Algae
Volume 21(3): 333-341, 2006

Enhanced Production of Chlorella ovalis and Dunaliella parva by the Rates of
Medium Composition Obtained from the Fermented Animal Wastewater
Including a Natural Substitute Chelator for EDTA
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The productivities of Chlorella ovalis and Dunaliella parva were influenced by the rates of medium compositions
obtained from the fermented animal wastewater (BM: bacteria mineral water) including a natural substitute chelator
for EDTA (etylenediaminetetraacetic acid). The most favorable medium was -E+50 adding 50% BM in f/2 medium
instead of EDTA, a chemical chelator, which increased more 19-fold of cell density in C. ovalis and 7-fold in D. parva
than cells cultured on f/2 medium as well as the enhancements of chlorophyll a (f/2-E: 0.26 g L™}, -E+50: 1.5 g L' in
C. ovalis; f/2-E: 2.7 g L7, -E+50: 15 g L™ in D. parva) and the increase of maximal PSII quantum yields. These results
were verified that the BM could play an important part as a natural chelator substituted for EDTA. In the fields of
biotechnology, food organisms in fishery and eco-industries of CO, sequestration in air and nutrient removal in
water, the natural chelator of BM could be applied to enhance the biomass of the other microalgae.
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MNOE =2 o &3l @4t Chlorella= A XEu}o] celluloses}
hemicellulose® o] F013l ZHFFY==A, FEA 2H8-0]
Aol BEsta Qe HERFE 1 Fol A 9 Edle] AlxEd Tl Hou mE Sx FAdtn
3L, T O] "eatelaL, sake oF 10% H = EA oA glth(o] 5 2004). Chlorellat= T4 o] ko] 40%
(A A 1999: o] 5 2004). v R 7 A 9 FERE v o, Ho|AERA Fad A& AAsta 9l
gt A FAEEA AFE T, HEPY, Bcarotene, EPAS} 7 3, G EBE #5529 thakgt A2 A A Ags e, 2
2 1% X3 A gid ) oil, WEEA 5 2R Y A7REoR P s W ., 5% 59 BE
2 Al FEdoR, AAAE, T AR, B, AR 5 EFIAE, XoJuF HolAER o] &= o d|de] 7}
AP Fetd AN A2 ZgRta vk (- 5 2001). & ek Folvh(] G 1998).
3] FHZol= AEA 7% S (bioremediation) & $J3l w4 a4t H5225720 Dunaliella= v <Fz=710l| wha} vil-$- =2
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I UTHRS} 0] 1998). 5.5, n|= 9 o]kl FPH o
% DunaliellaZ W& Fstar 9131, o] WAZ=FE o] &
B-caroteneS #|E3}st=d Al 33 tH(Vonshak 1997).
e Als /S mAlERESY ALY F29)
gk Balo] Fobx|aL et

TAZFE A stelr] $18] 124 o= A Al X
Ues Z7M7E 712A77F D540t} thakgh wjekx
AR EF, B, B2, 2=, 54 F71dae] 45 Bl
We nAzRe Agel fe szl O $UEa
(Kim and Giraud 1989; Kim et al. 1997; Kim and Smith
2001). &3] #H4E o| &3 Chlorella, Scenedesmus<}
Spirulina platensis®] )& ¥ YA L= AL H3}sle 27
o2 $89/U 19 Ardoz AUHn ATk 5
1996: ¥} 5 1998). A4 A9 RAgHALe 4
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T2 EGRAE(RATH ok ARl oa wREAIZ A
2T E o] &t 4t mlA 2R AE S A3t 5 e
w21 & Adetazl shaith. 7]l AdEE = BE w2,
ASW F)ol= stetets Aeel’dAlzt 3= =t o= W
| F7tele nlEe] $5%(Zn, Cu, Co
ol vE A galEA &ar, o]E o] B4 Ed S
WA B 7]1%E gtk olE f8l 7€ BE 8|
2 EDTA (etylenediaminetetraacetic acid) 7} AF8-% 31 $)
i, o] EDTAE HEsld 4 ofreite g F5% =
A, BHEA Fo2 o] x| kAo FA wE YA ) F
2gow A AyolgA o] gk A% ot (Gilberst
and Hoffmann-Glewe 1991) .
2] 28 E T 5 Wt wE v xR A 2 9
AT 241 EDTA s=r37} mlA 279 A4S S0
AT 17} JIoH(Sung et al. 1998). kA 7+ EDTAE= vl =;
Sigma-Aldrich 2] AFdANA n7t2 AL el
gletetgd E-olt}, nAZFE A4 Ao EDTA
AL Ao g AlEe Al AAE o)
o} A& Alol= EDTAZF QAo m]2]=
Aol Aot wEbA] mlA| 7] AiskE 9
Zeta, Yt 2655 VM7= S
Al o] a7-E T
w2 (f/2)0l] BELA T (72 EGrAYE
H9ZE %3 . BM, Bacteria Mineral Water)
2] 71gk vjA| o] BMo] EDTA thA|-& X
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Table 1. Composition of f/2 medium containing EDTA as a
chemical chelator

Elements Stock solution  Dilution per 1L
of sea water
NaNOj; 75g L1 1mL
NaH,PO, - H,O 5gL1 1mL
Na25iO3 - 9H20 30g Lt 1mL
f/2 trace metal solution 1mL
FeCl; - 6H,O 315g L1
Na,EDTA - 2H,0 436gL7!
CuSO, - 5H,0O 98 gLt 1mL
Na,MoQOy, - 2H,0O 63gL™! 1mL
ZnSQ, - 7H,0 22¢g L1 1mL
CoCl, - 6H,O 10gL! 1 mL
MnCl, - 4H,O 180 g Lt 1mL
/2 vitamin soultion 0.5 mL
vitamin B12
(Cyanocobalamin) 1gL! 1mL
biotin 0.1gL™ 10 mL
thiamine HCI 200 mg Lt
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Aol AFSEl OJMIER FH HiYEA

2 AAddA AEE i AR 52 F
(Chlorophyceae) 1 Chlorella ovalis(KPCCI P-M-2) <}
Dunaliella paroa(KPCCI P-M-6) 24 A dtigtw of &Fupete
TAIE 9] 2t g EFAELA Y (KPCCD) e 27 E
= Witk g2 wiA = /2 A 32 (Guillard 1975)
(Table 1), AR WA= £/2 vlx|ol] BB (R B
AEZ Zrad =g 4= BM, bacteria mineral water)
(Shon et al. 2004; Kim et al. 2006) 3% 1 7}3F wj=] (E+3),
BM 6% 7}et viA] (E+6)F SAlol BMe] A ZAeole
(chelating) &35 AZF3H7] 918lA] £/2 wix] FAHEH ol
Z# o] YA (chelator)9] Na,EDTAE A| A ulj=] (f/2-E)e]|
BM 3% & 71k v (-E+3) ¢} 6%F 713k w2 (-E+6)
oA C.ovalis®} D. paroas FE3tth HAEE vAZFE
A3t W3] (14h/L, 10h/D)<} 24°C, 130 pmol m2 s
o] o 2 shaking incubatoroll Al W g= ). 2 F
o] BM H7t2 9 Zeo|gA| 29 a7t A5d
o BMO] F7tsEE #o F 52/ AGES vl &
sttt £/2 wiAelA NapEDTAES A A7 viA] (f/2-E)el
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271 Al Nt H3 A1 e 27 A
) he AT RS w wjFA S o)

HE2A go| Mak Al MM HA

A& g0 =2 =35y 9ok wpa e theksl guj
FE2 Alde Bdstan A0 e SY6te S8
(Parsons and Strickland 1963) 3} 5% a4t = o] 83 &34
=7 (Holm-Hansen et al. 1965)°] T}, AA| s Sl 2]

BEY=EY Al W] gRe] 2REPEuTH o 500
o1 WFE gAYl Yo ¥l AgHw o
(Jeffrey 1972). & HAE A= H54 a9 F= ALkS @l
644:7412 ol g5ttt A=A 49 Y =HL AlE 3

H2)d 51 74 (GF/C, 45 mm) 2 o7A|7] & o3}
]% OMHIER E5 R HERE 42 5 10 mLE F7tet
shg RS 94 Reldel Yu, YESe £C o F
ol A %*1Hﬂ(4000rpm 20 min) aF3At}. el
s F5A &7 &334 =7 (Cary 50 Conc, Varian,
USA) & A sk3ith. HP%W@"” o8 oMEEO: &AL
Hale] Aoz 3o, 663 nm, 645 nm, 630 nme} 750
A el FRES PR, GBA& 09 FEt
Sandards Methods(APPA 1995)E 7|22 slo] A4kl
=

il

dr fo j[o{.

Y X 75| (mL)

S almg L) = a0

Y=924 a9 F(mgL?) =11.64 X; -2.16 X, + 0.10 X3
X1 =0Dgg3 — OD759
X5 = ODgg5 — ODy759
X3 =ODgzp — OD759
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=2 a9 FIFAHEES FF E247] (Phyto-PAM,
Walz, Germany)el ©]3 470 nm, 535 nm$} 620 nme] 57

ol 4] PSIIe| A 9] At F=FAH(quantum)E S 33T
Fv/Fm = Fm’-Ft) / Fm' =dF / (Ft + dF)
Fv/Fmi PSIO| A dibehes P3ke] dX2 o= A

o F}dEES Irista, dF= ¥4 58 7K, Rte <«
HEBE, F'e Hd FFES T

==

wE Fitmle Ml (dEgde, BM)e| 33 tHA|
g A4 X254 (RS2 4 BM, Bacteria Mineral
© 45l e] AL 3= AXA Q*Eﬂ z} “)rﬁﬂh Z}
ZF 0¥t &8 7| ARG AldAlE B Egite
(LA, oY ER F)°] i “% %‘/—‘1 = 21 7]15 oA ]i’ﬂ

LA TS At A A HHe
7k 2H o] RIS

2ok A2E & ¢
of 57174 utelelote] i<t
1?40}7} F71E4

;} 7410114 A4S
A z}7keto] mo} A4
sk, ol o] ARRAERE 54 2 55
WAE AR U, AFH o vgEe] aktEd A
g EA o] FHI AEEAH S (BM) 7} ¢ Hct(Kawamoto
1996; Nagasaki 1998) .
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HX = XM2|=(BM)2| & &4

Ao ol gd A re &4
A A3t &

wA /] wiR = o] &at7] Hel
o 4% BNsEY. gEL 049
HACH, Korea) 2 233511, $40]&%% DO} &
pH/DO Meter(D-55, Horiba, Japan), A7|A === 712 A
717 = A (Metrohm, Switzerland) S ©]-&3lo] =73 3}9]t}.

COD, S5, T-N¢} T-P= A FH Ao 3t
A SFATHEE F 2001). BMo] 9} A4 Fa5&
(Fe, Mg, Cu, Ti, Mn) ®¥sl&F3 S4a17] 9l A& 4 %
A AF k] 4 mLe] HyO,9 3mLo)
HNO;E #7}8ke] microwaveE o] &a)A £3f3t & 2-3%
HNOzZ 38X 38}e] Inductively Coupled Plasma Mass
Spectrometer (ICP-MS) (PQ3, VG, UK)Z #2319 thH(Kim
and Smith 2001) .
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Table 2. Physico-chemical characteristics of BM (bactareia mineral water) originated from the BM farm of Chunchon, Korea

Samples

Physio-chemical elements
Wastewater (Swine urine)

Fermentation for 10 days Fermentation for 40 days (BM)

COD 1560 mg L 500 mg L 270 mg L
Ss 578 mg L 148.8 mg L™! 22.11 mg L1
T-P 74 mg L 42.96 mg L 15.38 mg L™!
T-N 3510.4 mg L 1382 mg L 906.1 mg L™
Turbidity 190 NTU 53.3 NTU 3.21 NTU
pH 8.49 6.04 5.68
DO 0.05 mg L1 1.16 mg L™ 11.86 mg L
Conductivity 13.3mS cm™ 5.5mS cm™! 41 mS cm™
Table 3. Variation of heavy metal concentrations in original
Znp o pE swine urine and treated BM
Elements Wastewater Fermentation Fermentation
BMo| &%l wis} for 10 days for 40 days
275 9590 ke 097 TEPYS AD A Cu Ok  0F 0
. e . . .
= 3 2=0 S =3 =2}l A] B.okulo okl A
o ]1‘:2'[‘1_ BM= = BMo ooﬂ 1 T‘:OC‘-AJ\—TA—. EY ] g Mg 1.48 22.62 183
0T, o ARl oal LAEHT] o] U4, 1043 Mn 0 0.10 0.19
LEE AR, 047 TR A% (Kawamoto 199%)E 22t Ti 0.16 0.19 0.11
A AF st & vl £ 6k3itH(Table 2). U9
COD¥ 1,560 mg L'o]9lar, @ 10 $o&= 500 mg L= o] 223t 7% 3t (Kim and Thomas 1991; o] = 2004).
68% AAHAT, WA 40 Fole 20mg LR f5ol ¥l mebd BME mlAzRe 954 FYL FES 5 Qe F

all 83%71A skt SS(%6% #4r), B=(98% 44,
AZNAEE(69% )M e 94T 2F 402 F9 BM
o] AeH Aags & 4 Ui, BMe DO= A5l Hls)
S8 23797} Skt A7 E=sF 44 (13.3 — 4mS
an™)H 3 FholFEr) e85 — 57)Hel w9
ol Blsl HF A 2jQl BMe] 3etukgo] tHdS HHA
FAo] AstEAFE AT T Ao e dFlA
3510 mg L', & 109 3o 1382 mg L' & 61%7} 7+43d}
AL, HE 402 Fol= 906 mg L& 75% 7} At &
91 Yo 74mg L, HE 109 Tol= 483mg L2
2% AAreFa, TE 40Y Folle 5mg L= 80%71 7
25ttt ole At EGmAE oaf =
A Pl Eo] A el TE A Ql o2 A {7
A

1A AelolFAE HZ3 & HE fr|ite s £

Ny

2

= =2
$9 & AE Ao ArH),
Q%9 A4 BMe] 324 4% 2L 44 2AANE

EL
HH, Cust Fe §He dglA daay&
3k, Mgst Mn& gopsith(Table 3). 53]
FHO HE A LF 1042 40LellA 22
= It vl ERe] 9548 TAshs Mg ol 22
Nl & (pyrrole) & shtel 3& el 4% Hael 2
olgo® Heoldd T4 F&HoleoR FPAe] I3t

5
Hkgoll M Atekghdd 97t 2o} Wnks-e] oA d4

o] o] T i Alo] ERIE 3, BM Ul Mg o] &
7he v ZRFIE 454 S Sola sk dAlE e
t}al B Fe o] &2 gix w9l A RS 10€ 2E A
o] 41% #AEAar, 4047 Fad BMES 78% = 744
o}, o] Z¥= YFEY thEFe] Fe o] 2] 3= Fe o] 0]
n| A Eo] Akt A2 dAHER A Esle] EDTAS] 7%
< giilsks A ZdloldAl Aol AR Be =z AtsE

.

(]

BM =Zof M2 MIZo| MEE 3}

| AF 1| M| 25 Chlorella ovalis®] A28 %= EDTA7} H7}
oz wix|Ql £/2 v =] (Table 1)of] B3] f/2¢] BMo] 3%
£ 71k uiA (E+3)ol|A] At A EiEE S A2y
T7F Z7H1.16)) 3 vk {/20] BMe] 6%E 3 7}ek wix]
(E+6)cllA A3 AlEe 238 725 AvH0.64)) (Fig. 1,
Table 4). o] Z3}+= Phaeodactylum tricornumtum 11 &-E& Wl
&S 3 AFuA 7} 3% BMS F=7Fek S u)A] (7 2005,
E3]H 5 A|0500333%) 9 B AZE ATt v £/2
uj 2| | A] EDTAS A| A3 -E+3, -E+6 ulj kb ol x] vk 14
A7t A XU == EDTAS BMo| 59 52 F718 uj=]o|
A 7S Mol el E=dTH(ZH2 2,54 9} 1.84)) (Fig. 2).
C. ovalis®] A= BM 371557} =2 ulj=] (30-50% ) ol A]
AAEo] B =gkth(-E+30: 8u); -E-+40: 9ul]; -E+50:
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Fig. 1. Variation of cellular division rates of Chlorella ovalis (A) Fig. 2. Variation of cellular division rates of Chlorella ovalis (A)
and Dunaliella parva (B) cultured in each medium. and Dunaliella parva (B) cultured in each medium.

Table 4. Variation of cellular division rates and cell densities of Chlorella ovalis and Dunaliella parva cultured for 14 days in each

medium
Division rates and cell densities of microalgae

Media

C. ovalis (k day™) Cells mL™! D. parva (k day™) Cells mL™!
£/2 (control) 0.25 2,420,000 0.23 1,786,667
f/2+BM3% (E+3) 0.26 2,576,667 0.28 2,530,000
£/2-Na,EDTA+BM3% (-E+3) 0.21 6,156,667 0.28 2,886,667
f/2+BM6% (E+6) 0.35 1,536,667 0.28 2,550,000
£/2-Na,EDTA+BM6% (-E+6) 0.31 4,343,333 0.29 2,423,333
f/2-E (control) 0.24 3,590,000 0.26 2,880,000
£/2-Na,EDTA+BM10% (-E+10) 0.21 4,373,333 0.27 3,583,333
£/2-Na,EDTA+BM20% (-E+20) 0.29 4,756,667 0.40 7,686,667
f/2-E (control) 0.14 1,080,000 0.11 2,095,000
f/2-Na,EDTA+BM30% (-E+30) 0.30 8,660,000 0.21 5,315,000
f/2-Na,EDTA+BM40% (-E+40) 0.37 10,020,000 0.20 5,950,000
f/2-Na,EDTA+BM50% (-E+50) 0.42 19,980,000 0.35 13,605,000

194l) (Fig. 3). WHAdll Dunaliella parva’= BM 7} =7} 3- Z71&S 1o} -E+20 wiR| oA = £/2 thT viA] o)) A
5% W AN = AEEE] & H3l7| glgl oy EDTAV} A A7t C. ovalis(1.38)) 2t} D. parva(3ul)) 2] AE F7}&0]
A" -E+3 x| A] A3 qELAEIF 29 x 100 cells AR =9kth(Fig. 2). D. parvas= C. ovalisell ¥]&l] BM F7} 5
mL12 7P =7 Yebdtl -E+10 vixeldE F uAlz = SRR wWE AE &) vigko) EDTAV Al A
SV £/2 oz wiR| o vlE)] Zkzb 1.21u] 9} 124 2 ¥ 523 31, BMe] F7Hert S7FEEE Covlise] Al Eet o] Al
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Fig. 3. Variation of cell densities of Chlorella ovalis (A) and
Dunaliella parva (B) cultured in each medium.

x| U=t S7FATH2.5 — 6.54)). webA EDTAZE A
A% 1 BMo] 50% A 71E wjA| (—E+50)°ﬂ/\1 144 7F v =
C.ovalis®] AZEEYD £ 042 day '3, AlZEUEE 2 x
107 cells mL 24 717 =2 YA S Uesih(Fig. 3).

o] @Tf‘rh o 5(1998)<] a4t Chlorella®] FAERHS-7]
& oA A7) wi R 25°CellA] Al
7} 0.29 daylo] H]a) 2 Aol A C. ovalis2)
b weds AS 4 5 Ao /20
EDTA7} A A1 50% BM<S 37}ek —E+508)%] 7} C.
ovalis®} D. parva2] wjoke] ZZHwix| 1L, BMo] 3}etatA]
EDTAS] d&& tiled 5 sivte 232 AASERE ofy
2b f2u]A] A wj R F SRl Boh #Ha 199 (C
ovalis) $} 79 (D. parva) ] AIEEE &5 F7HAIZIl nhet
A z=Fe] 2l sket A s B 1) CO, Ao 285}
71e B Hol & AstE AT v ALt A o] Thest

{1 OFO

2} BerE
Q=2 ao| B2 sl

@52 0 DR/ BT HeE 5 Al
AAEA = Agkale WAl R, FA AlAQ) FE
FAET} o] F9] Wol7} 5 12} YAAEA 57 *Mﬁl«l
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Fig. 4. Variation of chlorophyll a of Chlorella ovalis (A) and
Dunaliella parva (B) cultured for 27 days in each medium.
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. AESSTHFig. 4). G54 as WS 27U A& TS
W B2 An, x| EDTA f%-cl w} og%i ac]
gro] apdstE| o] yebsttt. C.owalis®] 5
-E+3 > E+6 — {2 > E+3 — -E+6 x| —:_FO
09] =x7} AstE et EDTA7F Al A= 1 3% BMo] 7}
© -E+3 vjA|o|A 523 mg Loz 71 =9kt}. D. paroa2)
AE4 g FaFo] -E+6 > -E+3 > E+6 — E+3 — /2 uj
A o8 7+Aaskgla, EDTAZE Al AE BMo| 6% 7+ -
E+6 wjx|oll A 3,637 mg L-12 71 =34, D. paroae] 2|
I §PE4 a9 B HlE C.ovalisol| B8] 7vi7} &3t} D.
paroa®] =2 a Figo] A EU =7} 71 =& viA] (-E+3)
ANA Bt -E+6 viR] oA FE4 a o]l 7P E=A e
ool o] ujok A7) HEA a2l FAEO] AlEL T
G 7V 7] Wit ® AlRE T webA T s2FE AlE
o] Wstol| A A d f2a)#]ol| 4] EDTAE Al A g =] ol A
524 a9] P EC] T7HE BHolFrh(Fig 4A). BMO] &
2 Z7MZ C.owalis®] =4 a9 Freke -E+500) A
527 mg L' 714 #ka, D.porme] Q=4 a FH=
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“E+509]4] 15,004 mg L1 7} %9}th(Fig. 4B). o] & &
o 922 a9] FE0]E 1007} eh} EDTAS AAS )
Aol BMQ| =7t Z7FeES C.owalisol| W& D. parva2)
A2 A g B ¢ BL JES nx= Aoz Audn)
AE AFEEGo] LA 3 ]7]01 <k 1444, -E+403}
-E+50 vjA|elA wjFd C. ovalise] 753} AEXLE7L
D. parvacl] Wlal 21 = I 1”* AL o] A7l 3o
= A1 wiF 27%"/‘11 ol D.paroa®] 54 a FFe] C.
ovalisol] B|&] -E+40u] X ol A= 258} Z7 sk, -E+50
HjZ] | A = 10817} F7stdTt. ol D. paroas] 33t Al
2173 (2F 12 pum) (John et al. 2002)°] C. ovalis(2F 3 pm)E.C}h
7] w2l D. parvazt A XE0] FA0] & AR AXE A
G2 C.ovalisol] 8] FUA| R, 3 Ao A GuAds
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