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In an effort to diversify fuel options, the College of Engineering at the University of Florida has investigated biofuel development from 

algae. Microalgae can be isolated from Florida waters and produce large amounts of extracellular polysaccharides (EPS). In order to 

produce biofuel from the algae, the lab currently utilizes digesters to consume algal biomass to produce methane biofuel. An alternative 

method in creating biofuel, breaking down sugars for later conversion to ethanol, was investigated. Ethanol is produced from sugars in 

fruits and grains but can also be produced from sugar derivatives after algal EPS is broken down. The EPS develops in the algal growth 

medium and is separated from the growth media before getting broken down with an enzyme, acid, and heat treatment. At this point the 

EPS will be converted to sugars the yeast can consume. This investigation aims at understanding how best to break down the EPS into 

monosaccharides in the most cost-effective way possible. This optimization process will ensure the lab’s efforts are applied most 

efficiently in the future and contextualize the material feasibility of algal biofuels. 

 
INTRODUCTION 

he field of biofuels has become more attractive in 
the last few decades as a way to mitigate 
undesirable conditions like dependence on foreign 

oil and climate change. Biofuels can provide clean energy 
from a wide variety of biomass feedstocks using industrial 
processes. The U.S. has made pushes in the past for progress 
in biofuels and introduced a bioethanol-gas blend as a 
standard in gas stations. This has since drastically increased 
the market for ethanol in the U.S. resulting in corn-derived 
ethanol being the most popular biofuel in the world 
(Goettemoeller 2007). 

The Bioprocess Lab at the University of Florida (UF) has 
focused on these biofuel trends due to their increasing 
popularity and capacity to alleviate global challenges. This 
has led to alternative feedstock sourcing and focused the lab 
on algae as its primary feedstock. Algae are usually thought 
of as a nuisance, but under certain conditions they can filter 
contaminants out of wastewater streams while growing the 
biomass needed for later conversion into a biofuel (Pittman 
2011). One of the more significant advantages algae have 
over corn is the lack of competition for arable land. While 
corn competes for land used to feed people and livestock, 
algae do not compete, also feed livestock, and can even be 
harvested up to four times more often in a region where 
agriculture is not viable (Randhawa 2017). 

In our lab, algal biofuel feedstocks are primarily used to 
derive a biogas by digesting the algal biomass. However, it 
is known that there exists a growth-associated biomass 
produced by some algae which are comprised primarily of 
polysaccharides.  As a complex sugar, the optimal way for 
the extracellular polysaccharide (EPS) to be used will be to 
down-convert it to simpler sugars in an attempt to ultimately  

convert it into ethanol – as is done with corn ethanol. To 
truly compare the viability of algal ethanol as a fuel source, 
it will be compared alongside corn ethanol.  

The objective of this investigation is to explore EPS as an 
algal fuel source and relate its glucose-producing capacity 
to its more popular staple, corn. It is hypothesized that the 
algae will not exceed corn directly in glucose production but 
other factors like more frequent harvesting will bring its 
production closer to that of corn. 

METHOD 

Algae Growth for EPS 

As the lab did not have any EPS on hand for analysis, the 
investigators procured their own supply. The experiment 
required a mass of about a gram, or about 2 L of material. 

For the study, a 2.5 L bioreactor was prepared for the 
algae to grow in. The glass vessel was autoclaved for 7 hours 
prior to receiving 2.3 L of algal growth media, given a pH 
adjustment to 8.2, and a 30 mL inoculum of cyanothece 
algae. The reactor was isolated in a unit on a shelf for 
constant conditions. It was illuminated from below and the 
walls were lined with aluminum foil to preserve as much 
light as possible. Two pumps were used to aerate the 
material with ambient air at 2 L min-1. The temperature, pH 
and volume were recorded every two days. At the same time, 
deionized water (DIW) was added to the material to 
replenish losses from evaporation. 

EPS Extraction 

After 40 days the reactor was stopped and the contents 
were centrifuged.  The  suspended  material was  poured  off 
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and the concentrations of algal biomass and EPS that 
collected at the bottom were saved. Ethanol was added to the 
solids whereby only the EPS was suspended and the algal 
biomass remained in the bottom of the solution. The ethanol-
EPS solution was poured into dishes then desiccated for a 
week as shown in Figure 1. 

 

 
 
 
 
 
 
 
 
 
 

Figure 1. EPS extraction from bioreactor solids after growth  

Enzyme Breakdown 

The DNS method is a linear, calibration-based technique 
for analyzing sugars. DNS, or dinitrosalicylic acid, reduces 
sugars and changes the color of the solution based on the 
extent of the reaction. To perform the calibration, sugar 
solutions of known concentrations were treated with the 
DNS solution, run through a hot water bath for 20 minutes, 
then analyzed with a spectrometer. The readings were 
plotted along the x-axis with the known sugar concentrations 
represented in their corresponding y-values as shown in 
Figure 2. Samples of the EPS and the Hemicellulase (Hc) & 
Amylase (Am) enzymes also underwent DNS treatment to 
set a baseline for later data analysis. 

After separating the enzymes into seven equal portions, 
each received different combinations of an enzyme, heat, 
and phosphoric acid. One sample was left untreated to serve 
as a control. After seven days of treatment the samples 
experienced DNS treatment. The calibration plot was used 
to estimate the sugar concentrations after the enzyme 
treatment period. 

Data Analysis 

DNS Method Calculations. As shown in Figure 2, when 
the spectrometer reading is plotted on the x-axis and the 
sugar concentration on the y-axis, the following relationship 
is determined: 

 

Figure 2.  Upper left: DNS Calibration with algae sample, Hc and Am. 
Lower left: DNS analysis of samples after enzyme breakdown. Right: 
DNS Calibration plot 
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Spectrometer readings were inserted as the x-value with a 
corresponding y-value of the resulting sugar concentration 
in the sample. After the sugar concentrations were obtained, 
the sugars from enzymes were subtracted from the result so 
the glucose concentration represented only the glucose 
originating from the breakdown of the EPS. This was then 
divided by the EPS mass the sample began with to give an 
overall glucose conversion percentage. 

Corn Comparison. In order to effectively compare our 
route for sugar derivation to that of corn, the two must be 
scaled equally. As the EPS requires a breakdown process, 
so corn requires glycolysis to produce its glucose. The 
following calculations can determine how much glucose is 
produced for the same amount of land. 

For corn, the average acre produces 170 bushels, and each 
bushel can be converted into about 17.5 kg of glucose. 
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It is approximated that 120 cm is the optimal depth for an 

algae pond (Kumar 2015), the final EPS concentration is 
0.644 M (this study), and algae is harvested 4 times a year. 
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According to the numbers, EPS is a competitive sugar. 

However this is prior to the conversion process and would 
require 24% conversion from EPS to glucose for algae to be 
a viable competitor to corn as a biomass feedstock. It is 
estimated that EPS is 44% glucose, which makes this 
approach competitive with corn. 

 

Table 1. A-N Stock Media Solution 

Material Mass (g) 

Na2EDTA 0.015 g 

KCl 0.30 g 

CaCl2•2H20 0.19 g 

K2HPO4 0.025 g 

MgSO4•7H2O 2.5 g 

Note. The masses listed indicate the mass of the material per liter of 
DIW 
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Were all the glucose from EPS converted, the yield of 
algal glucose would exceed that of corn by 85%. 

RESULTS 

After calculating the sugar concentrations, the most 
effective EPS breakdown method was a combination of heat 
and Am. The Hc with heat was also effective but not as 
significantly. Originally it was hypothesized that the 
phosphoric acid in addition to the heat and enzymes would 
result in an even more significant conversion. However, it 
can be seen in Table 2 that the acid significantly reduced the 
conversion of the EPS mass. 

 

DISCUSSION 

Overall the EPS has potential to be competitive in the 
ethanol market but the conversion of the substrate inhibits 
the potential of the application. A 24% conversion was 
estimated to be required of the EPS for the technology to be 
successful in theory. The conversion came out much lower 
than expected, around 4%. Our conversion of EPS isn’t even 
a tenth of the reported theoretical conversion limit. 
Ultimately, it turns out that almost a quarter of the EPS 
needs to be converted and the methods explored in this 
investigation were unable to provide those results. 

LIMITATIONS 

One of the limiting factors of this investigation was the 
variety of enzymes used. Moving forward, there should be 

more focus on a broader range of enzymes, what kind of role 
they play if they were to be combined, and the extent to 
which each play a role in accelerating the conversion of the 
polysaccharides into monosaccharides. 

In addition, it is quite likely that the scope of this 
investigation was limited in how the heat and acid was used. 
Heat and acid were not attempted individually due to the 
limit on EPS material available. If varying amounts of heat 
and alternative acids of varying concentrations were used, 
there would be a better understanding of how best to break 
down the EPS. Future work in these directions could help 
this field significantly and advance the viability of algae as 
an alternative fuel source. 
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Table 2. EPS Conversion into Glucose 

Breakdown Method Mass Conversion (%) 

Control 0.92 

Hc 0.06 

Hc, Heat 3.62 

Hc, Heat, Acid 0.28 

Am 1.72 

Am, Heat 4.01 

Am, Heat, Acid 0.03 
 

With the optimal conversion percentage obtained in 
this study, the glucose derived from the EPS is 
significant. 
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