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β-carotene is a carotenoid, known as one of the main sources of provitamin A and its low diet assumption is one of the major deficiencies among children in Africa and Asia. Even when incorporated into oils, it degrades at high temperatures, which leads to the loss of its antioxidant properties, affecting the nutritional quality and shelf life of the oil. 
The objectives of this research were (1) to study the degradation kinetics of β-carotene in selected commercial cooking oils at frying temperatures (180°C) over time (up to 30 min); and (2) to investigate the effect of the addition of the synthetic antioxidant BHT (butylated hydroxytoluene) on preventing the degradation of β-carotene during frying. 
Five different oils (olive oil, extra virgin olive oil, sunflower oil, rapeseed oil and coconut oil) were analysed, and degradation of β-carotene was monitored based on a spectrophotometric method. The oxidative state of the oils was assessed by measuring the acidity and peroxide values. Finally, the fatty acid profile of sunflower and coconut oil was evaluated through GC-FID. The findings revealed that BHT does not significantly protect β-carotene from thermal degradation in all oils. Notably, β-carotene degraded faster in coconut oil, which is rich in saturated fatty acids, compared to sunflower oil, which contains a higher proportion of polyunsaturated fatty acids. So, the fatty acid composition of the oil plays a crucial role in the degradation process. 
1. Introduction
The Food and Agriculture Organization of the United Nations (FAO) used data on food composition analysis to create the World Food Survey. The primary energy source is represented by macronutrients or carbohydrates, lipids and proteins. Edible oils contain special lipid components, of which triglycerides are the main and significant ones. The degree of health benefits of different oils has been a highly debated area of research (Xiang et al., 2024).
Global production of vegetable oils has increased by 240%, reaching over 219 million tons worldwide in 2023 (USDA). The major oils are olive oil, coconut oil, cotton-seed oil, peanut oil, palm kernel oil, sunflower oil, rapeseed oil and soybean oil, whose global production (× 100,000 tons) in 2022  was 28.21, 35.9, 50.10, 64.99, 88.26, 200.61, 316.52 and 618.75, respectively (USDA, 2025).
Edible oils are an important component of food processing which significantly modify the raw materials and ingredients of the recipes, increasing the caloric content, and promoting the sensory, taste and texture of finished products (Xiang et al., 2024).
One of the most used and oldest methods in the world for preparing food is frying which is carried out at high temperatures. Due to the high temperatures that occur in the frying process, a series of complex reactions such as hydrolysis, oxidation and polymerization occur. Furthermore, hydroperoxides are formed which are important oxidation products formed during frying. The latter decomposes to give secondary products such as esters, aldehydes, alcohols, ketones, lactones and hydrocarbons. Due to the formation of these secondary products, there is a loss of nutritional value and the formation of compounds that influence flavor. To prevent and slow down these reactions, synthetic antioxidants such as BHT, the subject of this study, are used (Cui et al., 2017).
In some vegetable oils there is a pigment that gives an orange color, β-carotene. It is a molecule that degrades in the presence of light and heat; therefore, it is lost in the oil refining processes. β-carotene is widely used as a natural colorant and preservative in the food industry (Yilmaz et al., 2017), since it has antioxidant properties that protect against damage caused by other molecules such as free radicals (Elik et al., 2020). β-carotene can be consumed to make up for vitamin A deficiency as it is a pro-vitamin. Vitamin A deficiency is a major public health problem worldwide, particularly in Asia and Africa. Along with zinc and iron deficiencies, it is one of the three most chronic nutritional deficiencies. Globally, an estimated 250 million preschool children are vitamin A deficient (Chen et al., 2021; Kumar et al., 2024;).
The objectives of this research were (1) to study the degradation kinetics of β-carotene in selected commercially available cooking oils at frying temperatures (180°C) over time (up to 30 min); and (2) to investigate the effect of BHT on preventing the degradation of β-carotene under those conditions. Five commercial cooking oils were tested including olive oil, extra virgin olive oil, rapeseed oil, sunflower oil and coconut oil at frying condition. Analysis of β-carotene as well as determination of acid and peroxide values and free fatty acid profiles of the treated oils were carried out.
2. Materials and methods
[bookmark: 7.3_Oil_Samples][bookmark: _bookmark29][bookmark: 7.4_Sample_Preparation][bookmark: _bookmark30]2.1 Experimental plan
Stock solutions of β-carotene and BHT were prepared as follows: 10 µg of β-carotene were dissolved in each of the cooking oils (100 mL) under stirring with the help of a magnetic bar and away from the natural light using aluminum foil to cover the flask. The same protocol was followed to prepare the BHT stock solution but in this case 2 g of BHT were dissolved in 100 mL of oil. This amount of BHT was used because it is the maximum amount of this antioxidant reported in the regulation (EC) No 1333/2008.
Samples of cooking oil (90 mL) were transferred into Duran bottle (200 mL) and added with either 10 mL of β-carotene stock solution or 1 mL of BHT stock solution to get final concentration of BHT and β-carotene in the oil samples 0.02% and 0.01%, respectively. Three different samples were prepared for each treatment for each cooking oil. 
To simulate frying conditions, 90 mL of oil were transferred to a beaker (100 mL) and placed on a heating plate with the temperature set at 180 °C. This temperature was chosen because 180°C is a classic frying temperature used for cooking and frying. Once the temperature of 180°C was reached, 10 mL of β-carotene stock solution were added to the oil monitoring that the temperature remained constant at 180 °C (a thermometer was used to check and record the temperature immediately after the addition of the stock solution and throughout the duration of the experiment). The same procedure was followed when adding 1 mL from the BHT stock solution.
After adding the stock solution, samples were taken from the oil at various time intervals (0, 5, 10, 20, 25, 30 min). The temperature of 180°C and the selected times were chosen because they are values observed during deep-fat frying (Totani et al., 2013; Kumar et al., 2024). Each sample was immediately placed in an ice bath to bring the temperature down and prevent the degradation of β-carotene. The experiments were performed in triplicate for each oil for each of the treatments.
2.2 Analyses
A spectrophotometer (JENWAY 6315 Spectrophotometer) was used to measure the levels of β-carotene in the samples. To do this, the spectrophotometer was calibrated by initially measuring the absorbance of the blank, hexane. Subsequently, samples containing known amounts of β-carotene or BHT (0.2 mL of each sample) were mixed with 3.8 mL of hexane, and the absorbance was measured at 450 nm. The obtained results were used to construct the calibration curve.
Analysis of the acid value of the oil sample preparations was done using the ISO 660:2020. Treated oil (1 g) was weighed into a 50 mL flask containing 5 mL of alcohol:diethyl ether (1:1), added with two drops of phenolphthalein and then titrated with 0.1 N KOH. The acid value is expressed as mgKOH/g.
The peroxide value (PV) analysis was performed and expressed as meqO2/kg according to the modified AOCS Cd 8b-90 method. Treated oil (1 g) was dissolved in a mixture of acetic acid and chloroform (3:2 V:V). After adding potassium iodide (KI), the solution was kept in the dark for 5 min. Then, 15 mL of distilled water were added and stirred to prevent phase separation. The developed iodine was titrated with Na₂S₂O₃ · 5H₂O 0.01 N, using 1% starch as an indicator. 
Analysis of the free fatty acids in the treated oils was carried by Gas Chromatography – Flame Ionization Detection using an Agilent Technologies 7890B GC System. Treated oil (0.1 g) was carefully weighed into a test tube, then 5 mL of hexane was added to the oil and mixed well to dissolve the oil. Then, 1.0 mL of methanolic potassium hydroxide solution (2 M) was added to each tube and the tube was shaken for 30 sec to obtain a clear solution. For each sample, 0.5 mL of the fatty acid methyl esters (FAMEs) solution contained in the top layer of hexane were transferred to a vial and diluted to a total volume of 1.0 mL. The FAMEs samples (1 µL) were injected into a gas chromatograph equipped with a flame ionization detector. The column used was BPX-70 Capillary Column (12 m × 0.25 mm, 0.25 µm film thickness). The flow rate of the carrier gas (helium) was 1.0 mL/min. The injector and detector temperatures were 220 and 250°C, respectively. The column oven temperature was programmed with an initial temperature of 120°C and then increased to 170°C at a rate of 10°C/min, and maintained for 5 min. The identities of FAMEs were confirmed by conducting gas chromatography under conditions identical to those for authentic FAMEs (CRM47885, Supelco 37 Component FAME Mix). 
All the results obtained were performed in triplicate and reported in this report as mean values ± standard deviation of the technical and analytical replicates performed. The influence of β-carotene and BHT on the various quality characteristics of the oils was assessed by two-way analysis of variance (ANOVA) using XLSTAT Statistics Software 2024.2.2 (Lumivero, Denver, CO, USA). In the case of significant influence, the means were discriminated using Tukey’s post-hoc test, at a 95% confidence level.
2.4 Degradation of β-carotene 
One of the objectives of this research was to investigate the degradation of β-carotene in oils enriched with β-carotene at frying temperatures of 180°C and whether BHT offered any protection. The evolution of β-carotene content following heat exposure of oils with and without the antioxidant BHT was then carried out, was elaborated according to a first-order kinetics model Eq(1) in order to deduce the degradation rate constant.
 			(1)
Where Ct and C0 are β-carotene concentration at the beginning and at time t of a given frying experiment, k is the first order isothermal rate constant (h-1).		
3. Results and discussion
[bookmark: 8.1_Efficiency_of_BHT_on_β-carotene_degr][bookmark: _bookmark39]3.1 Efficiency of BHT on β-carotene degradation in five different oils
Table 1 shows the β-carotene content over frying time, in the presence or absence of the antioxidant BHT, in different oils. 
Table 1: Evolution of β-carotene content as µg/mL during frying of different oils with or without BHT addition and values of degradation rate constants (k) for a first order degradation kinetics model.  O: Olive oil; EVO: Extra Virgin Olive Oil; S: Sunflower oil; R: Rapeseed oil; C: Coconut oil. Values are reported as means ± s.d. Same letters in the same column indicate means not statistically different.
	β-carotene concentration (µg/mL)

	Time (min)
	O
	EVO
	S
	R
	C

	0-βc
	0.505 ± 0.041a
	0.564 ± 0.034a
	0.502 ± 0.018a
	0.514 ± 0.006a
	0.475 ± 0.048b

	0-βc-BHT
	0.526 ± 0.028a
	0.575 ± 0.024a
	0.508 ± 0.016a
	0.490 ± 0.003b
	0.545 ± 0.020b

	5-βc
	0.436 ± 0.047b
	0.500 ± 0.022b
	0.427 ± 0.021b
	0.459 ± 0.007c
	0.251 ± 0.048c

	5-βc-BHT
	0.453 ± 0.043b
	0.502 ± 0.007b
	0.422 ± 0.020b
	0.436 ± 0.007d
	0.266 ± 0.013c

	10-βc
	0.359 ± 0.012c
	0.416 ± 0.016c
	0.380 ± 0.020c
	0.399 ± 0.008e
	0.132 ± 0.016d

	10-βc-BHT
	0.377 ± 0.033c
	0.435 ± 0.010c
	0.387 ± 0.016c
	0.391 ± 0.016e
	0.143 ± 0.011d

	15-βc
	0.297 ± 0.022d
	0.344 ± 0.007c
	0.339 ± 0.010d
	0.344 ± 0.011f
	0.064 ± 0.016ef

	15-βc-BHT
	0.278 ± 0.016d
	0.371 ± 0.024d
	0.344 ± 0.013d
	0.357 ± 0.007f
	0.092 ± 0.005e

	20-βc
	0.175 ± 0.030e
	0.280 ± 0.020d
	0.27 ± 0.008e
	0.313 ± 0.015g
	0.031 ± 0.012gh

	20-βc-BHT
	0.245 ± 0.024d
	0.322 ± 0.005e
	0.304 ± 0.005f
	0.303 ± 0.016g
	0.058 ± 0.005ef

	25-βc
	0.147 ± 0.036ef
	0.227 ± 0.011e
	0.238 ± 0.022g
	0.266 ± 0.015h
	0.019 ± 0.010g

	25-βc-BHT
	0.168 ± 0.020de
	0.275 ± 0.011f
	0.27 ± 0.003f
	0.259 ± 0.017h
	0.044 ± 0.000gh

	30-βc
	0.113 ± 0.027f
	0.184 ± 0.015f
	0.219 ± 0.030g
	0.224 ± 0.013i
	0.011 ± 0.006g

	30-βc-BHT
	0.138 ± 0.019de
	0.212 ± 0.011gf
	0.225 ± 0.013g
	0.238 ± 0.015i
	0.018 ± 0.003g

	K h-1-βc
	2.88
	2.16
	1.8
	1.44
	7.56

	K h-1-βc-BHT
	2.52
	1.8
	1.44
	1.44
	6.84

	R2-βc
	0.985
	0.996
	0.997
	0.998
	0.999

	R2-βc-BHT
	0.993
	0.996
	0.997
	0.997
	0.994



For all oils, regardless of the presence of BHT, a significant decrease (p < 0.05) in β-carotene levels is observed. However, statistically significant differences are observed in olive oil and sunflower oil at 20 and 30 min., and in EVO at 20, 25, and 30 min. This behavior shows that, overall, BHT does not have a protective effect against β-carotene degradation. This phenomenon, as reported by Zeb et al. (2013), is due to the low resistance of BHT to temperatures above 140°C. The behavior of liquid oils is very similar, with the kinetics constant k values ranging from 1.44 h-1 for rapeseed oil to 2.88 h-1 for olive oil. Coconut oil, however, shows a completely different behavior, with k equal to 7.56 h-1 in the absence of BHT and 6.84 h-1 in the presence of BHT. These values indicate that β-carotene degrades much faster in coconut oil than in liquid oils. This different behavior and the resulting degradation of β-carotene are due to the different composition of the oils. Coconut oil is made up of 96% saturated fatty acids, while only 4% consists of monounsaturated fatty acids. Sunflower oil, on the other hand, is composed of 86.8% polyunsaturated fatty acids, with the remainder split between monounsaturated and saturated (O’Brien, 2009). β-carotene degrades with heat mainly due to the instability of its conjugated double bonds.
Based on the first results, two oils were selected for further analysis due to their very different behaviors: coconut oil and sunflower oil. It was hypothesized that the behavior of these two oils was different because their fatty acid compositions were different, therefore analysis of the acid value and peroxide value were conducted to help explain this. As shown in Table 2, acid values showed no significant differences up to 15 min. but became statistically different at 20, 25, and 30 min. Notably, coconut oil samples enriched with β-carotene and BHT had lower values at 25 and 30 min. Peroxide levels increased in all samples at 180°C, with a significant rise at 30 min. After 15 min., statistical differences emerged: pure coconut oil had similar peroxide levels to BHT-enriched oil, while coconut oil with β-carotene had lower levels compared to the other groups.
Table 2: Acid value and peroxide value of coconut oil during frying at 180°C, as it is or with addition of β-carotene &/or BHT. Values are reported as means ± s.d. Same letters in the same column indicate means not statistically different.
	Min
	Acid Value mgKOH/g
	Peroxide Value meqO2/kg

	
	C
	C-BHT
	C-βc
	C-βc-BHT
	C
	C-BHT
	C-βc
	C-βc-BHT

	0
	0.15±0.04ab
	0.15±0.01a
	0.14±0.01a
	0.14±0.01a
	86.67±15.28a
	50.00±11.55a
	46.67±5.77a
	50.00±10.00a

	5
	0.16 ± 0.05ab
	0.16 ± 0.02ab
	0.14 ± 0.01a
	0.14 ± 0.01a
	103.33±20.82b
	63.33 ±15.28b
	56.67 ± 5.77ab
	56.67±15.28ab

	10
	0.18± 0.02abc
	0.20 ± 0.02bcd
	0.18 ± 0.04abc
	0.14 ± 0.01a
	106.67±26.46b
	80.00± 15.28c
	66.67 ± 5.77ab
	66.67±15.28ab

	15
	0.23 ± 0.04def
	0.21 ± 0.01cd
	0.20 ± 0.02bcd
	0.16 ± 0.02ab
	116.67±26.46c
	93.33±15.28c
	80.00±10.00ab
	80.00±20.00b

	20
	0.23 ± 0.04def
	0.21 ± 0.01cd
	0.23 ± 0.02be
	0.20± 0.02bcd
	130.00±15.28d
	123.33±10.00d
	93.33 ±15.28b
	93.33±25.17b

	25
	0.26 ± 0.02efg
	0.28 ± 0.01gh
	0.26 ± 0.02fgh
	0.20± 0.03bcd
	143.33±25.17e
	140.00±15.28e
	106.67±20.82c
	113.33±25.17c

	30
	0.31 ± 0.04h
	0.29 ± 0.01gh
	0.26 ± 0.02fgh
	0.23 ± 0.02de
	180.00±15.28f
	150.00±10.00f
	120.00±22.55c
	130.00±20.82c


Table 3: Acid value and peroxide value of sunflower oil during frying at 180°C, as it is or with addition of b-carotene &/or BHT. Values are reported as means ± s.d.
	Min
	Acid Value mgKOH/g
	Peroxide Value meqO2/kg

	
	S
	S-BHT
	S-βc
	S-βc-BHT
	S
	S-BHT
	S-βc
	S-βc-BHT

	0
	0.26±0.01ab
	0.25±0.01ab
	0.25±0.01a
	0.25±0.01ab
	56.67±5.77ab
	40.00±0.01de
	43.33±5.77ab
	36.67±5.77a

	5
	0.26±0.01abc
	0.27±0.01bc
	0.26±0.01abc
	0.27±0.01cd
	63.33±5.77b
	43.33±5.77ef
	46.67±5.77bc
	46.67±5.77bc

	10
	0.28±0.01fg
	0.27±0.01de
	0.28±0.01fg
	0.28±0.01ef
	63.33±5.77bc
	46.67±5.77ef
	50.00±0.01cd
	46.67±5.77bc

	15
	0.29±0.01gh
	0.29±0.01g
	0.29±0.01g
	0.29±0.01gh
	73.33±5.77bc
	50.00±0.01gh
	60.00±0.01e
	50.00±5.77cd

	20
	0.30±0.01hi
	0.31±0.01ij
	0.31± 0.01ij
	0.31±0.01ij
	73.33±5.77cd
	50.00±0.01gh
	70.00± 0.01fg
	50.00±0.01cd

	25
	0.32±0.01jk
	0.32±0.01kl
	0.32±0.01lm
	0.32±0.01kl
	80.00±0.01cd
	50.00±0.01hi
	70.00±0.01fg
	56.67±0.01de

	30
	0.33±0.01l
	0.34±0.01m
	0.34±0.01lm
	0.34±0.01m
	86.67±5.77e
	60.00±0.01fg
	70.00±0.01fg
	60.00±0.01d



There was a statistically significant increase in the acid value in sunflower oil for all samples at a frying temperature of 180°C as shown in Table 3. For this oil, unlike coconut oil, there was no statistically significant difference between the samples to which antioxidants were added. The peroxide values for the samples enriched with β-carotene and those enriched with both β-carotene and BHT show similar values, and close to those of the oil with no antioxidants. The samples of pure oil and oil enriched with only BHT show no statistically significant differences, and the values are higher than those of the samples enriched with β-carotene. This is due to the low heat resistance of BHT, as it degrades at temperatures above 140°C, losing its antioxidant effect.
3.2 Influence of β-carotene and BHT on the free fatty composition
Figure 1 shows that coconut oil exposed to 180°C presents an increase in the percentage of saturated fatty acids (SFA) and a decrease in mono (MUFA) and polyunsaturated fatty acids (PUFA) compared to the initial conditions at room temperature. Samples containing only coconut oil and those enriched with BHT show the same behavior, with an increase in SFA and a decrease in MUFA and PUFA. When coconut oil is enriched with β-carotene or with both β-carotene and BHT, the same trend of increased SFA and decreased MUFA and PUFA is observed, but in these cases, the changes are minimal and statistically not significant, like the conditions of crude oil. This suggests that BHT has no significant effect, as it loses its antioxidant activity at high temperatures. In contrast, β-carotene, being an antioxidant, shows a significant protective effect against thermal oxidation by oxidizing itself.

Figure 1 Comparative protective activity of BHT at concentration of 0.02% and of β-carotene at concentration of 0.01% on the changes in fatty acid composition in coconut oil. SFA means saturated fatty acid; MUFA: monounsaturated fatty acid; PUFA: polyunsaturated fatty acid. 

Figure 2: Comparative protective activity of BHT at concentration of 0.02% and of β-carotene at concentration of 0.01% on the changes in fatty acid composition in sunflower oil. SFA means saturated fatty acid; MUFA: monounsaturated fatty acid; PUFA: polyunsaturated fatty acid.
Figure 2 reports the values of fatty acids of sunflower oil at room temperature and the values of fatty acids of sunflower oil at frying temperature of 180°C. The percentage of saturated fatty acids SFA increased after exposure of sunflower oil samples to high temperature. However, the values of MUFA and PUFA decreased compared to the starting conditions of the oil at room temperature and decreased after 30 min. of heat exposure. Analysing the SFA, MUFA and PUFA values of the different treatments, it was found no significant statistical difference, therefore in sunflower oil there is no antioxidant effect given by  β-carotene and BHT. The antioxidant BHT was added to test its effectiveness in preventing β-carotene degradation, but it proved ineffective due to high temperatures, as previously reported by Yehye et al. (2015). β-carotene, although an antioxidant, also degrades rapidly, thus losing its antioxidant properties due to its chemical structure, which is vulnerable to heat and oxidation (Donhowe and Kong, 2014). Despite this, β-carotene had a significant protective effect in coconut oil, slowing down the oxidation of fatty acids, but not in sunflower oil. This is because sunflower oil contains polyunsaturated fatty acids, particularly linoleic acid, which are more susceptible to oxidation at high temperatures (Xiang et al., 2024). 
4 Conclusions
[bookmark: OLE_LINK1]One of the objectives of the research was to study the behavior of BHT as a protection against the degradation of β-carotene. It is possible to note that BHT at frying conditions of 180°C did not have a protective effect against the degradation of β-carotene. In addition, the degradation of β-carotene in the oils seemed dependent on the fatty acid composition of each oil as the degradation of β-carotene was observed to be faster in coconut oil, mostly composed of saturated fatty acids when compared to sunflower oil, high in polyunsaturated fatty acids, resulting in a much slower degradation of β-carotene. Another objective of the research was to study the behavior of coconut oil and sunflower oil in the presence of the antioxidants β-carotene and BHT at frying conditions at a temperature of 180°C.  An increase in saturated fatty acids, and a decrease  in  monounsaturated  and polyunsaturated fatty acids can be observed in both oils. The presence of BHT was insignificant in both oils, but it was possible to note that β-carotene had positive effects against the oxidation of the coconut oil sample.
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SFA Oil 	0	Valore	1.6761398262938225	1.9671082372225888	1.6253477114977288	1.6208658597369894	1.6665739965931154	1.5967468449051359	1.6762594417141268	0.87130422005956332	1.1750803614131053	0.87513831918253304	0.87026356764410717	0.90430115488779594	0.85224985868719094	0.91914109930817556	0.80701867332500854	0.80493358609314525	0.75020950006904097	0.75068049835238926	0.76227296352917262	0.74449761513316159	0.75785735926260733	1.4502052743569556	1.3888485831593225	1.4156730511194586	1.5020503767918298	1.5206448779386816	1.4691160885652781	1.5086212672927211	0.77150111224789619	0.72720041088894316	0.74583874996081978	0.80749346769832964	0.82479653486335658	0.79082838201992434	0.82636578789769588	0.67875015522262716	0.66164838413943583	0.66989340477614323	0.69455754362428257	0.69605918237620068	0.67834514437658489	0.6822883572750551	1.3586132706241354	1.3436057897591331	1.440759055199808	1.3508272358217646	1.3837688718338235	1.3950100620526227	1.4001539437334767	0.63763487132320351	0.62566260781470928	0.6981761241908474	0.63136896743966964	0.65200637685085394	0.66197247017208449	0.66666351736797358	0.72114053889990559	0.71803543398882119	0.74258294790447721	0.71962903097499187	0.73179306476106565	0.73312547099317371	0.73396491715695644	1.4305629376417348	1.3694612510553101	1.3870209904699335	1.3200124087616549	1.42211036939327	1.2530488244772553	1.4351403982009598	0.6835055777011152	0.64491687660970998	0.65461842961458971	0.59991321990162816	0.67229527711937298	0.54625648079023215	0.67755078672457769	0.74709562725303269	0.72472041106041241	0.73240452820999791	0.72015634528822214	0.74990259137787207	0.70928556751872318	0.75774422647418271	1.5	0.7	0.6	1.6761398262938225	1.9671082372225888	1.6253477114977288	1.6208658597369894	1.6665739965931154	1.5967468449051359	1.6762594417141268	0.87130422005956332	1.1750803614131053	0.87513831918253304	0.87026356764410717	0.90430115488779594	0.85224985868719094	0.91914109930817556	0.80701867332500854	0.80493358609314525	0.75020950006904097	0.75068049835238926	0.76227296352917262	0.74449761513316159	0.75785735926260733	1.4502052743569556	1.3888485831593225	1.4156730511194586	1.5020503767918298	1.5206448779386816	1.4691160885652781	1.5086212672927211	0.77150111224789619	0.72720041088894316	0.74583874996081978	0.80749346769832964	0.82479653486335658	0.79082838201992434	0.82636578789769588	0.67875015522262716	0.66164838413943583	0.66989340477614323	0.69455754362428257	0.69605918237620068	0.67834514437658489	0.6822883572750551	1.3586132706241354	1.3436057897591331	1.440759055199808	1.3508272358217646	1.3837688718338235	1.3950100620526227	1.4001539437334767	0.63763487132320351	0.62566260781470928	0.6981761241908474	0.63136896743966964	0.65200637685085394	0.66197247017208449	0.66666351736797358	0.72114053889990559	0.71803543398882119	0.74258294790447721	0.71962903097499187	0.73179306476106565	0.73312547099317371	0.73396491715695644	1.4305629376417348	1.3694612510553101	1.3870209904699335	1.3200124087616549	1.42211036939327	1.2530488244772553	1.4351403982009598	0.6835055777011152	0.64491687660970998	0.65461842961458971	0.59991321990162816	0.67229527711937298	0.54625648079023215	0.67755078672457769	0.74709562725303269	0.72472041106041241	0.73240452820999791	0.72015634528822214	0.74990259137787207	0.70928556751872318	0.75774422647418271	1.5	0.7	0.6	89.47	89.158945846843253	89.950926662986646	89.638342057580658	89.604004422282699	89.785429507366999	89.732188677288491	7.97	8.2339970496825945	8.0194201209525193	7.8964460689585074	7.9299806413230911	7.8275978734494167	7.8784140833012497	2.79	2.6070571034741414	2.5579397885813329	2.4652118734608286	2.4660149363942194	2.3869726191835867	2.3893972394102878	90.294333000270456	90.253173818418915	90.388988461325724	90.352714161137456	90.401209100099805	90.451017725114582	90.47718370908963	7.5165171505168242	7.5447927116199676	7.4697294335023967	7.4968067641334981	7.4752299898977697	7.4503474319668523	7.4526435271324241	2.1891498492127082	2.2020334699611048	2.1412821051718796	2.150479074729049	2.1235609100023973	2.0986348429185591	2.0701727637779568	87.434081493820258	87.307659823652557	87.239347059236152	87.266770624478184	87.354115222719059	87.383087581590217	87.44158199515401	9.0763177049251027	8.9590653750333846	8.9995186055975331	9.0009290384351193	8.9812226175993999	8.9769418685232711	8.9600439052676695	3.8642074117342653	3.7332748013140535	3.7611343351663171	3.7323003370867021	3.6646621596815501	3.6399705498865162	3.5983740995783138	87.464947266631597	87.289215676672967	87.345586155129908	87.344329877587015	87.2915824514983	87.433395374235445	87.38961455250903	9.0645686773605938	8.9624968421377034	8.9410971825538414	8.9538620423355102	8.9927992082071846	8.9258884005429451	8.9657505564801969	3.8414490535493906	3.7482874811893256	3.7133166623162537	3.7018080800774613	3.7156183402945282	3.6407162252216239	3.6446348910107615	87	10	4	MUFA Oil	0	PUFA Oil 	0	SFA Oil + BHT 	0	MUFA Oil + BHT 	0	PUFA Oil + BHT	0	SFA Oil + β-carotene 	0	MUFA Oil + β-carotene 	0	PUFA Oil + β-carotene 	0	SFA Oil + β-carotene + BHT	0	MUFA Oil + β-carotene + BHT	0	PUFA Oil + β-carotene + BHT	0	SFA, MUFA e PUFA Crude oil	0	Fatty acids %




Fatty acids Sunflower oil

Valore	1.47174755444761	1.0546948287723099	1.1314471776121999	1.6743733956342699	1.6743733956342699	1.956729512959446	1.8857672473955804	1.5242175421712094	1.7272162989850377	1.7410766818597723	1.7410766818597723	1.602620431967376	1.7740644203942262	1.6005440058580749	1.0150437125661047	0.35535053876415501	0.48671307344206449	0.48671307344206449	0.48671307344206449	0.24202459395777115	0.49183355464455508	1.0150437125661047	0.35535053876415501	0.48671307344206449	0.48671307344206449	0.48671307344206449	1.0150437125661047	0.35535053876415501	0.48671307344206449	0.48671307344206449	0.48671307344206449	0.24202459395777115	1.0150437125661047	0.35535053876415501	0.48671307344206449	0.48671307344206449	0.48671307344206449	1.0150437125661047	0.35535053876415501	0.48671307344206449	0.48671307344206449	0.48671307344206449	0.48	0.55000000000000004	0.6	0.3	0.25	0.32	0.26	0.4	0.46	0.32	0.26	0.4	0.26	0.4	0.46	0.32	0.26	0.4	0.46	0.32	0.27	0.42	0.44	0.25	0.7	0.42	0.47	0.42	0.44	0.25	0.42	0.44	0.25	0.7	0.42	0.44	0.25	0.7	0.42	0.47	0.1064125628755252	0.20541178695582654	0.7	0.5	0.3	1.47174755444761	1.0546948287723099	1.1314471776121999	1.6743733956342699	1.6743733956342699	1.956729512959446	1.8857672473955804	1.5242175421712094	1.7272162989850377	1.7410766818597723	1.7410766818597723	1.602620431967376	1.7740644203942262	1.6005440058580749	1.0150437125661047	0.35535053876415501	0.48671307344206449	0.48671307344206449	0.48671307344206449	0.24202459395777115	0.49183355464455508	1.0150437125661047	0.35535053876415501	0.48671307344206449	0.48671307344206449	0.48671307344206449	1.0150437125661047	0.35535053876415501	0.48671307344206449	0.48671307344206449	0.48671307344206449	0.24202459395777115	1.0150437125661047	0.35535053876415501	0.48671307344206449	0.48671307344206449	0.48671307344206449	1.0150437125661047	0.35535053876415501	0.48671307344206449	0.48671307344206449	0.48671307344206449	0.48	0.55000000000000004	0.6	0.3	0.25	0.32	0.26	0.4	0.46	0.32	0.26	0.4	0.26	0.4	0.46	0.32	0.26	0.4	0.46	0.32	0.27	0.42	0.44	0.25	0.7	0.42	0.47	0.42	0.44	0.25	0.42	0.44	0.25	0.7	0.42	0.44	0.25	0.7	0.42	0.47	0.1064125628755252	0.20541178695582654	0.7	0.5	0.3	58.225452052675884	58.067819928089605	58.065161063661243	57.892558617166614	57.993894634435669	58.046432523589296	57.642417440283076	30.506563348415138	30.685089478737655	30.790585225689043	31.032868466825729	30.901006522884312	30.871734842754751	31.118537398844353	11.539512759069718	11.566005992982774	11.448181720423518	11.412621791297415	11.399024738526434	11.370140935923377	11.545828659124631	59.142724452668716	59.138009823485469	59.139538171635031	58.945229424928456	58.830642628317939	58.782530400600599	59.010684541993832	29.633759978611401	29.614264672851917	29.704318215694165	29.618920053792177	29.695754824312299	29.827125365656656	29.845666916507263	11.491144046726902	11.536243995360399	11.424875867203891	11.713461675909791	11.655380586008919	11.665426242535938	11.415432335161055	59.227405213691419	59.249224188290064	59.311037279990117	59.200918755085894	59.065100692265894	59.041264760327635	59.009838901270861	29.75517074407864	29.640680329007104	29.734921512118639	29.73012122354158	29.773905176002916	29.850216824014822	29.925588062397029	11.295508973542487	11.381439235746562	11.219984203519347	11.336373632482475	11.447008272923844	11.384954756780685	11.329847423467656	59.108866584698696	59.108866584698696	59.214339439744144	59.121472972894672	59.091879125796623	59.005424458858414	58.877764193285508	29.695797298491165	29.695797298491165	29.67198628579775	29.701042408834979	29.853619458079301	29.816620108198322	29.825276894493104	11.514917362721317	11.514917362721317	11.421746154995274	11.177484618270356	11.336182195137114	11.460460220727246	11.588676584516445	63	32	10	PUFA Oil	1	MUFA Oil 	1	SFA Oil	1	PUFA Oil + BHT 	1	MUFA Oil + BHT 	1	SFA Oil + BHT 	1	PUFA Oil + β-carotene 	1	MUFA Oil + β-carotene 	1	SFA Oil + β-carotene 	1	PUFA Oil + β-carotene + BHT	1	MUFA Oil + β-carotene + BHT	1	SFA Oil + β-carotene + BHT	1	PUFA, MUFA e SFA Crude oil 	1	Fatty acids %
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