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Optimizing the Process of Cultivating Photosynthetic Microalga, Spirulina platensis for Efficiently
Treating Swine Wastes. Ju-Hee Ahn, Seong-Su Kim, Tae-Ho Kim, Jun-Yeup Lee', Sang-Jip Ohh', Jin-Ha
Lee and Hyeon-Yong Lee*. Division of Food and Biotechnology, 'Department of Feed Science and Technology,
Kangwon National University, Chunchon 200-701, Korea — The kinetics of growing microalga, Spirulina platen-
sis was investigated to treat swine wastes with optimum growth conditions. Temperature was varied from
15 to 40T at three different light intensities, 6 W/m? 12 W/m? and 24 W/m®. The specific growth rate was
increased as temperature increased up to 30C. The activation energy was estimated as 13.5 kcal/mol by
an Arrhenius relationship. 0.24 (1/day) of specific growth rate was obtained from batéh cultivation with 30%
swine wastes, compared to 0.31 (1/day) from clean culture. It was found that Spirulina platensis was able
to reduce 70~93% of PO -P, 67~93% of inorganic nitrogen, 80~90% of COD and 37~56% organic nitrogen
by adding various concentrations of swine wastes for 12 days of batch cultivation. Rate constants for removing
nitrates and phosphates in treating swine wastes were estimated as 0.17 (1/day) and 0.14 (1/day) in the
first order reaction, respectively. 1.52 (g/L) of maximum cell density was maintained at 0.20 {1/day) of dilution
rate in continuous culture, adding 20% swine wastes for 30 days. The chemical composition of the biomass
obtained from the process showed 58.7% of protein, 11.0% of lipid and 15.6% of ash.
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12 9)sle] AL8-% A<= Spirulina platensis
(LB 1926, UTEX, USA)E Ahgslalr}. wi#] =AM
A solution(Na,CO;, 0.042 : NaHCO,, 0.042 ; MgSO,-
7TH.O, 24.4: KCl, 6.0: NaNO;, 10.0: CaCl,-2H.0,
3.0 ;s KH.PO,, 5.0 : Tris buffer, 10.0 in g/100 mL) 10
mL : Vitamin By, 1.0 yg/L 5 Pl solution(H;BO;, 3.4
g/L; CoCl:-6H,0, 1.21 mg/L ; MnCl,-4H.0O, 0.43 mg/
L ZnCly, 31.5 mg/L + H:SO,, 1 mg/l + (NH)sMo;Ou -
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4H.0, 31.2 mg/L) 10 mL : chelate iron solution(Z51+
500 mLell Na,-EDTA, 10.0 ¢ : FeCl;-6H.0, 500 mL 0.1
N HClel 0.81 ¢} 3ml : NaCl, 36.0 g/L ; <, 926
mlL & -?—-"5] 55] UJI(Z) [)H 10% HCI= 8.08% = 2]
stedch 2% szl 219F "W 7|(Kuk Je Co. Korea)
ol 4] 121C, 15 &<t 7hghakarsle] A -Fabaict Spi-
rulina platensis®} #73 A% 7% ZHAAs)r]) 21§
F]H-2lel oF& 500 mL Erlenmeyer flaskel] v %] 200
mLE A 575 10%v/v)E Al A Esksd ok -2 20W
White cool fluorescence lampE o] -§3fof AL}

F 5+ Quantum sensor(LICOR. Co. USA)%- o] -8-3}of
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drvatod 55 e eFsklet. ol Sl oF-2- 14L-fermen-
torell 4| working volume 12L& 3}31 dilution rates
0.10(1/day)ell 4 0.25(1/day)e] ®¢lel) Al Fstsict.
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-2 Whatman filterpaper(No.2) 2 o] #}3}o] 105C=E
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sphorus)(?)ﬁ’} COD(ChGTﬂiCdl oxygen demand){ﬁ){—
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Fig. 1. The cell growth kinetics with the light intensity of

6, 12 and 24 W/m’ in batch cultivation at 30°C.
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Fig. 2. The effect of light intensity on the growth of Spiru-

lina platensis in batch cultivation.
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Fig. 3. The effect of temperature on the growth of Spirulina

platensis.
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Fig. 4. Comparison of cell growth with different concentra-
tion of swine wastes in batch cultivations of Spirulina platen-
sis
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Table 1. The estimated growth parameters from the batch
cultivation of Spirulina platensis in adding various concentra-
tions of swine wastes.

Dilution H] A -5 Max. cell Max. biomass
ratio e density, X productivity,
(Ge) (1/day) (g-dry P (g-dry

wt./L) wt./L/day)
0* 0.31 1.18 0.37
5 0.30 1.20 0.36
10 0.27 0.91 0.25
20 0.24 0.68 0.16
30 0.22 0.58 0.13
60 0.20 0.53 0.11

*Clean cultute no adding swine wastes.
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Table 2. The chemical composition of the swine wastes.

Component Concentration
(mg/L)
NH, -N 1200~4100
NO;«;"N o0~ 150
Kjeldahl-N 1500~ 4400
Orthophosphate 80~ 270
Total phosphate 220~ 340
COD 15200~ 29900
369

00

Resiadual Concentration of TEN (mg/Ll)

Cultivalion Time (day)

Fig. §. Kinetics of removing total nitrogen with different
concentrations of the swine in batch growth of Spiruling
platensis.
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Fig. 6. The reduction of chemical oxygen demand (COD)
by 5. platensis.
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Table 3. The estimated first order rate constants* for remo-
ving TKN, NH*"-N, T-P and PO, -P by cultivating Spiru-
lina platensis.

Dilution TKN NH, -N T-P PO, -P
ratio (%}  (1/day) (1/day) (1/day) (1/day)
5 0.17 0.23 0.14 0.22
10 0.10 0.12 0.11 .14
20 0.09 0.11 0.06 0.09

*First order removal rate constant, (1/day).
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15 14 Table 4. The comparision of chemical compositions of Spi-
rulina platensis grown in swine wastes and a commercial
health food.

11 Component Spirulina platensis SPIRULINA
1 (wWt.%) grown In for commercial
swine wastes health food
-5 t protein H8.7 68.5
%"i;.s g lipad 13.5 15.2
s 3 carbohydrate 10.2 4.9
T g o ash 17.6 114
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Fig. 7. The change of cell density, chlorophyll a and dissol-

ved oxygen with 20% swine wastes in continuous cultivation = odlge] a8l HelE fls 6 W/m', 12W/m®
of 3. platensis. ' o 24 W/m?e] e stell 2EG 15Ce A 40C7HA]
M- Dry Weight —a~ Chlorophyll a -~ DO zhzk kAl A, FFA vAl Zared bi)zmima platen-
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