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Abstract — The main objective of this study was to evaluate the effects of acetate on the cultivation of anabena under
mixotrophic condition. Four different types of acetates were used for the anebena cultivation. Among them, ethyl ace-
tate was found to be the most effective and the growth rates linearly increased as the amount of ethyl acetate increased.
When 40 mM of ethyl acetate was used, the highest values of specific growth rate of 0.979 day~! and maximum biomass
productivity of 0.293 g L™! d™! were obtained. On the contrary, input of acetic acid and butyl acetate inhibited the growth of
anabena. For aeration tests, 0.54 vvm was optimum for anabena cultivation. For a semi-continuous cultivation test, ethyl ace-
tate was used after 0.54 vvm test was finished. Then, test continued under 0.54 vvm and 40 mM of ethyl acetate. Lower
specific growth rate and maximum biomass productivity were obtained compared to those from batch cultivation tests.
However, the greatest maximum concentration of 5.91 g/L. was obtained during the semi-continuous cultivation test.

Key words: Anabena azollae, Mixotrophic cultivation, Specific growth rate, Maximum biomass productivity, Semi-con-
tinuous cultivation
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2-1. A2 OMIZ=F & HiX]|
2 Aol AR P M| ZF= Anabena azollae (LIMS-PS-2162)=
B3| ] Al 2723 (KMMCC, Korea)Z 5 29 ChFig. 1).

Fig. 1. Photo (x400) of Anabena azollae (LIMS-PS-2162).
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Table 1. Jaworski’s medium and artificial medium composition (Unit:
mg/L Deionized Water)

W Artificial Medium
Component
Contents

Ca(NO;),"4H,0 20 200
KH,PO, 124 124
MgSO, 7H,0 50 -
NaHCO; 15.9 -
Na,HPO,-12H,0 36 360
NaNO, 80 800
EDTA FeNa 2.25 -
EDTANa, 225 -
H,BO; 2.48 -
MnCl,-4H,0 1.39 -
(NH,)¢Mo,0,,-4H,0 1.00 -
cyanobalamin 0.04 -
thiamine HCIl 0.04 -
biotin 0.04 -
CH;COONH, - 1930
Total PO,** 182 1382
Total NO5 68.9 688.5

AHEE 1 2)= Table 191 VERA v} -2 A3-2] IMHIA] (Jaworski’s
Medium)?} B A] A5 Q1 H W opAE|o| ES 233t oy

IR 2 A1) 121 °CollA] 1553 Hitslo] AR5t

2-2. AlEHKH

Anabena azollae®] /37 AFL ¥7] 7 Fo ST S5
H)sl7] SlalA oo FEE o] gste] 3719 3 £EE 0, 0.12,
0.54, 12132 1.08 vwme] ¥ = Ze]slic) F¢ 0 2= 660 nm I}
#Fo 7 W= A LEDE AHE-SHlET] o) Lee 51319 A
TolA] A S0 2572 wieel= A4 LEDE ARSI o 7
A §-Frshthar Baskel] wlitolth RES7)= 7FE 60 em, Al &2
60 cm, 3°] 30 cm] Z7] 2 RESAI RS A&l 0. LED 2=
S-tech LEDAFZY-E] bar &4 9] LED#ZE FJsfo] A&k},
FAE W18 Aol A AJste] Q1o ol 2 FE skt
Z5E 9 3BTRS X 2260 lux, 38 pmol/m¥sE BFR 0, 5 A (1-
346 Illuminometer, Sekonic Co., Philippines)$} %3 4(MQ-306,

LEDs
Gas Flow
Meter
o | | -
D Porous Sto| -
LED Control System Photobioreactor Air Pump

Fig. 2. Schematic diagram of the photobioreactor for the experiments
on Anabena growth for batch and semicontinuous microalgal
culture. The airstreams was adjusted by a gas flow meter. Exter-
nal illumination of light was provided by a continuous LED light.
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z7gslo] 3 S E SRl oo E £ A7) Aol
100 ml B]e]# ol 20 mM 2] Acetic acid, ethyl acetate, butyl acetate,
ammonium acetates 2 & IM HIX| 2 A2 wljeF AHS A
Solct. 22282 A3l AXE 25 EA|E o] 83to] HE
718 £EE 2123 °CE IAsH KA v o] 5=
TEEEAE 0133}01 St
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Nl A= /‘Hi—r HIA) 2 8] 310 wljkah= WOtk A28 &
Ho 7o) XY EE K= 42> vha} o] 3AFITE o) 7]4,
DE A3, V, ,% HES7] oA 2= 3L gl wjoFd o] F9], v &
2|8 g o] HulE oJmjgitt,

D=V/V, 1

A ZF2] A4S UV &34 S A(UV-vis Spectrophotomter SP

3000, Optima, Tokyo)Z ©]&-3F] F 2 mL 2] AZ-2 33} 5 660 nm
el 3 S7dsto] WSSt AT vle] LAk (gL)
IS WE SR S 5T AES a7l Wel 1)
skl e xg §- S vlo] @ Awks- o] gate] 7-8ISict.

T HjeF 270N M 0] dnabena azollaed] W24 % (specific
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7MY, i BT A5 (day "), N, B Nj= T Aol €] &
71(t=0) 2! L7 wlF AR 30 Anabena azollae) &]EH F5(gl), 71
23 6= Wik AlXK(day)s YERATE
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AHEE1© B 2 NO;j -N (method 10020)5 S 3F31 11, 12] 735
phosphate”} AH-4-¥] %1 © 2 2 PO, (method 8114)S =74 313 th.
NO; Nt PO 2 54 Al Z47ke] 574 ¥ 0~30.0 mg/L,
0~45.0 mg/L 3L 23} W= £0.5 mg/L, £0.1 mg/L ST},
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Fig. 3. Growth curves of Anabena azollae for the experiments on different
initial concentrations of Anabena growth for batch microalgal
culture.

NG F=E31 3100 ml B]o]Fof] vkt 40, 60, 18] 11 80 mIS B>
F IM AR E F71810] 100 miE 253t 27] S5 212 0.13 glL,
0.15 g/L, 0.18 g/L31 o1, 7] s 5ol W anabenal] 73 5792
Fig. 3ol BAISFATE. v o) & tijuto] Qulj 2 AJAHI-2 Table 2
o Qeokaigict.
Z7] F57F0.13 g/L]] 7390l Z7|uliekell HE 600 A 717}
A= G wEE oL} o] % ofj = TR A} Bl 4 59S
Hol|x Qith HAAEE = 2757} Z718ke|| ul) 0.147, 0.097,
0.064 day ' & 7238k ok Hujulo] Qul A AL w2
0.028, 0.026, 0.031 g L™' d'&2 T7}sh= 2 & 5= QQleh & 4
AZANM = 27157} anabena] /37357l A FEFS FA
b= Zlo 7 k),
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715 FUE AFole mHRRY 55 STkl e 1Hxka s
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Table 2. Test conditions and results of specific growth rate (n,,,,), maximum biomass productivity (P,,,.), and maximum cell concentrations (C,,,,)

Test condition Moy (day™) P s (@/L/d) Cax (@L)
0.13 0.147 0.028 1.15
Initial Con. (g/L) 0.15 0.097 0.026 1.10
0.18 0.064 0.031 1.25
0 0.184 0.043 1.02
Aeration (vvm) 0.12 0.309 0.047 1.02
0.54 0.345 0.181 3.92
1.08 0.286 0.184 4.01
Acetic acid dead dead dead
Batch
Acetate Compounds (20 mM) Ethyl acetate 0.503 0.092 1.49
Butyl acetate dead dead dead
Ammonium acetate 0.143 0.041 0.65
5 mM 0.376 0.103 0.81
10 mM 0.458 0.126 0.98
Ethyl acetate 20 mM 0.558 0.230 1.68
30 mM 0.776 0.289 2.01
40 mM 0.979 0.293 2.08
. . Aeration (0.54 vvm) First period 0.345 0.181 3.92
Semi-continuous . .
Aeration (0.54 vvm) + Ethyl acetate (40 mM) Second period 0.145 0.143 591

s T T T T T

r < control

B —8— 0.12 wm
3 —a— 0.54 wm
—@— 1.08 wm

Biomass Concentration (g/L)

Time (hrs)

Fig. 4. Growth curves of Anabena azollae for the experiments on differ-
ent aerations for batch microalgal culture.

FO| 7187t E5td o uljofol] ARE-E T 9l O™ ©]F acetates
o] &gt AT7F A &gt 1 Tk ofof # AF-oll A& acetic
acid, ethyl acetate, butyl acetate, ammonium acetate S 417 5}o ©]
£ Hofel frlekad o' ARESIITE 7 100 ml Y7 H]o] A
20 mM9] acetate® 373t M-S ¢ F 20 mle] H]A|ZF |k
HE W2 = M HIAE AT
AcetateS H713t -] Anabena azollael] *37F=141-2 Fig. 501
FEAIBFATE. Acetic acid®} butyl acetate S 3713t 7-9-¢ll= Anabena”}
AA7FEHA] 953k O U ethyl acetate?} ammonium acetateS 3 713+ 73
“Oroﬂb Azl whet A3k o] I It acetic acidE FH
3kE 7ol pH7E Solekz Fhaste] mM {7 Ad7dekA] &
315101, butyl acetate®] 73-9-o| % pH7} 6 == 74430 wlA|Z
72 A4E Aslishs Ao BAEH T o] F ethyl acetateE 3
7Vet 7390l = H1A 4571 0,503 day ' & 718 29O 1 ammonium
acetate®] 73-¢- 1.0} 39) o] & & WERASITE F tiuto] e
AT 0.092 g L' d7'2 ammonium acetate®] 0.041 g L' d! B
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Fig. 5. Growth curves of Anabena azollae for the experiments on
different types of acetate compounds (20 mM of acetate was
used for each test).

c}2n) o] & Fh& YR SITE. whebA, Anabena il %ol ethyl
acetateS 714U 0 7 AMSSHE Slo) 7MY a9t & A O E 3

o= it

3-4. =™ ethyl acetate £QIZF MY AH

21¢] AddelA ethyle acetate7} 7 29480 frekAad o
ol Ejglern g HA F]lgks dolrr] 913l 100 ml ZHH Ho]
1] 5, 10, 20, 30, 40 mM2] ethyle acetate= 5313+ 5 anabena Hl|
AT M HIAE Al 5 kS sk vl A 2= Fig. 60l 3
Al&Fdet.

Ethyle acetate®] £ o] T718r5 vl d&GE 2} Fdjulo] 2

Hls AP Rl nlelste] F7eke 28 BI85 it

40 mM2] ethyl acetateS TU 332 ZF B2 0.979 day ™,
Hrulo]l Qu A AL 0293 g L dlolgloH A wEE

2.08 g/LZ F23] M=) Sk AS & = A th(Fig. 7).
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Fig. 6. Growth curves of Anabena azollae for the experiments on
different concentrations of ethyl acetate.
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Fig. 7. Results of specific growth rate, maximum biomass produc-
tivity, and maximum cell concentrations for the tests with
different amount of ethyl acetate.
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Fig. 8. Results of growth curve for anabena cultivated with 0.54 vvm at
first phase and then diluted with 40% of 0.1 M ethyl acetate at
second phase with 0.54 vvm.

3-5. 37|34} ethyl acetate FI2| E&I=u}
& 718} ethyl acetate®] “&-*] 531©] anabena®] ¥kl
S vkotslr] Y8l 320014 0.54 vwm A S Al A8

&3t 718k (acetate T H ) Al

o

AT+ 77

AFE AT 0.54 vvm A3 elA Hil sl EEE - 40%
9] HjFl-E 0.1 M9 ethyl acetae™ X|3}510] HFZ O T 40 mMTE
g3=o] F3I} o] £ 0.54 vwme] 371 Fiste] v S4E ot
o1l AL A= Fig. 8ol YERSITE

Ethyl acetate® 2| 33t -] U] <555 0.145 day ' = 0.54
vvm 23] 0.345 day 'R0} 7S B0 7 vER o, Hojnjo]
QUi HAAE 0.1810014 0.143 g L7 d7'2 48T o]= 3
Al 3] 7] 557} 357] wiEell anabena®] AJ7go] w2 2HE B
A&l Hoao] emllx AJad2 w2 gk VR A Hct F
o] 35529 739 0.54 wm A8 ] 39 3.92 gL O, ethyl acetateS

T3k A9ofl= 591 gLE IA 713 51& & 4= Utk

(1) Anabena®] 2715 5= A 85Tol & e T4 oSheh

2 371599 A5
Hlo] e mj A~ & Eoﬂ—r%q\‘ﬂr.

(3) 4FF9] acetate= Hl| oFoll AFR3F%1 =] acetic acid S} butyl
acetate®] 7J-9- anabena”| A 8-S 34| 5131 ©.1} ethyl acetate 2}
ammonium acetate®] 73-9-°ll= anabena®] AJ7go] 543 Tk
A& Eol3kAt}. o] 5 ethyl acetatet™ A% acetate o4 7
BIFES A0 E g E

(4) Ethyl acetateZ 37}t vl R Hol M &= 555 5 mMellA] 40
mME WS Z] o 557t 71l weEh v, Fiblo] 2
v~ A, 2R3 Hol e B STk

(5)0.54 vwm 57| Y A3 F ethyl acetate’s 471t Aol x=

H7E45 L, Hoiuto] a2 Ak BF sl ot Al s

7 358 591 g/L k2 VR
Nomenclature

vvm : ratio of air volume per reactor volume per minute (dimensionless)
: maximum specific growth rate (d™')

Momax
P, : maximum biomass productivity (g L™' d™1)
# Al
2 ATE AT AD A AT AR LA (C-D-2016-1326)°]
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