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ABSTRACT
The majority of United States citizens are not receiving enough omega 3 unsaturated fatty
acids in their everyday diet. Although fish are a significant source of omega 3 unsaturated fatty
acids, they are a declining resource, making the discovery of alternative sources of omega 3
unsaturated fatty acids necessary. Different types of essential fatty acids, fish derived omega 3
supplements, and algae derived omega 3 supplements were tested using a free fatty acid
quantitation kit. The different types of essential fatty acids and supplements were tested with
human plasma, which allowed for the quantitation of the fatty acids absorption by human
plasma. The results showed that algae derived omega 3 supplements were absorbed almost two
times more than the fish derived omega 3 supplements. This analysis supports algae being
considered a significant source of omega 3 polyunsaturated fatty acids that can be used as a
dietary supplement in everyday diet.
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Chapter 1
Introduction
Background
Scientific investigation leading to discovery of the importance of omega 3
polyunsaturated fatty acids in the human diet started in the 1950’s. During this time period, the
effects of corn oil and fish oil on serum cholesterol concentrations in patients with
atherosclerosis was investigated (Keys et al. 1957). The results found that corn oil lowered
cholesterol. Fish oil had similar effects on cholesterol as corn oil did, but fish oil also lowered
serum triglycerides concentrations (Keys et al. 1957).
Although fish oil was found to have lowered cholesterol and serum triglycerides, the
important role of dietary intake of omega 3 polyunsaturated fatty acids in the human diet was not
recognized until the 1970’s (Simopoulos et al. 1991). The importance of omega 3
polyunsaturated fatty acids came back into the forefront of scientific investigation when Bang
and Dyerber investigated the low rates of coronary heart disease found in Greenland Eskimos
(Dyerberg et al. 1978). Through their study the importance of eicosapentaenoic acids, an omega
3 fatty acid, in prevention of heart attacks due to antithrombotic effects was discovered
(Dyerberg et al. 1978). More studies were done to confirm this hypothesis.
The Greenland Eskimos continued to influence scientific investigation of omega 3
polyunsaturated fatty acids into the 1980’s. This decade is known for the expansion of
knowledge of polyunsaturated acids (Simopoulos et al. 1991). The continued studies of high
dietary intake of long chain omega 3 polyunsaturated fatty acids derived from seafood suggested
that changes in the natural history of hypertensive, atherosclerotic, and chronic inflammatory
disorders may be achieved by altering availability of eicosanoid precursors (Simopoulos et al.
1991). The importance of omega 3 polyunsaturated acids for normal growth and development,
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prevention and treatment of coronary artery disease, hypertension, arthritis, other inflammatory
and autoimmune disorders, and cancer was discovered during this decade (Simopoulos et al.
1991).
The expansion of knowledge on polyunsaturated fatty acids during the 1980’s led to the
convening of the Health Effects of Polyunsaturated Fatty Acids in Seafoods conference held in
Washington DC on June 24-25, 1985. The conference was the first to establish that omega 3
polyunsaturated fatty acids of marine origin play important roles in prostaglandin metabolism,
thrombosis and atherosclerosis, immunology and inflammation, and membrane function
(Simopoulos et al. 1991).
Later in the 1980’s the US department of Commerce developed the Biomedical Test
Materials program. Through this program a standardized test to determine the composition of
EPA and DHA in a substance was developed. Researchers qualified for this program are
supplied with quality-assured test material to evaluate the role of omega-3 fatty acids in health
and disease (NIH 1989). The goal of this program is to attain a complete understanding of the
mechanisms of omega 3 polyunsaturated fatty acids. Although researchers are still utilizing
materials from this program, no materials in this thesis were obtained through this program.
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Significance of Research
Attaining the correct amount of omega 3 fatty acids in the human diet is critical because
fatty acids are a major component of the cell membrane that affect the cell receptors in the
membrane. Through the activation of cellular function, omega 3 fatty acids are required in the
membranes of photoreceptor cells and synapses. Omega 3 fatty acids are responsible for normal
functioning of tissues, injury response, and synaptogenesis and photoreceptor membrane
biogenesis.
Along with continual research on omega 3 fatty acids affecting cellular function, there
has been early research on gene expression controlled by omega 3 fatty acids. Gene control
comes from the nutrients and hormones produced by the fatty acid (Rucker et al. 1986).
Expanding upon the genetic research is critical to understanding the effects of fatty acids on gene
expression.
Modifications of omega 3 polyunsaturated fatty acid levels, commonly referred to as
polyunsaturated fatty acid (PUFA), based on diet, can affect the cellular function (Pereira et al.
2012). Induced by dietary fatty acids, cellular functions are affected by PUFAs in early stages of
cellular activation. Modifications of PUFAs at the cellular level affect the activity of the
enzymes responsible for the generation of lipid mediators. In addition, the formation of
eicosanoids directly derived from their fatty acid precursors is also affected by PUFA levels
being altered (Bazan 1989).
Since PUFAs have activation effects on cellular function, they are beneficial in that they
have anti-inflammatory properties and can help prevent cardiac disease, hypertension, cancer,
and diabetes (Table 1) (Pereira et al. 2012).
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Beneficial Properties of PUFAs on Disease Prevention
Cardiac Disease

Prevents arteriosclerosis which ultimately causes coronary heart disease.
Omega 3s interrupt the development of the atherogenic process by
preventing the cellular components found in the formation of plaque
(Burr et al. 1989).

Hypertension

Changes in the endogenous synthesis of vasoactive eicosanoids present
when adequate levels of omega 3 polyunsaturated fatty acids are being
digested (Fischer et al. 1984).

Cancer

Delay of tumor appearance and growth through decreasing PGE2
production. PGE2 is known to play a key role in influencing the
production of cancer (Cave Jr. 1991).

Diabetes

Fatty acids control the direct action on vascular permeability. The
direct control results from decreased transfer of lipoproteins into the
vascular wall, thus reducing the risk of diabetes (Schectman et al. 1988).

Anti-Inflammatory

Inhibition of the 5-liopxygenase pathway in neutrophils and monocytes

Properties

and the inhibition of leukotriene B4 (LTB4)-mediated function of
neutrophils. While there is an inhibition factor of omega 3
polyunsaturated fatty acids, omega 3s also increase the production of
LTB4 (Prickett et al. 1983).
Table 1: Disease Prevention Based on PUFA Properties

Based on the importance of cellular function and prevention of disease, omega 3 fatty
acids are crucial. Since the significance of omega 3 fatty acids is scientifically supported, it is
critical to have appropriate amounts of omega 3 polyunsaturated fatty acids in the cell
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membrane. Getting adequate amounts of omega 3 polyunsaturated fatty acids is increasingly
difficult in westernized culture because PUFAs are completely dependent on dietary intake,
classified as essential fatty acids (EFA).
Since omega 3 polyunsaturated fatty acids are based on diet, the major sources of omega
3 fatty acids are from fish, meat, and eggs. Of these sources, fish is the source that contains the
most omega 3 fatty acids. Even though fish are the leading source of omega 3 polyunsaturated
fatty acids, it is a declining resource (Pereira et al. 2012). Due to fish resources declining,
investigation of alternative sources of obtaining omega 3 fatty acids is becoming vital. This
study responds to the need for obtaining adequate amounts of omega 3 polyunsaturated fatty
acids.
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Structure of Fatty Acids
The human body is made up of essential fatty acids (EFA) that provide important
functionality in the metabolic pathway of the human body. Every fatty acid is made up of a
carboxylic acid (figure 1) with a long aliphatic chain (figure 2). The aliphatic chain can be either
saturated, monounsaturated, or polyunsaturated. For the chain to be considered saturated, the
chain must contain no double bonds between the carbons. If the chain is monounsaturated, it
means that there is one double bond in the chain, and if the chain is polyunsaturated, then there is
more than one double bond in the chain (figure 3).
Omega 3 fatty acids are represented by a-linolenic acid (LNA), while omega 6 fatty acids
are represented by linoleic acid (LA). Once consumed, both are metabolized: LNA is
metabolized to EPA and DHA, while LA is metabolized to arachidonic acid (AA), summarized
in table 2. This metabolic process increases the chain length and the degree of unsaturation by
adding extra double bonds to the carboxyl group (Simopoulos et al. 1991).
O
C
R

OH

Figure 1: Carboxylic Acid

H3C

CH3

Figure 2: Aliphatic Chain
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H3C

CH3
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H3C

CH3
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H3C

CH3

Figure 3: Saturated and Unsaturated Chains
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Unsaturated Fatty Acid
Omega 3
Omega 6

a-linolenic acid
(LNA)
Linoleic acid (LA)

Conversion
LNA to EPA and DHA
LA to AA

Sources
Fish/seafood,
meat, and eggs
Meat/poultry,
cereal-based
products,
vegetables,
nuts/seeds

Table 2: Conversions of Omega 3 and Omega 6 Fatty Acids
Table 2: Conversions
of Omega
Omega
3 3 and Omega 6 Fatty Acids

CH3

HO
O

Alpha-linolenic acid (LNA, C18:3 (Δ9,12,15))
CH3

HO
O

Eicosapentaenoic acid (EPA, C20:5 (Δ5,8,11,14,17))
CH3

HO
O

Decosahexaenoic acid (DHA, C22:6 (Δ4,7,10,13,16,19))
Omega 6
CH3

HO
O

Linoleic acid (LA, C18:2 (Δ9,12))
CH3

HO
O

Arachidonic acid (AA, C20:4 (Δ5,8,11,14))
Table 3: Structures of Omega 3 and Omega 6 Fatty Acids
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Disruption of Intake
Although there is competition between omega 3 and omega 6 fatty acids, it is believed
that humans evolved having a balance between the levels of these fatty acids (Leaf et al. 1987).
This balance of fatty acids is supported by research into paleolithic nutrition compared to modern
nutrition. The paleolithic diet shows that humans evolved on a diet low in saturated fatty acids
containing equal amounts of omega 3 and omega 6 fatty acids (Meyer et al. 2003).
Over the last one hundred years, the modern diet has drastically changed the balance of
fatty acids. When the industrial revolution occurred and technology in the farming industry
changed, the available food sources were affected (Kishenbauer 1960). This change in food
availability severely impacted the human diet, leaving a drastic imbalance of omega 3 fatty acids
compared to omega 6 fatty acids (Kishenbauer 1960). Advances in agriculture led to increased
consumption of animal fats and vegetable oil, which provide an abundance of omega 6 fatty
acids over omega 3 fatty acids.
The increased consumption of animal fats and vegetable oil is a major problem in how
fatty acids are metabolized in humans. In order for fatty acids to be metabolized, the fatty acids
need to be elongated and de-saturated. The enzymes responsible for transforming the fatty acid
are the same for omega 3 and omega 6 fatty acids. Competition for the conversion arises
between omega 3 and omega 6 fatty acids due to relying on the same enzymes. This competition
means that if there is an increase of one EFA, there is a decrease in the other (Pereira et al.
2012). The imbalance of omega 3 and omega 6 fatty acids can negatively affect human health by
affecting cellular function and increasing risk of heart disease, diabetes, cancer, and hypertension
(Simopoulos et al. 1991).
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Ongoing Research into Sources of Fatty Acids
Based on the benefits linked to polyunsaturated fatty acids (PUFA), research into these
fatty acids is vital. Early research conducted in 1999 by Ollis et al. in New South Wales into the
dietary intake and food sources of omega 6 and omega 3 PUFAs was unreliable, due to the lack
of information on population intakes (Meyer et al. 2003).
Lack of data has led to a variation of PUFA intake recommendations in various countries.
A study done in Australia has determined that dietary intakes of omega 3 and omega 6 fatty acids
are insufficient for the majority of the population (Meyer et al. 2003). These intake values were
analyzed through a compiled food database and then evaluated against Japan, Germany, Canada,
and United States fatty acid intake recommendations (Meyer et al. 2003). Similar results of
insufficient omega 3 fatty acid intake in a normal American diet can be expected based on
comparison to a normal Australian diet based on the similar diets.
Based on the lack of omega 3 fatty acid consumption, experiments on polyunsaturated
fatty acid synthesis has led to the development of a short, high-yield method for the production
of unsaturated fatty acids. Further investigation is needed to determine the cost efficiency of
producing large batches of synthetic fatty acids (Mirviss et al. 1989).
Although synthesis production may be a viable option for the production of unsaturated
fatty acids, the manufacturing process is expensive; thus scientists have turned to analyzing the
polyunsaturated fatty acids of natural marine microalgae to determine if it is a more costeffective option. Microalgae have been found to contain a high proportion of PUFAs and are
easily cultivated and harvested. This high proportion of PUFAs makes microalgae a practical
and sustainable source of obtaining PUFAs (Pereira et al. 2012). Given that microalgae are a
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practical source of fatty acids, the research in this thesis investigates the potential use of algae as
a significant source of fatty acids in the human diet.
Free fatty acid quantitation determines the levels of fatty acids in individuals. Increased
levels can be linked to obesity-related disorders and may contribute to insulin resistance in
peripheral tissues. Conditions such as sepsis and tumors producing lipoactive hormones may
also be associated (MAK044 Sigma).
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Chapter 2
Free Fatty Acids Quantitation Methodology
Preparation of the Standard Curve
The purpose of using this kit is to quantitate the amount of free fatty acids in each sample
(MAK044 Sigma). This kit is designed for fatty acids that are more than eight carbons long.
The Acyl-CoA Synthetase Reagent (ACS) and Enzyme Mix were each reconstituted with 220 ul
of Fatty Acid Assay Buffer. The reconstituted solutions were mixed by pipetting. In order to
make Palmitic Acid Standards for colorimetric detection, 0, 2, 4, 6, 8, and 10 ul of standard
solution was micropipetted into a 96 well plate. Fatty acid assay buffer was added to each well
to bring each well to a final volume of 50 ul. 2 ul of ACS Reagent was added to all of the wells,
and then the plates were incubated for 30 minutes at 37ᵒC. During the incubation period, a
master reaction mix was set up as listed in Table 4. 50 ul of the master reaction mix was then
pipetted into each well. The wells were then mixed by pipetting and incubated again for 30
minutes at 37ᵒC. During this incubation period, the wells were protected from the light by being
in a closed incubator. Each solution in the wells were placed into individual cuvettes and
inserted into Bio Rad Smart Spec 3000 for the absorbance reading at 570 nm.
Reagent
Fatty Acid Assay Buffer
Fatty Acid Probe
Enzyme Mix
Enhancer
Table 4: Master Reagent Mix Components

Volume
44 ul
2 ul
2 ul
2 ul
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Fatty Acid Quantitation
10 ul of each fatty acid listed in Table 5 was micropipetted into a 96 well plate. In
another plate 10 ul of each fatty acid and 10 ul of human plasma were micropipetted into each
well. Fatty acid assay buffer was added to every well to bring each solution to a 50 ul volume. 2
ul of ACS Reagent was added to all of the well, and then the plates were incubated for 30
minutes at 37ᵒC. During the incubation period, a master reaction mix was set up as listed in
Table 4. 50 ul of the master reaction mix was then pipetted into each well. The wells were then
mixed by pipetting and incubated again for 30 minutes at 37ᵒC. During this incubation period
the plates were protected from the light by a closed incubator. The solution in each well was
placed into a cuvette and inserted into Bio Rad Smart Spec 3000 to obtain absorbance readings at
570 nm.
Fatty Acid
Decosahexaenoic Acid (DHA)
Arachidonic Acid (AA)
Linoleic Acid (LA)
Linolenic Acid (LNA)
Fish Omega Supplements (FO)
Algae Omega Supplements (AO)
Table 5: Different Fatty Acids used in Research
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Chapter 3
Results
3
y = 0.1963x + 0.6755
R² = 0.715

Absorbtion at 570 nm

2.5
2
1.5
1
0.5
0
0

2

4

6

8

10

12

ul of Palmitic Acid

Figure 4: Palmitic Acid Standard Curve

The palmitic acid standard curve was generated to interpolate or quantify the amount of
free fatty acids in each plasma fatty acids sample as well as each pure fatty acid sample. Beer’s
law is the linear relationship between concentrations of a sample and the absorbance. The
𝑆𝑎

equation is A = ε * b* c, but the free fatty quantitation kit rearranged this to 𝑆𝑣 = 𝐶. Sa is the
amount of fatty acids in the unknown sample from the standard curve in nmoles, Sv is the sample
volume added to the reaction well measured in uL, and C stands for the concentration of fatty
acids in the sample (Sigma 2014).
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LNA

Fatty Acid Not Absorbed (nmol/ul)

1
0.9
0.8

ARA

0.7

FO

LA
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0.5

AO

0.4
0.3

DHA

0.2
0.1
0
1

2

3

4

5

6

Different Fatty Acids

Figure 5: Average Amount of Free Fatty Acids Not Absorbed by Human Plasma

The amount of free fatty acids nor absorbed by human plasma was determined by
comparing the absorbance of free fatty acids with and without human plasma. Beer’s law
allowed for the determination of the amount of free fatty acids in the samples, which generated
this chart.
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Chapter 4
Discussion and Conclusion
By using the equation of the line of best fit for the standard palmitic curve, the amount of
free fatty acids in each sample was quantified. The volume of each fatty acid that was added to
each well was held at ten microliters to be consistent. The quantification of absorbed fatty acids
in human plasma was determined through the comparison of free fatty acids in the trials done
with and without human plasma.
The DHA standard and algae derived omega 3 supplements were absorbed in greater
amounts compared to the other four fatty acids (figure 5). The absorption of fatty acids is based
on chain length and the number of double bonds (Iqbal et al. 2009). This means that shorter fatty
acids chains are absorbed better than longer chain fatty acids. Although the absorption of fatty
acids should be greater for shorter chain length fatty acids, the data in figure 5 does not
correspond to increased absorption based on shorter chain length. This may be due to the
missing proteins and enzymes involved in fatty acid uptake (Iqbal et al. 2009).
Figure 5 shows that there was almost twice as much absorption of algae derived fatty
acids in human plasma then there was in the fish derived fatty acids. In the fish supplement the
fatty acids were in ethyl ester form, while in the algae supplement the fatty acids were in
triglyceride form. The different absorption rates can be related back to the form of fatty acids
within the supplement (The Importance of the Triglyceride Form 2011). The human body
efficiently utilizes and transports essential fatty acids in the triglyceride form. The triglyceride
form contains a molecular backbone that connects three fatty acids. The ethyl ester form is
produced when the molecular backbone of a triglyceride is removed. The ethyl ester form is
considerably less efficient in absorption due to the body having to rebuild a triglyceride from the
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ethyl esters before absorption (The Importance of the Triglyceride Form 2011). In order to
reform a triglyceride, the body needs to replace the backbone that is often taken from existing
molecules. Through this process, free radical activity and oxidative stress levels are increased,
which can have negative medical effects. Negative health effects associated with increased free
radicals and oxidative stress damage cellular components or the cell membrane. These effects
can lead to cellular death or loss of function. Long term effects of taking ethyl ester forms of
omega 3 polyunsaturated fatty acid have yet to be studied due to these forms being introduced to
the body only twenty years ago (The Importance of the Triglyceride Form 2011).
Other factors that could have interfered with the absorption of the omega 3 fatty acid
supplements could be the additives in the supplements. The omega 3 polyunsaturated fatty acid
supplements used in this experiment were not purely fatty acids. The algae supplement
contained non-GMO high oleic sunflower oil, non-GMO sunflower lecithin, rosemary extract,
natural non-GMA mixed tocopherols, and non-GMO ascorbyl palmitate. The fish supplement
contained unknown saturated fat, polyunsaturated fat, monounsaturated fat, cholesterol,
carbohydrates, protein, and other omega 3s.
The R2 value of the best fit line indicated a 28.5% error. This error could be a result of
the inability to analyze the entire sample due to air bubbles that formed in samples. The plates
were also exposed to light while the samples were being analyzed, which could have affected the
light sensitive enzyme in the fatty acid quantitation kit. The different trials were also analyzed
after different periods of waiting due to having to analyze one sample at a time. The assay
recommended to analyze the sample was a 96 well plate reader, however this could not be used
because the machine was inoperable. The error could be reduced through repeated testing.
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Based on the results on absorption of fish derived omega 3 supplements compared to
algae omega 3 derived supplements, algae fatty acids are absorbed almost twice as much in
human plasma as fish fatty acids. The algae derived omega 3 supplements do not have the risk
of increased free radical formation or oxidative stress, which makes these supplements a safer
option. These results suggest algae omega 3 fatty acid supplements to be a better source of
omega 3 polyunsaturated fatty acids for the human diet.
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Chapter 5
Further Investigation Techniques
Gas Chromatography (GC)
GC is commonly used to separate and analyze compounds that can be vaporized. The
GC can be used to test for purity or to separate particular substances from a compound. The
gaseous compounds are separated by eluting out at different times based on their affinity for a
chosen stationary phase in the chromatography column. Although this technique would have
been useful in separating the different compounds in the omega 3 polyunsaturated supplement,
the only available GC machine was the Vernier Mini GC. This gas chromatograph was only
designed to analyze compounds with a maximum of a ten carbon chain based on the
temperatures that could be achieved. Since all of the essential fatty acids are over ten carbons
long, the Vernier Mini GC could not be used. Figure 6 shows the linolenic acid standard data
obtained by using the Vernier Mini GC, and sample 37 (figure 7) shows the accepted gas
chromatography peak for linolenic acid (Shantha 1992). The Vernier Mini GC results compared
to the accepted chromatography peak showed that the samples eluted out at different times and

Signal (mV)

the peaks are inconsistent.
50
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25
20
15
10
5
0

Trial 1
Trial 2
Trial 3

0

2

4

6

8

10

Time (min)
Figure 6: Linolenic Acid Gas Chromatography by Vernier Mini GC

19

Figure 7: Accepted Chromatography of Fatty Acids
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Nuclear Magnetic Resonance Spectroscopy (NMR)
NMR can be utilized to determine a compound’s unique structure by obtaining physical,
chemical, electronic, and structural information about molecules based on chemical shifts,
Zeeman effect, or the Knight shift effect on the nuclei present in the sample. There are several
different spectrometers: H NMR, C-NMR, and N-NMR. H NMR focuses on hydrogen, C-NMR
utilizes the carbon, and N-NMR uses the nitrogen within the substance. H NMR was the first
NMR spectroscopy technique developed and is often the most commonly used (Nerz-Stormes
2014).
H NMR works by exploiting the magnetic field generated by the spinning charged
particles in the atomic nucleus. In this magnetic field, the nuclear spins are random in direction.
When an external magnetic field is applied, the nuclei align themselves with or against the
external magnetic field. This alignment gives rise to signals from each group of chemically
equivalent protons. Chemically equivalent protons are protons that experience the same
magnetic force and create overlapping signals, allowing for the quantification of sets of
equivalent protons in the substance.
Besides chemically equivalent protons, the use of chemical shift is another distinguishing
feature of the substance. The chemical shift is a measure of how far the signal produced from
the proton is from the reference compound signal. The proton chemical shifts range from 0 parts
per million (pm) to 15 ppm. The reference compound is located at the right of the graph and
moving left on the graph shows larger ppm. The proton chemical shifts are identical for specific
protons regardless of the spectrometer used, and they are calculated through the following
algorithm.
𝐶ℎ𝑒𝑚𝑖𝑐𝑎𝑙 𝑆ℎ𝑖𝑓𝑡 𝑖𝑛 𝑝𝑝𝑚 =

𝑝𝑒𝑎𝑘 𝑝𝑜𝑠𝑖𝑡𝑖𝑜𝑛 𝑖𝑛 𝐻𝑧 (𝑟𝑒𝑙𝑎𝑡𝑖𝑣𝑒 𝑡𝑜 𝑇𝑀𝑆)
𝑠𝑝𝑒𝑐𝑡𝑟𝑜𝑚𝑒𝑡𝑒𝑟 𝑓𝑟𝑒𝑞𝑢𝑒𝑛𝑐𝑦 𝑖𝑛 𝑀𝐻𝑧
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C-NMR spectroscopy is also a commonly used technique, and the peaks form when the
excited nuclei in the beta orientation start to relax back to the alpha orientation. The change in
orientation generates a fluctuating magnetic field which, in turn, generates as current in a
receiver coil. The current is then electronically converted into a peak. Peaks are generated for
every magnetically distinct nucleus in the molecule, which occurs because nuclei that are not in
identical structural situations experience the external magnetic field differently. Differences can
also occur through shielding, which is small local magnetic fields generated by circulating
sigma, pi, and lone pair electrons.
For fatty acid analysis there is an alternative way of distinguishing between acids in the α
and β chains using C-NMR. There are variances between the α and β chains in different acids.
The problem with using this analysis is the C-NMR spectroscopy will not distinguish between
the two α chains. Table 6 shows the different chemical shifts that remain constant for each acid.

Acid
18:0
18:1
18:2
18:3
18:3
18:1
20:4
20:5
20:5
20:5
22:6
22:6
22:6

Unsaturation
Δ9
Δ9, 12
Δ9, 12, 15
Δ6, 9, 12
Δ6
Δ5, 8, 11, 14
Δ5, 8, 11, 14, 17
Δ5, 8, 11, 14, 17
Δ5, 8, 11, 14, 17
Δ4, 7, 10, 13, 16, 19
Δ4, 7, 10, 13, 16, 19
Δ4, 7, 10, 13, 16, 19

α
173.186
173.133
173.111
173.107
172.959
173.098
172.893
172.896
172.970
172.980
172.403
172.500
172.510

β
172.778
172.728
172.706
172.702
172.563
172.071
172.510
172.513
172.580
172.590
172.025
172.100
172.510

Table 6: C-NMR Chemical Shift for Fatty Acids

Although spectroscopy allows for reliable analysis of what a solution is made up of, this
technique was unavailable due to renovations occurring on the science building. Using the
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spectral database for organic compounds (SDBS), the alpha-linolenic acid H-NMR and C-NMR
data was available. There was not any spectral data available for any of the other
polyunsaturated fatty acids. The Institute of Chemical Sciences and Engineering created a
spectroscopy prediction tool, which was used to compare the predicted peaks to the actual peaks
of alpha-linolenic acid. The actual spectroscopy and the prediction tool spectroscopy is shown in
figures 6 through 9 and tables 7 and 8. Through this comparison, the prediction tool is accurate,
and the small variances in the peak shifts can be considered instrument differences. The
prediction tool can be used to show the spectroscopy of the other fatty acids not available on
SDBS and can be used as a reference for determination of what fatty acids are in substance.
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Figure 5:Alpha-linolenic acid H NMR from Prediction Tool

Figure 8: Alpha-linolenic acid H NMR Spectroscopy from SDBS

Figure 9: Alpha-linolenic acid H NMR Spectroscopy from Prediction Tool
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Assignment
A
B
C
D
E
F
G
J

Actual Shift (ppm)
10.9
5.54 to 5.17
2.801
2.33
2.13 to 1.95
1.64
1.48 to 1.26
0.973

Predicted Shift (ppm)
N/A
5.383
2.643
2.299
1.964
1.550
1.297
1.089

Table 7: Comparison of SDBS Peak Shifts to Prediction Tool for H NMR

Table 1: Disease Prevention Based on PUFA Properties

Figure 10: Alpha-linolenic acid C-NMR from SDBS
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Figure 11: Alpha-linolenic acid C-NMR from Prediction Tool

Assignment
1
2
3
4
5
6
7
8
9
10-12
13
14
15
16
17
18

Actual Shift (ppm)
180.55
131.94
130.23
128.30
127.84
127.19
34.17
29.63
29.19
27.26
25.68
25.60
24.72
20.61
14.30

Predicted Shift (ppm)
177.03697
134.94053
129.9
128.46667
128.46667
128.56666
129.95111
34.86679
28.96564
29.21543
28.71406
25.84000
25.84
24.89271
21.42421
13.94333

Table 8: Comparison of SDBS Peak Shifts to Prediction Tool for C-NMR
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