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Effects of Phosphorus Starvation on Fatty Acid Production by
Microalgae Cultivated from Wastewater Environment
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Woo, Sung-Geun -+ Park, Joon-Hong

Abstract

Wastewater-adapted microalgae such as Chlorella vulgaris AG10032, Ankistrodesmus gracilis SAG278-2 and Scenedesmus
quadricauda AG10308 are useful biological resources for recovering biofuel and other bio-based materials from wastewater
because of their efficient removals of nitrogen and phosphorus from wastewater and their high fatty acid contents in biomass.
Although the concentrations of phosphorus typically vary in wastewater environment, very little is known about the effect of
phosphorus concentration, especially phosphorus starvation, on microalgal fatty acid synthesis. This is partially due to the lack
of methodological establishment for algal fatty acid analysis. In this study, we compared the analysis performances of microal-
gal fatty acids by two different methods; one is a non-polar GC (gas chromatography) column based method, which is gen-
erally used for microbial fatty acids, and the other is a polar WAX-type GC column method, which is typically used for plant
fatty acids. And then, we explored the effect of phosphorus concentration levels on fatty acid production in microalgae cul-
tivated from wastewater. As results, the polar WAX-type column method has better ability to separate poly unsaturated fatty
acids (PUFA) including C,g3 (linolenic acid), and was found to be more applicable in analyzing fatty acids from wastewater-
cultivated microalgae than the non-polar column method. The fatty acid characterization by the WAX-type column method
revealed little effect of phosphorus starvation on the quantity and composition of fatty acids from wastewater-cultivated
microalgae.
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Table 1. Culture media used in this study

High-P Medium-P Low-P
(BGI11) (Modified BG11) (Modified BG11)

Phosphorus |High level of P|Medium level of P| Low level of P
concentrations| (175 pmol/L) | (1.75 pmol/L) | (0.02 umol/L)

Media
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Fig. 1 Direct-transesterification process
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Table 2. GC methods employed in this study

Methods Detector Identification Column
MIDI FID TSBA 6.0 Non-polar, HP ultra 2
(Non-polar column) (MIDI Library) (25 m, 0.2 mm, 0.2)
WAX-type column Polar, SUPELCOWAX-10
(Polar column) HD Standard FAMEs (60 m, 0.32 mm, 0.5 pm)
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Fig. 2 Separation of 14 standard FAMEs by non-polar GC column based MIDI method
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Fig. 3 Separation of 14 standard FAMEs by polar WAX-type GC column method
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Fig. 4 Fatty acid composition analysis by different GC methods

— 256 —

R ST vAEFe] AAike] AR Bo o] A
ks & = dATh GA AFH vk} Zo|(Fig. 2 vs.
Fig. 3), ©]213F WAX-type ZHWHe] 4482 54 24
¢l SUPELCOWAX-100] E¥3} A&7} thE FYekt A
WA BElso] 93] whetl ACE AkE)

Cig3 A BEXTELE v/ Xdo &3l wet
=0 vl 83 ARE AT
3 o] Bxsl It 2 AW
ZHE A2k bleledAs
713hqell 71AIZQ1 F
2007). ]33 o= oAM= uleletide] 83l
T B3R AN (poly-saturated fatty acid)2] TS #3135}
3 QATKChisti, 2007). ¥ TEFIAAES 2E 9
HA7HIEA &2 718 diA] 224 17K (high value)
EAAYPo R AMEE £ UtH(Meier 5, 2007; Hatti-
Kaul 5, 2007). WA WAX-typed] A AHS o] &
3 GC WS F3lA AAEE aEEsAAE ARt &
ol gt Are SR vjYdEe vAlEFH AES
oletjdz &8sk o] YA Z-2 7[E 7]
Axlo g 83k Zo] AF8Ad0] 2R tigh At
u]-¢- §-8& Hojtt.

Table 3%} Table 4+ 22+ F
ol QlojA WEAS gks Sl 4] G
S A48 AE veldh MIDI WHS ¥

ACH
i
N r
¥
30,
rir
Y
o
0,
Py
O
=3

2 o =

N
=~

4G
el A
AT
o] 0.07-525%2] S RI3, WAX-type HHS 74
0.00-2.09%%] # HYo=A, F ¥y BT vlud ¥
ABNE z2t = AL Btk XY, Bl B8
T SVt e g e WA Alols veht
A &

7}A] FAME

= 0O

oF M

to
oft

flo o %2

elEEslsl=F3



Table 3. Coefficients of variation of each FAME with various concentrions analyzed by MIDI method

conetMEl el el el c |l clc]clc|c|c]|c|c c | ¢
(mg/L) 8:0 10:0 12:0 14:0 16:0 16:1 18:0 18:1 18:2 18:3 20:0 22:0 22:1 24:0
250 1.70 1.71 1.20 0.76 0.49 0.74 0.67 0.69 0.58 - 0.72 0.67 0.87 0.75
500 0.69 | 0.67 0.31 0.37 0.39 0.41 0.37 0.33 0.40 - 0.28 0.19 1.21 0.18
1,000 0.78 1.00 0.07 0.10 0.09 0.17 0.15 0.12 0.40 - 0.29 0.45 0.41 0.56
2,500 0.32 0.10 0.17 0.11 0.04 0.08 0.12 0.24 0.15 - 0.21 0.30 0.27 0.54
5,000 1.89 | 2.00 1.83 1.71 1.63 1.65 1.71 1.79 2.28 - 1.90 2.27 2.15 291
7,500 0.55 0.78 0.60 0.58 0.45 0.49 0.38 0.56 0.25 - 0.38 0.43 0.42 0.55
10,000 0.38 0.15 0.79 0.95 0.97 1.00 0.97 222 5.25 - 0.91 0.82 0.85 0.64
*FAME concentration represents concentrations of total FAMEs
*Linolenic acid (C;s;3) was not separated from Oleic or Linoleic Acids (Cyg.; or Cyg2) by this MIDI method.

Table 4. Coefficients of variation of each FAME with various concentrions analyzed by Wax-type method
coneeMEl ¢ | c | ¢ | c ¢ | ¢ | ¢ | e c | c | c C C
(mg/L) 8:0 10:0 12:0 14:0 16:0 16:1 18:0 18:1 18:2 18:3 20:0 22:0 22:1 24:0

250 0.06 0.08 0.13 0.05 0.16 0.20 0.18 0.59 0.06 0.74 1.10 2.08 1.34 2.09
500 1.63 0.47 0.28 0.19 0.03 0.00 0.32 0.18 0.30 0.44 0.74 1.55 1.18 1.94
1,000 0.45 0.52 0.48 0.57 0.60 0.58 0.66 0.59 0.64 0.69 0.82 1.09 1.01 1.11
2,500 0.31 0.25 0.29 0.28 0.30 0.28 0.33 0.35 0.33 0.40 0.46 0.62 0.57 0.88
5,000 0.37 0.33 0.24 0.16 0.18 0.16 0.22 0.16 0.22 0.19 0.24 0.19 0.21 0.07
7,500 1.34 1.34 143 1.55 1.67 1.73 1.64 1.68 1.65 1.70 1.65 1.74 1.71 1.90
10,000 0.22 0.26 0.26 0.30 0.44 0.41 0.44 0.41 0.45 0.53 0.34 0.11 0.17 0.13
*FAME concentration represents the concentrations of total FAMEs
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Fig. 6 Quantification of total fatty acid of Chlorella sp.
cultivated in various phosphorus concentrations
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