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Abstract
The fatty acid composition of top-selling fish oil dietary supplements in the markets was compared with the content stated on product 
label, and their oxidative qualities and heavy metal contents were evaluated in this study. While all the capsule groups (C) confirmed the 
label information, it was observed that one-third of the syrup groups (S) had less than the specified content. Capsule groups generally 
had richer EPA and DHA contents than syrup groups in the samples examined. The peroxide values (PV) of all fish oil capsules and 
syrups were found in the range of 1.97–2.89 mEq/kg and 2.22–18.30 mEq/kg, respectively. As for free fatty acids (FFA) values, the C4, 
S6, S9, and S10 groups were above the 3% oleic acid limit recommended for high-quality oils. However, thiobarbituric acid reactive 
substances (TBARs) values were found below 1 mg MA/kg in all groups. All fish oil supplements were within the limits specified in 
terms of As (0.50–4.19 µg/g), Cd (0.14 µg/g detected for one group, C5), Cu (not detected), Fe (0.32–15.7 µg/g), and Hg (≤ 0.1 µg/g). 
On the other hand, two fish oil supplements from the capsule group (0.17 for C6 and 1.01 µg/g for C8) and one group from the syrup 
group (0.29 µg/g for S10) exceeded the recommended limit in terms of Pb (0.1 mg/kg). As a result of the research, it can be concluded 
that the chemical quality of fish oils in syrup form needs to be improved and their reliability in terms of fatty acid content should be 
increased. Considering the heavy metals, it seems significant to follow up the fish oil products more strictly.
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Introduction

The long-chain polyunsaturated fatty acids (PUFAs), espe-
cially eicosapentaenoic acid (EPA, 20:5ω3) and docosahex-
aenoic acid (DHA, 22:6ω3) found in fish, have been recog-
nized with their health benefits. These fatty acids are found 
in many parts of the body, including cell membranes, and are 
involved in anti-inflammatory processes and the viscosity 
of cell membranes (Lazzarin et al. 2009; Smith et al. 2011). 
It is known that EPA and DHA are essential for proper 
fetal development and healthy aging. EPA and DHA, also 
precursors of several metabolites, are considered by many 
researchers to be useful in the prevention or treatment of 
various diseases (Serhan et al. 2008). The existing literature 
remarks that the deficiency of EPA and DHA has contrib-
uted to the increasing incidence of atherosclerosis, obesity, 
coronary heart disease (CHD), hypertension, metabolic 
syndrome, immune system disorders, collagen vascular dis-
eases, and possibly cancer (Kremmyda et al. 2011; Swanson 
et al. 2012; Ceylan et al. 2018; 2020; Cetinkaya et al. 2021).

Alpha-linolenic acid (ALA, 18:3ω3), a shorter-chain ω3 fatty 
acid, is a prominent constituent in our diets because it is found 
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in many commonly consumed terrestrial plants, but it does not 
provide the health benefits seen with EPA and DHA. While it is 
possible for the body to convert ALA to EPA and DHA with the 
elongase and desaturase enzymes, the researches indicated that 
only a small amount can be synthesized (Neff et al. 2011). Chiu 
et al. (2008) found that only 2–10% of ALA was converted to 
EPA or DHA. Meanwhile, it was also observed that the conver-
sion of ALA to EPA was 0.3% and to DHA was < 0.01% (Hus-
sein et al. 2005). It was reported that the conversion of ALA to 
these fatty acids is a little better in women than men, possibly 
in consequence of an upregulatory effect of estrogen (Givens 
and Gibbs 2008). Because the body is able to slowly convert 
the shorter-chain ALA to the more active long chain, especially 
in men, it can be challenging to get adequate intake of EPA 
and DHA through land-based diets alone. EPA and DHA are 
found in reasonably high quantities in most seafood, especially 
in fatty fish. Therefore, the intake of these fatty acids is directly 
influenced by fish consumption. The Food and Agriculture 
Organization (FAO) and World Health Organization (WHO) 
recommended that people who have a balanced and healthy 
diet should consume 0.25–2 g EPA + DHA per day (FAO-WHO 
2010). Because the higher intake is needed to meaningfully 
modify many of the cardiovascular diseases (CVD) risk fac-
tors, patients with CVD should be encouraged to increase their 
consumption of EPA and DHA (Kris-Etherton et al. 2002).

The major changes in modern diet over the last century 
have led to a decrease in the general consumption of ω3 fatty 
acids. The daily intake of EPA and DHA in most Western 
diet is considerably below the recommended ratio. There-
fore, dietary supplementation of these fatty acids appears to 
be an alternative way to meet of ω3 PUFAs by many con-
sumers. Increasing consumer demand for EPA- and DHA-
enriched foods has resulted in consistent growth of the mar-
ket. The global ω3 supplements market size was valued at 
USD 5.18 billion in 2019 and is estimated to expand at a 
compound annual growth rate of 8.4% from 2020 to 2027 
(GVR 2021). By geographic region, North America (USA 
and Canada) accounted for approximately 43% of these con-
sumer sales, while Europe and Asia–Pacific each demanded 
approximately 27%, and the rest of the world also accounts 
for 5% of total spending (Packaged Facts 2012). With a ratio 
of approximately 13%, nutritional supplements are an impor-
tant part of this market after enriched baby foods (40%) and 
enriched food and beverages (31%) (Packaged Facts 2012).

It is clear that EPA and DHA levels in fish oils change 
due to intrinsic (species, size, age, and sexual maturity) and 
extrinsic factors (food sources, fishing season, and area), but 
the level of these fatty acids should be accurately displayed 
on the product labels. Mislabelling would be deceptive for 
the consumers who expect health benefits. Due to their high 
content of unsaturated fatty acids, fish oils are easily oxi-
dized even at room temperature, causing undesirable fla-
vors and loss of nutritional quality. During the extraction of 

fish oil by wet pressing which is the most commonly used 
method for production on an industrial scale, fish is heated 
(100–145 °C), pressed, decanted, and centrifuged (Bonilla-
Méndez and Hoyos-Concha 2018). Drastic temperature and 
pressure conditions used for protein coagulation and sub-
sequent oil release can cause hydrolysis and/or oxidation 
of the PUFAs in fish oil. Although antioxidant addition is 
widely used to prevent oxidation during storage, some oxi-
dized products can still occur in fish oil products (Shukla and 
Perkins 1998; Kolanowski 2010). In addition to that, it may 
not even be detected by consumers because of gelatine coat 
or aroma ingredients. Studies about the ω3 series fatty acid 
content and the chemical integrity of fish oil dietary sup-
plements in recent years cause concern. Ritter et al. (2013) 
found that in the 16 top-selling fish oil dietary supplements 
in North America, many products had unacceptably high 
peroxide levels, and more than half did not meet label claims 
for EPA and DHA content. Jackowski et al. (2015) observed 
that 50% of the fish oil dietary supplements tested (171 sam-
ples) exceeded the recommended levels for oxidation mark-
ers. Ingestion of oxidized lipids with dietary supplements 
can lead to an increase in circulating oxidized lipid levels 
(Turner et al. 2006), and elevated oxidized lipid levels are 
associated with increased cardiovascular risk in patients with 
coronary disease (Walter et al. 2008). Furthermore, oxidized 
lipids have a main role in atherogenesis and may play a role 
in both vascular damage and insulin resistance (Berliner and 
Watson 2005). For instance, HNE (4-hydroxy-2-nonenal), a 
major reactive aldehyde formed by the peroxidation of ω-6 
PUFAs, can cause diseases such as atherosclerosis, neurode-
generative diseases, and cancer (Rosenfeld et al. 1990; Yori-
taka et al. 1996; Shibata et al. 2001; Zhong and Yin 2015).

Heavy metals released in aquatic ecosystems enter the 
water and sediment phases and also have the potential to bio-
accumulate in biota (phytoplankton, zooplankton, nektons, 
mollusks, benthos, and fish). People at the top of the food 
chain are more likely to be affected by metal contamination 
through the food intake of aquatic foods such as fish, mol-
lusks, and shrimp (Kumari et al. 2018). Metal contaminants 
found in fish oils produced from fish caught from industri-
ally polluted waters are another important health risk for the 
consumer (Zohra and Habib 2016; Das et al. 2017). Although 
some heavy metals such as zinc, iron, cobalt, and copper are 
essential for enzymatic activity and other biological pro-
cesses at low levels, they become toxic when certain limits 
are exceeded (Yi and Zhang 2012). However, some elements 
such as lead, cadmium, and mercury do not have a known 
role in metabolism and are toxic even when taken in low 
concentrations. It has been observed that the accumulation 
of heavy metals in fish is predominantly in the liver, while 
the least accumulation is in the muscle tissues (Kargın and 
Erdem 1992; Kosker et al. 2019). For this reason, it is espe-
cially important to know the heavy metal content of fish oil 
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products obtained from the liver. In a few studies on this 
respect, negligible levels of heavy metals were found in fish 
oil preparations (Güzelsoy and İzgi 2015; Lee et al. 2016). It 
is thought that heavy metal content and oxidative modifica-
tion of ω3 fatty acids in dietary supplements may interfere 
with their intended biological or clinical benefits (Garcia-
Hernandez et al. 2013; Nogueira et al. 2016). The increase in 
the use of food supplements reveals the necessity of focusing 
on these products that may pose serious health risks. There-
fore, the aim of this study was to determine the fatty acid 
content (e.g., saturated fat, EPA, DHA) of top-selling fish 
oil dietary supplements in the market for comparison with 
the claimed contents on the product labels and to assess the 
oxidative qualities and heavy metal contents.

Materials and methods

Samples

In order to “assess the safety of dietary fish oil supplements 
in terms of content and quality,” local drugstores (Adana, 

Turkey) were searched to identify top-selling fish oil sup-
plements. Marine oils from other sources (such as krill, 
squid, or algae) were not included in the scope of this study 
because of significant differences in fatty acid composition. 
Ten brands of fish oil capsules (C) and ten brands of fish oil 
syrups (S) were randomly purchased among the top-selling 
ones during December 2019–January 2020. All the pur-
chased products had shelf life left at the time of sampling 
and analysis. The details of all samples (label claim for EPA, 
DHA, and total ω3 contents, remaining shelf life, price, and 
additional information) are presented in Table 1. All prod-
ucts were subsequently tested for the fatty acid composition, 
peroxide value (PV), free fatty acids (FFA), thiobarbituric 
acid reactive substances (TBARs), and heavy metals (As, 
Cd, Cu, Fe, Pb, and Hg). All used chemicals were obtained 
from Merck (Darmstadt, Germany).

Fatty acid methyl ester analyses (FAME)

Lipids were derivatized to fatty acid methyl esters (FAME) 
according to the method of Ichihara et al. (1996) with minor 

Table 1  Claimed content of 
total EPA, DHA, and ω3 in 
retail fish oil capsules (C) and 
syrups (S) evaluated in the 
study

-*In the label information, the amount of EPA, DHA, and ∑ω3 are stated in 10 ml of the product; however, 
the product content could not be expressed as a percentage because it was not stated what percentage of the 
composition was fish oil
C1–C10, the blank brands of fish oil capsules; S1–S10, the blank brands of fish oil syrup

Brand % EPA % DHA % ω3 Remain-
ing shelf life 
(month)

Price ($) Additional information

C1 28.01 19.10 53.97 15 11
C2 35.47 25.50 70.95 22 5
C3 30.00 20.00 58.00 13 15.5 Purified from mercury
C4 15.00 46.00 70.00 16 10 Manufactured in GMP standard
C5 38.00 20.00 72.00 11 8.5
C6 18.00 12.00 35.00 21 6
C7 26.50 17.00 50.00 19 11 Purified from mercury
C8 32.00 21.00 65.00 13 11 IFOS approved, gluten-free
C9 33.00 23.00 65.00 24 7.5
C10 33.00 22.00 60.00 12 9 IFOS approved, gluten-free
S1 -* - - 24 8.5 IFOS approved
S2 28 42 0 13 13
S3 16.92 10.57 31.75 10 11 Manufactured in GMP standard
S4 - - - 24 8.5
S5 - - - 19 8.5
S6 - - - 12 8 Compliant with GOED standard, 

alcohol free, ISO, HACCP, IFFO 
certified

S7 18 12 35 13 8.5
S8 15.42 9.79 30.83 12 12 IFOS approved
S9 32 18 11 I IFOS approved
S10 40 20 60 12 10
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modifications. Briefly, extracted lipid sample (25 mg) was 
dissolved in 2 ml of n-heptane followed by 4 ml of 2 M 
methanolic KOH. The tube was vortexed for 2 min at room 
temperature and centrifuged at 4000 RPM for 10 min. After 
centrifugation, the n-heptane layer containing the FAME 
was taken for gas chromatography analyses (GC).

Gas chromatography condition for FAME

The fatty acid composition was analyzed using a gas 
chromatography (GC) Clarus 500 device (PerkinElmer, 
USA), equipped with a flame ionization detector and a 
fused silica capillary SGE column (60 m × 0.32 mm ID 
BPX70 × 0.25 μm, USA or Australia). The oven tempera-
ture was 140 °C held for 8 min and raised to 220 °C at a rate 
of 4 °C/min and then to 230 °C at a rate of 1 °C/min, while 
the injector and detector temperatures were maintained at 
260 and 230 °C, respectively. Helium was used as a carrier 
gas and had a flow of 40 ml/min (1:40), with a constant 
pressure of 16 ps. During the analysis, 1 μl of the sample 
was injected. Fatty acids were identified by comparing the 
retention times of FAME (Supelco, Catalogue No: 18919) 
with the standard 37-component FAME mixture. Three rep-
licates of GC analyses were carried out, and the results were 
expressed in GC area % as mean value standard deviation 
(SD).

Lipid stability analysis

Peroxide values (PV) of fish oil capsules and syrups were 
determined according to the official AOCS PV method Cd 
8–53 (AOCS 1994) and stated as mEq of peroxide  O2 per 
kg oil. Approximately 2 g of lipid sample was combined 
with acetic acid:chloroform (3/2, v/v) and constantly stirred 
to dissolve the fish lipids. Then, the flask was filled with 
potassium iodide (KI) solution and left to stand for 1 min 
with occasional agitation. Sodium thiosulfate, with starch 
as an indicator, was used to titrate the liberated iodine after 
being added to distilled water. The blank was calculated by 
titration of samples that did not contain fish lipids.

Determination of free fatty acids (FFA), expressed as per-
centage of oleic acid, was performed by AOCS FFA method 
Cd 5a-40 (AOCS 1994). FFA determination is based on a 
titration method with a standard alkali (0.1 M NaOH) using 
phenolphthalein as an indicator.

Thiobarbituric acid (TBA) value of samples was 
detected according to AOCS method Cd 19–90 ( 1998). 
Oil samples were dissolved in 1-butanol, mixed with 
TBA (0.02% in 1-butanol), and incubated for 2  h in 
thermostatic water bath (95 °C). Then, the absorbance 
was measured at 532 nm compared with corresponding 
blank. For the determination of standard curve, 0.2 mM 

1,1,3,3-tetraethoxypropane prepared in 1-butanol was 
used. TBA values were expressed as mg MA/g of oil.

Heavy metal analyses

Analyses were performed at the Cukurova University, Cen-
tral Research Laboratory (CUMERLAB). Homogenized 
samples were weighed and digested in a microwave oven 
with 2 ml of hydrogen peroxide solution (35%, Merck) 
and 8 ml of nitric acid (65%, Merck). The digested sam-
ples were then diluted to a final volume of 50 ml with 
ultrapure water. For the identification of the metal levels 
(As, Cd, Cu, Fe, Pb, and Hg), inductively coupled plasma 
mass spectrometer (ICP-MS, PerkinElmer, 2000P Model, 
USA) was used. Instrumental conditions used were cyclonic 
chamber; MEINHARD concentric quartz nebulizer; Glass 
High Sensitivity Spray Chamber with Matrix Gas Port, 2.0-
mm Injector Quartz Torch; signal integration time of 1 s; 
nebulizer gas flow rate of 0.97 ml  min−1; auxiliary gas flow 
rate of 1.35 l  min−1; plasma gas flow rate of 15.0 l  min−1; 
nebulizer pump (rpm), 35; and radiofrequency power of 
1600 W. Triplicate analyses were performed for each metal. 
Calibration standards were obtained from High-Purity Multi 
Standard (PerkinElmer, PE N9300233). The instrument was 
calibrated using five aqueous standard solutions of concen-
trations 1, 10, 25, 50, and 100 µg/l prepared using ultrapure 
water in 2.5% (v/v)  HNO3 (purity 65%); the calibration 
curves obtained were analyzed using linear regression with 
a minimum R2 of 0.999. After every ten-sample analysis, 
a standard solution was analyzed for calibration control. In 
and Ge were added to each standard, blank solution, and 
sample as an internal standard.

Statistical analysis

Analyses per sample were carried out in triplicate, and 
the results are shown as the average and standard devia-
tion. The data obtained from the study were evaluated for 
normality and homogeneity test prior to one-way analy-
sis of variance (ANOVA). Significant differences among 
the means were processed by means of Duncan’s multiple 
range test. Significant differences were defined as p < 0.05.

Results and discussion

Fatty acid composition

The fatty acid composition of the fish oil capsules and syr-
ups examined in this study is shown in Tables 2 and 3. The 
essential fatty acids of the fish oil supplements in capsule 
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form were generally palmitic acid (C16:0), stearic acid 
(C18:0), oleic acid (C18:1ω9), linoleic acid (C18:2ω6), 
eicosapentaenoic acid (EPA, C20:5ω3), and docosahex-
aenoic acid (DHA, C22:6ω3). In fish oil supplements 
in the form of syrup, the main fatty acids were found as 
myristic acid (C14:0), palmitic acid (C16:0), stearic acid 
(C18:0), palmitoleic acid (C16:1), oleic acid (C18:1ω9), 
vaccenic acid (C18:1ω7), eicosapentaenoic acid (EPA, 
C20:5ω3), and docosahexaenoic acid (DHA, C22:6ω3). 
It was observed that the content of saturated fatty acid 
(SFA) components in capsule groups was in the range of 
2.75–10.31% except for C6 group. The highest total SFA 
rate in the capsule group was 32.86% in the C6 group. The 
main saturated fatty acids in these products were palmitic 
and stearic fatty acids. In syrup groups, the lowest and 
highest total SFA rates were found in S2 (20.22%) and S5 
(35.02%) groups, respectively. Fish oils are distinguished 
from other oils because of their high total unsaturated fatty 
acids and lower saturated fatty acids. Therefore, it can be 
said that fish oil supplements in capsule form examined 
in this study were more reflective of the general charac-
teristics of fish oils and were more suitable for healthy 
nutrition.

In terms of monounsaturated fatty acid (MUFA) com-
ponents, MUFA was found to be the lowest in the C4 
group (3.33%), the highest in the C6 group (23.47%), and 
4.06–15.18% in the rest of capsule groups. In general, 
oleic acid (C18:1ω9) was the dominant MUFA in all cap-
sule groups, while a significant amount of palmitoleic acid 
(C16:1) content was also observed in the C6 group. It was 
determined that the fish oil supplements in the form of 
syrup generally contained higher MUFA (20.98–27.12%) 
than the capsule groups. It was due to the high content of 
palmitoleic acid (C16:1, 8.02–8.69%, except S2) and vac-
cenic acid (C18:1ω7, 1.70–3.26%) in addition to the oleic 
acid content in syrup groups. Özyurt et al. (2013) investi-
gated the fatty acid composition of five brands of fish oil 
capsule and four brands of fish oil syrup in a study. They 
determined the MUFA content at 10.71–50.46% in fish 
oil supplements, and the highest MUFA components were 
determined in syrup groups (49.83–50.46%). The lipids 
of marine fish species are characterized by low levels of 
linoleic acid (C18:2ω6) and linolenic acid (C18:3ω3) and 
high levels of long-chain ω3 polyunsaturated fatty acids 
(Steffens 1997). It is well known that the dominant fatty 
acids in the PUFA content of fish oil are EPA (C20:5ω3) 
and DHA (C22:6ω3) (Ackman 1989; Gamez-Meza et al. 
1999; Özyurt et al. 2005). It was observed that the PUFAs 
of all groups in capsule form were convenient for this defi-
nition. Although the syrup groups showed similar charac-
teristics, the S2 group was not reflecting this definition. In 
S2 group, linoleic acid (C18:2ω6) was 37.76%, and EPA 
and DHA were 6.01% and 3.62%, respectively. Thus, it can 

be suspected that oils obtained from oilseed plants such as 
sunflower and soybean were added to fish oil in this group.

In the capsule groups, the highest EPA content was found 
in the C2 (40.06%) and C9 (41.11%) groups, and the lowest 
EPA content was found in the C6 (16.84%) group (p < 0.05). 
It was determined that the richest group in terms of DHA 
content was C4 (58.85%), followed by C2 (27.12%) and C9 
(25.99%). Although the lowest DHA content in the capsule 
groups was detected as 11.37% in the C6 group, this value 
was generally similar to those of the syrup groups exam-
ined in this study. EPA was determined as 16.62–17.70%, 
and DHA was determined in the range of 10.84–12.77% in 
all syrup groups except for S2 group. According to these 
results, it can be concluded that capsule groups generally 
had richer EPA and DHA contents than syrup groups. 
PUFA and ω3 fatty acid ratios were also determined as 
31.79–77.27% and 28.97–76.26%, respectively, in capsule 
form and 30.39–49.23% and 10.82–30.57%, respectively, in 
syrup groups.

A comparison of the label information with the results 
obtained from this study is shown in Table 4. The label 
information of fish oil dietary supplements in capsule form 
was mostly correlated with fatty acid composition analysis 
data. It was supposed that the minor differences between 
label and experimental values may be due to sampling. 
However, similar accordance was not observed in fish oils 
in syrup form (Table 4). In this group, while the label infor-
mation for the S3, S7, S8, and S9 groups was verified, the 
S1, S4, S5, and S6 groups could not be evaluated because 
the label information was not sufficient. In groups S1, S4, 
and S5, it was stated that there was 390 mg of EPA, 260 mg 
of DHA, and 820 mg of total ω3 in 10 ml of syrup as label 
information. In the S6 group, it was informed that there was 
200 mg total ω3 in 10 ml. However, since the amount of 
fish oil in 10 ml syrup in these groups was not specified, 
their contents could not be confirmed. However, the S2 and 
S10 groups had lower levels of EPA, DHA, and ω3 content 
than claimed label information. Excluding the insufficiently 
labelled groups, 33% (1 out of 3) of the syrups were not 
labelled correctly. Albert et al. (2015) reported that only 3 
of 32 fish oil supplements contained quantities of EPA and 
DHA that were equal or higher than labelled content, with 
most products tested (69%) containing < 67%. Similarly, it 
was found that more than half of the ω3 supplements avail-
able on the South African market contained less than 90% 
of the claimed content of EPA and/or DHA as stated on 
the product labels (Opperman et al. 2011). However, Ban-
nenberg et al. (2017) investigated the EPA/DHA content of 
47 fish oil dietary supplements sold on the New Zealand 
market, and they found that 91% of the fish oil products 
tested complied with EPA/DHA content claims. Tatarczyk 
et al. (2007) reported that eight of the commercially avail-
able fish oil supplements in Austria contained either equal or 
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significantly greater amounts of long-chain ω3 PUFA than 
denoted by the manufacturer (one sample did not provide 
any information). On the other hand, Fierens and Corth-
out (2007) reported that 7 out of 16 fish oil products sold 
commercially in Europe did not meet the label claims for 
EPA and/or DHA. In addition, Ritter et al. (2013) found 
that only 9 out of 16 fish oil sold in the USA met the label 

information. Label claims for total ω3, EPA, and DHA in 
Turkey presented generally reasonable accuracy for the 
products examined, but some of the groups showed con-
siderable difference with the label (Özyurt et al. 2013). In 
this study, all the capsule groups examined confirmed the 
label information, but one-third of the syrup groups had less 
content than claimed.

Lipid stability

The PV of fish oil capsules and syrups are shown in Fig. 1. 
PV of all fish oil capsules were found in the range of 
1.97–2.89 mEq/kg. PV of the fish oil syrups were in the 
range of 2.22–3.16 mEq/kg for the S1, S2, S3, S4, S5, S7, 
and S8 groups; however, the PV for the S6, S9, and S10 
groups were 5.70, 10.39, and 18.30 mEq/kg, respectively. 
Poor processing and storage conditions cause high PV in 
crude oils (over 10 mEq/kg) (EFSA 2010). Based on this 
limit value, it was observed that the S9 and S10 groups 
exceeded the recommended limit value. Albert et al. (2015) 
found that 30 of the 36 fish oil supplements sold in New 
Zealand exceeded the recommended limit values in terms 
of PV value (83% product), 9 in terms of anisidine value 
(AV) (25% product), and 18 in terms of totox value (50% 
product). Bannenberg et al. (2017) also determined that 28% 
of the fish oil supplements sold in New Zealand exceeded 
5 mEq/kg. On the other hand, they stated that 72% of the fish 
oils examined in their studies met the maximum allowable 
limits in terms of primary oxidation products and 86% in 
terms of secondary oxidation products. Ritter et al. (2013) 
investigated that the 16-liquid ω3 dietary fish oil supple-
ments from nine manufacturers represent the best-selling 
brands in the US market. The researchers determined that 
the PV of the fish oil supplements were in the range of 
1.0–14.8 mEq/kg, and 5 of them exceeded the peroxide value 
of 5 mEq/kg. Özyurt et al. (2013) found the PV in the range 
of 0.86–4.72 mEq/kg in the capsule group of the fish oil sup-
plements and between 5.03 and 6.44 mEq/kg in the syrup 
group, and they stated that the oxidative stability of fish oil 
capsules was safer than the syrups. Similarly, in this study, 
it was observed that the PV of fish oils sold in capsule form 
(1.97–2.89 mEq/kg) were generally lower than fish oils sold 
in syrup form (2.22–18.30 mEq/kg).

The International Fish Meal and Oil Producers Associa-
tion (IFOMA) stated that the allowable limit of FFA value 
for crude fish oil is in the range of 1–7% (usually 2–5%) of 
oleic acid (Bimbo 1998), but the general recommendation is 
FFA values of oils should be below 3% (Özyurt et al. 2013; 
Soldo et al. 2019). As for FFA values, it was observed that 
the C4, S6, S9, and S10 groups were above the 3% oleic acid 
limit recommended for high-quality oils (Fig. 2). García-
Moreno et al. (2014) noted that fish oils extracted at temper-
atures above 45 °C had low FFA values and this may be due 

Table 4  Claimed and experimental content of EPA, DHA, and total 
ω3, in retail fish oil capsules (C) and syrups (S) evaluated in the study

% EPA % DHA % ω3

C1 Claimed 28.01 19.10 53.97
Found 29.38 19.39 52.44

C2 Claimed 35.47 25.50 70.95
Found 40.06 27.12 68.39

C3 Claimed 30.00 20.00 58.00
Found 33.22 21.47 55.87

C4 Claimed 15.00 46.00 70.00
Found 19.09 56.85 76.26

C5 Claimed 38.00 20.00 72.00
Found 33.98 20.25 54.87

C6 Claimed 18.00 12.00 35.00
Found 16.84 11.37 28.97

C7 Claimed 26.50 17.00 50.00
Found 27.89 19.12 47.59

C8 Claimed 32.00 21.00 65.00
Found 31.86 21.99 54.44

C9 Claimed 33.00 23.00 65.00
Found 41.11 25.99 68.25

C10 Claimed 33.00 22.00 60.00
Found 35.01 21.25 57.02

S1 Claimed - - -
Found 17.48 10.88 29.10

S2 Claimed 28 42 -
Found 6.01 3.62 10.82

S3 Claimed 16.92 10.57 31.75
Found 16.81 11.52 29.03

S4 Claimed - - -
Found 17.70 10.84 29.35

S5 Claimed - - -
Found 17.61 11.42 29.83

S6 Claimed - - -
Found 16.72 12.58 30.05

S7 Claimed 18 12 35
Found 18.67 12.07 31.21

S8 Claimed 15.42 9.79 30.83
Found 17.12 12.77 30.57

S9 Claimed - - 32
Found 16.62 12.74 30.03

S10 Claimed 40 20 60
Found 16.72 11.13 28.60
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to the instability of lipases. Soldo et al. (2019) indicated that 
there was a decrease in the FFA value after the deodoriza-
tion and neutralization stages in the refining stages of crude 
fish oil. Crexi et al. (2010) reported that crude fish oil with 
3.35% oleic acid FFA content initially was 5.31%, 0.56%, 
0.45%, 0.47%, and 0.08% oleic acid after degumming, neu-
tralization, bleaching, overwintering, and deodorization, 
respectively. Therefore, it should be noted that the effect of 
the processing method on the chemical quality of fish oils is 
as important as the storage conditions of fish oils.

TBARs values of fish oils in capsule form were deter-
mined as 0.76–1.29 mg MA/kg, and TBARs values of fish 
oils in syrup form were determined as 0.24–1.24 mg MA/
kg in this study (Fig. 3). In parallel with the high PV and 
FFA values determined in the S6, S9, and S10 groups of fish 
oils in syrup form, relatively high TBARs values were also 
determined in the same groups. An acceptable TBARs value 

for good-quality crude fish oils is lower than 3 mg MA/kg 
(Schormüller 1969). In this study, TBAR values were found 
to be around or below 1 mg MA/kg in all groups. Therefore, 
it can be concluded that all fish oil supplements were of 
good quality in terms of TBARs value, which expresses the 
secondary lipid oxidation content.

Heavy metal content

Fish and processed seafood may contain significant percent-
ages of heavy metals such as As, Cd, Pb, and Hg. Consump-
tion of these elements for a long period, even at low rates, 
can have toxic effects. As, Cd, Cu, Fe, Pb, and Hg content 
of the fish oil capsules and syrups examined in this study is 
shown in Table 5. In capsule form, the As content was the 
lowest in the C6 group (0.56 µg/g) and the highest in the 
C4 group (2.29 µg/g). In syrup form, the lowest (0.50 µg/g) 
and the highest (4.19 µg/g) As contents were determined in 
the S4 and S2 groups, respectively. Dobrzański et al. (2002) 
determined As levels in fish oils obtained from the fish pro-
cessing industry in the range of 1.39–5.21 mg/kg. Usydus 
et al. (2009) reported that the amount of As, which they 
determined as 6.04–9.42 mg/kg, decreased to 0.45–1.2 mg/
kg (approximately 62%) after the purification of the fish 
oil because of the activated carbon used during the refin-
ing process. Gomez-Caminero et al. (2001) reported that 
the organic form of As found in fish is less toxic than the 
inorganic form found in other foods. According to the Joint 
FAO/WHO Expert Committee on Food Additives, the toler-
able As level is 0.015 mg/kg body weight/week for its inor-
ganic form and 0.05 mg/kg body weight/week for organic 
arsenic compounds (WHO 2011). The Committee noted 
that organic arsenic found in seafood requires a different 

Fig. 1  Comparison of peroxide 
values of fish oil capsules and 
syrups against the recom-
mended standard value (dashed 
line, n = 3)

Fig. 2  Comparison of FFA values of fish oil capsules and syrups 
against the recommended standard value (dashed line, n = 3)
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evaluation than inorganic arsenic in water. There were no 
reports of adverse effects among populations consuming 
large amounts of fish resulting in an intake of approximately 
0.05 mg of organoarsenic per kg of body weight per day. 
According to the recommended limit (0.05 mg per kg body 
weight), the daily amount of As for children aged 6–12 years 
with an average weight of 20–45 kg is 1–2.25 mg. The 
maximum amount of As that could be taken was 0.002 mg 

for the capsule group and 0.004 mg for the syrup group, if 
maximum of 1000 mg fish oil supplements were consumed 
per day (Table 5). As a result, it could be said that the fish 
oil food supplements examined in this study were safe in 
terms of As, according to the reports of the World Health 
Organization.

Cd and Cu elements were not detected in all fish oil food 
supplements (except the C5 group) examined in this study. 

Fig. 3  Comparison of TBARs 
values of fish oil capsules and 
syrups against the recom-
mended standard value (dashed 
line, n = 3)

Table 5  Heavy metal contents 
of fish oil capsules (C) and 
syrups (S) evaluated in the 
study (µg/g)

* The values are expressed as mean ± standard deviation, n = 3. a–hValues in a same column followed by dif-
ferent letters indicate significant differences at p < 0.05
C1–C10, the blank brands of fish oil capsules; S1–S10, the blank brands of fish oil syrup

Groups As Cd Cu Fe Pb Hg

C1 - - - 9.07 ± 0.02e 0.02 ± 0.00a 0.10 ± 0.01f

C2 1.54 ± 0.01 g - - 11.4 ± 0.02 g - 0.03 ± 0.00bc

C3 1.19 ± 0.00e - - 12.3 ± 0.01 h 0.03 ± 0.00a 0.03 ± 0.00bc

C4 2.29 ± 0.02 h - - 2.83 ± 0.01c - 0.04 ± 0.00e

C5 - 0.14 ± 0.01 - 15.4 ± 0.02ı - 0.03 ± 0.00d

C6 0.72 ± 0.01c - - 9.44 ± 0.01f 0.17 ± 0.01b 0.04 ± 0.00e

C7 1.24 ± 0.01f - - 0.93 ± 0.01b - 0.02 ± 0.00a

C8 0.56 ± 0.01a - - 15.7 ± 0.05j 1.01 ± 0.01c 0.02 ± 0.00b

C9 0.63 ± 0.01b - - 0.32 ± 0.01a - 0.02 ± 0.00a

C10 0.81 ± 0.01d - - 3.65 ± 0.02d - 0.02 ± 0.00a

S1 2.40 ± 0.01e - - 1.83 ± 0.01a - 0.01 ± 0.01c

S2 4.19 ± 0.03 h - - 11.9 ± 0.04 h - 0.01 ± 0.00b

S3 2.46 ± 0.05f - - 7.95 ± 0.07f - 0.01 ± 0.00b

S4 0.50 ± 0.01a - - - - 0.008 ± 0.00a

S5 2.13 ± 0.02d - - 7.19 ± 0.03d - 0.01 ± 0.00b

S6 - - - 9.62 ± 0.02 g - -
S7 0.69 ± 0.01b - - 7.52 ± 0.02e - -
S8 - - - 3.80 ± 0.01c - 0.01 ± 0.00b

S9 0.95 ± 0.01c 2.05 ± 0.01b - -
S10 2.79 ± 0.01 g 15.1 ± 0.01ı 0.29 ± 0.01b 0.01 ± 0.00b
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The Cd level in the C5 group was 0.14 µg/g. It was empha-
sized that Cd is not particularly bio-condensed in fish species 
(Saiki et al. 1995) but accumulates more readily in inverte-
brates (Satarug et al. 2003). Türkmen et al. (2008) found that 
the lowest and highest Cd concentrations from Turkish seas 
were 0.02–0.37 mg/kg for muscles and 0.13–0.47 mg/kg for 
livers. According to the European Commission (1997), the 
maximum allowable concentration for Cd in fish is 0.5 mg/
kg.

The lowest Fe content was found in the C9 group 
(0.32 µg/g), while the highest iron concentration was found 
in the C8 group (15.7 µg/g) in fish oils in capsule form. 
Similarly, Fe contents of fish oils sold in syrup form were 
determined in the range of 2.05–15.1 µg/g, and significant 
differences were observed between groups in terms of Fe 
content (p < 0.05). Dobrzański et al. (2002) determined 
14.50–17.38 µg/g Fe content in fish oils obtained from the 
fish processing industry. Ikem and Egiebor (2005) deter-
mined the Fe content in the range of 0.01–88.4 µg/g in 
canned fish sold in the USA. Mol (2011) stated that the Fe 
content of canned tuna products sold in Turkey was in the 
range of 20.2–38.7 µg/g; however, the upper limit recom-
mended for Fe in canned foods according to the Turkish 
Food Codex was 15 µg/g. Mendil et al. (2009) determined 
the Fe content in different vegetable oils (olive oil, hazel-
nut oil, sunflower oil, margarine, butter, and corn oil) in the 
range of 52.0–291 µg/g. Similarly, Zhu et al. (2011) found 
16.2–45.3 µg/g Fe levels in edible vegetable oils. Although 
Fe is an essential nutrient for the human body, it is known 
that excessive amounts of Fe can cause diseases such as 
breast cancer, colorectal cancer, prostate cancer, lung can-
cer, and eventually death (Zhou et al. 2005; Naz et al. 2020; 
Chowdhury et al. 2021). Therefore, the tolerable upper Fe 
intake level in children (0 months–8 years) and men/women 
(14–70 years) has been recommended as 40 and 45 mg/day, 
respectively (Institute of Medicine 2003). All fish oils exam-
ined in this study were detected to be safe according to these 
recommended limits for Fe.

Among the fish oil food supplements examined in 
this study, Pb content was determined in 4 samples 
(0.02–1.01 µg/g for C1, C3, C6, and C8) in the capsule 
group and in only 1 sample (0.29 µg/g for S10) in the syrup 
group. In the Turkish food codex, 0.30 for fish meat, 0.50 
for crustaceans, and 1.5 mg/kg for bivalve mollusks are 
allowed as maximum limits of Pb (Anonymous 2002). For 
fresh fish, the legal limit of Pb is 5 mg/kg in India, 2 mg/
kg in New Zealand and Chile, 0.5 mg/kg in China and 
the Philippines, and 0.3 mg/kg in South Korea (Anony-
mous 2011). The FAO/WHO (2011) Joint Committee of 
Experts also recommended a maximum Pb level of 0.3 mg/
kg for fish and 0.1 mg/kg for edible oils. Similarly, GOED 
(2012) recommended 0.1 mg/kg Pb level as the maximum 
value for fish oils. Güzelsoy and İzgi (2015) reported that 

the highest Pb level was 0.01 mg/kg in 33 fish oil supple-
ments they examined. The Pb content in canned fish was 
reported as 0.09–0.045 mg/kg by Mol (2011), 0.03–0.52 mg/
kg by Ashraf et al. (2006), and a maximum of 0.12 mg/kg 
by Akalın et al. (2020). Although Pb element could not be 
detected in only 15 groups out of 20 groups examined in 
total, C6, C8, and S10 groups, which are among the detected 
groups, exceeded the recommended limit for high-quality 
fish oil (0.1 mg/kg). Considering that Pb is a heavy metal 
with negative effects on health and among the ten most toxic 
metals, it should be taken into account that some fish oil 
supplements may carry a risk for Pb.

Seafood is an important exposure route for mercury, 
especially methyl mercury (Yu et al., 2020). GOED (2012) 
recommended a maximum Hg level of 0.1 mg/kg for fish 
oil. In this study, in fish oil supplements in capsule form, Hg 
was ≤ 0.04 µg/g in all groups except C1, and Hg was ≤ 0.01 
in the syrup groups (Table 5). In the C1 group, the Hg con-
tent detected at the level of 0.1 µg/g was within the recom-
mended limit. Kürklü et al. (2020) determined that the Hg 
level of krill oils sold in Turkey was < 0.2 µg/kg. Güzel-
soy and İzgi (2015) found < 0.1 µg/kg Hg level in fish oil 
food supplements. In this study, it can be concluded that the 
examined fish oils were safe in terms of mercury content, 
because all groups contain very low levels of Hg except C1 
group which was at the limit level for good quality oil.

Conclusion

Fish oil supplements in capsule form confirmed the label 
information in terms of fatty acid compositions, but one-
third of the syrup groups had less ω3 content than claimed. 
In regard to the lipid quality, it was also seen that fish oil 
supplements in capsule form were safer in terms of PV and 
FFAs than syrup form. Considering all these aspects, it is 
clear that the chemical quality of fish oils in syrup form 
needs to be improved and their reliability in terms of content 
should be increased. As highlighted in the previous research, 
the progress of lipid oxidation may result from poor storage 
conditions, the production process, and the use of poor-qual-
ity starting material. However, due to the possible negative 
effects of these oxidation products on human health, it is 
very important to take the necessary precautions both in the 
production process and in the storage process of these fish 
oils. It was determined that the fish oil supplements exam-
ined in this study were within the limits specified in terms 
of heavy metals As, Cd, Cu, Fe, and Hg, but two groups 
from the capsule group and one group from the syrup group 
exceeded the recommended limit in terms of Pb. Consider-
ing the heavy metals, it seems important to follow up the 
fish oil products more strictly. Not only the manufacturers 
should know that their products on the market are monitored, 
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but also the consumers should be aware of the content of the 
products purchased. Continuous and regular monitoring of 
fish oil supplements is important to ensure the safety of the 
products and to advise consumers at risk and seeking health 
benefits, such as pregnant women and patients with cardio-
vascular diseases. In general, since food supplements are not 
offered for sale under a certain control, it would be beneficial 
to evaluate the risks by academic studies for these foods.
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