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Marine oils as nutrients have many functions 
in the human body. Omega-3 (ω-3) fatty acids are 
essential for human metabolism and have positive 
health effects. These fatty acids can be synthesized 
from various fatty acids. Although the synthesis of 
fatty acids is possible in plants, animals and hu-
mans, this function may encounter limiting factors 
in humans. The relatively high levels of linoleic 
acid (LA; C18:2 ω‐6) in an average Western diet 
(consumed in vegetable oils and related products) 
means that the precursors for the pathway leading 
to the synthesis of ω-6 polyunsaturated fatty acids 
are predominant. In particular, the synthesis of 
LA and α-linolenic acid (ALA; C18:3 ω‐3) from 
oleic acid is only possible in plants. In this case, it 
is necessary for humans to consume these essential 
fatty acids (LA, ALA) from exogenous sources. 
ALA is the preferred substrate for the synthesis 
by a process that can reach up to eicosapentaenoic 

(EPA; C20:5 ω‐3) acid and docosahexaenoic 
(DHA; C22:6 ω‐3) acid. LA and ALA are con
sidered dietary essential fatty acids as these cannot 
be synthesized in the human body [1–3]. 

Nevertheless, estimates based on stable iso-
tope tracer experiments showed that the overall 
conversion rate of ALA to DHA in males is very 
low, ranging between < 0.05 % to 4 %. This value 
is about 9 % in females of reproductive age. This 
has led some researchers to question whether the 
consumers’ needs for DHA can be met from en-
dogenous supply in terms of beneficial effects, 
particularly during brain development [2]. In addi-
tion, it has been stated that EPA and DHA have 
positive effects in the prevention and treatment 
of cardiovascular complications, prostate, breast, 
lung and bowel cancers, hypertension, rheumatoid 
arthritis, osteoporosis, diabetes and asthma [2, 3]. 
It is a  general perception among consumers that 
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market vary considerably [16]. Only information 
on ω-3 fatty acids is given on the label of some 
products but some products provide satisfac-
tory information for the consumer on their label 
(total ω‐3 fatty acid content, how much is pro-
duced from which seafood, EPA and DHA content 
separately, recommended daily dose). Although 
there are differences in the recommended daily 
dose and how much of the nutritional supplement 
is sufficient to meet the need, the price-perform-
ance ratio of these products varies widely. The ori-
gin of products under the name of ω‐3 nutritional 
supplements sold in Turkey is stated as USA, Nor-
way and Germany. The products sold are fish oil, 
fish liver oil, algae oil and krill oil, usually in the 
form of capsules or a  liquid. Some of the prod-
ucts were ready for sale as imported and some of 
them were imported as ω-3 fatty acid-rich oil raw 
materials, and then the encapsulation or bottling 
process was conducted in Turkey.

The present study aimed to provide informa-
tion on the accuracy of the declared contents 
of ω‐3 fatty acids supplements on the market 
in Turkey and evaluated the advantages for the 
consumers.

Material and methods

Samples 
A total of 54 branded products sold as a source 

of ω-3 fatty acids and marine oil were investi
gated. These products were obtained from phar-
macies, online drugstores and healthcare retailers 
in Turkey. Their shelf life reached the end of 2020 
or 2021 and were still commercially available in 
2021. Among these products, imported ones were 
1  algae oil, 2 out of 6 products sold as krill oil, 
3 out of 5 liquids and 4 fish liver oil products. Four 
out of 5 products with information on fish type on 
their labels and 13 out of 33 products without such 
information were imported products. All samples 
except imported products were fish oil produced 
abroad and products packaged in Turkey. Three 
packages of each product were examined. The 
contents of each package (consisting of several 
lots) were mixed and analysed in triplicate. While 
the data on EPA and DHA were given as grams 
per kilogram oil, general saturated fatty acids, mo-
nounsaturated fatty acids, polyunsaturated fatty 
acids, w-6 and w-3 values were presented in per-
cent. Prices of the products for 2021 were given in 
US dollars. 

Fatty acids analysis
The fatty acid composition of the ω‐3 prepara-

consumption of EPA and DHA “strengthens the 
immune system”. 

Evidence from epidemiological studies high-
lights the nutritional importance of diets rich 
in fish, especially oil-rich fish [4]. Thus, it is 
recommended to consume two servings of oily 
fish per week by the American Heart Associa-
tion and the American Dietetic Association [5, 
6]. The recommended daily intake value for EPA 
plus DHA by the American Heart Association is 
400–500 mg·d-1 [6, 7]. The European Food Safety 
Authority (EFSA) recommends 250  mg·d-1 EPA 
plus DHA for children and 500  mg·d-1 for adults 
[7]. For consumers who do not consume enough 
fatty fish, fish oil or nutritional supplements sold 
as ω‐3 fatty acids are a  good alternative source. 
EPA and DHA make up most of the content of 
these supplements. The products are produced 
from fatty fishes such as sardines, anchovies, 
mackerels, sharks or from cod liver [8]. 

The importance of these nutritional supple-
ments has increased since the COVID-19 out-
break. The fact that COVID-19 causes more se-
vere complications and higher mortality among 
individuals previously diagnosed with cancer, 
cardiovascular diseases, diabetes or hypertension 
highlights the great importance of the immune 
system in this epidemic [9]. The immune sys-
tem is a very complex system that allows humans 
to survive in the environment full of potentially 
pathogenic microorganisms. Many factors such 
as adequate and health-promoting nutrition, psy-
chological state or genetic factors affect the func-
tionality of the immune system [10]. Nutritional 
components of ω-3 fatty acids that are abundant 
in seafood, can increase immunity against hepa-
titis C, SARS, MERS and SARS-CoV-2 virus [4, 
11]. Studies showed that the nutritional status of 
individuals infected with SARS-CoV-2 is of great 
importance for the prognosis and clinical severity 
of the disease [12]. Nutritional supplements of vi-
tamins (vitamins A, B, C and D), minerals (iron, 
zinc, selenium) and ω‐3 fatty acids have been 
suggested by Zhang and Liu for the prevention of 
COVID-19 [13]. The benefits of fish and fish oils 
have led to massive and sustained growth in sales 
of nutritional supplements containing ω-3 fatty 
acids since the COVID-19 pandemic [13–15].

It should not be forgotten that protection and 
improvement of health are only possible by pro-
tecting one’s health and improving health aware-
ness. There are many brands and ingredients of 
ω-3 fatty acid supplements on the market. These 
fish oils come from various sources (such as fish 
liver oil, krill oil, algae oil or fish oil derived from 
fish meat). The prices of these products in the 
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tions as nutritional supplements was determined 
as methyl esters of fatty acids (FAME) using gas 
chromatography (GC) by the modified method of 
Ichihara et al. [17]. A Clarus 500 gas chromato-
graph (Perkin Elmer, Waltham, Massachusetts, 
USA) equipped with an integrated autosampler 
and flame ionization detector (FID; Perkin Elmer) 
was used. A  60 m SGE BPX70 capillary column 
with an inner diameter of 0.25 mm and a  film 
thickness of 0.25 µm (SGE Analytical Science, 
Melbourne, Australia) was used. The sample in-
jection volume was 0.5 μl. Nitrogen was used as 
carrier gas at a flow rate of 1 ml·min-1. The injec-
tion port and FID temperatures were set to 220 °C 
and 240  °C, respectively. Gas flows through FID 
were programmed to be air 450 ml·min-1 and hy-
drogen 45 ml·min-1. The oven temperature was 
maintained at 120 °C for 5 min, then raised to 
240  °C at a  rate of 5 °C·min‑1 and maintained 
constant at 240 °C for 15 min. FAME were iden-
tified by comparing retention times with a known 
reference material Menhaden Fish Oil (Supelco, 
St. Louis, Missouri, USA) and Supelco 37 Ingredi-
ent FAME Blend standards (Supelco). Fatty acids 
were relatively quantified in percent. EPA and 
DHA percent results in this study were calculated 
(semi-quantitative) using fixed coefficients from 
the quantitative assessment as well as EPA and 
DHA results presented in the GOED report [18]. 
The calculation was made according to the formu-
la given in Eq. 1.

𝐹𝐹𝐹𝐹 = [𝑃𝑃 × 𝐹𝐹𝐹𝐹 × 10] − [𝑃𝑃 × 𝐹𝐹𝐹𝐹 × 𝐶𝐶 × 0.1] 	 (1)

where FA is fatty acid content (in grams per kilo-
gram), P is fatty acid percentage, FC is the weight 
of oil samples (expressed in grams), C is the con-
version factor (for DHA, C = 10.22 and for EPA, 
C = 6.55). 

Results and discussion

The label information of the contents given 
on the box by the seller companies generally con-
sisted of the following; manufacturer or importer 
information, ingredient origin, capsule content, 
daily recommended capsule consumption, capsule 
or liquid amount, price, EPA and DHA amount 
information. This information is given compara-
tively in Tab. 1 – Tab. 10 for 54 samples, together 
with the determined w-3 fatty acid levels, EPA 
and DHA amounts together with the ratios of 
recommended daily dose. As seen in the tables, 
the information given in the column is the first in-
gredient on the product packaging (such as 500 mg 
krill oil, 1 000  mg krill and fish oil, 1 200  mg fish 

oil) (Tab.  1, Tab. 3, Tab. 5, Tab. 7, Tab. 9). This 
content refers to the total amount of lipids in 
a serving. However, this content did not regard all 
of the ω-3 fatty acids or sum of EPA plus DHA. 

As can be seen in Tab. 2, the ω-3 fatty acids 
level varied between 23.9 % and 70.2 % in algae, 
krill and krill plus fish oil capsule products. In 
these examples, except for one example (product 
with code 7), the others did not meet the daily 
EPA and DHA requirement for consumers. Tab. 3 
and Tab. 4 contain data on the declared composi-
tion of liquid products sold as fish and fish liver oil 
and the determined contents of ingredients. The 
ω-3 fatty acids levels of liquid products ranged 
from 15.8  % to 34.1  %. The label data of these 
products and the analysis results were found to be 
compatible in terms of EPA plus DHA content, 
except for one product (product with code 12). 
All products given in Tab. 4 fully met the daily re
commended needs of consumers in terms of EPA 
and DHA amounts.

The composition of capsule products sold as 
fish liver oil are given in Tab. 5 and Tab. 6. These 
products contained in general a  lesser amount 
of ω-3 fatty acids compared to other types of 
products. The products containing cod liver and 
shark liver oil products, the data on which are pre-
sented in Tab. 5, are recommended to be taken in 
a dose of one capsule per day, as shown on their 
labels. However, one capsule does not meet the 
requirement of 500 mg EPA plus DHA intake for 
an adult. In terms of the quantity of capsules in 
the product, it can be observed that product with 
code 15 was a very cost-effective option.

Tab. 7, Tab. 8 and Tab. 9, Tab. 10 show the 
composition of capsules marketed as fish oil with 
a  specific origin and unknown origin, respec-
tively. It was determined that the amount of ω-3 
fatty acids in fish oil with specific origin given in 
Tab.  8 ranged from 22.6  % to 65.4  %. Three of 
the five items from Tab. 8 were salmon-based and 
the rest were anchovy, sardine and mackerel oil 
blends. The daily-recommended number of cap-
sules on the label of products 17, 18, and 21 of 
these products was more than sufficient to meet 
the daily EPA plus DHA needs. The products with 
codes 17 and 18 were more cost-effective than the 
others. The capsule amounts recommended on the 
labels of 20 of the 33 products presented in Tab. 9 
and Tab. 10 met the daily EPA plus DHA require-
ment. 

The ingredient label is important for products 
sold as ω-3 fatty acid or fish oil supplements. Since 
consumers are interested in how much ω-3 fatty 
acids they get, particularly EPA and DHA, the 
presentation of our study data was given within 
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these criteria. Several studies reported that the 
EPA and DHA contents of nutritional fish oil 
supplements conformed to the ingredient label 
claim [19–23]. Yi et al. [16] examined commercial 
fish oil capsule samples sold in Hong Kong retail 
stores. A  significant variation in the contents of 
the quantified components in all samples in terms 
of EPA and DHA was observed. These results are 
consistent with the findings of this study. 

Instead of the content label showing the to-
tal amount of oil on the box, the EPA and DHA 
ratios corresponding to one serving should be 
checked on the label. Since there is no target in-
take of total ω-3 fatty acids in fish, fish liver oil or 
krill oil consumption, the expected benefit from 
these products is to meet the daily EPA and DHA 
needs. In ω-3 fatty acids products offered as food 
supplements, the contents of the box (EPA and 
DHA amounts) and daily consumption informa-
tion are usually given on the label. According to 
the legislation [24, 25], the recommended amount 
of EPA and DHA for daily use of the product 
should be written on each fish oil label. If there 
is a  total of 120 capsules in the box of a product 
and it is recommended to consume 3 capsules per 
day, the total servings equivalent of this product is 
40 servings. As the higher price cannot guarantee 
higher EPA and DHA content [16], it is important 
to consider the balance between the price and con-
tent of these products. As seen in Tab. 2, it was ob-
served that one capsule consumption in all krill oil 
products could meet the daily EPA plus DHA in-
take in the range of 19–113 %. Considering the 6th 
product in this table, which had the second-highest 
EPA plus DHA, this product contained 32  cap-
sules, and it was recommended to take one cap-
sule per day. With this single capsule intake, half 
of the daily EPA plus DHA need is met. According 
to the content, two capsules this product should 
be taken to meet the daily EPA and DHA needs. 
Then, this product is actually not for 32 days of 
daily intake but for 16 days and is worth approxi-
mately 450 USD per kilogram of oil. The cost of 
the product numbered 7 in Tab.  1 and Tab.  2 is 
280 USD per kilogram of oil and the box content 
consists of 50 capsules. As a  food supplement, 
this product can meet the daily EPA and DHA re-
quirement of 113 % for 50 days. For this product, 
it is recommended by the box label information to 
consume 2 capsules per day and this consumption 
is not mandatory. It is important to evaluate the 
values and prices of products according to these 
parameters so that consumers can reach the right 
information without misleading. In a  market re-
search study, Yi et al. [16] stated that there is no 
linear relationship between the EPA and DHA 

contents of fish oil supplements and their price.
The same was found to be true for fish oils 

sold as a  liquid. The recommended consumption 
amount for ω-3 fatty acids oils in liquid form was 
given in the label information as 5 ml for chil-
dren and adults. As presented in Tab. 3, the daily 
consumption of one measure in all products and 
the recommended 250–500 mg EPA plus DHA 
amount for a child and an adult person are quite 
high in products sold as liquid fish oils. As seen in 
Tab. 4, 500 mg EPA plus DHA recommended for 
an adult in all products is easily met with 1 spoon-
ful of liquid fish oil per day. These products can 
be used for a  minimum of 30 days and a  maxi-
mum of 50 days. When we compare the sales price 
with other products, it is possible to say that these 
products are quite advantageous.

Essential nutritional components such as vi-
tamins C, D, and E, zinc, selenium or w-3 fatty 
acids are also important for the immune system 
[4, 13]. However, dietary habits and preferences 
vary among the human population and the pre-
vailing belief is that the intake of these compo-
nents from the diet is insufficient. Nowadays, the 
intake of these components through food supple-
ments has increased. The demand for nutritional 
supplements has additionally increased during 
COVID-19 [13–15]. This situation has increased 
the importance of the composition and quality of 
the food supplements sold. As reported by Doaei 
et al. [26], although w-3 fatty acids supplementa-
tion appears to improve the levels of various pa-
rameters of respiratory and kidney function in cri
tically ill patients with COVID-19, further clinical 
studies are required.

The composition of the w-3 fatty acids-con-
taining food supplements, the accuracy of the 
label information, the adequacy in meeting daily 
needs and the price/content advantage are im-
portant. Bannenberg et al. [23] classified food 
supplements according to their compliance with 
the label claim. They found that 41  % of all 
products analysed had EPA plus DHA content 
between 80 % and 100 % of the content declared 
on the label, while the rest contained 100–139 % 
of it. According to FDA (21 C.F.R. §101.9) US 
Food Classification of EPA and DHA [25], the 
EPA and DHA level of adequacy of products is 
defined in two food classes in terms of nutritional 
labelling and suitability of foods containing nutri-
tional supplements. Food supplements that equal 
≥  100  % of the claimed content are defined as 
Class I, while those that equal at least 80–99 % of 
the declared value are Class II products [23]. 

In 59.3  % (32 products) of the 54 products 
examined in this study, EPA plus DHA content was 
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found to be less than what was stated on the label. 
It was observed that 25.9  % (14 products) could 
meet the daily EPA plus DHA need with a capsule 
or a  measure of consumption. In addition, when 
products were compared in terms of label informa-
tion, 25.9  % of the 54 products examined in this 
study were found to be Class I and 9.3 % Class II 
products. At the same time, 19 products (35.2 %) 
that met the daily 80  % or more intake dose of 
EPA plus DHA with a capsule or a measure of con-
sumption were found to be advantageous in terms 
of quantity and price. It was determined that the 
remaining 35 products (64.8  %) could not meet 
the daily EPA and DHA requirement of more than 
80 % with a single capsule. 

Conclusions

In the study, it was determined that products 
differed in composition, but the more expensive 
products did not contain more EPA plus DHA. 
It was determined that 35.2 % of the 54 products 
were economical and sufficient to meet the daily 
80 % or more EPA plus DHA need. The fact that 
this was true not only for national brand products 
but also for internationally sold ones, suggests that 
a  similar situation may exist in other countries. 
Compliance with the label information of these 
products, which are offered for sale at high prices 
with advertised positive health effects, should be 
monitored by state authorities with stricter con-
trols to protect consumers from being misled.
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