


Experimental Evaluation of Selected Fish Oil Supplements Available in the UAE Market and Factors Associated with the Extent of Their Oxidation

ABSTRACT
BACKGROUND
 The worldwide increase in dietary supplement consumption has raised concerns about these products’ safety and stability, particularly those consumed frequently, like fish oil supplements. Fish oil as a source of omega-3 fatty acids is among the most popular dietary supplements in the world, with predicted annual global sales of more than 1.6 billion US dollars in 2018. 
AIM: This experimental study was conducted with the aim of assessing selected fish oil supplements containing no antioxidants other than vitamin E or D in the United Arab Emirates (UAE) qualitatively and quantitatively, and investigating their oxidation trends. 
RESEARCH DESIGN AND METHODS
Selected fish oil supplements in UAE pharmacies were studied and had their peroxide value (PV), para-anisidine value (para-AnV), total oxidation (TOTOX), and weight change measured. Other factors like vitamin E addition, price, omega-3 fatty acids labelled percentage, and expiration date were examined for their correlation to product oxidation. In this study, the oxidation status of 15 products from 13 brands imported from 8 countries was assessed. 
RESULTS
More than half of the studied products exceeded the guideline values for oxidation in at least one parameter. Of those within the guideline values, 33% were in the limit range. TOTOX levels were inversely correlated with the expiration date (r=-0.50, p=0.041), but not with the recommended daily dose cost (r=-0.02, p=0.945).  
CONCLUSIONS
The oxidation extent of several fish oil products did not meet the international oxidation criteria and correlated significantly with the studied factors. Further studies must address the limitations encountered in this study. 
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1. Introduction
In aquaculture, fish oil (FO) has traditionally been a crucial source of dietary lipids due to its high content of beneficial long-chain polyunsaturated fatty acids (LC-PUFAs), such as EPA and DHA, which promote fish health and improve flesh nutritional value for human consumption. However, the increasing demand for fish oil in the aquafeed industry has put significant pressure on fishery resources and marine ecosystem biology (Asghar et al., 2024; Abdulhussain et al., 2023). Fish oil as a source of omega-3 fatty acids is among the most popular dietary supplements in the world, with predicted annual global sales of more than 1.6 billion US dollars in 2018 (Barden et al. 2011). Fish oil has FDA-approved indications for lowering triacylglycerol levels and off-label uses for the prevention of different cardiovascular diseases (Esterbauer 1993), reduced cognitive decline (Global Organisation for EPA and DHA 2015), improved management of inflammatory diseases (Nordic Naturals 2009), improved mood regulation and suggested beneficial effects on metabolism (Huq and Naidu 2005; Steinberg 2009). Docosahexaenoic acid (DHA) of n-3 long-chain polyunsaturated fatty acids (n-3 LC PUFAs) has a lower required energy to activate oxidation, resulting in the formation of more free radicals, fragility, and susceptibility to oxidation. DHA is more susceptible to oxidation with five bis-allylic hydrogens compared to other fatty acids like monounsaturated oleic acid, which has no bis-allylic hydrogens (Thiery and Seidel 1987). 
Free radicals produce prostaglandin-like non-enzymatic metabolites due to peroxide oxidation (Barden et al. 2011). This helps in the formation of dihydro-peroxides after their degradation, which leads to secondary oxidation aldehyde products such as hydroxylhexenal and hydroxynonenal, that are highly reactive compounds used as markers for oxidative stress (Esterbauer 1993).
Peroxide value (PV) is used to assess the primary oxidation peroxides by measuring the total concentration in milliequivalents of oxygen per kilogram of oil (meq O2 /kg). PV is commonly applied to measure the total HP content and monitor lipid oxidation during oil processing and preservation. It reflects the quantity of peroxides defined as milliequivalents (meq) of active oxygen per kilogram of oil (Zhang et al., 2021). Additionally, the para-anisidine value (Para-AnV) is used for the measurement of the secondary oxidation products of peroxide. Different procedures are available to measure PV. Most international guidelines specify the limit values of oxidative status markers as: PV<5 meq O2/kg, Para-AnV<20, TOTOX<26 meq/l, and acid value <3 mg KOH/g, respectively (Global Organisation for EPA and DHA 2015; Nordic Naturals 2009). On the other hand, total oxidation (TOTOX) of less than 19.5 meq/l is the guidance by the International Fish Oil Standards (IFOS) program. Additionally, the allowed levels for arsenic contamination should be below 0.1 mg/day (Huq and Naidu 2005).
Higher doses of fish oil used in animal studies revealed evidence for harmful effects produced by oxidised lipids (Esterbauer 1993). The oxidised form of low-density lipoprotein (LDL) may have a role in the atherogenesis mechanism in living tissues (Steinberg 2009). This was evident in one animal study, where the combination of fish oil and high cholesterol intake led to rapid atherosclerosis in rabbits, which could be attributed to the oxidation of fish oil (Thiery and Seidel 1987).
Such results can be extrapolated to human patients with dyslipidaemia. In another research investigating the role of PUFAs in alcoholic liver disease (ALD) by exposing C57BL/6 mice to oxidised fish oil, it was found that oxidised fish oil exacerbated the increase in liver aminotransferases and inflammation on ALD, intestinal dysbiosis, and barrier dysfunction (Feng et al. 2020), highlighting the deteriorative effects of oxidised supplements in diseased patients.  
On the other hand, studies conducted on humans have shown variable results. For instance, in one randomised clinical trial (RCT) recruiting women aged between 25 and 75, it was revealed that the consumption of less oxidised supplements of fish oil led to more reduction in circulating triglycerides and cholesterol compared to the consumption of more oxidised supplements (García-Hernández et al. 2013). Nevertheless, another RCT including young and middle-aged healthy individuals reported that those assigned randomly to the high-quality fish oil supplements were not different in terms of transcriptome from those randomised to the oxidised fish oil group (Myhrstad et al. 2016). Similarly, similar outcomes when such supplements were ingested for the short run were demonstrated in another paper (Ottestad et al. 2016).
Maintaining good storage conditions for fish oil products is essential since shelf life is based on the recommended storage conditions. Transportation without maintaining the cold chain reduces supplement effectiveness and compromises patient safety. Also, oxidation of omega-3 fatty acids increases when they are exposed to heat, light, or oxygen. Therefore, given the fact that UAE is highly susceptible for such a process, as it is classified as IVa for a hot and humid zone, the study of fish oil oxidation in such an environment is needed, particularly that the dietary supplement market has skyrocketed recently owing to the elevating rates of metabolic disorders and infections, increasing the healthcare authorities concerns about the safety of these products in healthy and diseased individuals consuming such agents regularly and more frequently. In the context of oxidised fish oil supplements, mixed results were obtained on their impacts in the aforementioned populations, prompting the need for further studies to investigate this aspect in the short and long-term use, particularly in the UAE, where literature is scarce in articles assessing the influence of fish oil supplements oxidation.  Such studies can be fuelled and funded by the findings acquired from other research on the oxidation status of fish oil supplements in the country, which may be alarming. As for the time this study was conducted, no published article in the UAE addressed such an issue. 
Therefore, this paper aims to fill the existing knowledge gap on the quality and safety of selected fish oil supplements in the UAE with no added antioxidants other than vitamin E or D by evaluating them quantitatively and qualitatively and correlating that with other factors like the addition of vitamin E, price, labelled percentage of omega-3 fatty acids, and expiry date.
2. Materials and Methods
In this study, the oxidation status of 15 products from 13 brands imported from 8 countries was assessed. The purchase of these products was based on a random selection of 10 community pharmacies in the UAE with the following inclusion criteria: the product should not be expired, and conditions such as light, heat, and moisture are followed by the pharmacy in accordance with the enforced regulations by the health authority. The evidence for complying with storage conditions was provided by every individual pharmacy. During the experiment, the selected supplements were stored at a controlled room temperature to minimise oxidation (Shahidi and Zhong 2010).
2.1 Uniformity of Weight 
A number of 20 intact oil capsules were accurately and individually weighed (m1) by top-loading Balance. Based on the British Pharmacopoeia BP 2018, all capsule masses should be in the accepted range within ± 7.5 % of the average mass. Each capsule was opened by clean, dry cutting scissors or a sharp blade, depending on the size of the capsule and the contents were squeezed and emptied into a beaker. The squeezed shell was further cleaned by washing the shell with 50 ml of diethyl ether containing 0.1 per cent butylated hydroxyanisole and allowed to stand until the shell weight remained constant after drying (m2) and the odour of the solvent was no more perceived. The mass of the capsule content is equal to m1 – m2. The average net weight was calculated from the sum of the individual net masses (Commission BP 2018).
2.2 PV, Para-AnV, and TOTOX Measurements
The iodometric titration method was used for the determination of PV, where the liberated iodine from potassium iodide can be calculated through measuring the peroxide responsible for oxidation of potassium iodide, which will be converted to iodine (Semb 2012). The procedure included weighing 5 g ± 0.05 of the fish oil sample and adding it to a 250 ml Erlenmeyer flask, which was closed immediately with a glass stopper. Then, 30 ml of glacial acetic acid: chloroform (18:12) was added to the flask and stirred slowly. Using a 1 ml pipette, 0.5 ml of saturated potassium iodide solution was added, and the stoppered flask was gently shaken for one minute. Immediately following this, 30 ml of distilled water was added from the graduated cylinder, then the stoppered flask was vigorously shaken. Filling of the 10 ml burette with 0.01 M sodium thiosulfate for the titration with the solution took place, then this solution was titrated while being shaken. A starch solution of 2 to 5 ml was utilised as an indicator to determine the endpoint, which is reached in the aqueous upper layer was when the colour disappears or a light-yellow colour appears. Blank titration was done with the same procedure and under the same conditions. PV as (meq O2/kg) was calculated as “PV = [10 × (V – V control)]/m”, where m represents the weight of the used oil sample.
The reaction of Para-AnV reagent with fat solution gives yellow products, which have peak absorption by using spectrophotometry at 350 nm (Commission BP 2018). An accurate amount of oil (0.5 g) was poured into a 25 ml volumetric flask. The 25 ml volumetric flask was completed with isooctane while being shaken. The absorbance of the resulting fat solution (A1) against a reference solution of pure isooctane in a one cm quartz cuvette was measured. Afterwards, 5 ml of the fat solution in isooctane and 5 ml of the reference solution were added by pipette into the test-tubes (T1) and (T2), respectively. Following that, 1 ml of 2.5 g/l from the reagent of Para-AnV in the solvent of acetic acid was added to T1 and T2, shaken vigorously, and left in a dark place for at least 10 minutes. The absorbance of the fat solution in T2 (A2) was measured against the reference in T2. Para-AnV was calculated as: (Para-AnV=25 × [1.2 × (A2 − A1)]/m). The procedure was performed in triplicate for PV and Para-AnV. TOTOX value was calculated by the following formula: (2 × PV) + Para-AnV. 
2.3 Acid Value 
Accurately weighed 5 g of oil was added to 25 ml of absolute ethanol solvent, and (2-3) drops of phenolphthalein were used as an indicator. The burette was filled with KOH solution, titrated with shaking until the endpoint was reached. The endpoint is when the pink colour persists for at least 10 to 30 seconds. Acid value calculation was in units of (mg KOH/ g) and calculated using the formula: AV=56.1 x N x V / M, where V is the volume from the KOH titrant solution used in ml, N is 0.1 molarity, and M is the weight in g of the used sample (Commission BP 2018).
2.4 Arsenic Acid Detection 
The presence of heavy metal arsenic acid can be detected using many available kits. A sample of 5 ml was transferred into the reaction vessel of the selected kit (Quantofix Arsen 50 Arsenic Detector, from Sigma-Aldrich Co., Germany). The detection limit is 0.05 mg/L As3+/5+. A measuring spoon of reagent As-1 and As-2 was added to the vessel, and after swirling, a test strip was inserted into the test field and clamped with the sealing lid. During 20 minutes of the reaction, the test field was swirled gently 3 times, but the test strip was not allowed to come into contact with the sample. the latter was then dipped for 2 seconds from the test field side into 5 ml of distilled water. Finally, the resulting colour of the test field in the strip was compared to the colour scale provided by the company.
2.5 Data Analysis 
Data were analysed by coding and by investigators, who were blinded to the supplement's identity. The results were analysed using SPSS software (Scientific Package of Social Science version 22.0, IBM Corp., Armonk, USA). Factors like the addition of vitamin E, price, labelled percentage of omega-3 fatty acids and expiry date were analysed for association with product oxidation using Spearman's rank correlations. Significant levels of differences in different groups were statistically analysed by Student’s t-test. The cut-off for significance of alpha = 0.05 was used. Descriptive statistics including means, standard deviations, confidence intervals, per cent standard deviation, statistical tables, and figures have been recorded as well.
3. RESULTS 
Of the 15 products purchased from UAE community pharmacies, 8 (53.3%) were produced in the USA. All of the products were from marine sources, 13 met the criteria, having no additives such as flavouring or colouring agents, while 2 products either had an odour masking agent or contained soya-bean oil in the capsule shell [Table 1]. Interestingly, the oxidation levels of the last two products were above the recommended limits [Table 2, products 12 and 15].
Weight variation of soft capsule contents in Table 2 indicates that different products have met the pharmacopeial standard. For some products, the percentage of differences from the mean did not exceed 1%, while for one product it was as high as 7%. The per cent relative standard deviation ranged from 0.3% for product ID 1 to 3.6% for product ID 14. This reflects the high precision of the filling instrument coupled with advanced technology that allows capsules with variant weights to be rejected before packaging. It was noticeable that product IDs 1 and 11 contained filled fish oil weights of 23.2% and 11.6% more than the labelled amounts, respectively. On the other hand, product ID 14 had an average amount of 13.5% less than the labelled one.
All tested products contained an acid value less than the international limit of 3 mg KOH/ g of oil (0.28-1.35). Some brands claimed that the ideal acid value for the fish oil of pharmaceutical supplements has to be less than 1 mg of KOH per g of fish oil, but based on the literature review conducted whilst performing the study, this value is not widely adopted (Global Organisation for EPA and DHA 2015; Nordic Naturals 2009). The arsenic acid levels among all tested products were also within the acceptable and non-toxic limits (0.05 mg/kg or less). 
3.1 Oxidation Parameters
More than half of the products (60%) exceeded at least one oxidation marker index. TOTOX values of 53% items were higher than the guidance limit set by IFOS (i.e. 20 meq/L) [Table 3], while 20% of the items were above the Global Organisation for EPA and DHA Omega-3 (GOED) limit set for fish oil supplements (26 meq/L). PV for oxidation of 46% of the tested products were above the limit (5 meq of O2 per kg). Tables 3 and 4 illustrate all these aspects thoroughly and in detail. 
The mean TOTOX value for the 15 products was 20.1 meq/kg with a 95% confidence interval (CI) [15.7-24.5], in comparison to the maximum allowed limit of 20 meq/kg according to IFOS and 26 meq/kg according to GOED standards. On the other hand, the average PV value was 6.3 with a 95% confidence interval (CI) [4.4-8.3] compared to a guidance limit of 5 meq/kg. These confidence interval values reflect the possibility of a high level of oxidation compared to the accepted limits.
Higher levels of PV were recorded, as 33% of products were more than twice the PV limit (as in Figure 1). Moreover, the PV was found to be in positive relation to the omega-3 fatty acids concentration of fish oils, such that when the percentage of the labelled omega-3 fatty acids increases, the PV value becomes higher. However, this correlation result was not significant (r=0.30, p=0.277, Figure 2).
Only 3 out of 8 products from the USA were within the oxidation parameters limits, and one of them was on the borderline, indicating that the quality of products from the USA will not necessarily be accepted, as oxidation and rancidity can be considered one of the determinants of quality.
Labelled prices for one gram of fish oil in the products ranged from 0.75 to 5.0 (AED currency). Price variations might be due to different standards in quality regulations, but they didn’t reflect higher quality in relation to oxidation values. Moreover, the price in general was not related to the oxidation levels (Table 5). All fish oil supplements packaged in strips were associated with higher oxidation levels of PV and TOTOX (Table 6). Vitamin E, as an antioxidant had no impact on reducing any of the measurable markers of oxidation in fish oil supplements (Table 7). 
Figure 3 shows the correlation between TOTOX and time to expiration (r=-0.50, p=0.04). Peroxide and anisidine values increased over time as expected. Furthermore, although PV and TOTOX have a significant positive relationship as hypothesised (r=0.700, p=0.004), it has been shown that PV can fluctuate over time, so Para-AnV and TOTOX are needed for providing a clearer and confirmatory insight into the oxidation status (Figure 4).
4. Discussion
Para-AnV is a reliable test for supplements with no flavouring or colouring additives. Krill oil and virgin salmon oil contain colouring or flavouring additives. These oils are known to contain carotenoids, such as astaxanthin, which lowers the Para-AnV of secondary oxidation products assay and gives false results (Semb 2012). In addition, krill oil omega-3 fatty acids are mainly phospholipids with different light absorbance in the organic solvent used in the PV method because they are naturally polar compounds (Shahidi and Zhong 2010). With products having 2% of lemon flavouring agent, a 12-fold increase in Para-AnV was noticed in an experimental work (Falch 2006). Therefore, the chosen products were excluded from those containing colouring and flavouring additives.
Weight variations of oil contents in all tested samples were within the acceptable limits using high-accuracy and precision balance in accordance with BP 2018. Nowadays, capsule filling equipment is highly reliable in controlling the fill weights (Al-Tabakha et al. 2017; Wagner et al. 2018).
The vast majority of the tested samples exceeded the oxidation parameters limits. High oxidation levels of these samples were generally consistent with other international studies. Approximately 62% of fish oil supplements included in this study exceeded the guidance levels of oxidation values. Recently, encapsulated fish oil supplements in Canada were evaluated for primary and secondary oxidation. Supplements were analysed from more than 40 brands, 40 % of these supplements had oxidation levels of more than the recommended limits from different oxidation parameters (Jackowski et al. 2015). 
[bookmark: _Hlk142495765]The cost of fish oil was directly proportional to oxidation levels, as the more expensive products have higher TOTOX and PV. This relationship was noticed by another study from New Zealand (Albert et al. 2015) and might be explained by the positive relationship of the cost of fish oil with the labelled percentage of DHA + EPA, as a higher concentration of FFA percentage had more oxidation. All fish oil supplements provided in strip packaging were associated with the highest levels of oxidation. Clear transparency, especially in the upper cover of the package, could explain this phenomenon because of the possibility of direct exposure to UV light (Baertschi et al. 2015). Glass bottles for storage of fish oil dietary supplements are preferred over plastic, polyethene terephthalate bottles and can prevent oxidation. Also, the gelatin capsules can be caramel coloured to prevent the fish oil from exposure to light.
Inorganic arsenic is the most toxic arsenic compound in fish oil, and because of that, it is necessary to provide specific methods to measure inorganic arsenic. Comité Européen de Normalisation (CEN-EN) 16802:2016 method is recommended for this purpose. On the other hand, Canada asked the Codex Committee on Contaminants in Food (CCCF) to revise the allowed concentration for total arsenic acids in fish oil of marine source by separating the inorganic arsenic contamination detection method, especially in products of krill oil (Codex Alimentarius Commission 2017).
The addition of 0.01% of tocopherol vitamin E had no significant impact on preventing autoxidation of fish oil. There was a stability improvement and a 14% reduction in oxidation status when 0.05% of tocopherol vitamin E was added (Kulås and Ackman 2001). In a double-blinded clinical trial, carotenoid levels in blood samples were increased after the consumption of fish oils without vitamin E (P = 0.036) compared to fish oils with vitamin E. The same study concluded that consuming fish oil supplements in regular doses changes plasma levels of antioxidants, but the presence of vitamin E has an influence on that (Turley et al. 1998). Another study failed to prove the anti-inflammatory action of vitamin E, and there was no impact of vitamin E (1200 mg OD) on oxidation biomarkers of free fatty acids (Edmonds et al. 1997). In contrast, in a double blind clinical trial, the measured plasma levels of malondialdehyde after taking omega-3 fatty acids supplements along with vitamin E were lower than those measured after consuming omega-3 fatty acids supplements alone, but there were no differences in clinical outcomes or activity of antioxidant enzymes in all groups (Kolahi et al. 2011). 
Para-AnV levels in this study are consistent with another study, which showed that the levels of this marker did not exceed 19.8 for all fish oil supplements used (Bresson et al. 2009). In another study of marine oils, it was found that Para-AnV were equal to or less than 20 (Zhong and Shahidi 2015).
High acid value might indicate poor storage conditions or contamination with microorganisms. However, for all tested products, it was within acceptable limits. Fish oils are normally characterised by low acid value (0 - 3 mg KOH/g). However, this value is not appropriate for use in oxidation measurements in comparison to other parameters (Ottestad et al. 2012).
There was a moderate correlation between PV and TOTOX oxidation parameter and time to expiration date. These results were not contradictory to a study done in New Zealand, which showed the lack of time effect on oxidation levels (Albert et al. 2015). The reduction in the oil exposure to environmental conditions over time leads to less oxidation (Albert et al. 2013). 
As the LC-PUFA percentage decreases with fish oil oxidation, the percentages of active ingredients EPA and DHA will decrease. Therefore, a reduction or alteration in the efficacy and harmful outcomes needs to be considered (Bannenberg and Mallon 2017). Consumption of oxidised oils of LC-PUFA will not lead to acute oxidative toxicity according to an RCT. However, the study duration was seven weeks, which is a short period for the clinical outcomes of interest to be detected.
5. Conclusion
In the present study, the strips dosage form and short expiry dates factors increased the risk of oxidation status in fish oil supplements. However, no significant association was found between the oxidation values and other variables. Further research is recommended to study the long-term health consequences of consuming omega-3 fatty acid products available in the market that may not meet the recommended limits for oxidation.
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Figure 1: Peroxide levels of fish oil supplements
Footnote:  This bar chart demonstrates the percentages of the total products included with specific ranges of peroxide levels, indicating that 60% of them have a range of less than 5 meq O2/kg oil, whilst the minority of them have peroxide levels ranging between 11 and 30 meq O2/kg oil. None of the products have a level of more than meq O2/kg oil. 



Figure 2: The association between labelled claimed content of omega-3 (EPA + DHA) and log-transformed PV
Footnote: This scatter plot displays the association between labelled claimed content of omega-3 (EPA + DHA) and log-transformed PV, highlighting that the PV was found to be in positive relation to the omega-3 fatty acids concentration of fish oils, such that when the percentage of the labelled omega-3 fatty acids increases, the PV value becomes higher.




Figure 3: Linear correlation between TOTOX values of total products tested and remaining years to expiry
Footnote:  This scatter plot is a representation of the linear correlation between TOTOX values of total products tested and remaining years to expiry, illustrating that Peroxide

Figure 4: The oxidation of fish oil over time as measured by PV, Para-AnV and TOTOX 

Footnote: This line graph, which is showing the oxidation of fish oil over time as measured by PV, Para-AnV and TOTOX, indicates that PV can fluctuate over time. 



Table 1: List of fish oil products used for qualitative and quantitative analysis and their labelled variables.
	Brand ID
	Retail Price (AED)
	pack
	Labelled Weight of Fish Oil
	% Active Omega-3
	Equivalent Price per Gram of Active Omega-3 (AED)
	Country of Origin
	Best Buy before
	Additives 
	source

	1
	70
	60
	1.0
	30
	3.9
	Malaysia
	Nov-18
	 -
	 Marine

	2
	109
	90
	1.5
	30
	2.7
	New Zealand
	Feb-19
	Vit D: 3.55 mcg
	Marine triglycerides

	3
	63
	60
	1.0
	30
	3.5
	USA
	Aug-19
	Vit E: 10 mg (3%)
	Peru: anchovy, mackerel, sardine

	4
	149
	90
	1.0
	55
	3.0
	USA
	Mar-19
	Vit D: 1000 IU 
	Peru: anchovy, mackerel, sardine

	5
	66
	90
	1.0
	50
	1.5
	USA
	Oct-19
	 Vit E: 10 mg (3%)
	Marine 

	6
	60
	60
	1.2
	60
	1.4
	India
	Mar-18
	 
	Marine

	7
	45
	30
	1.0
	30
	5.0
	UK
	Jun-19
	 
	Marine 

	8
	145
	60
	1.0
	30
	8.1
	USA
	Feb-20
	 Vit E: 5 mg < 2%
	Marine 

	9
	95
	110
	1.0
	30
	2.9
	USA
	Oct-18
	 Vit E: 10 mg (3%)
	Anchovy, mackerel, sardine

	10
	75
	100
	1.0
	30
	2.5
	USA
	Oct-19
	 Vit E from soy
	Marine 

	11
	149
	90
	1.0
	75
	2.2
	USA
	Nov-19
	 Vit E from soy
	Peru and/or Chile: anchovies

	12*
	90
	30
	1.0
	77
	3.9
	USA
	Oct-18
	Odoring mask 
	Peru and Chile: anchovy, mackerel, sardine

	13*
	125
	60
	0.5
	58
	7.2
	Slovenia
	Oct-18
	 Vit E
	 Marine

	14*
	73
	60
	0.4
	30
	11.6
	South Africa for UK
	Apr-18
	 Vit E: 10 mg
	Marine

	15
	142
	28
	1.0
	84
	6.0
	Germany
	May-19
	 Lecithin (soya)
	Marine







Table 2: Quantitative results from testing the fish oil products.
	Products ID
	TOTOX
	PV
	Para-AnV
	AV
	Mean Weight (% Weight Variation Range)*

	1
	14.1
	3.4
	7.2
	0.6
	1.232 (99.6- 100.7)

	2
	17.7
	5.0
	7.8
	0.6
	1.495 (99.2-100.4)

	3
	33.8
	10.0
	13.9
	0.5
	0.994 (99.2-100.9_

	4
	23.9
	3.5
	17.0
	0.4
	1.000 (94.2-101.5)

	5
	25.9
	10.3
	5.4
	1.2
	1.001 (97.2-103.7)

	6
	21.5
	3.5
	14.5
	1.3
	1.206 (97.8-103.4)

	7
	15.4
	3.4
	8.7
	0.6
	1.000 (98.0-10.1)

	8
	9.7
	3.5
	2.7
	0.6
	0.997 (94.8-104.7)

	9
	18.5
	5.8
	6.9
	0.4
	1.013 (94.5-104.9)

	10
	8.5
	1.7
	5.1
	0.7
	1.059 (98.6-101.7)

	11
	12.3
	5.0
	2.3
	0.5
	1.116 (96.2-105.2)

	12
	24.6
	11.7
	1.2
	0.6
	1.024 (97.7-101.9)

	13
	28.7
	12.2
	4.4
	0.4
	0.511 (97.6-102.7)

	14
	32.6
	9.8
	13.0
	1.3
	0.346 (93.5-107.1)

	15
	14.3
	6.1
	2.1
	0.3
	0.981 (97.5-102.0)


* Calculated as percentages of the mean weight (n = 20). TOTOX: Total oxidation, PV: Peroxide value, Para-AnV: Para-anisidine value, AV: acid value


Table 3: Percentage of fish oil supplement products (n = 15) with tested values above the guidance limits.
	Oxidation Parameters
	Number of Products Exceeding 
 the Limits
	% of Products Exceeding the 
 Limits

	TOTOX value according to IFOS
	8
	53.3

	TOTOX value according to GOED
	3
	20.0

	Peroxide value (PV)
	7
	46.7

	Para anisidine value (Para-AnV)
	0
	0

	Acid value
	0
	0


TOTOX: Total oxidation, PV: Peroxide value, Para-AnV: Para-anisidine value, IFOS: International fish oil standards, GOED: Global Organization for EPA and DHA Omega-3 

Table 4: Oxidation parameters from fish oil supplements.
	Parameters
	Mean

	95% CI
	Standard Deviation (SD)

	
	
	Lower bound
	upper bound 
	

	TOTOX meq/kg
	20.1
	15.68
	24.52
	8

	 (PV) meq/kg
	6.31
	4.38
	8.25
	3.5

	Para-AnV                  
	7.47
	4.70
	10.24
	5

	Acid level KOH/g
	0.66
	0.46
	0.85
	0.35


TOTOX: Total oxidation, PV: Peroxide value, Para-AnV: Para-anisidine value

Table 5: Cost association with oxidation levels and % FFA (non-significant difference (NS), or significant difference (S))
	Variables
	Spearman's rho
	TOTOX
	PV
	Para-AnV
	FFA

	PFO
	R
	0.120
	0.361
	- 0.368
	0.426

	
	p-value
	0.671 (NS)
	0.186 (NS)
	0.177 (NS)
	0.113 (NS)


TOTOX: Total oxidation, PV: Peroxide value, Para-AnV: Para-anisidine value

Table 6: Effect of strip form on oxidation using independent sample t-test
	Variables
	Form
	N
	Mean
	S.D.
	t-test
	p-value

	TOTOX
	Strips
	3
	28.628
	4.009
	2.391
	0.033
(S)

	
	Bottles
	12
	17.973
	7.307
	
	

	PV
	Strips
	3
	11.220
	1.262
	3.818
	0.002
(S)

	
	Bottles
	12
	5.091
	2.649
	
	

	Para-AnV
	Strips
	3
	6.188
	6.132
	-0.483
	0.637
(NS)

	
	Bottles
	12
	7.792
	4.942
	
	


TOTOX: Total oxidation, PV: Peroxide value, Para-AnV: Para-anisidine value
 
Table 7: Effect of the presence of Vitamin E Using independent sample t-test
	Variables
	Vit E
	N
	Mean
	S.D.
	t-test
	p-value

	TOTOX
	without Vit E
	7
	18.783
	4.504
	-0.585
	0.568
(NS)

	
	with Vit E
	8
	21.260
	10.332
	
	

	PV
	without Vit E
	7
	5.220
	3.039
	-1.151
	0.270
(NS)

	
	with Vit E
	8
	7.276
	3.767
	
	

	Para-AnV
	without Vit E
	7
	8.343
	5.828
	0.618
	0.547
(NS)

	
	with Vit E
	8
	6.708
	4.412
	
	


TOTOX: Total oxidation, PV: Peroxide value, Para-AnV: Para-anisidine value
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