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Abstract

:

Dietary oils play a crucial role in maintaining a healthy diet. However, with the increasing number of oils available, it became a challenging task for food producers and consumers to select the best oil for their needs. In this work, an easy-to-understand nutrition quality score was created, using a model that included beneficial lipid compounds criteria according to the dietary recommendations published by international food and health organizations. The algorithm assigned points for each component of the model considering their content in each particular oil. The points were added up and the fats and oils were classified by the corresponding percentile. As a result, among the 32 edible oils that were evaluated, virgin olive oil ranked first with a score of 100. All plant oils, except for margarine and coconut oil, ranked above the 50th percentile. Receiver–operator curves and regression models showed that saturated fatty acids may be able to predict the score, and thus, the nutritional quality of the oils. In conclusion, the proposed nutritional quality score would promote healthy and nutritious food options for consumers and would provide food producers with a valuable tool to select high-quality oils for their products, ensuring that they meet the nutritional requirements.
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1. Introduction


Dietary oils are essential ingredients in many food products and are widely used for cooking and food processing. In recent years, there was an increase in the demand for edible oils due to the growth of the food industry and the changing dietary habits of consumers [1]. A variety of edible oils are produced from various sources such as nuts, seeds, and fruits, and their nutritional quality can vary greatly [2].



Currently, there is a lack of a standardized ranking system for edible oils based on their nutritional quality. Producers and consumers are often unaware of the nutritional differences among oils, making it difficult for them to make informed decisions [3]. This results in the production and consumption of oils with lower nutritional quality, which can have negative impacts on public health. Therefore, developing a score for edible oils based on their nutritional quality is of utmost importance, as it would allow consumers to make informed decisions about the oils they use and would encourage producers to improve the nutritional quality of their oils.



For the moment, there is no universally accepted score to rank edible oils according to their nutritional value. The smoke point score, which measures the smoke point of an oil and classifies edible oils accordingly, is calculated according to the official American Oil Chemists’ Society Cc 9a-48 method [4]. However, this score does not consider the composition of the oils and the recommendations of international organizations responsible for dietary recommendations, such as the Food and Agriculture Organization (FAO)/World Health Organization (WHO) [5,6], European Food Safety Authority (EFSA) [7,8], or the United States Department of Agriculture (USDA)/Food and Drug Administration (FDA) [9]. On the other hand, the American Heart Association publishes recommendations for oils based on their fatty acid composition, which can also be used as a guide for ranking edible oils based on their nutritional quality, but never created a score [10].



Recently, Zhao et al. [11] published a model for the evaluation of the nutritional quality of 13 edible vegetable oils commonly used in China. Employing seven evaluation criteria, including saturated fatty acids (SFA), unsaturated fatty acids (UFA), and vitamin E, they found that the highest score was obtained for peony seed oil, while the lowest score belonged to palm oil. However, some components of the oils were out of the analysis, such as polyphenols. In addition, the model relied on the French and Chinese Dietary Reference Intake recommendations only.



In the present study, we propose a new score based on the Dietary Reference Intake provided by the FAO/WHO [5,6], EFSA [7,8], and USDA/FDA [9], as well as health claims approved by the EFSA [12,13] and USDA/FDA [14,15] in 32 dietary plant oils and animal fats. A ranking system based on nutritional quality would provide a basis for evaluating the health benefits of the oils. This would be beneficial for public health as it would promote the use of oils with higher nutritional quality, reducing the risk of chronic diseases. Furthermore, a ranking system would promote the development of new and healthier oils, contributing to the growth of the food industry.




2. Materials and Methods


2.1. Recommended Dietary Intakes and Health Claims


To design a new nutritional quality score, the dietary reference values (RDVs) for the intake of nutrients contained in edible oils (total fat, fatty acids, tocopherols, and phytoestrogens) published by the FAO/WHO [5,6], EFSA [7,8], and USDA/FDA [9], as well as health claims approved by the EFSA [12,13] and USDA/FDA [14,15], were compiled for the population over 18 years of age (Table 1). We found RDV for SFA, linoleic (18:2 n-6) and α-linolenic (18:3 n-3) acids, eicosapentaenoic (EPA) plus docosahexaenoic (DHA) acids, trans fatty acids (TFA), and tocopherols. Among these international organizations, only the FAO/WHO provides RDV for SFA as well as TFA, whereas the EFSA and FDA recommend that the consumption of these fatty acids be as low as possible. Regarding linoleic and α-linolenic acids, all three organizations give RDV in the form of percentages of daily energy intake. For the long-chain fatty acids EPA and DHA acids, and also for tocopherols, values are given as daily amounts in mg by the FAO and EFSA, but not USDA.



In addition, we found approved health claims for hydroxytyrosol and plant sterols by the EFSA, as well as oleic acid (18:1 n-9) by the FDA. The health claims published for hydroxytyrosol only affect olive oils, as this phenolic is found in olive fruits and leaves and is given as mg in a specific amount of olive oil. In contrast, plan sterols are found ubiquitously in the plant kingdom, hence the EFSA recommends a specific amount in grams from any plant-derived food. Oleic acid is present in plants and animals, but the FDA recognizes its health benefits only for those fats and oils with a concentration above 70%.




2.2. Nutritional Composition of Edible Oils and Fats


The composition in SFA, oleic acid, linoleic acid, α-linolenic acid, EPA plus DHA, TFA, tocopherols, hydroxytyrosol, and phytosterols were gathered for 32 edible oils and fats (for references see Supplementary Tables S1 and S2). The lowest and highest concentrations of each nutrient and bioactive component were considered, and the mean value of these concentrations was used for calculations (for more information see Supplementary Tables S1 and S2).




2.3. Algorithm and Calculation of the Nutritional Quality Score


Since the RDVs were given in different manners by the FAO, EFSA, USDA, and FDA, values were normalized for a daily energy intake of 2000 kcal. Then, the contribution of each component was calculated for a fat intake of 35% (700 kcal), which is the highest fat intake recommended by the FAO. Subsequently, the concentration of each component per 100 g was calculated, so fats and oils could be compared (Table 1).



According to the RDV, points between −5 and +3 where given for each component. Negative points were assigned to those components with maximum recommended values, and positive points were assigned to those with minimum recommended values and health claims. Thus, for SFA contents above 10 g/100 g −3 points were assigned, as well as 0 points below that value. Since the current evidence shows that TFA intake is more hazardous for health than SFA, contents above 1 g/100 g were penalized with −5 points and 0 points below that value. For linoleic acid, contents above 6 g/100 g received +3 points, while those below that value received −3 points. Similarly, contents of α-linolenic acid received +2 or −2 points when they were above or below 0.5 g/100 g, and the contents of EPA + DHA received +3 or −3 points when they were above or below 0.11 g/100 g. Points were summed up for all oil and fat, and the resulting values were normalized by subtracting the lowest value (−14). The nutritional quality resulting scores were established by calculating the corresponding percentiles, so the highest score was 100 and the lowest score was 0.




2.4. Statistical Analysis


The ROC curves were calculated to evaluate the abilities of the components of oils and fats to predict the nutritional quality score. Cut-off points were proposed after calculation of the Youden’s Index (sensitivity+ specificity − 1). The normality of the distribution for the different variables was assessed using the Kolmogorov–Smirnov test. Correlations were analyzed using the Spearman test. EPA and DHA, as well as hydroxytyrosol and TFA, were not included in the ROC calculations and correlation assessments, as they were not present in most oils and fats. GraphPad Prism 6.0 was used to perform statistical analyses. Statistical significance was defined as p < 0.05.





3. Results


3.1. Nutritional Quality Score of Edible Oils and Fats


VOO showed the highest value for the nutritional quality score, with 8 points, which corresponded to a score of 100 (Table 2). All plant oils, except for margarine and coconut oil, scored above the 50th percentile. In fact, these two fats showed the lowest score, with 14 and 0 score points, respectively (−11 and −14 points). Fats derived from fish, i.e., salmon, sardine, and herring, received points above the 68th percentile. In contrast, the rest of fats derived from animals, i.e., beef tallow, lard, and butter, scored below the 50th percentile.



The contribution of each component of the oils and fats used in the model to the overall score is shown graphically in Figure 1.




3.2. Correlation between Components of Oils and Fats and the Nutritional Quality Score


Only SFA and phytosterols correlated significantly with the nutritional quality score (Table 3). While the SFA correlation coefficient was negative (−0.503), that of phytosterols was positive (0.357), which implies that higher SFA contents and lower phytosterol contents are related to higher scores. Oleic, linoleic, and α-linolenic acids, together with tocopherols, did not correlate with the nutritional quality score.



Figure 2 shows heat map charts showing the content in SFA, oleic acid, linoleic acid, α-linolenic acid, tocopherols, and phytosterols of the edible oils evaluated. The correlation of the SFA content and the score, considering the frequency of each oil, is clearly observed. Most oils presented SFA contents below 20 g/100 g, which conduced to scores above 50. In other words, lower scores were associated with higher SFA contents, which corresponded to beef tallow, lard, butter, and coconut oil. The other components of the fats and oils used in the development of the score were unevenly distributed in the charts, not showing a clear pattern.




3.3. Prediction of the Nutritional Quality Score


ROC curves were calculated for SFA, oleic acid, linoleic acid, α-linolenic acid, tocopherols, and phytosterols in order to assess the possibility that these components might predict the nutritional quality score of the fats and oils (Table 4). SFA and α-linolenic acid showed an area under the curve (AUC) values above 0.9, which suggests that these fatty acids have a high predictive value for the score. In contrast, oleic acid, tocopherols, and phytosterols showed the lowest AUC values (below 0.8), despite the latter correlated with the score (Table 3). The calculated cut-off point for SFA was 42.2, which implies that oils and fats with SFA contents above that value have a poor nutritional quality score. Among the oils and fats employed in this study, beef tallow, butter, palm oil, and coconut oil showed SFA contents above 42.2 g/100 g, while lard was slightly below that figure. The cut-off point calculated for α-linolenic acid was 12.2, which suggests that above that concentration, the score is favorable. Chia, flaxseed, sacha-inchi, walnut, and canola oils presented average concentrations above 12.2 g/100 g. The mean value calculated for soybean oil was 12.1 g/100 g.





4. Discussion


The use of a score-based system to rank dietary oils based on their nutritional value is important, as it enables food producers and consumers to make informed decisions when selecting and purchasing oils for their products and meals. This would ensure that high-quality and nutritious oils are used in food production and consumed by individuals. The score developed here was based on the RDV of international institutions, such as the FAO/WHO [5,6], EFSA [7,8] and USDA/FDA [9], as well as health claims approved by the EFSA [12,13] and USDA/FDA [14,15].



The top-ranking oil in the proposed score was VOO, with 100 points due to its unique compositional profile. One of the factors contributing to the positive score for VOO was its high oleic acid content (55–83 g/100 g, according to the IOC commercial standard ref), which is associated with a reduced risk of coronary heart disease. The FDA approved health claims that suggest the consumption of oils high in oleic acid may help reduce the risk of heart disease when used in place of oils high in saturated fat [16]. The claims also emphasize that oleic acid-containing oils should not increase daily caloric intake and are intended for oils with oleic acid contents above 70% (70 g/100 g). The EU also established a list of permitted health claims for oleic acid-rich oils when replacing saturated fats in the maintenance of normal blood cholesterol levels. However, it does not state the threshold at which to consider a fat as “high-oleic”. VOO also contains other health-promoting compounds, such as linoleic acid, α-linolenic acid, tocopherols, and hydroxytyrosol, which contribute positively to the score. According to the OIC standard, the linoleic acid content should range between 2.5 and 21.0 g/100 g. The mean value used in the present study for the content of linoleic acid in VOO was 12.3, which guaranteed 3 points in the score. Similarly, the α-linolenic content in this oil was above the threshold, adding 2 points more to the score, and the tocopherol content contributed 3 more points. In contrast, the phytosterol content was not high enough to add up points, and VOO received negative points due to its lack of long-chain polyunsaturated fatty acids (PUFA) of the n-3 series and the presence of SFA. According to the IOC commercial standard, the SFA content of VOO ranges from 9 to 25 g/100 g. The mean content used to evaluate VOO in the present study was 16.6, which is higher than the concentration used as criterion (9 g/100 g).



Finally, it is noteworthy that VOO is the only fat that contains hydroxytyrosol in enough of a concentration to add points to the score. Hydroxytyrosol and its derivatives also have a health claim approved by the EFSA for olive oil, as a cause and effect relationship was established between the consumption of olive oil and the protection of LDL particles from oxidative damage [17]. However, only VOO, and not common and pomace olive oils, presented concentrations of polyphenols high enough to reach the minimum concentration stated in the claim (5 mg per 20 mL of oil). Common and pomace olive oils, which share the same fatty acid composition with VOO, did not present concentrations of polyphenols high enough to add points in the score. It is important to note that these olive oils are submitted to a refining process that removes some of the beneficial minor components present in VOO.



Olive oil, and particularly VOO, is widely studied for its potential health benefits, particularly in the prevention of cardiovascular disease. A meta-analysis conducted in 2019 showed that high-phenolic extra virgin olive oil (VOO) was effective in reducing LDL-cholesterol, systolic blood pressure, and oxidized LDL-cholesterol levels [18]. In addition, a systematic review by the USDA reported that a Mediterranean-style diet, including olive oil, was associated with a reduced risk of all-cause mortality in nearly all studies examined [19]. A part of the health benefits of VOO is attributed to its high content of polyphenols, which were shown to improve plasma concentrations of malondialdehyde, oxidized LDL, total cholesterol, and HDL cholesterol in clinical trials [20]. These effects appear to be maintained even when the oil is used for cooking [19]. However, some researchers noted that the evidence is still limited and that more large clinical trials are needed to confirm these benefits [21]. While the evidence is still emerging, the consumption of VOO as part of a healthy diet showed promise in promoting cardiovascular health and reducing the risk of all-cause mortality.



Flaxseed oil, which ranked second after VOO and ahead of the other olive oils (common and pomace), is known for its high content of α-linolenic acid, similarly to chia and sacha-inchi oils. Flaxseed oil is also richer in tocopherols and has a lower level of SFA compared to other oils. Numerous systematic reviews and meta-analyses investigated the health benefits of consuming flaxseed oil. A recent systematic review of randomized clinical trials in patients with metabolic syndrome and related disorders reported that flaxseed oil consumption significantly reduced systolic blood pressure, but not diastolic blood pressure [22]. Additionally, Musazadeh et al. [23] conducted a meta-analysis that aimed to determine the impact of flaxseed oil on biomarkers of oxidative stress, and found a significant decrease in malondialdehyde levels and an increase in total antioxidant capacity levels, indicating that it may be useful in reducing oxidative stress and strengthening the antioxidant defense system in humans.



The ranking of vegetable oils based on their content in the components studied revealed that all oils, except for margarine and coconut oil, scored above 50. One notable case was palm oil, which was previously associated with adverse cardiovascular health outcomes, as it was reported that it increased LDL-cholesterol levels compared to vegetable oils low in saturated fat [24]. However, more recent systematic reviews and meta-analyses showed only modest increases in serum lipids [25] or no increase at all when compared to oils rich in UFA [26].



After calculating percentiles, coconut oil received the lowest score of 0 points due to its high SFA content, resulting in low concentrations of UFA. In addition, the presence of phytosterols and tocopherols was very low, which contributed greatly to the low punctuation. Despite claims made by consumers on social media regarding the health benefits of coconut oil [27], recent meta-analyses showed that consumption of this oil increases serum lipid concentrations more than oils rich in monounsaturated fatty acids (MUFA) and PUFA [28,29,30], which is comparable to that of animal fats rich in SFA [31].



Margarine was strongly linked to increased risk of cardiovascular disease due to its content in TFA. As a result, the WHO recommended eliminating industrially produced TFA, and several countries implemented regulations to reduce or ban the use of partially hydrogenated fat [32]. As a consequence, the TFA concentration in margarines varies greatly depending on their origin of production. The nutritional quality score of margarine included products with TFA content ranging from 0.1 to 21.7 g/100 g, with a mean value of 10.9. Therefore, this high TFA content contributed to a low score value for margarine and a low position in the ranking. However, margarines are frequently enriched with vitamin E and/or phytosterols, which could contribute to a higher score for this food.



In terms of nutritional quality, the score of animal fats was highly variable. Fish fats, due to their high content in n-3 PUFA, ranked best, occupying positions 12 (salmon) to 19 (herring) in the ranking. In contrast, lard, beef tallow, and butter ranked at the bottom of the classification, just above coconut oil. The low score obtained by animal fats other than in fish was mainly due to their high content in SFA, which is associated with elevated levels of LDL-cholesterol [33,34,35]. Despite some controversy about the role of SFA in cardiovascular health [36], limiting the intake of SFA to less than 6% and 10% of daily energy is recommended by the American Heart Association [37] and the FAO/WHO [5,6], respectively (Table 2). We found that SFA strongly correlated with the nutritional quality score and provided a high AUC value in ROC curves, indicating that the SFA content of a fat or oil can be used to predict the score.



The current study has several strengths and limitations. An important strength is that the score was developed by considering the RDV and health claims of four important international food and health organizations (FAO/WHO, EFSA, USDA, and FDA). Secondly, the model included nine criteria, including fatty acids, micronutrients, and bioactive compounds, for which nutritional dietary recommendations or health claims were available. Moreover, the study included 32 fats and oils, both of plant and animal origin, which is a larger sample size than the previous study by Zhao et al. [11], the only authors that previously attempted to elaborate a score to rank vegetable oils according to their nutritional quality, to the best of our knowledge. These authors, included only 13 vegetable oils and did not differentiate between VOO and common and pomace olive oils, just as other popular nutritional ratings, such as Nutri-Score [38]. However, the study also has limitations. For instance, the score did not consider non-compositional parameters of oils, such as their smoke point and resistance to oxidation, which could influence their nutritional quality over time. Additionally, despite the large sample size of edible oils and fats used, the score could be enhanced by increasing the number of oils evaluated. Finally, the composition of some oils is highly variable, which could lead to changes in the score.




5. Conclusions


In conclusion, we propose a score-based system to rank dietary oils based on their nutritional value, according to the RDV and health claims by the FAO/WHO, EFSA, USDA, and FDA, which can be useful for both food producers and consumers to make informed decisions. Using this score, VOO ranked first with 100 points, thanks to its compositional profile, which includes high levels of oleic acid and the presence of linoleic acid, α-linolenic acid, and tocopherols. Importantly, VOO contains a number of other compounds of interest in health, among which, hydroxytyrosol has an approved health claim by the EFSA. Future research is still needed to confirm the benefits of VOO, flaxseed, and other dietary fats and oils on health, but the score-based system proposed in this study can be useful in guiding food producers and consumers towards more nutritious choices.








Supplementary Materials


The following supporting information can be downloaded at: https://www.mdpi.com/article/10.3390/nu15092127/s1, Table S1: Lowest, highest and mean content of the fatty acids included as criteria for the developing of the nutritional quality score of dietary oils (g/100 g); Table S2: Lowest, highest and mean content of trans fatty acids, tocopherols and sterols as criteria for the developing of the nutritional quality score of dietary oils.





Author Contributions


Conceptualization, J.S.P. and M.-V.R.-M.; methodology, J.S.P. and A.Q.-F., formal analysis, J.S.P. and A.G.-G.; investigation, J.S.P. and A.Q.-F.; resources, J.S.P.; A.G.-G.; A.Q.-F. and M.-V.R.-M.; data curation, J.S.P.; writing—original draft preparation, J.S.P.; writing—review and editing, J.S.P., A.G.-G., A.Q.-F. and M.-V.R.-M.; supervision, J.S.P. All authors have read and agreed to the published version of the manuscript.




Funding


This research received no external funding.




Data Availability Statement


Data are available upon request.




Acknowledgments


A.G.-G. is grateful for funding received from the “Next Generation EU” funds, the European Union through the Recovery, Transformation and Resilience Plan and by the Ministry of Universities, in the framework of the Margarita Salas, Maria Zambrano grants for the Recualification of the Spanish University System 2021–2023, organised by the Pablo de Olavide University, Seville.




Conflicts of Interest


The authors declare no conflict of interest.




References


	



Jinadasa, B.K.K.K.; Van Bockstaele, F.; Cvejic, J.H.; Simal-Gandara, J. Current trends and next generation of future edible oils. In Future Foods; Academic Press: Cambridge, MA, USA, 2022; pp. 203–231. [Google Scholar] [CrossRef]

	



Zhou, Y.; Zhao, W.; Lai, Y.; Zhang, B.; Zhang, D. Edible plant oil: Global status, health issues, and perspectives. Front. Plant Sci. 2020, 11, 1315. [Google Scholar] [CrossRef]

	



Pușcaș, A.; Mureșan, V.; Socaciu, C.; Muste, S. Oleogels in food: A review of current and potential applications. Foods 2020, 9, 70. [Google Scholar] [CrossRef] [PubMed][Green Version]

	



AOCS. Official Methods and Recommended Practices of the American Oil Chemist Society, 6th ed.; AOCS: Urbana, IL, USA, 2012. [Google Scholar]

	



FAO/WHO. Fats and fatty acids in human nutrition. Report of an expert consultation. FAO Food Nutr. Pap. 2010, 91, 1–166. [Google Scholar]

	



FAO/WHO. APPENDIX 1 Recommended nutrient intakes-minerals*. In Human Vitamins and Mineral Requirements. Report of a Joint FAO/WHO Expert Consultation Bangkok, Thailand; FAO: Roma, Italy, 2002. [Google Scholar]

	



EFSA. DRV Finder. Diet. Ref. Values EU. FATS, Adults—Both Genders—18 Years. 2019. Available online: https://multimedia.efsa.europa.eu/drvs/index.htm (accessed on 20 April 2023).

	



Lagiou, P.; Løvik, M.; Marchelli, R.; Martin, A.; Moseley, B.; Berg, H.V.L.; Verhagen, H. Labelling reference intake values for n-3 and n-6 polyunsaturated fatty acids Scientific Opinion of the Panel on Dietetic Products, Nutrition and Allergies on a request from the Commission related to labelling reference intake values for n-3 and n-6 poly. EFSA J. 2009, 1–11. [Google Scholar] [CrossRef]

	



Trumbo, P.; Schlicker, S.; Yates, A.A.; Poos, M. Dietary reference intakes for energy, carbohydrate, fiber, fat, fatty acids, cholesterol, protein and amino acids (Commentary). J. Am. Diet. Assoc. 2002, 102, 1621–1631. [Google Scholar] [CrossRef]

	



Van Horn, L.; Carson, J.A.S.; Appel, L.J.; Burke, L.E.; Economos, C.; Karmally, W.; Lancaster, K.; Lichtenstein, A.H.; Johnson, R.K.; Thomas, R.J.; et al. Recommended dietary pattern to achieve adherence to the American Heart Association/American College of Cardiology (AHA/ACC) guidelines: A scientific statement from the American Heart Association. Circulation 2016, 134, e505–e529. [Google Scholar] [CrossRef]

	



Zhao, X.; Xiang, X.; Huang, J.; Ma, Y.; Sun, J.; Zhu, D. Studying the evaluation model of the nutritional quality of edible vegetable oil based on dietary nutrient reference intake. ACS Omega 2021, 6, 6691–6698. [Google Scholar] [CrossRef]

	



Agostoni, C.; Bresson, J.L.; Fairweather-Tait, S.; Flynn, A.; Golly, I.; Korhonen, H.; Lagiou, P.; Løvik, M.; Marchelli, R.; Martin, A.; et al. Scientific Opinion on the substantiation of a health claim related to 3 g/day plant sterols/stanols and lowering blood LDL-cholesterol and reduced risk of (coronary) heart disease pursuant to Article 19 of Regulation (EC) No 1924/2006. EFSA J. 2012, 10, 2693. [Google Scholar] [CrossRef][Green Version]

	



EFSA Panel on Dietetic Products N and A (NDA). Scientific Opinion on the substantiation of health claims related to polyphenols in olive and protection of LDL particles from oxidative damage (ID 1333, 1638, 1639, 1696, 2865), maintenance of normal blood HDL cholesterol concentrations (ID 1639), mainte. EFSA J. 2011, 9, 2033. [Google Scholar] [CrossRef]

	



Tarassevych, O. Health and Nutritional Claims for Food Products. 2021. Available online: https://food.ec.europa.eu/safety/labelling-and-nutrition/nutrition-and-health-claims (accessed on 20 April 2023).

	



Balentine, D.A. Petition for Authorized Health Claim for Oleic Acid in Edible Oils and a Reduction in the Risk of Coronary Heart Disease—Docket Number FDA-2017-Q-0807. FDA: Washington, DC, USA, 2018. Available online: https://www.fda.gov/food/cfsan-constituent-updates/fda-completes-review-qualified-health-claim-petition-oleic-acid-and-risk-coronary-heart-disease (accessed on 20 April 2023).

	



FDA. Completes Review Qualified Health Claim Petition Oleic Acid and Risk Coronary Heart Disease. Available online: https://www.fda.gov (accessed on 20 April 2023).

	



Efsa, N.D.A. EFSA Panel on Dietetic Products, Nutrition and Allergies. Scientific Opinion on the evaluation of allergenic foods and food ingredients for labelling purposes. EFSA J. 2014, 12, 3894. [Google Scholar]

	



Schwingshackl, L.; Krause, M.; Schmucker, C.; Hoffmann, G.; Rücker, G.; Meerpohl, J.J. Impact of different types of olive oil on cardiovascular risk factors: A systematic review and network meta-analysis. Nutr. Metab. Cardiovasc. Dis. 2019, 29, 1030–1039. [Google Scholar] [CrossRef] [PubMed]

	



Boushey, C.; Ard, J.; Bazzano, L.; Heymsfield, S.; Mayer-Davis, E.; Sabaté, J.; Snetselaar, L.; Van Horn, L.; Schneeman, B.; English, L.K.; et al. Dietary Patterns and All-Cause Mortality: A Systematic Review. USDA Nutr. Evid. Syst. Rev. 2020, 2. [Google Scholar] [CrossRef]

	



George, E.S.; Marshall, S.; Mayr, H.L.; Trakman, G.L.; Tatucu-Babet, O.A.; Lassemillante, A.C.M.; Bramley, A.; Reddy, A.J.; Forsyth, A.; Tierney, A.C.; et al. The effect of high-polyphenol extra virgin olive oil on cardiovascular risk factors: A systematic review and meta-analysis. Crit. Rev. Food Sci. Nutr. 2019, 59, 2772–2795. [Google Scholar] [CrossRef] [PubMed]

	



Rees, K.; Takeda, A.; Martin, N.; Ellis, L.; Wijesekara, D.; Vepa, A.; Das, A.; Hartley, L.; Stranges, S. Mediterranean style diet for the primary and secondary prevention of cardiovascular disease. Cochrane Database Syst. Rev. 2019, 2019, CD009825. [Google Scholar] [CrossRef][Green Version]

	



Mahmudiono, T.; Jasim, S.A.; Karim, Y.S.; Bokov, D.O.; Abdelbasset, W.K.; Akhmedov, K.S.; Yasin, G.; Thangavelu, L.; Mustafa, Y.F.; Shoukat, S.; et al. The effect of flaxseed oil consumtion on blood pressure among patients with metabolic syndrome and related disorders: A systematic review and meta-analysis of randomized clinical trials. Phytother. Res. 2022, 36, 3766–3773. [Google Scholar] [CrossRef]

	



Musazadeh, V.; Jafarzadeh, J.; Keramati, M.; Zarezadeh, M.; Ahmadi, M.; Farrokhian, Z.; Ostadrahimi, A. Flaxseed oil supplementation augments antioxidant capacity and alleviates oxidative stress: A systematic review and meta-analysis of randomized controlled trials. Evid. Based Complement. Altern. Med. 2021, 2021, 4438613. [Google Scholar] [CrossRef]

	



Sun, Y.; Neelakantan, N.; Wu, Y.; Lote-Oke, R.; Pan, A.; van Dam, R.M. Palm oil consumption increases LDL cholesterol compared with vegetable oils low in saturated fat in a meta-analysis of clinical trials. J. Nutr. 2015, 145, 1549–1558. [Google Scholar] [CrossRef][Green Version]

	



Badrul Hisham, M.D.; Aziz, Z.; Huin, W.K.; Teoh, C.H.; Abd Jamil, A.H. The effects of palm oil on serum lipid profiles: A systematic review and meta-analysis. Asia Pac. J. Clin. Nutr. 2020, 29, 523–536. [Google Scholar] [CrossRef]

	



Wang, F.; Zhao, D.; Yang, Y.; Zhang, L. Effect of palm oil consumption on plasma lipid concentrations related to cardiovascular disease: A systematic review and meta-analysis. Asia Pac. J. Clin. Nutr. 2019, 28, 495–506. [Google Scholar] [CrossRef]

	



Duarte, A.C.; Spiazzi, B.F.; Merello, E.N.; Amazarray, C.R.; de Andrade, L.S.; Socal, M.P.; Trujillo, A.J.; Brietzke, E.; Colpani, V.; Gerchman, F. Misinformation in nutrition through the case of coconut oil: An online before-and-after study. Nutr. Metab. Cardiovasc. Dis. 2022, 32, 1375–1384. [Google Scholar] [CrossRef]

	



Neelakantan, N.; Seah, J.Y.H.; van Dam, R.M. The effect of coconut oil consumption on cardiovascular risk factors: A systematic review and meta-analysis of clinical trials. Circulation 2020, 141, 803–814. [Google Scholar] [CrossRef] [PubMed]

	



Jayawardena, R.; Swarnamali, H.; Ranasinghe, P.; Misra, A. Health effects of coconut oil: Summary of evidence from systematic reviews and meta-analysis of interventional studies. Diabetes Metab. Syndr. Clin. Res. Rev. 2021, 15, 549–555. [Google Scholar] [CrossRef] [PubMed]

	



Duarte, A.C.; Spiazzi, B.F.; Zingano, C.P.; Merello, E.N.; Wayerbacher, L.F.; Teixeira, P.P.; Farenzena, L.P.; de Araujo, C.; Amazarray, C.R.; Colpani, V.; et al. The effects of coconut oil on the cardiometabolic profile: A systematic review and meta-analysis of randomized clinical trials. Lipids Health Dis. 2022, 21, 83. [Google Scholar] [CrossRef] [PubMed]

	



Teng, M.; Zhao, Y.J.; Khoo, A.L.; Yeo, T.C.; Yong, Q.W.; Lim, B.P. Impact of coconut oil consumption on cardiovascular health: A systematic review and meta-analysis. Nutr. Rev. 2020, 78, 249–259. [Google Scholar] [CrossRef]

	



Silva, T.J.; Barrera-Arellano, D.; Ribeiro, A.P.B. Margarines: Historical approach, technological aspects, nutritional profile, and global trends. Int. Food Res. J. 2021, 147, 110486. [Google Scholar] [CrossRef]

	



Duarte, M.K.R.N.; de Araújo, J.N.G.; Duarte, V.H.R.; de Oliveira, K.M.; de Oliveira, J.M.; Carioca, A.A.F.; Bortolin, R.H.; Rezende, A.A.; Hirata, M.H.; Hirata, R.D.; et al. The relationship of the oleic acid level and ECHDC3 mRNA expression with the extent of coronary lesion. Lipids Health Dis. 2016, 15, 144. [Google Scholar] [CrossRef][Green Version]

	



De Araújo, A.R.; Sampaio, G.R.; da Silva, L.R.; Portal, V.L.; Markoski, M.M.; de Quadros, A.S.; Rogero, M.M.; da Silva Torres, E.A.F.; Marcadenti, A. Effects of extra virgin olive oil and pecans on plasma fatty acids in patients with stable coronary artery disease. Nutrition 2021, 91, 111411. [Google Scholar] [CrossRef]

	



Rosato, V.; Temple, N.J.; La Vecchia, C.; Castellan, G.; Tavani, A.; Guercio, V. Mediterranean diet and cardiovascular disease: A systematic review and meta-analysis of observational studies. Eur. J. Nutr. 2019, 58, 173–191. [Google Scholar] [CrossRef]

	



Heileson, J.L. Dietary saturated fat and heart disease: A narrative review. Nutr. Rev. 2020, 78, 474–485. [Google Scholar] [CrossRef]

	



Eckel, R.H.; Jakicic, J.M.; Ard, J.D.; de Jesus, J.M.; Miller, N.H.; Hubbard, V.S.; Lee, I.M.; Lichtenstein, A.H.; Loria, C.M.; Millen, B.E.; et al. 2013 AHA/ACC guideline on lifestyle management to reduce cardiovascular risk: A report of the American College of Cardiology/American Heart Association Task Force on Practice. Guidelines. Circulation 2014, 129 (Suppl. S2), S76–S99. [Google Scholar] [CrossRef][Green Version]

	



Fialon, M.; Salas-Salvadó, J.; Babio, N.; Touvier, M.; Hercberg, S.; Galan, P. Is fop nutrition label nutri-score well understood by consumers when comparing the nutritional quality of added fats, and does it negatively impact the image of olive oil? Foods 2021, 10, 2209. [Google Scholar] [CrossRef] [PubMed]








[image: Nutrients 15 02127 g001 550] 





Figure 1. Radar chart for the score points assigned to SFA, oleic acid (18:1), linoleic acid (18:2), α-linolenic acid (18:3), eicosapentaenoic and docosahexaenoic acids (EPA + DHA), trans fatty acids (TFA), hydroxytyrosol (OHTyr), tocopherols and phytosterols in VOO. 
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Figure 2. Heat map charts showing the content in SFA (A), oleic acid (B), linoleic acid (C), α-linolenic acid (D), tocopherols (E), and phytosterols (F) of the edible oils evaluated. Colors show the areas with more or less (light blue) oils and fats with similar scores and concentrations of a particular component expressed as frequency. 
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Table 1. Dietary reference values according to the FAO, USDA, and EFSA, including approved claims for hydroxytyrosol and plant sterols.
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	Nutrient 1
	FAO/WHO

[5,6]
	USDA/FDA

[9]
	EFSA

[7,8]
	2000 Kcal
	750

Kcal
	100 g

Fat/Oil





	SFA (g/day)
	<10% E
	ALAP
	ALAP
	<22.2
	<7.0
	<9.0



	18:1
	
	>70%
	
	
	
	>70



	18:2 (g/day)
	2–3% E
	5–10% E
	4% E
	3.6–13.5
	1.3–4.7
	1.6–6.1



	18:3 (g/day)
	0.5–2% E
	0.6–1.2% E
	0.5% E
	1.1–4.4
	0.4–1.7
	0.5–2.2



	EPA + DHA (g/day)
	0.25–2.00
	
	0.25
	0.25–2.00
	0.09–0.70
	0.11–0.90



	TFA (mg/day)
	<1% E
	ALAP
	ALAP
	<2.2
	<0.7
	<0.9



	Tocopherols

(Vit. E) (mg/day)
	7.5–10
	12–15
	11–13
	7.5–15.0
	2.6–5.3
	3.4–6.7



	Hydroxytyrosol
	
	
	5 mg/20 mL [13]
	
	
	25 mg/100 mL



	Phytosterols (g/day)
	
	
	1.5–3.0 [12]
	1.5–3.0
	0.5–1.1
	0.7–1.4







1 For the calculation, a daily energy intake of 2000 kcal was taken into account and the contribution of each nutrient was calculated for a fat intake of 35% (700 kcal), as recommended by the FAO. Then, the concentration of each nutrient per 100 g of fat was calculated. For oleic acid, a claim approved by the FDA was considered. For hydroxytyrosol and sterols, claims approved by the EFSA were considered. ALAP, as low as possible; E, energy; and Vit. E, vitamin E.
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Table 2. Sum of points, normalized sum, and nutritional quality score of the oils.
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	Rank
	Oil
	Sum
	Normalized Sum 1
	Score





	1
	Olive, virgin
	8
	22
	100



	2
	Flaxseed
	5
	19
	86



	3
	Olive, common
	5
	19
	86



	4
	Olive, pomace
	5
	19
	86



	5
	Evening primrose
	4
	18
	82



	6
	Sunflower, high-oleic
	4
	18
	82



	7
	Sesame
	4
	18
	82



	8
	Avocado
	2
	16
	73



	9
	Chia
	2
	16
	73



	9
	Corn
	2
	16
	73



	11
	Grapeseed
	2
	16
	73



	12
	Salmon
	2
	16
	73



	13
	Sardine
	2
	16
	73



	14
	Walnut
	2
	16
	73



	15
	Almond
	1
	15
	68



	16
	Camelia
	1
	15
	68



	17
	Canola
	1
	15
	68



	18
	Hazelnut
	1
	15
	68



	19
	Herring
	1
	15
	68



	20
	Safflower
	1
	15
	68



	21
	Sunflower
	1
	15
	68



	22
	Argan
	−1
	13
	59



	23
	Sacha-inchi
	−1
	13
	59



	24
	Soybean
	−1
	13
	59



	25
	Cotton
	−2
	12
	55



	26
	Palm
	−2
	12
	55



	27
	Peanut
	−2
	12
	55



	28
	Beef tallow
	−4
	10
	45



	29
	Lard
	−4
	10
	45



	30
	Butter
	−7
	7
	32



	31
	Margarine
	−11
	3
	14



	32
	Coconut
	−14
	0
	0







1 Sums were normalized by subtracting the lowest area (coconut oil) to the sum of each oil. The score was calculated as the percentile of the normalized sums.
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Table 3. Regression coefficients for the association of nutrient content in the oils and the score.
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	Nutrient
	Spearman’s

Rho Coefficient
	p
	CI (95%)





	SFA
	−0.503
	0.0034
	−0.724 to −0.187



	18:1
	0.190
	0.3067
	−0.176 to 0.510



	18:2
	0.158
	0.3892
	−0.202 to 0.480



	18:3
	0.326
	0.0684
	−0.025 to 0.606



	Tocopherols
	0.039
	0.8329
	−0.314 to 0.382



	Phytosterols
	0.357
	0.0449
	0.009 to 0.628
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Table 4. AUC, optimal cut-off point, sensitivity, specificity, and Youden Index in the ROC curve analysis of six criteria used in the score.
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	Nutrient
	AUC
	SD 1
	95% CI 2
	p Value
	Cut-off
	Sensitivity
	Specificity
	Youden Index





	SFA
	0.906
	0.045
	0.818–0.995
	<0.0001
	42.2
	0.906
	0.875
	0.781



	18:1
	0.770
	0.062
	0.648–0.892
	0.0002
	52.8
	0.844
	0.677
	0.521



	18:2
	0.892
	0.042
	0.809–0.975
	<0.0001
	53.9
	0.844
	0.844
	0.688



	18:3
	0.954
	0.032
	0.891–1.016
	<0.0001
	12.2
	0.969
	0.875
	0.844



	Tocopherols
	0.718
	0.070
	0.582–0.855
	0.0027
	67.6
	0.656
	0.681
	0.338



	Phytosterols
	0.777
	0.072
	0.637–0.918
	0.0001
	76.4
	0.781
	0.781
	0.563







1 SD, standard deviations; 2 CI, coefficient interval.
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