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Abstract

The growth and economic analysis of Spirul/ina platensis
using medium based on deep sea water

Lim, Dae Hack
Advisor : Prof. Park, Cheon-Young
Dept. of Energy & Resource Engineering

Graduate School, Chosun University

Deep sea water is psychrophilic and clean and has abundant marine
resources containing significant nutrients as calcium and magnesium due
to low temperature and density. Thanks to these advantages, deep sea
water has been commercialized in various fields such as development of
marine products and healthy food. However, among these advantages,
deep sea water significantly retaining inorganic nutrients was successfully
used to cultivate microalgae, the technical development of a culture
system is insignificant.

In particular, economical efficiency of deep sea water-based
preparation media is insignificant and technical skills to secure optimal
growth characteristics of deep sea water-based microalgae have not been
fully developed.

Accordingly, this study is to prepare a SP medium and a low-cost
medium using deep sea water and cultivate S plafensis using these
media.

Based on the results of the growth experiment of the microalgae, this
study is to investigate the maximum specific growth rate, doubling time,

yield and economical efficiency according to production.
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When the SP medium was mixed with deep sea water in diverse
compositions to grow S. platensis, its maximum growth rate was found in
the mixing ratio of 50:50. In these conditions, its maximum specific
growth rate was 0.094 1/day, its double time was 3.058 day, and the
yields of N, P K was 0.160, 0.081, and 0.131, respectively.

When the low cost medium was mixed with deep sea water in diverse
compositions to grow S. platensis, its maximum growth rate was found in
the mixing ratio of 75:25. In these conditions, its maximum specific
growth rate was 0.099 1/day, its double time was 3.007 day, and the
yields of N, P K were 0.170, 0.029, and 0.033, respectively.

This study mixed the SP medium with the low cost medium in diverse
mixing proportions to grow S. platensis. When deep sea water was mixed
with the Sp-medium at the ratio of 50:50(W/W), the maximum dry cell
weight obtained was 1.16 g/L and its production cost was 142.62 KRW/g.
When deep sea water was mixed with the low cost medium at the ratio
of 25:75, the maximum dry cell weight was 0.88 g/ and the production
cost was 8.17 KRW/g.

When deep sea water-based low cost medium was used to grow &
platensis, the economical efficiency was significant because of low
production cost. It is judged that the low-cost medium and the SP
medium were very eco-friendly as clean deep sea water was used to
grow S. platensis.

Therefore, it is suggested that further studies on pre-treatment
technology of deep sea water and hazard evaluation of S platensis

grown in media with diverse mixing proportions are needed.
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Fol  &3t= 05 mme WAFFENQ Spirulina

platensis= /—\l%gi S A (G0~70 %), ©53E(10~20 %), AHAG~10 %),
2 HEFRIG~10 %S st do] AW F5Y

o] $-FatH, ZEEZ-aE TRt Yol ookF 9 HAARREAFOE
N8 W QtHRangel-Yagui et al, 2004). T3k, FdZEld WS 7}
A3 o) HEHE o A o J&F & EAE}(Mosuhshvﬂl et al.,

FLEEFH 7MAE 7Nte R AFREAEF F 7 A EFAFKhan et
al., 2005; Kulshreshtha et al., 2008; Mazo et al., 2004), &1 7|4 2L F
H2HE AA|(wata et al, 1990), HE=d 7|5 2 &F4ksHRasool and
Sabina 2009; Wu et al, 2005), 3% (Akao et al, 2009; Schwartz et al.,
1998), &ulol# ~ &3 (Ayehunie et al., 1998; Hayashi et al., 1994) %]
Agg AT, "4 opu4k 2 2K Alonso and Maroto, 2000), #lE}F 7}
28 g v IArobd 5o MAF, FAE A5 T udw A= ATl
853 QthKay, 1991; Sautier and Tremolieres, 1998; Ahsan et al,
2008).

Spirulina®) W FAY4HE 19708t THE P ow, Hx S gl
Fe #A =2 Sosa Texcoco Co.ollA4 A]ZHDurand-Chastel, 1980; Ciferri,
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1983), I % W A]=(Spirulina Mexicana SA), El=(Siam Algae Co., Ltd.),
& E(Nippon Spirulina Co., Ltd), ©]2=2}&(Koor Foods Co., Ltd), wl=f
(Earthrise Farms, Cyanotech Corporation), t%H(Nan Pao Resins Chemical
Co., Ltd., Blue Continent Co., Ltd., Far East Microalgae Co., Ltd., Tung
Hai Chlorella Co., Ltd), <1=(Parry Agro Industries Ltd.), Z=-(Yunnan
Spirin Co., Ltd., Hainan DIC Microalgae Co., Ltd) &3 & AlA oz v
gholl A AFA Q] dgFgsto]l o] FoiAHA AA AZF ¢F 3,000 B A4
stal ) thShimamatsu, 2004). <o) diFul FAIH-2> A3 (circulanoly 2
2] Z(raceway pond)o] °o]-g=ojx™, w]=9] Earthrise Farmsell A= 1571
o) 599 =24 215000 m)e At sHFE o83 Spirulinad)
o Fuf Fell A 3-8k tH(Vonshak, 1997).

T A= AW w71 E ol&ste Wiz mE Spirulina®l F2
2 A 24 Y A7 ol FolH evUoo et al., 1988, 2000), <2Jth
kol tis) HT &3] ol &FH A= S platensise= oF Ul A=
AF HFAT|GAA At AT tFA k] o] FE3T|E B
o] o]FojAA] X3l tFE FYe oEsta Y= AAolth. Spirulina

o

At JUBAY BEE, LE Y £E 5

Aol Fa% FFES HA g5, 25 9 2% 5
o2 ZAE A JtHCornet et al., 1992).

S. platensise= ot ZFol vls] diFHoE %2 pHEHE(pH 9.2~9.3)°]
s75] W F wiA(medium) W o2 2/l g 2Ho] doAuA &
= A™S AYar JqokBelkin and Boussiba, 1991). Spirulina®l 19 &<
S B8t AP ow SprulinaE hEMSS s YEA =
FEAF Fwol g AAAQ] FES pEstefof gtk 5 )
v gol thety] HAAFTAEL Spirulinas W Fsr] sl AHEE
™ SOT, Zarrouk ¥ SP mediums 7|RES. 2 3to] & 4(seawater), k<
(sewage water) ¥ F<¢#<=(industrial effluents)E ©]-&3F ZAA A<l wj=|
g Eete AFE s Ygek(Faucher et al, 1979; Saxena et al., 1982;
Tanticharoen et al., 1993). 3tA|¥F A - A2, F7F4<l 22k A AL F
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LA ST

A e AR WA= F7] SEERE IR CE st mEE
&7 9 HEN So] BAE FAAWAE AEstal ltkPark, 1999). FE
f/2, conway HJA] T o]&=i o, HITole FIAZRF A Z
H Aol A AARES Ad F&EIHNEE Wol AR&sta JAHGuillard
and Ryther, 1962; Claude, 1976; Rodriguez and Maestrini, 1984).
Schreiber(1927)+= 3ll=(1 L)71wkell Aikd 7 QI4FE(NaNO; 150 mg/L,
NaHPO; 8.69 mg/L)S 71Eo 2 F&EFH T &S gHiteto] wjfu=]
= Az 393, Rodriguez and Maestrini(1984)¢] Ao wr=2w 12 9
EHIEE 16 FY wAHEFA wigd A¥, Conway HiA|7]E
Chlamydomonas palla, Chaetoceros sp., Nannochioris oculata 2 Isochrysis
galbanad| M= Egn) g Wi x| oA e HAAES WO, Phaeodactylum
triconutum, Skeletonema costatum, Tetraselmis Sstriata 2 Thalassiosira
pseudonana= Wl =2] FF{ol wel ¢F7te] zto]= Ro]A|¥l Conway HjA|
o] AFEN fFAEAY O ESkth

Ankita et al.(2014)e] AFlA= N0 %), P26 %), K26 %= o] Foz
/\(}&ng 55 o]&st wEHE |G RAE A xSt S platensiss %
Z1 A3, Zarrouk #jA|7]E] HlE] O =& AAES UERAUTH
ol frt H4ERFMNE W N, P, K % Si 5o SYARY =
ol mlAzFe AAEEI TAWN AEES 71717 A vE ol
Mn, Co, Cu %! Zn ¢ 7] JFIFE F/IAAHE 435

= 7o 1ZP(Park and Huh, 1999).
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lwAog dAFI 2%, ZwCa), rtavlsMg), 4 2 A4k 53
g IRV TSk, B A) 2 5A4& BEtHFukami et al,
1992; Nakasone and Akeda, 1997, Fukami et al., 1997, Hwang et al,
2009; Hataguchi et al., 2005). =W 3jFAZTTe FAZAL vl A
=T TEA7IEQ] A EY 27.8Na/K) @ 3.4Mg/K) : 1.1(Ca/K) : 1(K/K)<

e £10 %E WSSt ow, A, w2 vdE I, IS

g, Aed a8 HHAZe St SAS 7HAAL 7] wEel ol 54
< Z&30H AFAFTTE ol &3te hdFS Aokl &840 Fof
2 Zeolt. fEuete 200088 ATl B3 ATE AEEA
o, A HFASTFE o1& F 20 A/ EFE2| AFo| A4t g
AR, FF A F - F4Y, He & 5 B2 EokE Fd&HoA1
ATk olHE olfr Goll Yl FF fUATTFE ALY FEFol olnkx &
Ao E 7lgdt

I TTY B AHE o8t HZ FYdAe PR A4k
HEAT7 s JAPHn Jdot thEHQ wAZEF Spirulinas -
571 3EA fEFS VWMo R ARAFAGL ¥EE fete] &
A4k=l 31 9thBelay and Ota, 1994). @A Spirulina W ZFA A 28 T34

Z MR A 2 &S oF 20 %S At Yom, F)A Aeke] g
18S A4S + Ae AFdSTE Zﬂﬂl%ﬂﬁﬂ Az o] &atA HotH
Hj Q2] A Z27bA Hel A AA e fEd AR AT

2 3t Spirulina AR A H ol Tz FIgE
wol j7] wjiEof tFEEo] duix|He] AjoA Y= 9l tHMaterassi
et al,, 1984). sl FA T+ AHo] B ForzZ FFA o] dojuhA] ot

FI9FPE THav oA ALe AA SA4H0 BevFdash o
o]
AN

@ U o] FHSA EFHo U, Aol b PEE AUm Yo
o S platensis® MFHI AFAFF AN MARA AP AR
BRh AT 8%, s, Y
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M ZzFA S platensistKMMCC-56)= =3 Fr| Al Z=F-2FollA] 2
weton, 5 Hige A A= =S drAEFHAA S
platensis®] A& AFAMAR AgH 2 F7IEiRI(pH 9.37)21 SP
medium& AFE-3FE . SP medium(Table 12 solution A, solution B, PIV
metal solution % Chu micronutrient solution®® FAE o,
mediumol] AR&H AloFS =5 A3 -8(Duksan Chemical, Korea)2. 2 ©]-&
SR wiFz-2 500 mL AHztEet239 medium 200 mLE ¥ #F
5 %WIW)E A HES &, 2% 35 C, wy¥E% 120 rpm 2 2% 8,000
lux2 3593t wl st vHFig. D.

S. platensis cultivation
Fig. 1 The equipments of S. platensis cultivation.
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Table 1. Chemical composition of SP medium for S. platensis.

Solution A

NaHCOs3 1361 g
N82C03 4.03 g
KoHPO, 050 g
DI water 500 mL
Solution B

NaNOs 250 ¢
K2SOq4 1.00 g
NacCl 1.00 g
MgSO,7H:0 020 g
CaCly2H,0 004 g
PIV metal solution® 6 mL
Chu micronutrient solution** 1 mL
Vitamin By, *** 1 mL
DI water 500 mL
*PIV_metal solution

NaEDTA 0.750 g
FeCls6H,0 97 mg
MnCl24H,0 41 mg
ZnCly 5 mg
COC12'6H20 2 mg
NazMOO4'2Hzo 4 mg
DI water 1,000 mL
**Chu micronutrient solution

NazEDTA 50 mg
H3BO; 618.0 mg
CuSO45H,0 19.6 mg
ZHSO4'7H20 44.0 mg
CoCly6H,0 20.0 mg
MnCly-4H,0 12.6 mg
NasMoO4-2H,0 12.6 mg
DI water 1,000 mL
***Vitamin Bj, Stock 100 mL

Vitamin B12

15 pg/100 mL H,O

Collection @ chosun



< " AA4Q

sl S platensis®)

S

8

Fig. 2 Sampling sites of deep sea water.

~ N \o_w AW,
. g W _20
~ X —_
&2 w ;AU
F ©
=K m -
‘I—.E “W 2 7_| z,,n.,?sm N 51 LE
= o o : f 3
~ Mo N 7 <o
= oz B 24 |
_ D T W pAEE 8
o & 2 do V :
Wy :u_ E o AT °
-~ o o
~
— o S W gy
o + @& L1_,_
m 2w eRE
B A m m @
_ZO () =
,.l]yu_n_w“__ LU © AT h o 2
r o T g i
T o E T n_mM B T &
™ <P o= X £
- dﬂ \M // : g u,,
‘ﬂ.l ﬂo ‘_Aﬂw A__.. ﬂﬁ NAMWLAV; w r(\,r\\w,\n ) \ o} “/ E w\\f WWU 7 ,
U < = ——— s m ( 8
- N { b (8 \ ,
\IBFE ‘.w ‘um /D\ ﬁ N.DO:BE NOO.LE
S i S
T om 8T
airiy <t
A= T oy
No o o mK o

Collection @ chosun



Table 2. Physico-chemical characteristics of deep sea water in this

study.
Contents DSW-1 DSW-2 DSW-3 DSW-4
Depth(m) 605 510 200 418
Temperature(‘C) 0.567 0.486 1.227 0.944
Salinity(%o) 34.069  34.070  34.006  34.044
pH 7.745 7.718 7.918 7.957
Count of coliform
oroup(MPN/250mL) N.D. N.D. N.D. N.D.
NO3 (mg/L) 0.332 0.234 0.141 0.215
PO (mg/L) 0.057 0.048 0.024 0.036
SiOx(mg/L) 1.186 0.961 0.389 0.655
Na'(mg/L) 11,501 12,897 9,529 10,981
Mg*(mg/L) 1,415 1,571 1,104 1,246
Ca**(mg/L) 454 464 368 394
K*(mg/L) 437 466 335 380
Cd*(ug/L) 0.042 0.034 0.013 N.D.
Pb*(ug/L) 0.041 0.026 0.022 N.D.
Cu”(ug/L) 0.106 0.203 0.330 N.D.
Hg*(ug/L) 0.0015  0.0027 0.013 N.D.

N.D. : not detected
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o AZ4E 9 A%
1) Spirulina platensis 37323 2 E4%UH
7h v FEj A Y] FERJAA BE AR EA

S. platensis®| 4354< efetr] f8] N, P, KHl& S ©& A
2u =] 5 Z(Table 3)7 s|UA =4 4 Z(Table 2L o] &t AAAHL
Z18 3t Aot

AAARL WA Y AHGHiAlE 2R Aol 2FEFEL N, P,

o

5ol glof AAHE HustuA s, s

i}

=
F5E 7 AFUF A5 S40 BE HFEALS wers

A 7
ez 500 mL A&t~ 39] medium 200 mLE €231 5 5 %(W/
WEA HFs &, 2% 35 C, wyE% 120 rpm ¥ 2% 8,000 luxZ 35

An]gaf2] 7 5FEZ DI water 1 Lol AEA LS o]&3t] 05 g& A
sl g3iA1Zzl 3 0.2 ym membrane filter paperZ o] &3t oA A

EAE AAGRLH, FATTF 4 T2 A0 LA & 501—‘5}74] 0.2
um membrane filter paperE o] 83} 044/\]74 EHFEAS AAT 51
ANZE ol UV =AM A s s 3kt

A G A 9 S FATTe] A 2SS gofetr] fletd dAEFBE
3 7](Atomic Absorption Spectrophotometer, AA-7000, Shimadzu, Japan), ©]
23 =20E 7183 (C, lon Chromatography, 883 basic IC plus, Metrohm,
Swiss) % UV/Vis spectrophotometer(Aquamate plus, Thermo, United States
of America)E ©]-&3te] 3} £43 .

_‘IO_
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Table 3. Chemical compositions various type of low cost medium.

Sample LCM-A LCM-B LCM-C LCM-D LCM-E

N(%) 5 3 12 25 19
P(%) 15 15 10 9 18
K(%) 25 43 35 18 19
Mg (%) 1 1 1 1 1
B(%) 0.05 0.05 0.05 0.05 0.05
Mn(%) 0.025 0.025 0.025 0.025 0.025
7n(%) 0.008 0.008 0.008 0.008 0.008
Fe(%) 0.025 0.025 0.025 0.025 0.025
Cu(%) 0.0075 0.0075 0.0075 0.0075 0.0075
Mo(%) 0.0005 0.0005 0.0005 0.0005 0.0005
S -
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A e wjFz7ALS 500 mL 2HztEEl2~ =9 medium 200 mLE
F 5 %WIW)EA HET & &= 35 C, wHEE 120 rpm
8,000 lux® DSW-23} SP medium®] H|E¥ I3H|A= 299,

LCM-E9] W& &3t 2293F 4429 Akt
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Table 4. Composition ratios under various medium conditions.

DSW-2(25%) + SP medium(75%)
DSW-2(50%) + SP medium(50%)

DSW-2(75%) + SP medium(25%)

DSW-2(25%) + LCM-E(75%)
DSW-2(50%) + LCM-E(50%)

DSW-2(75%) + LCM-E(25%)
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DCW(g/L) = 0.9322 X Optical density(600nm) + 0.0255 (r* = 0.9846) 2] (1)

3.0 1 y=0.9322x+0.0255
R=0.9846
~
O 25
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= L5
@
g
8 1.0 -
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Fig. 3 The calibration curve with correlation coefficient as a
function of optical density and dry cell weight.
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ol ol&sty mjFuiA EAel wmE sl
mediums  ©|83 S platensis 374 1391 AT 4L UV/Vis
spectrophotometers ©]&3te] 600 nmollA F483 FF=E FAst]
Z dAZFE =E3ATH

S. platensis®] MIFFTE T djFAe] FoFEAARI N, P, Ko FI&+4A
T WHsges A s A
st FHpEde AAT F APsen, dAFFER7], olea=
nfE 7w 2 UV/Vis spectrophotometer o]-&3te] 348t 2431¢it}. H)
G A o] B2 33 Wb SAstY QA SEsT

S, platensis 47ZFEE etz FIA BAe FIIEWA
(Microscope, Nicon ECLIPSE LVI100DOL, Japan) % 2 x2}& w7 (Scanning
Electron Microscope, SEM, S-4800, Hitachi, Japan)< o] &3t 22314t}

$
i
&
)
s
o
=
D)
g,
[@p)]
jav]

Fol 2 0.2 um membrane filter paper=
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2) ABFA A

s FA T T71dE EFu Aol sl S platensise] BEAE AFNE o] &3}
o WA 2 AEFTHEE A v P AE(maximum specific growth
rate), G & WE H|4FEE(yield, Y) 2 wi7FA1ZHdoubling time)2

3 THPirt, 1975; Costa et al., 2003; Leema et al., 2010).

7b AW BPZE

A PR ES 27 BAZIE At AT @S ol &t 2
I gew Yehldth Folx ARzoA vAlz=FY A% JteAde I
o £ e dEAA dAE A D& ol&sto A=dAn. X/ Xo=
i A - o] AR sE@/LolH, (h-tos ¥l FAZHday)ol -

max (1/day) =In( /X,)/(t; —t,) 2} ()
W) Hj7EAIZE
7ML Al 2R £ SAste] 271 A%l 27 2 w7bA] 9

NS Eet, A )< o8t =3k

t;(day) = 1In2 (1« ) ! 2] (3)

F 3 E(g/L)°1U4, C= N, P, K9] &=%=(mg/L) #elth

Y px= AX/A (CN,P,K) 21 (@)
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3. 24 92 3&

7}. S, platensis 37543

1) S. platensis ¥l %

Bl EAHT 23 27F%E 0.08A4 HF 29 & &

o} A 3
o] 14 n oo E FAAsATHFig 4. AFARES T3 =%
< 2 (D& o83l AF & AAHFES A4 A3 113 gIL=
=
14
1% — O— S. plantensis
: /O__O
€ 101 '®)
5 o
S o
E; 0.8 /O
g O
2 06 /
5 o]
= o/
2 04
C
,00/
02 1 O’O
p.@’
00(} T T T T T
0 5 10 15 20 25 30
Time(days)

Fig. 4 Growth curve of S. platensis using the SP medium.
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B A9 FARSE af k=100 mL)olA = Monica et al.(2014)3%}
Bezerra et al.(2012)7} 333k A7+ AAAEEL ZHZF 0.0096 g/d, 0.0438
gld= ZAEAoH, B AF200 mL)AlA Ab=H dAFS o] &3t AlZE
T AAFS 2 BF ol&sto A= A3 H+ 0.0077 g/dayE AF=EEH 3L
thFig. 5. Add A7 B A7 HAF Aole 2= H Wi x4 F
I 2 i FeE o xpol2 AR HT

rlo

Drycellweight(g/ L)
culture time (day)

oduction perday(g/day) = Working Volume (L) X 21 (5)

0.1
O S platensis
£
=
=z
B
e
=
T
=
ga_ 0.01
= °6 o © 0000 @
S
g O00o O
=
=
=S
1=
-
0.001 T T T T T
0.0 0.2 0.4 0.6 0.8 1.0 1.2
Dry cell weight(g/L)

Fig. 5 Distribution of production per day with dry cell weight.
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2) Wi Fr A o] YFAA

vl oFul) 2] o] FEFQIAE o] R3] S platensise] AAEAS ulotslazt
A Fr19¥Es st de T T 4 T3 0¥ N, P, K9
H &S FF3ta A= AuguiR] 5 F& o] &3ty S platensise] A7
ds Ptk

%‘—E—*é% ﬁ%‘l}?ﬂ 7.=iﬂr Fig. 6JJr o] UrEPVLE} AFdSTFE 18T 4%
S84 HET F G 1 L7A S platensis®] s=7F 2T S8R oW

14 Y74 Aol B2 BEdssh Ao Yojuhx BArhFig. 6).

0.20
—@- DSW-1
—O— DSW-2
—l- DSW-3
0.15 4 1 DSw-4
0.10 4

Optical density(600nm)

0.05 1

15

Time(days)

Fig. 6 Growth curves of S. platensis under various deep sea water.
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Hol sjoFalESo o3 S platensise] AL dojuiA] Lttt AAS
A o olfE FHUYAZ4E SP mediume =] HlE NO;y, PO,/ 2
K'= 77 7 00012 %, 0.0001 % % 1.25 %= m$ 3o gdFugs
Holi 9ItiTable 5). sjFAZF W FHH F=EHT 34 %)l <Js) 7
HE RS AT Aoz Aogy, g 345 C'9 Br So] 540

2 Zg3}7] w&Eo]tHZinicovscaia et al., 2013).

Table 5. A comparison of chemical compositions in SP medium and deep

sea water.
. NO;™ (mg/L) PO,” (mg/L) K" (mg/L)
SP medium (4) 19.325 30,145 32,426
DSW-1 Conc. (B) 0.332 0.057 437
% (BIA*100) 1.72E-03 1.89E-04 1.35E+00
—_ Conc. (B) 0.234 0.048 466
% (B/A*100) 1.21E-03 1.59E-04 1.44E+00
DSW-3 Conc. (B) 0.141 0.024 335
% (B/A*100) 7.30E-04 7.96E-05 1.03E+00
— Conc.(B) 0.215 0.036 380
% (B/A*100) 1.11E-03 1.19E-04 117E+00

Chung and Lee(2008)e] @29 MA g yete sidF A5 AEd
AR, A=, BA7)2, S 74 T3 2 A wg g AT
1 NOs ¢

Aol ztol7t Avkar B EHJY. S platensis®] 7% YE=ARI
T, S8 1A (GochD@H = &tetol= 2ubet Fafio Bisf <F 19

55 %} 307.2 % A% =9kou, PO = 7H2 oF

ettt et S AT TE 71Nk
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W N, P, K Ev & ©& A5

Al zF/e el ol N, P, K& g EFH&S 713 AHl-&rjA|
£ ol &3t S platensis®] BAAFS TS A, vl 35 Y Fol A
H-&u 2] 5 F F Sample D&} EollA Ho #AZFe 27 0.71, 0.72 g/L=
ety SP medium(Fig. =71 tivl S platensis®] d7o] 71 Hojw o
), Sample A, B, C&= ztz}t 0.25, 0.20, 0.43 g/LE D¢ EXRT} Aujzle=w
o S HYHFg. 7). o]= Sample A, B, CZHY An& wjx 4
A EolyY 2/ Foll A 5A4E Hole CI'et Bro]2gaFe] D9 Ex
ARG E7] wj&o|tKTable 6).

T3}, Carvalho et al.(2006)ol &|3tH, S platensis®] v FuA] 5 NOs =
G dy SRR YETE AAS T AE AT dAZd AR
A S vA e T8 ARoE, B Ao AEE N, P, K& &1
o & AL wjA ] AAEAL S vng 23 SP medumZ|EoE &

A NOsy ol wel S platensis®] 7l |aFs vA= o= Add

=2
0.8
—@— Sample A
—O— Sample B
—l- Sample C
0.6 1| {1 Sample D
—h— Sample E

0.4 1

Optical density(600nm)

Time(days)

Fig. 7 Growth curves of S. platensis under various low cost medium.

_20_

Collection @ chosun



Table 6. Chemical concentrations for SP medium and low cost medium.

Medium NOs~ PO~ K’ Cr Br-
(mg/L) (mg/L) (mg/L) (mg/L) (mg/L)
SP medium 19,945 32,004 32,544 1,088 N.D
LCM(Sample A) 61,254 552,566 264,548 665,844 10,554
LCM(Sample B) 4,135 351,544 138,241 665,445 6,245
LCM(Sample C) 4,122 422,545 364,844 754,484 6,513
LCM(Sample D) 6,954 601,354 224,544 345,155 3,154
LCM(Sample E) 8,433 312,545 197,504 381,654 2,145
~ 91 -
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3) WAL ] BE HH JFAR
7h #FAFS 718k SP medium 3] AFEA

SP medium& ©] 43t s FAF5e EH &) W S platensise] A
FEAS Fotstaiat Table 77 Zo] wjA & Jo] A S =33}
Atk =3 wA=F Y A NOy, PO ¥ FABE I, [ A
F A 3H 4 tH(Table

TEe =43}
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Table 7. Concentrations variation for elements in the growth medium
under variously mixed medium conditions of SP medium based on deep

sea water.
Mediums Time NO3_ PO43_ K
(days) (mg/L) (mg/L) (mg/L)
0 19,945 32,004 32,544
a SP medium(100%)
29 709 3,305 5,959
0 14,417 25,119 25,159
b DSW-2(25%) + SP Medium(75%)
29 8,115 13,121 15,454
0 10,115 16,551 16,998
¢ DSW-2(50%) + SP medium(50%)
29 2,916 2,254 8,154
0 5,011 8,351 8,288
d DSW-2(75%) + SP medium(25%)
29 3,645 6,123 6,648
- 22 -
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71—%1:]

_

7 o wet 249 WA z2A(@-doll wet S platensise] 37l
dagk AR 24 A H ZFY vEE A4 2, NOs o FFws)

Zr v A ZAERE a(96.45 %), b(43.71 %), c(71.17 %) 2 d(27.26 %)= Y
Bl o, PO 9 K'o| hekwste fAMEHA UERTHTable 7). HiA|(a)%
Ao A S platensis®] FLYFEJ N, P, Ko An&F2 7+ NO;(96.45
%), PO (89.67 %), K'(81.69 %)= FAHAQl that Z&S WlutHo| &%
AZTY &3t & WA b-doAA = R8T A 282 wjR(a)2}
zZlo] & Hole Ao E ATHT

n:?‘L

rlr e
o

1.4
—@— SP medium(100%)
12 4 | <O~ DSW-2(25%) + SP medium(75%)
—— DSW-2(50%) + SP medium(50%)
E A DSW-2(75%) + SP medium(25%)
£ 1.0
(—]
(=]
2
Z 0.8 4
‘n
=
]
A 0.6
=
=
2 0.4 -
o
0.2 1
00 Ll T T T T T T T T T T T T

01 3 5 7 9 11 13 15 17 19 21 23 25 27 29
Time(days)
Fig. 8 Growth curves for S, platensis under variously mixed medium
conditions of SP medium based on deep sea water.

APAFrel 2 EPulge] met 2HE MAY HFUFL ADT 2

I 7+ Wi 20 SR EE MADE ALt A AFEAS Holn
Rom, b FFE FADS o] 8st] HjeF 29 4 FAZFES =T A
Z+7}y a(1.13g/L), b(1.23g/L), c(1.24g/L), d(0.61g/L)=E YEelST vix](d)<]
T+, A ST EFLEC, Br 5)9 HYJo= Q3 S platensise] 43
FE A A2 dgE
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W) siFAST 716k Al &R E5ke] AZEA

N, P, K &40 @& AZEALS T3 <" Anl&ujx(Sample E)&
o] g3} 5H°“‘%——’F$l T gl e S platensise] BAEAE 9Hts)
o AFAES T
A 2R/ A @ol & = C, H O, N, P, K 594 C,
H, O 52 &3 ti7] 59 olklsletAs RBE AHKHHoR FHHERE 4
= N, P, K 59 Fgd 9 mlAlz/Fo dAo] =2d=E 4+ vk 53] N
& o e Fo AREoE d+4 g4 o|tHConley et al, 2009). 2zt
3Ll wel =AE WA ZAA-D)N A S platensis2] 7ol wE 7]
JYEH FHFS MEFTE F AT A v M vlste FHAst
A THTable 8). 2t =¥ A¥|#E v 23 B(13.21 %), C(11.41 %) ¥
D(7.59 %)= ZAE QY. 53] JUFo R 7|z FFEHo] F2 Hjx|(D)
o =19 A, AAAY TE F NOs 9 @‘%‘*‘Ol 29 mg/LE wiF A9
ol miste] of 7.6 % AERrOl EA fskth wiA L FdEF A
A

o
% NOs 9 A&7} APE o] S platensis®] A5 245Ut

q rl

B

5
A

=

©

Table 8. Concentrations variation for elements in the growth medium
under variously mixed medium conditions of low cost medium based on
deep sea water.

Mediurns Time NOs~ PO& K
(days) (mg/L) (mg/L) (mg/L)
0 6,125 302,444 223,135
A LCM-E(100%)
22 1,556 289,915 212,641
0 5,300 228,545 169,548
B DSW-2(25%) + LCM-E(75%)
22 700 201,255 145,681
0 3,612 150,115 116,554
C DSW-2(50%) + LCM-E(50%)
22 412 138,546 99,236
0 1,699 74,999 54,844
D DSW-2(75%) + LCM-E(@25%)
22 129 61,545 41,255
- 24 -
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FdTa SfulEdd wE S platensis®l s=(FFE)MEE BT

A3 Fig. 9 A& A =dA) ] L7 WA dPEglon, o

m et al., 2010). =3 HlF 12 A 7]
S. platensis®] = AWEHiA] 2HA)EG s ST7E EFH iR
B-D)ol A =A vebgo, wiek 13 ¥ o|FRE = A ZAD)sE9)
37 dojuA] stk w59 HI HFE 5 2 dF FYF FEE
st A& Hol s YATTe] HIE(T5 %) %ﬂ% S. platensis®) A<

Al Bl 7|2dgede] o] dHor B3 Ao Addn.

' X

XN

1.2

—O- DSW-2(25%) + LOM-E(75%)
@ DSW-2(50%) + LOM-E(50%)
L0 1] O psw-2(75%) + LEM-E(25%)

M- LCM-E(100%) J/O/O_’C}/O_O

Optical density(600nm)

0 3: 6I ; 1I2 IIS IIS 2I1 24
Time(days)
Fig. 9 Growth curves for S, plafensis under variously mixed medium
conditions of low cost medium based on deep sea water.
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ZHE gty oz US JquAPoeR o83l JFFAPS T F
£ Ag3h= autotrophicthAHZ &elAd AthKim et al., 2013). 314
v, S platensis= mixotrophicth AF=2  autotrophict A2} heterotrophicth AF
A E2 AEHog o]FojA 1, qUA A Y Freki)T gAY
(F7] - 7S EF ARgste dAMSAS @okChen and Zhang,
& ok & <=3Hbiological pump)o.E 218 mAYE-9
S BAUS AFsta Jom, dWtHo R oL eAE
3lo] AFAE wrEo] WE S platensise A FAE57E EE HIA (B,
5 S7MFHTH
Z WX BNA AAE S platensiss o2 HAnFAZ
(Fig, 100& A A3 UAd 2FY s 7HA e, SEM/EDS
N3 A} S platensis®) T4 ¥ Fig. 117 2o
2 o]FojHa, BEFH 93 N, K, Na, S Fo] SH=HH,
g A ATl o8 FHE L2524 Fig

d

M
=
|
0
—
=
filo
>

—— = A A
Fig. 10 Microphotograph of S. platensis in the growth medium at 22 days
after culture.
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Fig. 11 SEM 1mages(a and b) and EDS analysis of & p]atenSJS in the

Collection @ chosun

growth medium at 22 days.

_27_



U4 AE5dsty oz
D AR5 mE o vAAZE ¢ w7zt

S FA =4 7)dk wjFHl A (SP medium, A BILHIR)E] &3t wE S
platensis®] A3 ANE &3t A5 AAQ H HAAEHR
HiZ7EA XS F3l S platensise] 87l A EE vl A& Fotstaixl 2

2 31 4 Q)= ol&ste] 4ZstAtHTable 9).

=)
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AR F18 4= 5 I

719 AYPAFAFT AEFHE QAAE o) gt &84 S platensis
iz 24 S gobstes A7t FFHAY. Leema et al. (201005 A1 A
o7 &HFo| Spirulina AAE BH o R S UFE 7|Ho g AHE THE )

A zA(Zarrouk BlADANA AL HE HnEAS Ay, 240 o2 Hu
HIZdE, Hi7EARE, SR Aozt flev sk ZIwke] Wi A7
control(Zarrouk  ®jADell  wHl&]  FH A(utein)gFo] F7IstATE ol
Zarrouk WA ZZANA Hol ¥AZZAEL 0.23 1/day, #]7FAIZES 3.02 day=
e or, sk EhulA] oA Hol RIAZES 0.26 1/day, Hi7t
A e 2.72 day= W3}E Q).

Costa et al.2000)+= Z=7] A4 F&xo & AW JFAE ¥&7] =4
oA S platensis 3754 2d7 3 A}, Zarrouk siA =73 0.03 M
o A 27)FxA HY BAFELS 0.2 1/day, Wi7HAIES 3.53 dayz
yelgtom, 0.015 M9 24 27|5E7F 2712 W o vAAAZES 0.28
1/day, wj7}A1zEe 2,50 day2 WH3}aldch

Andrade and Costa(2007) <= ™8 A4k A3 S platensis®] # v]-& Hl
AL MEstr] skl Zarrouk WA E 7Nt 2 BopdEoA g FE A

Aretal, 35 7hsd d¥(molasses) T 2 #rlES A&sAd. 1 A

Do
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5 umolim’se]l 2% Z7A7} 0.25 g/Le] BUEE ZAdA Ho H

52 0.093 1/day 7}A] S7FA Z T
A S 716k vjkufA o) FFAA whEt HoiAdE -2 SP medium

4 .069~0.087 1/dayel™, An]gu]x] A2 0.048~0.099 1/day=Z 1}
ERsith. Zb w1 o] [YERJAAE S platensis®] S =T A WERG
Wl X Z7(c, SP medium 50%, DSW 50%: 0.087 1/day)e} ®i=|=7(B, Zﬂ H]
|H) A 75%, DSW 25%: 0.099 1l/day)= FIEEA N, P, K&} s F
9] Si, Fe, Zn & &g mulg 9 @499 FFo=E <3l S p]atenszsel
AR AL Ago g Qs dEd FEAYEd AU SHE AR
Ao =3 AR =A% MAZAB)S] wi7AIRES ZH2E 3.058 day,
3.007 day=2 ZA yelgoh vAZES i 7FAIZEo] /}jz‘sggj:,Lq] H)3ke]
A YeEbG o8& S platensis7t AT wEl AE AE 3o WS TlE
A He ZE‘ZPEJ%(Shadmg effec)e} 124 A 84 ‘3% 5] &2] vl <ol
g wA {7 Bdel] FREo] W BigS HAAF]7] wiEo]tHChoi
et al.,, 2012).

Table 9. Bio-kinetics factor for S. platensis under variously mixed
medium conditions based on deep sea water.

Mediums Time DCW Umax ta

(days) g/L) (1/day) (day)
a SP medium(100%) 1.04 0.091 3.093
b DSW-2(25%) + SP medium(75%) 1.15 0.094 3.060
¢ DSW-2(50%) + SP medium(50%) » 1.16 0.094 3.058
d DSW-2(75%) + SP medium(25%) 0.52 0.069 3.364
A LCM-E(100%) 0.51 0.074 3.300
B DSW-2(25%) + LCM-E(75%) 0.88 0.099 3.007
C DSW-2(50%) + LCM-E(50%) . 0.66 0.086 3.150
D DSW-2(75%) + LCM-E(25%) 0.29 0.048 3.723

_ 99 -

Collection @ chosun



2) BAREAA & vEE

A FA ST 71 il A|(SP medium, AH|&ujz)e] &3] mE S
platensis®] 473235 &&sto] FEFHTH dAR] HdEES T3 S
platensis®] 37ol A3 wj A E getstazt A DE o) &3td A=
311 THTable 10).

712 YFEHE vl w2 S platensise] vlI4tEES NOs7F 7H =4
Uelgon, PO/ 9 K'E #A8HAl Uehgth Table 10014 AA4d %
A W NOs 9] ghge] FFatponz, whef wix|z=xB)el NO; & F7}

wotAl =& A, S platensis®] & AHES VU F F US

o= /‘PEH ot

oL

N

Table 10. Yields for S. platensis under variously mixed medium conditions
based on deep sea water.

Mediums YN Yp Yx
a SP medium(100%) 0.054 0.036 0.039
b DSW-2(25%) + SP medium(75%) 0.182 0.096 0.118
c  DSW-2(50%) + SP meidum(50%) 0.160 0.081 0.131
d DSW-2(75%) + SP medium(25%) 0.384 0.236 0.320
A LCM-E(100%) 0.089 0.033 0.039
B DSW-2(25%) + LCM-E(75%) 0.170 0.027 0.033
C DSW-2(50%) + LCM-E(50%) 0.175 0.048 0.032
D DSW-2(75%) + LCM-E(25%) 0.121 0.014 0.014
- 30 -
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o BAAE £4

S platensis 1A A4k g AR AR A 2P &S Hlw FA 5
b 2 wj A S platensis 32 d 4 (DS ol dAF FS A
St A A= H]8o] 4 KRW/LR] Avl-& wiA] F S platensiss] 73
o] 7F4 E4¥ sample D&} ExA oA S platensis ©-9) A e ko] wh
A B gul <] A 20 8-S 563 KRW/g3} 5.56 KRW/go 2 4+2 5] 9 tH(Tabl
e 1. o]= 314.58 KRW/ge] SP mediumol ¢F 1.3 %H % Hroll 2X]3}A]
Zror, AAHCE 71 @ol AEE & Zarrouk wjA| 2ol B = ‘2}:
1.4 %yrell A 8kA] kcH(Table 12). Spirulina YA 28 o] &-gn

£ F A ZARELS F 20 %A E A FHH, o3 ikl ] H
|AHZS f% B2 A7 FRHEAT. & ATl AHEE AWEHiA sa
mpl D¢} Ex= S platensiss gFoE g o] AAZH] Wi 2 &

7hesith g o]

N

o e

ru

Table 11. The summary of S. platensis production cost using various low cost

medium.
Medium DCW, A Cost, B Production cost, B/A
g/l (KRW/L) (KRW/g)

SP medium 1.04 314.58 301.18
LCM-sample A 0.25 4.00 16.00
LCM-sample B 0.20 4.00 20.00
LCM-sample C 0.43 4.00 9.30
LCM-sample D 0.71 4.00 5.63
LCM-sample E 0.72 4.00 5.56
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Table 12. The summary of making cost for S. platensis medium (1L).
SP medium SOT Zarrouk

g:ﬁgﬁi (K[C{(\)Xsl‘j 9 Consumption ~ Cost ~ Consumption Cost Consumption ~ Cost
@ (KRW) ® (KRW) @ (KRW)
NaHCO; 9 13.61 122.5 16.80 151.2 6.00 54.0
NazCO;3 21 4.03 84.6 - - 1.00 21.0
NaCl 10 - - 1.00 10.0 1.50 15.0
K;HPO4 20 0.50 10.0 0.50 10.0 0.50 10.0
K;SO4 25 1.00 25.0 1.00 25.0 1.00 25.0
CaCl; - 2H,0 28 0.04 11 0.04 L1 0.04 11
MgS0; + TH,O 14 0.20 2.8 0.20 2.8 0.20 2.8
FeS0Oq + TH,0 28 0.01 0.3 0.01 0.3 0.01 0.3
Na;EDTA 46 0.08 37 0.08 37 0.08 37
Soil 60 - - - - 2.00 120.0
NaNO; 15 2.50 375 2.50 375 2.50 375
HiBO; 16 0.62 9.9 2.86 458 - -
MnSO, - 7TH,0 50 - - 2.50 125.0 - -
ZnS0, + TH,O 14 0.04 0.6 0.22 31 - -
CuSOy + 5H,O 25 0.02 0.5 0.08 2.0 - -
NaaMoOy - 2H,0 110 0.01 11 0.02 2.2 - -
As solution 120 - - 0.10 12.0 - -
Vitamin By 10,000 0.0015 15.0 - - - -
Total 31458 43162 290.38

Basirath et al.(2006)2 Spirulina®] An|& AAHS $13te] Fd-8 HA) 4]
5o} FeokES MiFe WA 71E vkl A|(Zarrouk HADZZACA A S
pirulina®) 37E3 WA AZG7HE VA Ada, ek 18Y A Al
A %8 Zarrouk BlA 2704 0.582 g/L, AB|LHIRZAdA 0.565 g/L
2 A AHEALAES RYoy v A zE = dlA] 1 LAIR 7|Eo2 Z
arrouk HJA]= USD 79.5 $H o Au]&Hj A= Zarrouk HjA]&7}e] <k 20
% JX=<! USD 16 $H T}

Affan et al.(2015)2 S maxima®l 73A AU AiS st wiAE HA
4 W EAskE Ca®'ot Mg” 59 E4ES A 2Hog 9y £
ABIMEFS o] &3 AAHYE T3t ABAA] wiAE NEete ATE
FstAtr. 1 A3, AuE wjA ek 712 ASODS S maxima 3782
FARSESE U, v A Al ZzS 7= 1 L Az 7|22 SOT #jAl+= USD 170.1
5 $olew, Hu|guA= USD 57.6 $= SOT ®ix|®t} <F 295 w] 2
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=2

Fedekar et al.(2012)2> S platensis WA 2 7173 o] A& = Zarrouk
WA Bk o AAAQ] i AE E7] HelA Zarrouk iAo AR 29.
42 mM(2.5 g/L)e] NaNOs; ti4l 271=]¢] dad e = NHNOz¢t urea (CO -
(NH22)& 10 %, 20 %, 30 %, 40 % ZZANA S platensis®] AALHAS
g3t A3 NHNO; 714¥ke] 30 % ®iA| 270l A Zarrouk viA| o} FASE +F
AFE g53tHa, AgdAdTFe 2 AFoA AHEE AH| &A= sk
717} oF 5.56 KRW/go. 2 290.38 KRW/go] w24 @7}S 29w Zarrouk

Hj Aol mlste) AR FAAL] FHe 7HAL Aok

Table 13. The summary for S. platensis production cost using variously mixed
medium conditions based on deep sea water.

Medium Production

DCW Cost ¢
Mediums 08 cos

A (gl) B KRW/L) B/A KRW/2
a SP medium(100%) 1.04 314.58 301.18
b  DSW-2(25%) + SP medium(75%) 1.15 239.69 208.79
¢ DSW-2(50%) + SP medium(50%) 1.16 164.79 142.62
d DSW-2(75%) + SP medium(25%) 0.52 89.90 171.28
A LCM-E(100%) 0.41 3.50 8.59
B DSW-2(25%) + LCM-E(75%) 0.78 6.38 8.17
C DSW-2(50%) + LCM-E(0%) 0.56 9.25 64.55
D DSW-2(75%) + LCM-E(25%) 0.19 12.13 63.92
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IS 71N An| e A] 5% T A H] x| A]-sample E€} SP medium
T & Rl A el S platensiss MG F TGHAFT ALkl whE
FaA o] H&E AES A DASFASTT 718ke] SP medium & WY

Bl oF
Hj A e A= v A 27004 142.62 KRW/g & wjAz=H@)7]F A

o?r, Z o

A=EHANL, Q) AFAFTT 71 AR LA E43 v A= vl A

2171 A ZA1ABANA 8.17 KRW/g o2 7H A 4= 9 th(Tabl
-e 13).

3l FAlS 7IHkel SP medium} A H]-&u)A| o] EgufjA|ol thyk AHqbck

] zH@EF 7IFo 2 wAZxAOE BAEIHE oF 1.5 1)

ol A F AAAR, AH|EHAE EFL Aol= AATETE=E oF 3

% Aad BRE oyt HEo AREEE w4 S5 platensis®] w Gl

=
)
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S S. platensis®] 7ol vl A& upetsl A} Sk
N Z2Fos) oA HoFure § platensiss thAFOE iAo P Ekelx}

w2 9 SP medium< o] &3dted zt wjokuiA| o] FHH

ox o

5 T& o|&3t S platensisd] BEAERES #ES AF, WY H =
Sample D¢} Eoll A o) A #Fe z+2F 0.71, 0.72 g/Li UEehgtom, N, P,
Ke] &3 go] Ajaos e Sample A, B, C& z+zF 0.25, 0.20, 0.43
g/lL=Z D} Exth v HAES BRIt WdAl § NOy+= 9dst 2
223 HEIH AL T l*@% A FAFe AHE FFS

MR = $83 A2, NOs &5 S platensis®] ‘37l ¥&FS wlA|
K

"

i Fa A I SFE VIvre® AR &ujA ¢} SP mediume] EgHH
of W& S platensis®] A7 EAO wlA= FGIEJAE ZASE A3}
79 EFHIgo] = WA A= CI'et Br 53 22 7]

2 8 mAE o] oEglon, ST TY TFHIEo] we )
AN E 71 2GEEHS N, P, K& 7|¥to g sz a9
Fe, Cu, NI &3 #2 t&g mugd 2 oYy
AR A ZHgoR 2 AAES BT

S. platensis®] HUl vIZAE, wWi7iAIZE 2N, P, K 4&&3 22 A=
Y QAo AT st wE djgulA ] vI&S 4HE3 AR
ISt SP mediume] E3H|E 50500014 Ho vHIAAZELS 0.094
1/day, v 7}FA1ZF 3.058 day ¥ A4H7)F 142.62 KRW/gs AHE3tA L, 3%
AZaol An Ao EdHE 2575904 Hh BAFELS 0.099 1/day,

)
o2 o

of
o2

XN
N
o

o
il
»
oo
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2
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W 7FAIZE 3.007 day % AAE7l= 8.17 KRW/go.2 4kEstd o, &
sgulExdd vs) AFEE D ARl A YERTh

wabA] afokal 2 7] o SP medium¥} #n8]-&ujx] o] EF )Xo EH%;L
A7 vl Al SP medium(100 %) 715 3| FA =<2 SP mediume &
)& 50:5000 A AATILE oF 15 v o)A 7Ast= AFE RY, 3
FAFF Aulgajz o] E3n]E 25759 oF 37 % TAaEHAT ut
2Al S platensis®] TEFAYLIA~E O] Qo] NFAFH o3, AAHL S
platensis®] HZAw A= W FA ST AREA o] EdHE 25:75=
HoEo] Mok &5 LGS =
o] JAfA BrF T3 22 FIHE Aol fFHTF N AT
g - A &3uE AFF
7ledg Aol deE

2
™
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