
characterization of Chiorella and Nannochloris species
collected from various localities around the Korea pe-
ninsular, DNA from samples given in Table 1 were
isolated by the CTAB extraction method as described
in “Materials and Methods.” Chemical compositions of
the collected Chlorella and Nannochlons spccies are
also listed in Table 1. As shown in Fig. 1, genomic
DNA was successfully isolated and purity of DNA was
an ODaeomw ratio ranging from 0.85 to 1.3

Twenty 10-mer anonymous primers were screened
for amplification of genomic DNA extracted from sam-
ples using the template DNA from Chlorella ellipsoi-
dea (KMCC C-20). Of the 20 primers screened, Nine-
teen of these oligonucleotide primers were able to ge-
nerate amplification products or band producing, ex-
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bp M12 345 6789 101112 131415161718

23,130~

9416~
6,557~ 8
4,361~

. hh‘h--‘“l‘.l-'.."l*

Fig. 1. Genomic DNA isolated from Chlorella and Nannochloris species.

Lane M indicates a molecular weight marker, lane 1, KMCC C-19 (C. stigmatophora); lane 2, KMCC
C-20(C. ellipsoidea); lane 3, KMCC C-21(C. ellipsoidea); lane 4, KMCC C-22 (C. vulgaris); lane
5, KMCC C-23 (C. sp.); lane 6, KMCC C-24 (C. sp.); lane 7, KMCC C-25 (C. sp.); lane 8, KMCC
C-26 (C. sp.); lane 9, KMCC C-27 (C. sp.); lane 10, KMCC C-28 (C. sp.); lane 11, KMCC C-29 (C.
sp.); lane 12, KMCC C-30 (C. sp.); lane 13, KMCC C-31 (Nannochloris oculata); lane 14, KMCC
C-32 (Nannochloris salina); lane 15, KMCC C-33 (Nannochloropsis sp.); lane 16, KMCC FC-4 (C.
pyrenoidosa); lane 17, KMCC FC-5(C. ellipsoidea); lane 18, KMCC FC-6 (C. ellipsoidea).

bpM12345678910111213141516171819 20
S =

Fig. 2. PCR amplification of genomic DNA from KMCC C-20 (Chlorella ellipsoidea) with primers OPA-
01-0OPA-20.
Lane M indicates a molecular weight marker; lane 1 was RAPD bands using the primer OPA 01;
lane 2, OPA 2; lane 3, OPA 3; lane 4, OPA 4; lane 5, OPA 5; lane 6, OPA 6; lane 7, OPA 7; lane
8; OPA 8; lane 9, OPA 9; lane 10, OPA 10; lane 11, OPA 11; lane 12, OPA 12; lane 13, OPA 13;
lane 14, OPA 14; lane 15, OPA 15; lane 16, OPA 16; lane 17, OPA 17; lane 18, OPA 18; lane 19,
OPA 19; lane 20, OPA 20.

hibiting varying degrees of polymorphism among iso- Table 2. Useful RAPD primers: sequences and
lates (Fig. 2). GC contents

Polymorphic DNA loci from Chlorella and Nannoch- Primer Sequence GC content(%)
loris samples were detected by three of the primers OPA-9 GGGTAACGCC 70
(OPA 10, OPA 12, and OPA 18) and resulted in both ~ OPA-10 GTGATCGCAG 60
clear band resolution and a high degree of reproduci- OPA-11 TCGGCGATAG 60

OPA-12 AGGTGACCGT 60

bility (Fig. 3, 4, 5). These primers are GC rich and
their seguences are listed in Table 2. The sizes of
DNA fragments amplified with the three primers ra- combination of sample and primer used.

nged from 0.2 to 3.0kb. The number of PCR products  Especially, Fig. 5 shows a reproducible RAPD pro-
generated varied from 0 to 15, depending on the file of different sizes of amplification products gene-
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bpM1 2 34

56 7891

0 11 12 13 ‘I 1516 17 18

Fig. 3. PCR amplification of genomic DNA from Chlorelia and Nannochloris species with the primer

OPA-10.

Llane M indicates a molecular weight marker. The number above the lanes comesponds to lane ex-

planation in Fig. 1.

M123 4567891 1112131415161718

. { i
. 3‘ ‘ﬁ“ﬂrigm-‘ --ra—.‘::

Fig. 4.
nnochloris species with primers OPA-12,

b IR

e %

Random amplified DNA polymorphisms of 18 samples of genomic DNA from Chlorella and Na-

Lane M indicates a molecular weight marker. The number above the lanes corresponds to lane ex-

planation in Fig. 1.

rated using primer OPA-12 and tested samples, The
DNA banding patterns resulted from the primer pro-
vide evidence for both genetically hetero-and homo-
geneous populations in different species and isolates.

Although use of the single primer revealed polymo-
rphic loci, no species-specific bands were apparent
(Fig. 4). However, there was at least one characteris-
tic band or PCR product unique to the individual po-
pulations of each species. There are bands that are

shared by samples within the species as well as bands
unique to individual samples. There are also bands
that are restricted to or unique to only one or a few
samples.

OPA-12 primer failed to generate any amplification
product only with the template DNA from KMCC FC-
6 (Fig. 4; lane 18).

The degree of similarity between various RAPD-
PCR patterns for different samples was assessed by
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1

2-3

Fig. 5. Reproducibility of RAPD-PCR.
Individual PCR amplifications using DNA
fom KMCC C-20 (Chlorella ellipsoidea)
using the primer OPA-18.

calculation F (coefficient of similarity) values accor-
ding to the method of Nei and Li(1979). These cal-
culations were based on the degree of sharing of ba-
nds among the samples (Table 3). The calculated va-
lue of F among the samples within Chlorella and Nan-
nochloris species ranged from 0 to 1.0. An F value of
1.0 indicates that the two samples are identical. Some
of the samples in the group are totally different (F=
0) and the highest F value was obtained with 3 sam-
ples KMCC C-23 and C-25 and C-27. Interestingly,
these 3 samples of Chlorella species were collected
{rom 3 different localities at the southern coast of the
Korea peninsular (Table 1). Especially, C-25 and C-27
are genelically identical even though the chemical co-
mposition are different each other (Table 1). Interes-
tingly, Chlorella and Nannochlons species collected
from different localities also shared some genetic si-
milarity (Table 3).

To assess the reproducibility of RAPD-PCR, PCR
amplifications were performed on multiple identical
samples. The DNA bands patterns produced by
RARD-PCR showed good reproducibility although

Discussion

RAPD-PCR is a relatively simple and reliable tech-
nique for genomic mapping, identification of isolates,
screening of molecular markers, and applications in
population biology. In this experiment, RAPD polymo-
rphism generated with arbitrary primers gave reliable
phylogenetic grouping of Chlorella and Nannochloris
species collected from different localities around the
Korea peninsular. Genetic diversity within a collection
of eighteen isolates was analyzed based on their poly-
morphisms with RAPD-PCR markers. The band pat-
tern analysis by the RAPD method revealed polymor-
phism within species of Chlorella and Nannochloris
and established DNA fingerprints useful for phyloge-
netic characterization.

The DNA banding patterns of Chlorella and Nanno-
chlonis species from the investigated siles provide evi-
dence for both genetic homogeneity and diversity wi-
thin indivedual populations, as well as differences bet-
ween geographically separated populations. Menbers
of the Chlorella collected in sea water show to bhave
good balanced nutritive elements (Table 1), mainly
highly unsaturated fatty acids and aminoacids that are
required for fish larbvae and crustaceans. To maintain
and screen for good strains of Chlorella for aquacultu-
ral applications, it is worthy identifying and characte-
rizing the genetic variation in Chlorella species.

The presence of tough cell walls causes several
problems associated with DNA extraction from Chlo-
rella species. However, the CTAB method used in this
study gave good results as it may be the most effi-
cient method in removing cell walls. the obtained
DNA was relatively intact and was readily amplifed by
PCR. In order to differentiateacute genetic variation
in tested samples, it is important to have the repro-
ducibility of RAPD patterns. When extreme care were
taken in conducting the RAPD procedure, the major
banding pattern for a particular combination of primer
and DNA was reproducible for replicates in experi-

some minor variability was noted (Fig. 5). ments.
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This is the first report on the use of a PCR-based
polymorphism assay to differentiate and characterize
the Chlorella species. Since genetic variation of the
species slarts from a minor nucleotide change and its
accumulation, we applied the RAPD technique which
provides highly sensitive detection in distinguishing

nucleotide difference. We have detected large genetic

variation among the Chlorella species. The degree of
genetic similarities between various RAPD-PCR patte-
s for various samples were calculated by F (coeffi-
cient of similarity) values. Distance matrix analysis
indicates considerable genetic variation among the
Chiorella specise (Table 3). The calculated F value
among the samples within Chlorella and Nannochloris
species ranged from 0 to 1.0, indicating that some of
the samples in the group are totally different genoty-
pes and the two samples were identical, although the
samples were collected from different localities and
differred in chemical composition. Also, Chlorella and
Nannochloris species collected from different localities
showed some genetic similarity, suggesting that the
isolates are genetically reated to the inter-species.
Thus, some specific RAPD bands found in Fig. 4 sim-
ply tell us that dynamic nucleotide mutations have
been occurred from the isolates.

The present study suggests that RAPD-PCR is use-
ful in discriminating individual samples within the
specific genotypes. It may also be useful in determi-
ning phylogenetic relationships between species within
a genus and in developing individual fingerprints for
each samples. However, additional studies using va-
rious moecular techniques should be conducted in or-
der to draw a clear conclusion about taxonomic status
of the Chlorella and Nannochloris species.
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Production and Hatching Rate of Resting Egg of Korean Rotifer,
Brachionus plicatilis (S-type) with Different Diets’

Heum Gi Park and Sung Bum Hur
Department of Aquaculture, Pukyong National University, Pusan 608-737, Korea

Dietary values of phytoplanktons, concentrated Chlorella and commercial yeasts were investi-
gated for the resting egg production of the Korean rotifer, B. plicatilis S-type. The hatching
rate of the resting egg of the votifer fed on different diets was also studied.

The highest production of the resting egg was 3,760 eggs/20 ml with N, oculata. However,
the hatching rate was not significant among 4 phytoplankton species.

The highest production of resting eggs among 9 diet groups (w-yeast, baker's yeast, 2
refrigerated Marine Chlorella, frozen Marine Chilorella, frozen Chlorella (70% )+ baker’s
yeast (30%), frozen Chilorella (30% ) +baker’s yeast (70%), 2 refrigerated freshwater Chlore-
Ila) was 283 eggs/ml in the frozen Chlorella (30% ) +baker’s yeast (70% ) and the refrigerated
freshwater Chlorella. The highest number of resting egg from 10,000 rotifers and 1 mg
dry wieght diet was 5,566 eggs and 2,131 eggs in the frozen Chlorella (30% )+ baker’s
yeast (70% ), However, the highest hatching rate of the resting eggs was 67.4% in w-yeast.

In this study, the results suggest that the baker’s yeast with a small amount of frozen
Chlorella seems to be good feeding regime for the economical production of resting eggs.

Key words . Rotifer, Brachionus plicatilis, Resting egg, Mixis rate, Hatching rate

A2 o] Ak BYF, 1981 : Pourriot and Snell,
1983 : &, 1989).
Rotifer, Brachionus plicatilisx- sh4tolF % Rotifer W72 strain 22 Potobyz} roti-

BAARA 27] o] AB R ol ol&xn ek ferE ciuiudstr] 1% seed 24 ol FF F YR
Rotifer®l ¥ 1= maleoll Aol amictic  ArtemiaX ¥ $3HA1H 23] o] F2lol g 2io| 24
femaleo] ¢& AAsh= Y4 Fo]l & FFol 7Hsets o FFLAINA AIAHA Hol
dsled o4 mictic femaled} muloll oJal  AMEEZ o]8-H 4 Uck(Hagiwara et al., 1993b).
3t (resting egg) T HAd= FAHGMLE Yt ez Wy P4 QL FesiA ¢

* B AFE FUSASHAATRA(ERN2) 2 d7u] Yol Asl FYSHUS.
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A A gAet XE7AE straindt cloneoll
@& WH2A(Hino and Hirano, 1976, 1977,
1985, 1988 : Snell and Hoff, 1985 ; Hagi-
wara et al, 1988b: Hagiwara and Hino,
1989, 1990) 3 4~&(Hino and Hirano, 1984 ;
Snell and Holf, 1985 : Hagiwara et al., 1988
a  Hagiwara and Lee, 1991), d&(Lubzens
et al., 1985 Snell and Hoff, 1985 : Snell,
1986 : Hino and Hirano, 1988 : Hagiwara
et al., 1988a, 1989), 2oldE o FF(Snell
and Hoff, 1985, 1987 : Snell and Boyer,
1988 ; Hamada et al., 1993), sl ¥ U=(Hino
and Hirano, 1976 ; Snell and Boyer, 1988),
A4 3 Hino and Hirano, 1976), 4%
Yo} ¥%(Snell and Boyer, 1988 : Hamada
et al, 1993) 52 #¥ 2o Ue Hew
a8 gle

T AL rotifer HEABE, 1981
Pourriot and Snell, 1983 : Hagiwara and
Hirayama, 1993) 2} |43 daloll4 4459
rotifere] MAYEe} FAAA o] F7lsied W
F& Aj4be] Z7t=ick(Hagiwara et al,, 1988a,
1989, Snell and Boyer, 1988). &t} roti-
fers] MAYET} FoksHA o) £F PAido)
YA s o 2jojzto] XF3 rotifer] AL
A2 gL WFEg Q4 gl (Hagiwara
and Lee, 1991 : Hagiwara and Hirayama,
1993 | Hagiwara, 1994 ; Hamada et al,, 19
93). % rotifer Auliopddl] g A9
A age FAYNES WAl Jxd
MAHg A#A712(Hino and Hiramo, 1977)
2ol YE7} AU JgE Fo(Snell
and Boyer, 1988) ola} &Ag W7ghe R3}

Table 1. Live food used for the study

L

£l 98¢ vxc}(Hagiwara and Hino, 19
90)x B slojx Sleh. aej=g ATXA Wl
FT A4S AlAde 22 MY F29 &
AUAES F7AIZL Y @RS dWHE
A 258 oolE FEE FHFolol et
ol2]g $-doll4] Hamada et al., (1993)& L=}
S-type rotiferg 422 X eold] i
W AP4e Basgct

8 A= 424 rotifer, Brachionus plicati-
lis S-types TS diFAY4st7198 rotifer
wjdoll olgsln o FF AEEI2EN F
25 2o|& ulgorR it HYY weolE wHeot
str1gs AAlsct

As R 9y

1. AE ol o WFE g4z F3hg

Rotifers Ad 1§T AT -4 Leld
S-type rotifer, B. plicatilis (C-S) strain (#
1}, 1996)& AME-st%lch. 28T, 15 pptell 4 B4R
TS 30Y $F 4Tl WRRRE ¥ 28T,
15 ppt, 2,000 luxold 36417t §<F FEHA|A
Zt ejoixt female 2070A1F 30 ml (si%ks: 20
ml) ATl HFeUch Al AR HE
Pol gL FAdtn YIeHgrlAEFLYel
A gohte Ao o] F7H FTHYL Table
13 2tk 2ol Ee Conwaywl2(Walne,
1966) 2w ¥, YALAZIZ AEHE
¥&elo] FEech w2 AL & 28T, ¥
15 ppt, ZE 2,000 luxZ ek

AgBA wlFE rotifer Al AE 2Y
AMRE g g UA %L female (? %),
A4 e female (£ 7)), maled Y4bs}

Live Food

Amount of food density/2 day

Chlorella ellipsoidea (KMMCC-C-C-21)
Nannochloris oculata (KMMCC-C-C-31)
Tetraselmis suecica (KMMCC-C-P4)
Paviova lutheri (KMMCC-C-H-4)

12.0X10* cells
25.0X10* cells
0.6X10° cells
4.0X10" cells
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2ojo]l W& ¥4 Stype Rotifer, Brachionus plicatilisel W73 423 238

€ female (3 %), WFgE A4bsl= female
(D%) 2z § (male)dl MMFEE o =
Apaigich. 7 2 0.5 ml multi culture plateol
e 100018 SHHes 583 F wid
34 femaleo] HelHIE ARt o)y
z} el9) female B18E A2 AYUGANA ?
QA el HE3td 74 Helo] female NHTR
ket 2+ femalel #el= Hagiwara et
al. (1988a)2] el 2l¥ch

F-4 A 8 (mixis rate, (§ $+DR)/$ ¥ X
100) 2 #3#(DY /(% % +D$)X100)2 Ha-
giwara et al. (1988a) 2| Whfloll wi2} Al4tsldc.
a2 wje7)ZE F rotifers] HnYE(HAF/
mD&} AF(specific growth rate, r)& =
AR - 3, 1996). AEE 947
AY 234 42 50 pm seived |3 F
Wreg z43gich Rotifer W3 A8F=
19 28] £8o FAx 23] by Ak

AE 2ol wel HAR Rty 23}
& UFRHE FHF IMNYFL 4C Y=
ol4d Hitsted WFH 1007HE 5 ml (HES
4 mD multi culture plateol] 83§ 15 ppt,
28¢, 3,000 lux Z7slllA 3641 Z=F
38 24N 4¥L 23 g

2, ¥3% YolF 7ol & w7t JAt=} y-sh

Rotifers 4% 104 ARE3 5YUR strain
o2 e 28T, 15 ppt, 3,000 luxZ &
A1 36 A% 72t R231%F 159) rotifer clones
30 ml (wHekd 25ml) AlgTl 17014 ZH2h
g83te] Wi2gk Ad4bol sHAF & cloned 4
dsied Addol ALl 2ol 4¥FE fA
AR (IR FA 4D, AT F(AFAEF
A31Ah), $i54t C. ellipsoidea (KMMCC-C-
21)§ st 5F A k4t Chilorella
F(120X 10° cells/ml), siPAL C. ellipsoidea
(KMMCC-C-21)& MERt &8t — 30Tl
HEEUY BE Chlorella F+, HAZ(30%)+
% Chlorella (10%) EXF, HHAL(70%)+

W% A Chiorella (30%) YT, Y& o
4 5% Chiorella T(4%% Marin o), ¥
EroLFFAalA A2y F FFe dE
@4t Chlorella F(4E" Uni Chlorella—%
g, 441> X, 4% Fresh green 600— %
offl, XY FAHNZ 2F 90 4EFH
2o] FF%L rotifer 25MA/m1g 71§22 2
njolo) 7AZ%FE 15 pg/day2 FH+t5lcl Roti-
fers 250 ml 4tzHE et (wioks 200 ml)ell
9~10M4/m12 HE3Hn $& 28T, A¥ 15
ppt, 2E 2,000 luxolld 1Y 23 wikg71E
Ego] Foloo A7 9Ye2 33 W
A% ch Rotifer Mxlet A 2E, FAG4E,
F4E 2 2% 13 T8

&% 2jo|dEa mel PAY WFE ¥
15 ppt, 2ColA IMYFL B/ ¥ 5 ml
(woke} 4 ml) multi culture plated] W73
300~40070 83sled 15 ppt, 28T, 2,000
luxolld 36417 Znty F3e8 ZAlRich
A 43 e

°]g 3= SPSS for Window program<
2H-3lod Duncan’s multiple range test (Dun-
can, 1955)2 #Hadze) F944E AHskdch

2 =

4 579 AE Yo|ygol =& rotifers]
F3 QA Fig. 13} Table 29 ) 4477
HRAEE N oculatad TH HEF7F 787
825/M/ml&2 713 ¥ Jdebdxz o2 G
ellipsoidea® 99 =) 730704/ml JepskxIqt +
AEFE F24HQ Aot gldch vt %
A HIE AR QU= P. lutheri, T. suecicas
T AYFE 59z} 343, 33270/ mIE
1 258 E9RF 6UsEE Fadsich
et AAEL P, lutheri, T. suecica 5577}
22 1.160, 1.16132 g AYgTRc =4
epstct, 9ololl whE {FABAHELS P. lutheri s
F77F 229%8 7HA ¥4 JeldAg o
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Table 2. Growth and resting egg production of Korean rotifer, Brachionus plicatilis S-type with different

microalgaes
MBXI.I!I . Specific Mixis Fertili-  Number of .
. rotifer . . Hatching
Species density growth rate zation resting BEreEnigE
%
(inds./m1) rate (%) (%) eggs/20 ml
Chlorella ellipsoidea 730+ 65.0° 0.824+0.0565° 17.5615.05* 19.5t 1.45*° 592+182.5° 40.018.0"

Nannochloris oculata 8251130.0° 0.960+£0.0575*® 17.4 +1.35°
1.160£0.0250° 229 +0.75" 50.5+13.80°®1,910£935.0"® 43.5+2.5°
16.7 +£1.35°

343t 42,5
332+ 95.0°

Paviova lutheri

Tetraselmis suecica 1.161+0.1100®

60.1% 4.35* 3,7601255.0° 61.0+0.0*

457+ 8.30™ 9151420.0 50.58.5"

Values in the same column within the same letter are not different, P<0.05.

AT Rolddel dsich $3E2 N ocu-
latas % 49771 74 2 60.1% AL

e =T

000

_MF(inds/ml) Tots\ femates/ml

0

100 200

100 200

|

DF(inds./ml) No. of males/ml
[ ]

Mixls rate(%)
L] 20

Fertitization(%)
[] 30

‘

]

J

| ?i E

Days

[—®—Chl. ——Tet. —a—Pav. —o—Nan. |

Fig. 1. Variations of population of the S-type rotifer,
Brachionus plicatilis fed on different live foods
(Chl. : Chlorella ellipsoidea, Tet. s Tetraselmis sue-
cica, Pav, i Pavlova lutheri, Nan. : Nannochloris ocu-
lata, MF | mictic female, DF 3 mictic female produ-
cing resting egg).

C. ellipsoidead JIFT A¥TE Alsine
oA AolE Helx okotel. HolFFoll akE
rotifer W& B4 N, oculata?} 3,7607/20
mlZ 713 go] A4 =, o2& P. lutheri
AYR(1,9107M/20 ml)ol™ C. ellipsoidead
T AEFE 59240/20 mlE A e A
A8 ¥

ol AFol| & WFete) 238 N ocu-
lata® 2ol3 Fasto] YA UlFee| 61% 2
7 EA Vel 3, T, suecica 50.5%, P. lutheri
43.5%, C. ellipsoidea 40.0% 2.2 tepbyg=|%t
A2 FoAQ Aele Yehtal giglel

F& ol F{ol W S-type rotiferdd 3
s, A4E, FAN4E, £3E 9 W
442 Table 33 Zc}, Rotifer AU EE Y&
B4k 5% Chlorella?) Uni Chiorella?} 717
AA/miz2 7 EA debgel, wA2(30%)
+ W% Chlorella(70% ) E¥7-= 608702/m1&
UE G444 Chlorella Fresh green 600 (627
A/ mD 2ok oA JeldAet f-4 3] Aol
U HAD(70%)+FE Chlorella (30%)
EF(522704/ml) Beles 4] Vel B3,
WE slAt Chlorella= 742t 3987040/ mi, 386
W2/mig Y& 84 Marine a (273703)/ml)
Bos =24 Jelygd, aizged Havs 323
A/ ml2 |AEZ(22504)/ml) 2eb EA4
Ebstet,

AREL WE Chlorella7} 04462 713+ 57
el B2 Chlorella®t @54 Uni Chlore-
lla7} 27} 0.414, 0.4188 A UYeldx|9t o]
€79 FAHA Aol glgdel WAZ+WE
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Yolo] w& 4 Stype Rotifer, Brachionus plicatilis® WT& 443 b

Table 3. Growth, sexual reproduction and production of resting egg of Korean rotifer, Brachionus plicatilis
S-type cultured for 9 days with different diets

. . o - Number Number Number of
Maximum Specific Mixis Fertiliza- i - . .
; i ;. of resting  of resting resling Hacthing
Diels .dcnmy growih rle tion - eggs/(XI0° eggs/| mg (dry rate (%)

inds/ial).  amte (n (%) (%) (inds./ml)  rotifer) weight) diet
w-Yeast 25£10.0° 0.338£0.0178° 22.0£094% 50.1+1231% 48+145° 2251+642.0°  671162°  61.4:1.78°
Baker's Yeast 323+ 9.3% 0.351£0.0098° 20.2:0.53° 47.7% LTI S5+ 2.9°  1,705£105.9° 55+ 4.7°h 32.8+283*
Frozen Chlorella® 38611225 0.446£0.0037° 27.5£2.39%9 .61 4.73° 68 1.1 1776 964"  79% 6.7°¢ 433183
Refrigerated Chiorella®® 398%61.2° 0.414£00270° 33140204 625+ 9.24° 115+16.1% 2,9831489.2%  119:15.0°  37.8£1.17*°
BY (30%)+FC (70%) 608£21.1° 0.402£0.0035% 30.6£2.24% 567+ 6.69>° 263114.5° 4,355+368,7%° 18141287  45.5+1.67°
BY (70%)+FC (30%) 522£14.8" 0.387£0.0026" 26.0+3.58¢63.1+ 7.93° 283+29.2° S5566:697.0° 213203  36.420.68°°
Marine ¢ 213+224%0 0.34510.0092° 11.7£3.23°0 3471/ 161°° 11 44° 43421553 141 5.2°
Uni Chiorella 7285 0418£0.00425¢ 27.4+2.88"945,0+ 2.58°% 283+41.0° 3 813£556.4%¢ 1791229*  60.7£0.83°
Fresh green 600 627167 0405£0,0027° 22.1£0.74% 434+ 5.80%h 263+ 88° 4201+ 516 171+ 65°  40.6+1.92%

Values in the same column withthe same letter are not different, P<0.05.

BY : baker’s yeast.

FC : frozen chlorella.
* 17 culture day.
% % 8 culture day.

Chiorella £+ @54t Fresh green 6009
AAEL 0.387~0.4052 YEbsteh £ §A4 A
2, WA Y Marine at 4%-8°] 0.338~0.351
2 vz oA el

FAAAANEL )54t 5% Chlorella (33.1%),
WA 2(30%)+WE Chlorella (10%) ELTF
(30.6%), G54t Uni Chlorella (27.4%), *
AZ(70% )+ 8E Chlorella (30%) E3H7(26.
0%), UE Chiorealla (271.5%)%2o 8 #A U
ERER|E A2k foide uehtA] eigtch
FRAAD(22.0% )€ PHZ(20.2%) 2t F44
Alge] AL F2A4HQ Aol ek Ma-
rine av FAPAEl 11.7% 8 74 dtch

FAEe HER(70%)+8F Chilorella (30
%) E%#7L MY EL 63128 JElRAT
WA Chlorella (62.5%), wHZ(30%)+Y&F
Chlorella (70%) E7(56.7%), 2 A Z(50.
1%), W22 (47.7%), Uni Chlorella (45.0%),
Fresh green 600 (43.3%)3} f-ol#Ql 2ol &
Holxl ¢kgteh. % Chlorella®t Marine ot
27t 24.6%, 34.7% 2 FHEZ Ydeon ol
HEZH Fo=HQ) Aol AUk

Holo)] wh2 mi1g e A4 4B 2(70%)
+3% Chilorella (30%) &%79 244t Uni
Chlorella7t 283/0/mlZ 714 A4 Jehdx
Wy 2(30% )+ HE Chlorella (70%) T3+
Fresh green 600°) 26370/ml& ] ekt
2y olF 9ol {HQ Aele Slich
844 B3 Chiorellas 11578/ mlZ ¥5 Chio-
rella 6870/mlEc ELATH F APl
foHQ zole ek a2y FRALE}
#rE zbzt 487/0/ml, 5570/ miz2 vlmd wiA
velkn sig4k Marine a= 7H3 &2 1150
/ml2 JEebseh

Rotifer 10,00070A1% Witk AL wgw
(70%) +3E Chilorelia (30%) &+ nhan
(30%)+ S Chlorella (70%) &E3+7+ 247
5,566, 4,355702 713 A etz 4274
FoAQ Aele gLt B4 Chiorella®<)
Uni Chlorella$} Fresh green 600 Z+7} 3,813
7, 4201702 =& WA Chilorella 2,9837W
9h= F9AQ z2tole ellel 22U W Chio-
rella®ct foldoz A Jelwoh Az
Wy g zbzt 22510, 1,705 QA% A2 7k
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D2 2RI :L:

f212ql ajole iR 0454 Marine ot 434
A= 713 BA el

Az 2o] | mgF W7 YA HHR(70%)
+ 4% Chlorella (30%) &7} A R(30%)
+ W% Chlorella (710%) E%F7F 27t 2137,
181718 ©hg ol¥ct FA Uelkz git
Chlorella?l Uni Chlorella®}t Fresh green 600
o] Z}z} 1797, 171702 ettt o)F Tl
4] Aol et 4t 5F Chiorellat
WS Chilorella Bt EUAL F2AXQU Nole
g, FAAR(67T/ME FHL(5SM R ¥
AAY F4HA Aole ek 2 olF
AR F= W44 Marine o (140) B g+ §9
Hog ¥A Jelyceh

&5 Yol F7ol wE FIEL FARAE7}
713 £ 67.4% A1 oz Y& 254 Uni
Chlorella7t 60,7% 2 JEPEARE olS2ke]
o|F<l zlol= gigich Y& E4F Fresh green
6002 Ze F§H49 Uni Chilorella Br} AL
40.6% & %A Yebget. WBF Chiorellast %A%
(30% )+ Y& Chiorella (10%)9 E¢++= 7
7} 43.3% 9} 45.5% 2 o|EZY Y8 {2
Al Aol gixlevt W¥A Chlorelia (37.8% )
WHT(70% )} B Chiorella (30%)2] £+
(37.8%)Bchs A Jebgch M % 23
€& Wame 32.8%3ch

2 #

Rotifers} = o|2 4 Nannochloropsis oculata,
Chlorella sp., Tetraselmis sp. 59 AE%o]
HET ARF2A HAZ, FARE Fo] do
ol#51n QUcH(EM, 1989b). el slepul
A, C, D, E9 #7}H(Satuito and Hirayama,
1986), A¥4e] A7H(Hirayama and Satuito,
1991), B.& A= Chiorella (L %,
1990) *E+= bacteria (Yu et al., 1988, 1989 ;
W, 1993)7} rotifer 418 &4 Alche B3
5ol %lch Rotifer W7 A4 viF B34

7t Frda 2 MG F7t2 dFe] Bol
A4 n B sl Lubzens et al., 1985 ;
Hagiwara et al., 1988a, 1989 ; Snell, 1986 ;
Snell and Boyer, 1988). wteh4] B2 WS
A7) SAAE rotifere] Aatel Fx Y o
o] Aeisioiofiict,

wjo] gl ohE W d Y4 LA N, ocu-
lataZ w3 rotifere] AU T 8257
A/mIZ kg Yol 4§ AYFR} ¥ HT
YAE 3,76070/20 m1Z2 A Jebgel &4
HBE A P lutheri®t T. suecicas T7E
A7t 4ol Az oldc WAHEYUF
Hmel gztog 5ol AU WFel
w8 AZHlell A7ste] updell w4 glof roti-
fer7b 2ol 43is}7] £AgW7] gz A
Zt=lch,

EH(19892)2 o9 A ¢ v]FA mic-
tic female2} male A3t 43 maled
A%, Az, EEH(FAFH) 5ol 4L v
Ackn BT #%lc} Snell and Hoff (1987):
Tetraselmis sp.2} Chlorella sp.& E¥{F7
QA5 a Chlorella sp. @9 S} v|5H mic-
tic femaleoll 4 4t&gt maled] 4 E°] k=2
s}lch, Snell et al. (1987)-2 rotifer wiF2]
g=yel, pH 53 #2 FHgHol maledt
9}44d mictic female8] F3&o) ¢ F3Y
AYE 3o 0|23} FA%E F=2Yolrt F7t
Y45 rotifers] €3 z4six, pH 794
geo| 71 Echn ek

¥ 4Y9 A C ellisoidea APTFANHE
maleg A4 mictic femaleT} maleo] ©R&
AYFE 6~9Y Aolo) ¥ YelAet &
AEQ Az e WFe] A4 Hez 4
zt"d, a2y o2 3 E Aot 2ol dgel
D€ maled FASHANAA 6~99 Aol
B7jotslell A% maled) $AH Y AAAAE

2 AYdde ¢+ k.

B. plicatilis®] W3 442 5238 o] TF
B2 ggae Az g WFEE ALY
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Zolo] W& P4+ Stype Rotifer, Brachionus plicatilis®] 7@ A4zt 2818

4 ¢lci(Hagiwara and Hirayama, 1993 :
Snell and Boyer, 1988), £ rotifer 34|
AR B B2 FAANES FEAA
W3 A4be] AstEictn B 83l ch(Hino and
Hirano, 1977). w2}4 Hagiwara and Lee
(1991), Hagiwara and Hirayama (1993),
Hamada et al. (1993) 5-& AR54 m3igle)
Feg Yo|FFE AL w3 oozt ¥
23thn ¥ aside),

& A oleidt 5% =ol¥EN A
EFE Bz vF AYe 4A1% A3, roti-
fer Aol 225~717702)/m12 Jebgn, «@4n
B +Chlorella EYT2 Yolgt Y& G54 Ch-
lorella7} vIZA FAYAE} HFH AY4lo]
EA vebdch £ Adold o) 83 YE @4
Chiorella’= Bp& B3 ZA(Maruyama et al.,
1989) 2.2 sh=4t WE, ¥3 Chioreliash vl
W FAAYA Bl e xbel7t QARIRE, rotifer 10°
A% Az vfe) | mgd T WAL Y
B4t Chlorella7} %) Vebste). 2iut S-type
rotifer®] Hol4J 8ol o} W7 A4k wigk
%9 bacteria X7} FA4ANER Wt
A4kl B2 d%g vjAcH(Hamada et al,
1993)& 237t ol ol2igt fUQle] HolY ol
Z89 BnY dIRA= £ AHalde <57t
Udet

Hamada et al. (1993)2 ¥% <o|4gxn}
HERE o2 rotiferel W A4S 2
AE A3 B E3ix) e 5% Hol]l
Nannochloropsis oculataz} 7} £ =ol4

y
2

AZE F7HAAn Bk up ke, 2 A
HoANAE @54 Chiorellavt 3 R0l vlstod
Awpatol 2 8424k Marine o, FAILE, ¥E
Chlorelladl| A} 28)2] rotifer?] Al7zo] A zalAl
vetgct R UE, B3 Chloreliadl oiA
zhz} vk 793} 8UH) rotifer7t thEF =) Ab=| AL
o] Yolae 7L EAch

Hagiwara and Hino (1990)< Tetraselmis
sp.8t Chlamydomonas sp.oll 28l ®HA=
Fgte] H3lgnt 2319 rotifere] AEAIF7} Te-
traselmis sp. o4 ¥5slA ek B st
Hamada et al. (1993)2 o8] &f9 53¢
o] Aol el YA WY R3EE A
ol7t UA gigtetn Basiict el & Ay
3%, HolAlgoll et rotifer W7 e &
32 oAU Aol UehbA] otz 55
2ol dgoll whE WA F2EE 2jolE o
Aursl Ang Bch $LE rotifer WFH
Hehgoll deg nixle Yo|HEH $H7F2U9
dgkol] challAl B} Fa|2H]l @37} F-8s]ojo}
& AHolch,

8 %

=4+ rotifer, B. plicatilis, S-types iAo
ABLFAE, 5 Chiorella % HZFoll i
et A4kt 2lo] Ffof) b} YA Wk
2388 =ARAc). 4 £F(Chlorella ellipsoi-
dea, Nannochloris oculata, Tetraselmis suecica,
Paviova lutheri) 7V&4l N. oculata= 3,7607%/

Folzkx 3%k, 12iv Hagiwara et al. (1993 20 ml2 7b¢ -2 WEahg A4bsigel, oot
a)Z olg wo] FFE ulfo] %7 wWFe] ABERAYE FHol g g9 FoHQ

EEY N oculata®} 747 0) 4 Wi 9.5 St}
9% A3 23|17 N. oculata T FFR ZMch
W WTEE A4ksiicln B3 elgich

B AYollMx BAZ+ Chiorella E877} ro-
tifer 10° 2%} 2= ol | mgD W7 AJ4bo]
W&, 83 Chlorella®ct £ Jebte}, Hiray-
ama and Satuito (1991)% 2|4H4te] rotifers]

Aol gldch

9 F%e) & Hol(FRAAL, WAL, F FF2
54t 55 YA Chlorella, h54t 4F Chlore-
lla, 3% WA Chilorella (710% )+ ¢HZ(30
%), WE s\Ar Chiorella (30%) + A 2(70
%), ¥ 72 4% D54 Chlorella)l A W
ek Aol 7HA gk ooy HF Chiorella
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g7 - A4

(30%)+9taw(70%)2 33 <=4t Chlore-
HadA 77+ 28378/mlZ JEbskel. Rotifer 10
Mg A= o] | mgP WFYE A4S WF
Chiorella (30%)+28H2Z(70%)A4 72 5,
se67M2k 2,131 Zp3 ¥A el 5%
Yoo & W] F3}ES FARLZIL 674
%2 7H3 Eotch & A9 As, ZAHAQ
W BA-E gjsiod A B9} F& WF Chio-
rella& E¥sto] FFshe ol AL Aoz
pekset,

W
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Mass Production of Resting Egg of Korean Rotifer,
Brachionus plicatilis (L and S-type)*

Sung Bum Hur and Heum Gi Park
Department of Aquaculture, Pukyong National University, Pusan 608-737, Korea

Mass production of resting egg of the rotifer, Brachionus plicatilis was carried out in
1 m’ tank for L-type rotifer and in 1 m’ and 4 m® tank for S-type rotifer. L-type rofifer
was fed on concentrated Chlorella+baker’s yeast and only baker’s yeast for 15 days. S-
type rotifer was fed on concentrated Chiorella in 1 m® tank for 7 days and frozen Chlorella+ ba-
ker's yeast in 4 m’ for 6~8 days.

Total number of resting egg and number of resting egg from 10* rotifers and 1 g dry
weight diet for L-type rotifer fed on Chlorella+ baker's yeast were 54.5X 10° eggs, 30.5X 10°
eggs and 100X 10° eggs, respectively. These were higher than those of rotifer fed on baker’s
yeast only.

Total number of restmg egg and number of resting cgg from 10® rotifers and 1 g dry
weight diet for S-type rotifer fed on concentrated Chlorella in 1 m* tank were 50~ 104X 10°
eggs, 47~82X 10° eggs and 136~260X10° eggs, respectively. In 4 m’ tank with frozen
Chlorella+ baker’s yeast, these were 149~567X 10 eggs, 36~ 123X 10°* eggs and 131~338X
10° eggs, respectively.

This result suggests that S-type rotifer are better than L-type rotifer for the mass production
of resting egg of the Korean rotifer.

Key words . Rotifer, Brachionus plicatilis, Resting egg, Mass production
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1991). webA] A Helm FAHA rotifers
/EE shitolf FR44] o] o} F3}c

o|9} & o|fZ Lubzens et al. (1990)L
rotifer amictic female 2,000704)/ml1& 4C2
229 3¢ ¥ EJY o7k A2 Okamoto et
al. (1987), Toledo and Kurokura (1990)%}
Toledo et al. (1991)& amictic female egg¥
57 BEF vl otk Rotifere] WRThe F9
A §3AS AgHow YU Y+ UL B
gholuiz} Artemia cystdd 417 B2HA1H 2}
ofoll 3 FFY F e Aol Ak (Hagiwara
and Hirayama, 1993 | Hagiwara et al., 1993
b). wtet4 2TolE rotifers] SAANAl] g3
AR HFRE oY Alsie] 2ol ge AE
sz A77) fusith L-typet S-type rotifer)
W38 1 m’ Z(Hagiwara and Lee, 1991),
4 m® F2(4H %, 19799 50 m*> $=(Hagi-
wara et al., 1993a)oll4] 5% 2o]& o| &3}
W Y4 oot Qi

¥ A7 @34 rotifer, B. plicatilis L-
type3} S-type rotiferg ol&3td 1 m’S} 4 m?
FZoA FF 9olo] ahE W] diFPA
4¥ Ave Rasiax g

ks

Az 9
L 1 m #x44 o] FFe & Letype roti-

fere] WA gy

Agoll AREH Lotype rotifers A& 37
S-Fo) A &g O-L strain (8 - 2, 1996) 2.2
20C, 15 pptolldl A4 RS 4TollA 3
MY 2dsto] 28T, 10 ppt, 2,000 luxellA
2}, 200 ¢ FRP 2ol 27ojtta 3
Fegol A zF-egel 4 gk si=4t Chlo-
rella sp. (KMMCC-C-27)& Wit ¥
TEEE o83 A4E 10 pptE =AY F
£ A7 rotifer& FF#%ch 200 ¢ FRP
Zol|4 &g 20CE FA8A rotifer’t 150
Ax/ml2 € 97t F% Chilorellad Hol2

sl F A¥gzal PFoc A”E 1.2
m?® (W% 1 m®) FRP 204 v Chlore-
llaol $F5€ HolA 10 ppt2 2A¥oq
oldl Chlorella W=t 2500%10* cells/miol
AR rotifer AF YEvL 3~5M2/ml Lot
F22 21.1~21.9C2 FAich

Yol 5= YA Chlorellast ¥ 2.(Sacch-
romyces cerevisiae) & o|8&tct. Y rotifer
107041/ m1E 71522 5% YA Chiorella (495
X10° cells) + A R(HAZZTF 0.6 pg)& £Y
TR $A AT AZFF 0.9 g
FEsch o] FF AVl AW sYA Yy
A2t As FERSE Y 33(10: 00, 16
00, 23:00)2 st ¥ B3 Chiorellas
4 m'FZA m'Y B{ulE 60 g} SAw|F
20 g2 2 vl e A4 YT E w5
F BAAET) ) Bt ALSslin HreE
AR A AES A

Rotifers] 7HAdYxE, 4AE, F4484%E, &
FE A - 81(1996) 2 WS wigkd W)
& 2 A" FRA 145 125, 50 um
seive & ol&3igict

2. 1 m'?} 4 m’A4 S-type rotiferd] W

gk

Agoll AHER S-type rotifers dd nEF
ANF(C-8) FANA A she] £ FelP strain
(3] - v}, 1996) 2.2 =& 28, ¥ 15 pptollA
QAR FTHE 4ol 3MEZ} 2}
o} WpE-g 28C, 15 ppt, 3,000 luxol4] X
BAA I6ATFE 2t LU rotiferd 157
clone2 F&ste] 15 ml AYH(HFA 10
mloll Zzh 839}, APg=A L & 287,
A% 15 ppt, 2 2,000 luxE IR ol
B2 YAt n ol zF-egol &
o}t Nannochloris aculata (KMMCC-C-31)
< Y F YT MEZLE FHo
2,000X10* cells/ml/day &Fslgct, A7zt
1695 3150 SHYy Agds £ IA
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HER(70%)+5% ¥F Chlorella (30%)&
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Fig. 1. Daily variations of population of the L-type
rotifer, Brachionus plicatilis fed on different diets
in 1 m' tank (Chl+ Yeast : Chlorella sp.~ Baker’s
veast, Yeast: Baker's yeast, MF : mictic female,
DF : mictic female producing resting egg).
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Table 1. Result on reproduction of the rotifer, Brachionus plicatilis, L-type with different diets in 1 m®

tank
e Mazimum  Spedfic  Miis  Fenizas  Nuabevl oo of  Number of
density growth nte tion resting eges Tenlly e Diiag oepe.  Culliey Tempecars
sources (inds./m)) rate 0 (5) (X109) (et (e g day (t)
rotifers  (dry weight) diet
Chiorella+ Yeast (1) 185 0.241 211 829 62 » 106 15 212
Chiorella+Yeast (UI) 166 0.287 19.1 859 4 b ] 9% 15 214
Mean 175.549.15° 0.264£0.023° 20,1108 Bd.411.50NS 54.547.59N5 30.5:266NS  10016.10N 21,3401
Yeasi (1) 101 0.201 211 60.1 3 3 170 15 213
Yeast (1) 109 0.205 104 18 2 bij 64 15 219
Mean 105.0£400 02030002 158:5.35 69.0:8.85 3051878 285192 6743.24 21.610.3
* [ P€0.05,

NS ' no significant.

Table 2. Growth and production of resting eggs of the rotifer, Brachionus plicatilis S-type with different

diets in 1 m* and 4 m® tank

. . o o Number of  Number of
Volume Maxm?um Specific  Mixis Fer!uua- Nux_nber ol resting eggs  resting eggs  Culture Temperature
(m?) Food ‘densny growth rate tion  resting eggs X191 (X101 g day (t)
(inds./ml)  rate (%) (%) (x10%) rotifers  (dry weight) diet
107 0.511 104 66.8 50 Ly 136 7 2.1
\ Concentrated 125 0.644 286 79.0 78 62 181 7 319
Chlorella 149 0.544 36.7 .l 86 58 224 7 30.6
125 0.644 36.7 814 104 82 260 1 320
Forzen 146 0.613 293 86.9 210 36 131 8 215
Chilorella (30%) 41 0.436 584 90.9 149 9 233 6 216
4 + 68 0373 a 780 268 99 %9 7 217
Baker's 92 0416 40.6 81,6 433 118 338 ? 219
Yeast (70%) 115 0.372 387 644 567 123 328 7 285

69.0% ¥t A JelgRIRl FelHe] pole
gisdch WFE F YA, 10° rotifer 3 WHTE
Azt Az Yol 1 g 3 TR AL 5
87 Chlorella+ 52 E4F7F 247} 54.5%X10°
70, 30.5X10°70, 100X 10’ R, HHaw D=
37z 30.5% 10570, 28.5X 1074, 67X10°
AZ Jelgoy H2 {97 Aol U+

2.1 m# 4 m')A S-type rotiferd WH¥Y

eyt

S-type rotifer W¥% thFY4H-E Table 29
At 1 m® F2RoAH 52 HA Chlorella®
TFG AgdlAE rotifer }YEE 107~149
MA/mIZ Jepgn 435 0.511~0.644
Agdch, AR ES 452 42 10.4~36.7
%, 66.8~81.4% 2 Jeigch F TG P4

€ 50~104X 1002 AYFoll wely 2] A
x}o| 7}t viebskel, 10° rotifers®t AZE o] 1 g2
W A 2zt 47~82.2X 1057, 136~260
X 10702 Jebyrt,

4 m® $ZolA S-type rotifere] iz Yx
ARge 747+ 41~1467021/ml, 0.372~0.613
o AfTe wals 2oz wkskeh FAAA
&3 #38L 47 29.3~58.4%, 64.4~90.9
%29n & JHFH Y4 149~567X10° =2
Uetidel. 10° rotifers} 7z 9ol 1 g3 T
A ZHzt 36~123X 10°7M, 131~338X 1074
2 2tol7t AstAl vyebyiel
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¥4} Rotifer, Brachionus plicatitis (L3} S-type) &) W7& ALt

Ltype rotiferg Wi4des 11¥ ¥4 m'
ZollA 3.2X 10709 WFE P4atsiddc ol
< AF27) 2 $2(4~150)9A rotifers]
FRAYHES 7 F 2(23~300)E 4
SAA WTR 44 dAE k2] st

Hamada et al. (1993)2 55 o2 9]
AED} ARG ol B3] WFRES Y4 A
Nannochloropsis oculatad w2 S5t 9
ol2 FF% A L-typedt S-type rotiferoll4
25 w2 TS A4 S = 30 a4
L-type rotifere] W73t A4 16X 10°74 2 S-
type 14X10°702ct £ Jebdked o)
Hawaii S-type rotifer®] ¢ vlod & +&
(29~32C) 3 4 £(32 ppt) 2.2 o] 23}5|2) k-2
2ol £3(0.51~1.14)0l 23 W7 YA
A719) 4% E31Z S-typeol L-typelch W7at
HAo] oha o2} o) Qltx ¥ 3 M Ha-
mada et al., 1993). Snell and Childress
(1987), Snell and Boyer (1988)# Hagiwara
et al. (1993a)-2 o|&3s]x] ¢k ¢t= o}, pH
S} COD 35 %71 §o2 uigse] 7o)
o}3¥) ™ mictic femaled] Arekpezt dolaln
maled 3 A2 v]$£A mictic femaled}e|
itolol] <d3kg u)x)7] ofFoll wiRFe] HFW
e e Fa4gn B, £ AT
L-type rotifere] 2§ ul} 49 olF 2e
A 80| A= maled F7F HAR g
Foll A A deh= 3¢ ®ick Hamada
et al. (1993) rotifer W73 A4 o]
F5ol w2ky ck2s] 52 N oculatatt A
ZAH oz s}lro] E7) ufFoll shro] 4 WA
29} g FFUE o B T AYiksto
A4 g 3% & otz Basiddck(Hagi-
wara et al, 1993a).

Snell (1986)°] S-type rotifer®] 7% 30T
olddw FANAE Hi U3t HFH A
Abo] ZrA%ctn wasgln Hagiwara et al.
(1993a) 2 % N. oculata®t ¥ N. oculata?t
AHgse Mok el o] Eifsied AR

#9E o B urdE Y4akdce 23
Yok, & DT 4 427 | m? S22
FABAE, FHE, HTH A4o] el of
A& olfE | m® F£27t o) o] %7 ¥
Rog Az £ | m’ 27 4 m’ FREc}
W7k Aako] Yt o| -5 Chlorella 48] 5
2jo)& FFslcl7) wlgez Az,

Hagiwara et al. (1994)2 B, & A4t
bacteria7} rotifer2} 444182 F7F A1k
B 32313ic), £8 Hamada et al. (1993)2} U
(1993) rotifere] w3l wiebd] bacte-
ria¥X7} ciofFeAl Wts]7]l o Foll vl wj
of4~go] ¥ S-type rotifer® 7Z$- bacteriacll
w2hA] rotifere] A4l Yol 4¢E Wedn
ik & ddel A S-type rotiferd Z¢-
W AQ4ke] o9 wizhrh AlsiAl Jehde 9
e wWdrZE vl ol2i¥ bacteria®l ¥ ol
g odtfol 3z %kt AWzhct

Hagiwara et al. (1993a)-& L-type rotifer&
o] 8¢1e] 40 m’ =zl A) FAEe} WF N, ocu-
latad ®°ol2 119 B H 4,550X10°702]
HrE-g A4kl ol 2T 1| m’F WP A
Aoz gHabsia 113X 100Melch B Adedl4
L-type rotifer®] 2% 1 m’ll 33 62X 10°HZ
Hagiwara et al. (1993a)9] ZA#¥ct Yokc}
22y S-type rotiferd] WAZ A4 4 m’
FZolA WAL+ WE Chlorellad o2 &
Fatod 7Y S 21 567X 105702 FAeid el
1 m'F 7S Adto g shasiwl 141X 104702
Hagiwara et al. (1993a)2] Z#uc} Y4 £
Yelidch o]g}zte] & Agol] ARE-H S-type ro-
tifer7} L-type rotifer2rt o8 723 A4
sto] L-type rotifer7} W73 cigdAl4bol el
sjch= Hamada et al, (1993)2h= el A3E
Bl o)eijt Aak= Adell 0|84 strain, ol
5% 9 39 Soll v Aelgln Y7H
A 2 Aol o2 S-type rotifer straine]
Y4 A¥ 15 pptollA iG] gFzyol &
Aol w3 x| ikt Azksick & Algelly
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S-type rotifer2 w%7)7t 792 L-type roti-
fer§ ©]8%¢ Hagiwara et al. (1993a)9] wj
F71ZH 1143 & AE 9 L-type rotifer v§3717+
16285 B 7Y A2 wid7)zto] Wy
Aol vl AEHQ Heg Azbgc

€ A€o WFd dBAL At o2
Afingt vlms| gof wlmy A Jepsdoh
$o2 FAMAN ool ¥ FAAAE o
ol& MYt 4 m® olite] oiFE FR4 S-
type rotifer§ 4oz JFd Y| ot
AFE o FHez $4Y Yas Uckn A
ZHie},

8 ¢

}F2A B, plicatilis, L-type rotifer$t S-type
rotifere] W¥3d wiFPAP42 L-type rotifers]
A% 159 B¢ 53 Chlorella+$E 2 £
WwiE =2 3{UT S-type rotifers 7Y
¢ 1 m® $XlA 5= ChlorellaZ, 6~8%
EF 4 m' 2ol YF 5% Chiorella+$8E
2 a4

L-type rotifer W+ cHFAg4 AgolA &
Chlorella+ i 2 EF77F F HTFE A4 54.5
X107, 10° rotifers & W7 444k 30.5X 10
M, Ho] A=z FaF 1 gt T A4 100X10°
M2 afiv HEF ¥ EA Jelygct

S-type rotifer?] WHF+Z WFP4L4L 4 m’
FZoll4 WE 5% Chlorella+"$A2E 2ol
F H7H YA 149~567X10°W, 10° rotifers
2 W2 A4 36~123X10°9, o] Az FF
1 g% W3 A4k 131~338X 10708 AAteled
1 m* #2lA ¥5 Chlorella® 5 Yol
AN Ae 2o 2o

¥} Ed

Guillard, R. R. L, and J. H. Ryther, 1962.
Studies of marine planktonic diatoms. I.

uhg )

Cyclotella nana Hustedt, and Detonula con-
Sfervacea (Cleve). Gran. Can. J. Microbiol,,
8 :229-239.

Hagiwara, A., K. Hamada, S. Hori and K
Hirayama, 1994. Increased sexual reprodu-
ction in Brachionus plicatilis (Rotifera) with
the addition of bacteria and rotifer extracts.
J. Exp. Mar. Biol. Ecol.,, 181 :1-—8.

Hagiwara, A.,, K. Hamada, A. Nishi, T. Imai-
zumi and K. Hirayama, 1993a. Mass pro-
duction of rotifer (Brachionus plicatilis) res-
ting eggs in 50 m® tanks. Nippon Suisan
Gakkaishi, 59 93—98.

Hagiwara, A., K. Hamada, A. Nishi, T. Imai-
zumi and K. Hirayama, 1993b. Dietary va-
lue of neonates from rotifer Brachionus pli-
catilis resting eggs for red sea bream larvae.
Nippon Suisan Gakkaishi, 59 : 99—104.

Hagiwara, A. and K. Hirayama, 1993. Preser-
vation of rotifers and its application in the
finfish hatchery, Proceedings of Finfish
Hatchery in Asia '91. TML Conference
Proceedings, 3, p. 61—71. Tungkang Ma-
rine Labortory, Taiwan Fisheries Research
Institute, Tungkang, Pingtung, Taiwan.

Hagiwara, A. and C. S. Lee, 1991, Resting
eggs formation of the L-type and S-type
rotifer Brachionus plicatilis under different
water temperature. Nippon Suisan Gakkai-
shi, 57 1 1645—1650,

Hamada, K., A. Hagiwara and K. Hirayama,
1993, Use of preserved diet for rotifer (Bra-
chionus plicatilis) resting egg formation, Ni-
ppon Suisan Gakkaishi, 59 : 8591,

Hino, A. and R. Hirano, 1976. Ecological stu-
dies on the mechanism of bisexual repro-
duction in the rotifer Brachionus plicatilis.
General aspects of bisexual reproduction
inducing factors. Nippon Suisan Gakkai-
shi, 421093 —1099.

Lubzens, E., G. Kolodny, B. Perry, N. Galai,
R. Sheshinski and Y., Wax, 1990, Factors
affecting survival of rotifers (Brachionus
plicatilis O. F. Muller) at 4C. Aquaculture,
91:23-47,

Okamoto, S., M. Tanaka, H. Kurokura and
S. Kasahara, 1987. Cryopreservation of par-
thenogenetic eggs of the rotifer Brachionus
plicatilis. Nippon Suisan Gakkaishi, 53 : 20

_186..

NEEM: sEASHO0IME(Chlorella F)HL 2 MH3}/ S

2O18/07/08 1434

=
o




MNaEXN 55

Al
A,

@4t Rotifer, Brachionus plicatilis (L3} S-type)e] W+3 ozt

—93.

Snell, T. W., 1986. Effect of temperature, sali-
nity and food level on sexual and asexual
- reproduction in Brachionus plicarilis (Roti-
fera). Mar. Biol., 92 :157~162.

Snell, T. W, and M. Childress, 1987, Aging
and loss of fertility in male and female
(Rotifera). International Joumal of Inver-
tebrate Reprodution and Development, 12
< 103-110.

Snell, T. W, and E. M, Boyer, 1988. Thresholds
for mictic female production in the rotifer
Brachionus plicarilis (Muller), J. Exp. Mar.
Biol. Ecol.,, 124 73-8s.

Toledo, J. D. and H. Kurokura, 1990. Cryopre-
servation of the euryhaline rotifer Brachio-
nus plicatilis embroys. Aquaculture, 91 : 385
—394.

Toledo, J. D., H. Kurokura and H. Nakagawa,
1991. Cryopreservation of different strains

of the euryhaline rotifer Brachionus plicati-
lis embroys. Nippon Suisan Gakkaishi, 57
© 1347 - 1350.

Yu, J. and K. Hirayama, 1986. The effect of
un-ionized ammonia on the population
growth of the rotifer in mass culture, Nip-
pon Suisan Gakkaishi, 52: 1509—1513.

g7 - HA Y, 1996, Aol & ¢34 Rotifer,
Brachionus plicatilis (S-type) 6 strains®] Wi
T A4k SRR A, 91 195- 203,

AW - 9E 7], 1996, ¥4 Rotifer, Brachionus
plicatilis®} B. calyciflorus®] 27| 2 7%
B4, ¢3¢, 9:187-194.

FAFRIBE - FILFLKR, 1989, MMM EY- 1 3 X
Y7 LY, EEMEER, YK, BA. pp. 240.

WAE, 1993. MEMDBIMCEDdV A+ IXV T4
Y OIMEERE, BKE, 59 1001-1006.

SFELE - X B— - FUSSNE, 1979, EEERIMIC X
By A IXVHMT LAY OBRAIBRIS IS0
T. RIEZHH. 8. 53-61.

- 187 -
EH0|MZ(Chlorella )Mol A3/ SR



	농축식물먹이생물(Chlorella 류) 개발의 산업화

	요약문

	목차

	제1장 서론

	제1절 연구개발의 목적

	제2절 국·내외 기술 현황

	제3절 연구개발의 범위

	제4절 연구개발의 기대효과


	제2장 대량배양에 적합한 Chlorella종의 선택

	제1절 Chlorella류의 순수분리 
	제2절 Chlorella류의 유전적 변이조사

	제3절 대량배양에 적합한 Chlorella종의 선택 

	제3장 대량배양을 위한 최적 배지 개발

	제4장 농업용 비료를 이용한 계절별 배지 개발

	제1절 온도별 계절별 배지를 위한 소규모 배양실험

	제2절 해산 Chlorella ellipsoidea의 계절별 옥의 대량 배양실험 

	제5장 농축 방법

	제1절 대량 배양

	제2절 농축


	제6장 농축 Chlorella 저장 방법

	제1절 용도와 밀도를 달리한 단기간 저장
	제2절 장기보관에 따른 성장

	제7장 농축 Chlorella의 먹이 효율

	제1절 ChIarella 의 영양성분
	제2절 농축 Chlorella의 보관기간에 따른 먹이효율
	제3절 농축 Chlorella를 이용한 rotifer 성장
	제 4 절 Rotifer 내구란 생산을 위한 농축 Chlorella의 먹이효율


	제8장 Heterotrophic Chlorella의 개발

	1. 항생제 및 Vitamin을 첨가한 배양 
	2. Heterotrophic Chlorella의 탐색과 적정 조도와 배지

	제9장 Pilot scale의 시험생산

	참고문헌

	부록 -Ⅰ. 해산 농축 Chlorella ellipsoidea 제조과정 
	부록 -Ⅱ. 관련 투고 논문 


