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ABSTRACT

The amount of polyunsaturated fatty acids that are present in fish oil, particularly
docosahexaenoic acid (DHA) and eicosapentaenoic acid (EPA), as well as any changes to
those levels, are among the most critical factors that impact a customer's decision. These
fatty acids are very prone to oxidative damage because their structures include double
bonds, which makes them susceptible to the process of oxidation. Over the past few years,
nutritional supplements have become increasingly common not just in our nation but also
in countries all over the world. Fish oils, which may be purchased in pharmacies, markets,
shopping malls, and even online, particularly as dietary supplements, degrade oxidatively
during their shelf life, resulting in losses in the fatty acid content of the oil. For this reason,
it is essential to investigate how their contents have evolved throughout time. The purpose
of this review was to investigate the efficacy of fish oils as dietary supplements, namely

those that come in encapsulated gel and liquid forms, respectively.
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1. Introduction

Polyunsaturated fatty acids, of which there are two types,
omega-3 and omega-6, are essential for human and animal
health but must be consumed from food sources because they
cannot be produced. This is why these fats are considered
"essential” to human nutrition. Linoleic acid (LA) is an
important fatty acid needed for the synthesis of omega-6s in the
body, whereas alpha-linolenic acid (ALA) is needed for the
synthesis of omega-3s.

Fish oils, which include polyunsaturated fatty acids, have
been the subject of substantial research into their positive
effects on human health (Bayrakli & Duyar, 2019). Studies
have shown that the omega-3 fatty acids present in fish oil have
several beneficial effects on human health. Fish oil, which is
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high in long-chain omega-3 fatty acids, has been shown to help
protect against heart disease (Garcia-Rico et al., 2007), protect
brain function as people age (Calder, 2006; Marangoni et al.,
2010), raise blood pressure, and lower platelet and leukocyte
reactivity and lymphocyte proliferation. Pregnant women who
take this supplement have a lower risk of miscarriage and a
more successful pregnancy (Jensen et al., 2000; Sarp, 2017),
and it also increases insulin sensitivity (Ellulu et al., 2015).

Moreover, it is effective in treating depression, anxiety, and
a wide range of other conditions, including type 2 diabetes,
rheumatoid arthritis, irritable bowel syndrome, age-related
macular degeneration, dry eye, and stomach ulcers. Fish oil,
according to proponents, does not lead to weight gain and
serves crucial roles in warding off obesity (Calder, 2006; Ho et
al., 2008; Mol., 2008).
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Vegetable oils, including corn, sunflower, soybean, and
cotton oils, contain ®6 fatty acids, which have largely
supplanted ®3 in modern diets. In other words, limiting your
intake of omega-6 fatty acids while increasing your omega-3
intake is essential for illness prevention (Covaci et al., 2007).

The World Health Organization (WHO) suggests eating fish
once or twice a week for optimal health (WHO, 2019). Fatty
acids are essential to human health, but getting enough of them
from food alone can be challenging. Experts recommend taking
fish oil to enhance your diet.

Over the past few years, the demand for fish oil has
increased dramatically. The growth in aquaculture is the
primary factor driving this market's predicted expansion from
2018's $3.28 billion to 2026's $5.42 billion. In 2016, 75% of the
fish oil harvest went toward feeding fish in aquaculture. Fish
oil is also utilized in animal feed, pet food, pharmaceuticals,
dietary supplements, and functional meals (Giese & Fritsche,
2021). More and more people are turning to nutritional
supplements as a non-pharmaceutical means of improving their
health. Consumers' beliefs that these items are all-natural, risk-
free, and effective are driving this expansion. In this regard,
identifying the substances that are hazardous to human health
and ensuring the quality of dietary supplements are both crucial
(Dietz et al., 2007).

Food supplements are manufactured according to national
or international standards that take contaminants,
bioavailability, and maximum daily consumption into account
when deciding on content. This is the case for both the FDA
and the WHO. People of all ages, but notably kids, utilize these
items to supplement their diets when they need a more well-
rounded nutritional profile. Seafood is rich in nutrients, and
nutritional supplements made from it include things like
omega-3 fatty acids, proteins, enzymes, and carotenoids. The
most prevalent types of seafood utilized in the production of
nutritional supplements are seaweed, dried shellfish, and fish
oil. Fish oil supplements can be bought in the form of liquid,
capsules, or tablets (Dolan et al. 2003).

Fish oils sold as dietary supplements are highly vulnerable
to oxidation because they include 3 highly unsaturated fatty
acids with many double bonds. While unoxidized fatty acids are
depleted and replaced by a complex "soup" of lipid peroxides,
aldehydes, and ketones are generated as secondary oxidation
products throughout the oxidation process (Albert et al., 2015;
Kazuo, 2019; Mason & Sherratt, 2017; Ozyurt et al., 2022).
Because these nutritional supplements have a 2-year shelf life,
monitoring any changes in their fatty acid composition or other
chemical quality parameters is critical.

2. Lipid Quality of Fish Oil Supplements

The European Food Safety Authority (EFSA) made a
declaration in 2010 regarding the scientific risk of rancidity and

food hygiene associated with the consumption of fish oil for
human health. The assessment encompasses various aspects of
the fish, ranging from the fishing process to the final product,
including considerations of hygienic conditions and the
potential for rancidity. The significance of preserving fish as a
final product outweighs the concerns of food safety, owing to
the rigorous heating and refining techniques employed during
the alkaline/acid processes and water phase removal in oil
processing. It has been determined that the chemical
degradation of oil is attributed to the presence of lipid oxidation
products.

Changes in fish oils have been the subject of a significant
amount of research during the process of fish preservation. Oils
extracted from fish that have high autolytic activity and include
polyunsaturated fatty acids are extremely vulnerable to
lipolysis and oxidation. According to Soldo et al. (2019), as a
consequence, they typically have a high amount of free fatty
acids (FFA). The formation of free fatty acids during the
hydrolysis of oil results in an alteration of the oil's organoleptic
qualities (Ashton et al., 2002). The International Fish Meal and
Oil Producers Association (IFOMA) has established that the
acceptable range for the FFA value of crude fish oil is between
1% and 7% (often between 2% and 5%) of oleic acid (Bimbo,
1998). This is the maximum permitted amount of FFA value.
However, the FFA values of edible oils should ideally be less
than 3% (Ozyurt et al., 2013; Soldo et al., 2019).

Determining the peroxide (PO) value relies on the principle
of titration with thiosulfate, which measures the amount of
iodine that has been liberated as a result of the oxidation of
iodide by epidioxide or hydroperoxide. The peroxide number
can be stated as millimole O, in 1000 g of oil, or it can be
expressed as milliequivalent grams/kg or micrograms/kg. It is
recommended as a standard method in the industry (Shahidi &
Zhong, 2005).

According to the Codex Alimentarius Commission's
(CODEX, 1999), the maximum permissible PO value for edible
oils is 10 meqg/kg-* In contrast, the European Food Safety
Authority (EFSA, 2010) recommends that the PO value in
refined fish oils used for food supplements not exceed 10
meg/kg. This recommendation is included in the European
Pharmacopoeia, which contains listings of dosages, forms, and
uses of medicinal medications. Moreover, fish oil should have
a PO value of 5 meq. or less per kilogram, as indicated by the
Global EPA and DHA Organization (GOED, 2008).

TBA analysis is the approach that is employed the most
frequently for the detection of lipid oxidation (Shahidi and
Wanasundara, 2002). According to Schormiiller's report in
1969, a desirable quality material should possess a TBA value
lower than 3 mg MA/kg.

Sprague et al. (2018) investigated the oxidation properties
as well as the lipid and fatty acid levels of 23 different brands
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of encapsulated fish oil products sold in the United Kingdom.
The oil content was found to be between 91.4% and 118.9% of
the manufacturer's claimed quantity, depending on the product.
All items' peroxide (PO) and anisidine values were found to be
lower than those set by pharmacopeias. The EPA+DHA level
of twelve different products were also found to be lower than
previously reported. The researchers, on the other hand,
identified no link between oxidative measurements and
unlabeled quantities of EPA and DHA in four of the items

evaluated, and they additionally noticed that the PO value was
substantially correlated with the expiration dates of the
products.

Nevigato et al. (2021) conducted an investigation of three
different fish oil supplements that are readily available in Italy.
The results of the study indicated that the quantities of EPA and
DHA present in two supplements were discovered to be below
the stated levels on the product label (Table 1).

Table 1 Compliance with the label of dietary supplements analyzed (mg/100 mg oil) (Nevigato et al., 2021).

EPA DHA
Supplement
Label Measured % Label Measured %
Supplement no. 1 40 32.41 81 20 19.68 98
Supplement no. 2 33 25.76 78 22 20.06 91
Supplement no. 3 15 16.68 111 10 12.89 129

The compliance of the EPA+DHA label declaration and the
oxidative quality of 48 widely used brands of omega-3 fatty
acid dietary supplements in the United States were analyzed by
Bannenberg et al. (2020). The research findings revealed that a
significant proportion of the tested items, that is, 48 percent,
exhibited lower levels of EPA+DHA than the values indicated
on their respective labels, despite falling within the acceptable
range of quantities. As per the authors of the study, it is crucial
to assess and communicate the quality of end products in an
optimal manner to ensure precise information dissemination
regarding nutritional supplements to consumers. Furthermore,
the study found no association between chemical quality values
and the expiration date of the product.

In the study conducted by Karsli (2021), an analysis of the
fatty acid content (FA) was performed, and various quality
criteria were evaluated for 15 fish oil supplements that were
commercially available in both syrup and capsule forms within
the Turkish market. The results of the study indicated that the
concentration of EPA in fish oil supplements varied between
3.51% and 20.51%, whereas the DHA level ranged from 3.28%
to 52.42%. The researcher observed that the claims made by the
Environmental Protection Agency (EPA) on the product labels
were largely accurate for the samples that were examined.
However, the quantities of docosahexaenoic acid (DHA) in
particular supplements were significantly different from the
claimed values. The study revealed that the EPA and DHA
concentrations of fish oil capsules available in the retail market
of Turkey were more consistent with the concentrations
indicated on the label, in comparison to fish oil syrups.

The study conducted by Srigley and Rader (2014) involved
an analysis of the fatty acid concentration and composition of
46 omega-3 fish oil supplements that were commercially

available in the United States. As per the research findings, a
majority of over 80% of the capsules containing fish oil were
found to comprise EPA and DHA. Nevertheless, it was
discovered that six of the aforementioned items were unable to
fulfill the promises stated on their labels. Out of the 46 fish oils
that underwent testing for EPA and DHA concentration, just 11
(24%) were found to have met the standards set by the FDA,
thereby receiving official approval for human consumption.

In their study, Ako and Ogasawara (1994) conducted an
analysis of the quantities of omega-3 fatty acids present in
seven distinct brands of fish oil capsules that were
commercially available in drugstores located in Hawaii.
Research conducted on fish oil capsules that are available on
the market has indicated a disparity between the stated and
actual amounts of omega-3 fatty acids present in them.

Albert et al. (2015) studied the fatty acid content, peroxide
(PO), and anisidine (AV) values, and estimated the total
oxidation (Totox) values of fish oil supplements that were
encapsulated and sold in New Zealand. The study revealed that
a mere 3 out of 32 fish oil supplements contained EPA and
DHA in quantities that were equivalent to or greater than the
labeled content. Furthermore, the majority of supplements had
83% PO concerning recommended oxidation limit levels, with
25% surpassing AV limits and 50% in excess of Totox levels.

Jackowski et al. (2015) performed an analysis of the
oxidation state and product composition of 171 ®3 PUFA
dietary supplements that were commercially available in
Canada. The research revealed that half of the examined items
exhibited signs of oxidation, whereas an additional 18%
approached the threshold of exhibiting such signs within the
range of 1 to 3 years prior to their established expiration date.
The study revealed that the levels of secondary oxidation
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products and TOTOX were significantly reduced in unflavored,
encapsulated dietary supplements as compared to their flavored
counterparts. The levels of main, secondary, and TOTOX in
fish oil supplements targeted toward children were significantly
greater than those found in other demographic groups. In
addition, scholarly investigations have determined that
individuals who consume 3 polyunsaturated fatty acid (PUFA)
products as dietary supplements may be susceptible to elevated
levels of oxidative products. This has led to an indication for
new legal mandates to ensure that all such products are subject
to testing for oxidative safety and appropriateness.

Forty-seven fish oil supplements sold in New Zealand were
analyzed by Bannenberg et al., (2017) for the content of
eicosapentaenoic acid (EPA) and docosahexaenoic acid
(DHA), as well as the oxidative status of the products. Among
the products that underwent testing, it was found that 72%,
86%, and 77% of them adhered to the maximum limits
established by the industry for Peroxide Value (PV), para-
Anisidine Value (p-AV), and TOTOX, respectively (Table 2).

Table 2. The amount of EPA and DHA in fish oil capsules (in milligrams per serving). *Denotes a product for which the average of all
laboratories' results fell short of label claims by more than 10% in Australia (Bannenberg et al., 2017).

Percentage of tested products that complied with the GOED quality criterion for oxidative status (PV max.

Parameters 5meq 02/kg; p-AV max. 20; TOTOX max. 26), and that adhered to labeled content of EPA plus DHA
(*only for unflavored fish oils).
Bannenberg et al. (2017 ) Albert et al. (2015)

PV 2% 17%

p-AV 86%* 75%

TOTOX T71%* 50%

EPA+DHA content

compliance to label 91% 9%

claim

Ozyurt et al. (2022) examined the fatty acid content and
oxidative characteristics of the most widely used fish oil
supplements in Turkey. The investigation concluded that the
EPA and DHA concentrations of the capsule samples were
often higher than those of the syrup samples. Free fatty acid

(FFA) values were found to be above the 3% oleic acid limit
recommended for high-quality oils in 4 groups, and
thiobarbituric acid reactive substance (TBARS) values were
found to be below 1 mg MA/Kg in all groups of fish oil capsules
and syrups (Figures 1, 2, 3).
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Figure 1. Peroxide values of suggested syrups and fish oil capsules (dashed line =3) (Ozyurt et al., 2022).
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Figure 2. Values of free fatty acids (FFA) in fish oil capsules and syrups compared to the DV (dotted line =3) (Ozyurt et al., 2022).
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Figure 3. Standard value (dashed line =3) for recommended syrups compared to TBARs values of fish oil capsules (Ozyurt et al., 2022).

3. Conclusion

The popularity of fish oil supplements has been on the rise,
and their significance in promoting good health is noteworthy.
However, it is worth noting that the production and distribution
of these supplements are not subject to any regulatory
framework. Unfortunately, there is a lack of legal regulation to
guarantee the satisfactory quality or precise labeling of fish oil
supplements retailed in stores. A consensus at a global level is
deemed necessary by researchers throughout various
disciplines. The quality of lipids with a 2-year shelf life can no
longer be guaranteed due to the impact of environmental
factors.
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