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This study describes the effects of different concentrations of 

Fe+3 in the growth medium (2.4E-05 mol/ L and 4.8E-05 mol/L 

as Ferric citrate) and CO2 (0.036%, 1% and 2% as CO2 in air) 

on the growth, total lipid (TL) content, total lipid production 

(TLP) and fatty acid (FA) profile of an indigenous green algal 

strain, Chlorella vulgaris Beij., in vitro. Results showed 

increasing trend for algal growth, and decreasing trend for the 

algal TL content under 4.8E-05 mol Fe+3 /L (hi-Fe) with 

increasing CO2. Generally, Fe+3 augmentation improved the 

tolerance and carbon fixation of microalgae under elevated 

CO2 in aeration up to 2%. All the lipids obtained displayed FA 

profile suitable for biodiesel production, but the lipid from 

2.4E-05 mol/ L (lo-Fe) with 2% CO2 gave superior fuel 

property, in terms of iodine value, cetane number and 

viscosity which satisfies the specifications both by the 

European (EN 14214) and US (ASTM B100) standards. The 

study also showed the possibility of manipulating the fatty acid 

composition in green algae using Fe and CO2, to suit various 

application. 

• Concas, A., Steriti, A., Pisu, M., & Cao, G. (2014). Comprehensive modelling and 

investigation of the effect of iron on the growth rate and lipid accumulation of 

Chlorella vulgaris cultured in batch photobioreactors. Bioresource Technology 153, 

340–350.  

• Picardo, M. C., de Medeiros, J. L., Araújo, O. d., & Chaloub, R. M. (2013). Effects of 

CO2 enrichment and nutrients supply intermittency on batch cultures of Isochrysis 

galbana. Bioresource Technology 143, 242-250. 

• C. Vulgaris: obtained from the Institute of Biological 

Science, UP Los Banos. 

• Growth condition: BG-11 w/ or w/o Fe supplement (as 

Fe-citrate); 28 ± 2oC, 12/12 hr light/dark  cycles, cool 

white CFL at 200 μmol/photons m2/s; cont. aeration 

mixed w/ or w/o CO2, 0.6 l/min per liter medium.  

• Control: lo-Fe with  0.036% CO2  

• Reactor vol.: 6L cap. PET bottle, 5L working volume. 

• All experiments conducted in triplicate 

• Sampling every 2 -3 day, OD at 688nm and/or cell 

counted, and pH measured. 

• Experimental batch culture terminated and biomass 

harvested at day 32. 

Figure 1. Algae cells propagation. 

Figure 5. Dry biomass yield, total lipid content (TLC) 

and total lipid production (TLP) of C. vulgaris under 

different concentration of Fe+3 & CO2. 
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Figure 6. GC-MS fatty acid composition of FAME as 

saturated fatty acid (SFA), monounsaturated fatty 

acid (MUFA), & polyunsaturated fatty acid; and ave. 

carbon chain length under different concentration of 

Fe+3 & CO2.  
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Figure 7. pH versus dry biomass of C. vulgaris  

grown at different concentration of Fe+3 & CO2. P < 

0.1000, n = 3. 
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• Fe+3 augmentation could be a viable strategy to improve the tolerance of C. 

vulgaris under moderately high CO2 ( up to 2%) aeration.  

• The interaction of Fe+3 (as Ferric-citrate) and CO2 in the medium and aeration, 

respectively, significantly influenced the lipid accumulation in C. vulgaris. 

• C. vulgaris in both hi-Fe with 1% CO2, and low-Fe with 2% CO2 conditions 

yielded maximum TLP, resulting from the simultaneous increase in biomass 

yield and lipid content. 

• It is possible to manipulate the fatty acid composition in green algae using Fe 

and CO2, to improve its fuel property or suit various application.  

The necessary technology for the production of profitable 

microalgae-based biodiesel is still in various states of 

development. About 60 - 75% of the cost of algae oil is due to 

the algal growth. One approach that has been suggested to 

reduce the input costs of microalgae cultivation is the direct 

utilization of CO2 from flue gases. However, not all microalgae 

species can tolerate high-CO2 condition or result to the 

production of high biomass and valuable lipid yield.  
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Figure 4. Growth response of C. vulgaris under 

different concentrations of Fe+3 & CO2.  
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• Highest dry biomass yield (460  ± 10 mg/L) from hi-Fe with 2% CO2 (Fig. 5). 

• Under elevated CO2 (1 and 2%), pH of the culture shifted naturally near 

neutrality, growth remarkably increased with hi- or lo-Fe (Fig. 7).  

• TLC under lo-Fe, increasing with increasing CO2 (Fig. 5). 

• TLC under hi-Fe, highest in 1% CO2 (Fig. 5), result inconsistent with the 

literature. 

• Highest TLP (116.4 ± 5.4 mg/L) obtained from two culture conditions: hi-Fe with 

1% CO2, and  lo-Fe with 2% CO2  (Fig. 5). 

• All lipids obtained has fatty acid profile suitable for biodiesel production (Fig. 6).   

• Lipid profile remarkably changed with 2% CO2 (Fig. 6) 

• Lipid from lo-Fe with 2% CO2 displayed the highest amount of %SFA and 

shortest carbon chain length (Fig. 6) and superior fuel property in terms of iodine 

value, cetane number and viscosity that satisfy both the European (EN 14214) 

and US (ASTM B100) standards. 

• Growth at pH near  or at 7, more favorable, with easier carbon uptake via 

simple diffusion in the pH neutral intracellular fluid (cytosol), and increased 

solubility of Fe+3  at pH < 8.1, improved bioavailability of Fe+3. 
 

 

 

 

 

 

 

 

 

 

 

• Fe is well known to activate the 

enzyme Acetyl-CoA (ACCase), 

the rate limiting step in lipid 

synthesis. 

• The presence of citrate anion 

introduced with Fe, must 

somehow  influenced the 

activation ACCase, more or less 

in similar  manner as the citrate 

found naturally produced within 

the algae cells during the Kreb 

cycle (Fig. 8).    

• Enough ACCase improved lipid synthesis, overexpression often inhibit lipid 

synthesis. 

• Citrate anion, an alternative carbon source for algae. 

• The alteration of the lipid profile under 2% CO2 aeration, may be due to the 

effect of  high CO2 consumption and high O2 level in the enzymatic desaturation 

and elongation reactions. Hi-Fe appeared to control the fatty acid  saturation in 

favor of the synthesis of longer carbon chain length. 

Figure 8. Lipid synthesis pathway in 

microalgae (Bellou & Aggelis, 2012) 

• Control entered the stationary phase at day 

28, the rest continued to grow at 

exponential rate, up to the final culture day 

(Fig. 4). 

• Growth under lo-Fe, highest with 1% CO2 

(Fig 4& Fig. 5). 

• Growth under hi-Fe, increasing with 

increasing CO2 (Fig. 4 & Fig. 5). 

Figure 2. Biomass harvest  and  determination of dry biomass 

concentration via gravimetric method (R) 

Figure 3. Total lipid extraction using  CHCl3/CH3OH (2:1, v/v) 







MINIMIZING WATER LOSSES IN SMALL RESERVOIR
ALSuril, ANEspino Jr.,ICAgulto, and HFGavino

Central Luzon State University, Science City of Muñoz, Nueva Ecija

Rationale

• A small reservoir is a facility that stores excess rainwater and runoff for 
use in the field to supplement rainfall in the wet  season and to grow a second 
crop in the dry season.

• The stored water has become a key strategy against water scarcity 
under climate conditions.

• High percentage of water stored is lost through seepage, percolation, 
and evaporation.

• Lining the reservoir, covering the surface area, and using wind break 
are potential ways of conserving water stored in the reservoir.

Objective

To determine the effect of carabao manure as lining, net as shade or barrier 
in reducing water losses.

Methodology

Field experiments were conducted to evaluate the effectiveness of 
carabao manure as lining material (Phase I), shade net (Phase II), or wind 
barrier (Phase III) in reducing the total amount of water losses.

Results

•There was a significant difference between the water removal from the 
lined and the unlined ponds. Water saving of 29% was attained in lining the 
pond bottom with carabao manure.

•The changes on water storage in the unlined ponds without shade net or 
wind barrier were significantly higher than in the lined ponds with shade net or 
wind barrier.

Conclusions and Recommendations

•  Lining the pond bottom with carabao manure is effective in reducing water 
storage losses.

•  The use of net as shade or wind barrier alone was not able to reduce 
significantly the water losses in ponds.

• The quality of water from the pond lined with carabao manure needs to be 
analyzed to determine if it is safe    for fish production.

Phase I

Phase II

Phase III

Abstract

The study was composed of three phases: Phase I (carabao manure as lining),  Phase II and III to determine the effect of net as shade and wind barrier 

respectively.   Four fish ponds with a dimension of 20 m x 10 m x 1 m were used as small reservoirs.  Compacted 5-cm layer of carabao manure was applied at the pond 

bottom as lining.  A net was placed at 2 m above the pond surface using bamboo frames, and wind barrier was installed along the perimeter of the pond. The net was 

made of high density (110g/m3) green polyethylene plastic with 50% shade-giving capability. The ponds were filled with water at the start of the experiment. Daily 

measurements of the water level in the ponds were made, including rainfall observations. These provided the data for determining the water losses in the ponds. 

Results of the study were statically analyzed using t-test. 
Phase I, II and III of the study revealed that there was a significant difference between the water removal from the lined and the unlined ponds with shade net or 

wind barrier. This mean that more water losses could be reduced by lining the pond and providing it with shade net or wind barrier than by only protecting the pond 
with shade net or wind barrier. 


















