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Abstract 

Algae are of scientific and commercial interest due 

to their ease of culture and high fatty acid content.  The 

extracted fatty acids from these phytoplankton may 

potentially be used as an additional test for 

phylogenetic classification of new algal strains (Tonon 

et al. 2002), as well as in a supplement for human 

consumption and producing next-generation biofuels. 

Of interest is the fatty acid content contained within 

various algal isolates within the class 

Eustigmatophyceae. Algal strains were collected and 

isolated from locations in Lake Chicot in Arkansas, 

Tower Pond and Lake Itasca at Itasca State Park in 

Minnesota, and Thayer Lake in the upper peninsula of 

Michigan (Fawley et al. 2007, Prior et al. 2009). The 

strains collected were then subjected to a 5-step 

process for lipid preparation: lypholization, lipid 

extraction, filtration, esterification, and methyl ester 

extraction.  The fatty acid methyl ester extracts were 

analyzed using GC-MS.  After qualitative 

determination of fatty acids by mass spectrometry, 

relative quantities of the fatty acids were determined 

by peak integration, and tricosanoic acid (C23:0) was 

used as a standard to determine absolute quantities. 

Preliminary results show differences between algal 

strains of Eustigmatophyceae via relative fatty acid 

concentration. 

Introduction 

Fatty acids have been of interest to scientists for 

many years. Of particular interest for such applications 

are the algae in the class Eustigmatophycaea. 

Eustigmatophyceae itself is a class of algae that has a 

greenish color because while it contains chlorophyll a, 

it lacks chlorophyll c and fucoxanthin. The class 

Eustigmatophycea strains isolated in this investigation 

contain a brownish lipid body called a pyrenoid that 

produces and stores high concentrations of fatty acids. 

These lipid bodies have been observed without any 

additional preservation. When strains of 

Eustigmatophyaceae contain these characteristic lipid 

bodies, fatty acid composition is a more efficient, 

precise and useful tool for determining strains isolated 

from field algal samples.   

Investigations are being pursued to determine 

whether mass cultures of these algae isolates are 

efficient in producing high amounts of fatty acids 

needed for various applications. Fatty acids have been 

used to compare and identify different algal cultures 

(Lang et al. 2011). Biochemical data from 

Eustigmatophyceae isolate profiles may be used to 

compare new isolates to those previously studied, as 

fatty acids produced may be specific to each strain 

regarding the amount and type. As the fatty acids are 

extracted from new isolates the data collected may be 

used to help place each strain in its respective 

phylogeny. Fatty acid profiles could thus be used as an 

additional tool for algal classification within 

Eustigmatophyceae. Based on the strain and the 

quantity of fatty acids produced, fatty acid content 

could also determine applicability of the strain (Fahl et 

al. 1993, Mourente et al. 1990, Volkman et al. 1989, 

Zhang et al. 2003, Zittelli et al. 1999). Strains that 

produce large amounts of fatty acids of interest may be 

mass cultured and undergo mass fatty acid extraction. 

Because algae are easily cultured, this type of 

sustainable energy could be used to make many 

scientific advancements. Using nutrients for human 

consumption, such as omega-3 fatty acids in primary 

health care, sustainable oxygen sources in space, and 

uses in sustainable energy, such as biofuel, are 

applications for fatty acids from algae. 

In order to determine fatty acid contents within 

these algae strains, faculty and students at the 

University of Arkansas at Monticello have collected 

and cultured Eustigmatophyceae strains (Fawley et al. 
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2007, Prior et al. 2009). The various algal strains 

studied were isolated cultures determined through 

DNA analysis to be genetically associated with one 

another. Additional biochemical testing is needed to 

determine differences because between strains, as there 

is a high diversity of fatty acids (Hibberd et al. 1971, 

Prior et al. 2009). In this study, some strains of 

Eustigmatophyceae were analyzed to determine 

variation in fatty acid expression between different 

strains based on their relative concentrations of fatty 

acids. 

 

Methods and Materials 

 

Fatty acid content and concentration were analyzed 

for algae samples of interest. All algae strains used 

were previously collected and cultured by faculty at the 

University of Arkansas at Monticello (Fawley et al. 

2007, Prior et al. 2009). Once samples were collected, 

methods from several different sources were used, 

which accounts for the overlap in standard extraction 

protocols (Bigogno et al. 2002, Caramujo et al. 2008, 

Krientz et al. 2006).   

The samples tested were named based on 

collection location, date, and when plated, which well 

and in which they were located. The naming system is 

based on the location and environment in which the 

algae were found. The strains of Eustigmatophyceae 

analyzed were Bog D 8/9, Tow 8/18, and Tow 8/18 T-

8d. As such two were collected from Tower Lake, both 

on 8/18, with the BogD sample collected in the Czech 

Republic (Fawley et al. 2007, Prior et al. 2009).   

Algal isolates were then collected from the Fawley 

lab and centrifuged in a 50.0 ml tube. After decanting 

excess cultured media, 5.0 ml of culture were retained 

for each sample. The concentrated algae samples were 

centrifuged again at 13000 rpm for 10 min and excess 

media was decanted leaving an algal pellet. These algal 

pellets were placed in a freezer for at least 24 hours. 

The samples were then placed in a Vacufuge Plus (with 

vacuum attached) for 2 hours. The samples were mixed 

with 5.0 ml of a chloroform/methanol (2:1 v/v) 

solution, then placed in an ultrasonic device for 90 

minutes for lipid extraction. Once the sample was 

broken down, it was filtered and washed with an 

additional 5.0 ml of the chloroform/methanol solution. 

It was then allowed to react via Fisher Esterification by 

adding 5.0 ml of methanol/sulfuric acid (95:5 v/v) and 

heating in a hot water bath at 80℃ for 4 hours. Fatty 

acid methyl esters (FAME) were extracted with hexane 

after esterification. A 1.0 ml sample of extracted 

hexane solution was transferred to a stoppered vial and 

analyzed by GC-MS. 

The fatty acid methyl esters were analyzed by a 

Varian 450-GC, using a Varian FactorFour VF-5ms 

Capillary Column (30m x 0.25 mm ID, 0.25 µM film 

thickness), with a 20:1 split. The injector was held at 

240 ℃, while the oven was started at 50 ℃, held for 3 

min, ramped to 300 ℃ at 10 C/min and held at 300 ℃ 

for 5 min. The transfer line to the MS was held at 250 

℃. The MS used was a Varian 320-MS, a triple 

quadrupole mass spectrometer with EI source, with the 

source at 200 ℃. The samples were scanned from a 

m/z of 35-600. Samples were injected using a CTC 

Analytics CombiPal autosampler, injecting 1 µL of 

sample at a time. 

GC-MS results were then placed into an Excel 

spreadsheet and the results were converted from counts 

to relative mass percentages using the molar mass of 

each fatty acid.   

GC-MS results were analyzed using the Related-

Samples Friedman’s Two-way Analysis of Variance by 

Rank using the SAS software suite. This test was used 

to compare all the relative percentages of fatty acids 

from new and old observations in each individual algae 

strain. Post Hoc (Pairwise Comparison) tests were used 

to determine the significant differences between pairs 

of fatty acids in each strain. A Bonferroni adjustment 

was included in the Post Hoc test to avoid type 1 error. 

Graphs showing the node of the pairwise comparison 

table were created to show this relationship. 

Specifically, these pairwise comparisons are showing 

how close each of the relative masses is to one another. 

 

Results 

 

The relative percentages of 6 selected fatty acids 

for Bog D 8/9, Tow 8/18, and Tow 8/18 T-8d are 

shown in Figures 1-3.   

The pairwise comparisons are shown in Figures 4-

5.  In the case of Figure 4, the lines shown between 

C18:1 and C16:1 is much thicker than between C16:1 

and C18:2.  The thicker line is showing that these 

concentrations are different to a significant degree. 

During the analysis of three different strains, the 

profiles of two strains were found to be significantly 

different in their fatty acid distributions. After 

completing the Related-Samples Friedman’s Two-way 

Analysis of Variance by Rank, two strains showed a 

statistically significant difference between fatty acids.  

Tow 8/18 T-8d showed significant differences in the 

distributions of C14:0, C16:1, C16:0, C18:2, C18:1, 

C18:0, C20:4, C20:5, and C22:0, (p = 0.000), as shown 
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in Figure 4. Bog D 8/9 also showed significant 

differences in the distributions of C:14:0, C16:1,  

 

 
 

Figure 1. Relative mass percentages of fatty acids in BogD 8/9 

sample. Error bars show 1 standard deviation from the mean. 

 

 

 
 

Figure 2. Relative percentages of fatty acids in Tow 8/18T-8d 

sample. Error bars show 1 standard deviation from the mean. 

 

 

 
 
Figure 3. Relative percentages of fatty acids in Tow 8/18 sample. 

Error bars show 1 standard deviation from the mean. 

 

C16:0, C18:2, C18:1, and C20:4, (p = 0.007, as shown 

in Figure 5. 

To further analyze these differences in each strain, 

each fatty acid was compared to another using a Post 

Hoc test. In Tow 8/18 T-8d, there were significant 

differences between C20:4 and C16:0 (p = 0.002), 

C22:0 and C16:0 (p = 0.006), and C18:1 and C16:0 (p 

= 0.030), as seen in Figure 4 and Table 1. In Bog D 

8/9, there were significant differences between C18:2 

and C16:1 (p = 0.025), as seen in Figure 5 and Table 2. 

 

Table 1.  Tow 8/18 T-8d Statistical variance 

parameters for a Related-Samples Friedman's Two-

Way Analysis of Variance by Ranks Summary.  See 

methods for details. 

 

Parameter Value used 

Total N 23 

Test Statistic 32.581 

Degree of Freedom 8 

Asymptotic Sig.(2-sided test) 0.000 

 

Table 2.  BogD 8/9 Statistical variance parameters for 

a Related-Samples Friedman's Two-Way Analysis of 

Variance by Ranks Summary.  See methods for details. 

 

Parameter Value used 

Total N 9 

Test Statistic 15.794 

Degree of Freedom 5 

Asymptotic Sig. (2-sided test) 0.007 

 

Discussion  

Algae of class Eustigmatophyceae have a wide 

variety of physical characteristics, and their relative 

quantities of fatty acids are no different. The various 

isolates shown in this study appear to have noticeable 

differences in these quantities that may allow it to be 

used as an additional form of characterization for 

future work. By comparing the percentages of fatty 

acids within one strain, significant differences can be 

seen and used to create a profile for each individual 

strain to identify them in the future. 

Before broad statements can be made regarding the 

use of fatty acid profiles to help characterize these 

strains of algae, more samples will need to be tested, 

and in large enough quantities to ensure statistical 

relevance. 
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Figure 4. Tow 8/18 T-8d Pairwise Comparison Node showing 

significance of differences between concentrations of fatty acids.  

Interpretation of the graph shown in the Results section. 

                      

Figure 5. Bog D 8/9 Pairwise Comparison Node showing 

significance of differences between concentrations of fatty acids.  

Interpretation of the graph shown in the Results section. 

 

While many strains have been tested up to this point, 

growth speeds have made sample sizes small for most 

strains. In addition, due to this slow turnover, 

reproducibility due to student changes must be 

considered as well. 

One other major issue that needs to be addressed is 

genetic changes over isolate lifetime. While initial 

strain cultures were tested were tested with genetic 

analysis (Fawley et al. 2007, Prior et al. 2009), these 

tests should be repeated to see if they have changed 

over time. 

 

Conclusions 

 

Analyzing algae strains has raised many questions 

regarding fatty acid synthesis and concentration 

variations between strains. Two Eustigmatophyceae 

strains have been analyzed with enough data for 

statistical difference, and fatty acid concentrations 

were determined in this portion of the research. Using 

a Freidman’s Two-way analysis and Pairwise 

Comparisons, the percentages of each fatty acid within 

the individual strain were tested for consistency to 

build a profile. These profiles may give future 

researchers the ability to compare these strains of 

Eustigmatophyceae to new isolates. More data is 

necessary to perform proper statistical analysis of 

additional strains in order to properly compare samples 

across strains. 
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