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			Abstract | The antioxidant efficacy of the spinach extract was evaluated by addition in sunflower oil (SFO) as natural antioxidant. Three different concentrations of spinach extract, SFO-800, SFO-1600 and SFO-2400 ppm were supplemented to sunflower oil at 25oC and 60oC along with standard synthetic antioxidants butylated hydroxianisole (BHA), butylated hydroxytoluene (BHT). The stabilization of sunflower oil with spinach extract as natural antioxidant was monitored by evaluating oxidation in terms of peroxide value, free fatty acid value, iodine value, conjugated dienes, conjugated trienes and para-anisidine value. Spinach extract with maximum concentration showed significant effectiveness in oxidative stabilization of the sunflower oil. 
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			Introduction

			Rancidity caused by the oxidation of unsaturated fats is one the major problem in food deterioration and use of antioxidants remained a possible remedy for its prevention (Comert and Gokmen, 2018; Pokorny et al., 2000; Wolf, 2005). Cooking oils are susceptible to rapid degradation resulting in compositional changes and lowered nutritional values at high temperatures during frying (Alzaa et al., 2018; Dutta et al., 2006; Ngassapaa et al., 2012;). These undesirable changes occurring at elevated temperatures are due to oxidation of the fatty acids into free radical species (Dostalova et al., 2005; Dobarganes and Marquez, 2007). Various preservatives and treatments are in common practice such as introducing antioxidants in the oil in order to enhance the shelf-life (Rossell, 2001; Ullah et al., 2003). 

			Synthetic antioxidants such as butylated hydroxianisole (BHA), butylated hydroxytoluene (BHT) and propyl gallate are commonly used in edible oils but their use is discouraged due to their possible ill health effects (Aluyor and Ori-Jesu, 2008; Tortosa et al., 2020). The studies revealed that these synthetic antioxidants are prone to degradation and converted into decomposition products at frying temperatures (Abusaloua et al., 2019). Therefore, their use is prohibited due to toxic and carcinogenic effects. This encourages the demand for using antioxidants of natural origin in order to attain the possible preservation needs and their safety regarding health concerns (Atta et al., 2017; Taghvaei and Jafar, 2015). Natural antioxidants are more benign as compared to artificial antioxidants. There is continuously an increasing research interest in exploration of antioxidants from natural sources such as plants (Bera et al., 2006; Blasi and Cossignani, 2020; Metzner and Poiana, 2018). The enhanced antioxidant activity of plant derived materials has been well proven as they are rich in flavonoids and polyphenols (Shadyro et al., 2017; Tapera, 2019; Waheed et al., 2018).

			Sunflower oil is native to America and was domesticated around 1000 b.c. Major constituents of sunflower seed are oil (38-50%) and then protein (20%). Sunflower oil is the major known conventional seed oil due to its increased utility at commercial levels (Skoric, 2009). High quality attributes such as color, aroma, taste and fatty acid profile (71% of polyunsaturated fatty acid) makes sunflower oil prominent among other conventional edible oils with 11- 58% of unsaturated fat (Skoric et al., 2008). Hence there is possibility of increased oxidative deterioration of the sunflower oil because of high polyunsaturation as compared to other edible oils. So the effectiveness of antioxidants in stabilization of sunflower oil will be more pronounced (Kiokias et al., 2009).

			The efficacy of several plant based antioxidants were investigated resulting in significant inhibition of lipid peroxidation of sunflower oil (Mariod et al., 2006; Nasirullah and Latha, 2009; Popovich, 2008; Rafiee et al., 2011, 2012; Yim et al., 2011; Zaborowska et al., 2012). The antioxidant potential of the extracts from garlic were studied in sunflower oil stabilization and showed significant results (Iqbal and Bhanger, 2007). Essential oils of citron peel extract addition in sunflower oil to enhance thermal stability was investigated and promising result was obtained (Okhli et al., 2020).

			Spinach (Spinacia oleracea) shows exceptionally prominent antioxidant property as it is enriched with plant polyphenols, flavonoids and carotenoid compounds. These phytochemicals play a vital role as radical scavengers and hence exhibiting the anticarcinogenic and health promoting effects (Barzegar et al., 2007; Tehseen et al., 2014).

			The objective of present work was to exploit the antioxidant ability of spinach extract in oxidative stabilization of refined sunflower oil at 25oC and 60oC. The usual parameters used as indices of oxidation were assessed to establish the efficacy of spinach extracts as antioxidant in sunflower oil stabilization.

			Materials and Methods

			Sample

			Refined, Bleached and De-odorized (RBD) sunflower oil were purchased from local market.

			Spinach extract

			Spinach extract in methanol was prepared by blending and then antioxidant potential of the extract was scrutinized as reported in our previous work (Tehseen et al., 2014).

			Addition in sunflower oil

			The extract was then added in RBD Sunflower oil in three different concentrations (800 ppm, 1600ppm, 2400ppm) and thoroughly mixed by vigorous agitation. Synthetic antioxidants BHT and BHA at safe limits of 200ppm were added in sunflower oils to prepare the standard samples. Samples without any antioxidant were used as control. Both stabilized and control samples (100ml) were then kept in amber glass bottles at 25oC and 60oC for 40 days storage. All oil samples were prepared in triplicate and then further assessed for the oxidative deterioration. 

			Estimation of efficacy of spinach extract 

			Different parameters to monitor the oxidation of oil samples were measured for evaluation of efficacy of the added spinach extract in RBD sunflower oil. Peroxide value (POV), Free Fatty Acid Value (FFA), Iodine Value (IV) were measured by standard procedures. Peroxide value is measured in terms of meq/Kg of the oil via titrating the liberated iodine using standard sodium thiosulfate solution. FFA and IV were also measured by titrimetric analysis. Conjugated Dienes (CD) and trienes (CT) of the oil samples were analyzed by measuring absorbance at their corresponding wavelength of 232nm and 268nm, respectively. The dilution of sample was made with iso-octane so the absorbance lies in the permissible range of (0.2-0.8 λ) (IUPAC, 1987). The estimation of p-Anisidine Value (PAV) was performed spectrophotometrically. Oil samples were dissolved in iso-octane first and then p-anisidine reagent added, allowed to react completely until a colored complex formed. Absorbance of the coloured product formed were used for estimation of PAV (Saha et al., 2008).

			Statistical study

			Triplicate analysis for each sample was performed and analyzed by one way ANOVA using SPSS ver. 8.0. Mean of each reading was taken as mean ± SD showing significant difference of (P< 0.05) (Steel et al., 1997).

			Results and Discussion

			 

			The stability of sunflower oil samples towards oxidative deterioration were analyzed by monitoring the oxidation parameters such as peroxide value (POV), free fatty acid value (FFA), iodine value (IV), conjugated dienes (CD), conjugated trienes (CT), and p-anisidine value (PAV) in control (without antioxidant), addition of synthetic antioxidant and with addition of spinach extract in three different concentrations (800 ppm, 1600ppm, 2400ppm) have been studied at 25oC and 60oC during 40 days storage. 

			Peroxide value basically indicates the extent of oxidation as a result of formation of peroxides. Initially the POV of sunflower oil (Control) was0.38meq/Kg. After 40 days storage the POVs at 25oC and 60oC were 19.16meq/Kg and 58.0 meq/Kg respectively (Tables 1 and 2). After the addition of BHA and BHT, the POVs of sunflower oil were reduced which is in accordance with other reported work (Kathy et al., 1994). POVs of sunflower with added spinach extract showed a significant decrease during 40 days storage at 25oC and 60oC. The lowest POV was observed for the samples with higher concentration of the extracts (Figures 1 and 2). The findings of the study correlate with the previously reported work which showed that the synthetic as well as natural antioxidants were found to reduce the POV of the oils and hence enhancing the stability (Anwar et al., 2003). The enhanced stability of sunflower with added ginger extracts were described (Rehman et al., 2003). Reduction in the POVs of sunflower was observed with methanolic and acetone extracts of rice bran (Chatha et al., 2006). Significant reduction was observed in peroxide values of sunflower oil upon addition of different natural extracts (Anwar et al., 2006). In another study, grape seed extract were utilized to retard the peroxide formation at different heating conditions and there is a marked reduction in POVs (Poiana, 2012). Spinach extract was found to be potent antioxidant and showed a significant reduction in POVs of corn oil (Tehseen et al., 2019). Okhli et al. (2020) reported a decrease in peroxide index with the use of citron peel extracts in sunflower oil.
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			Figure 1: Relative Effect of storage conditions on POV of Sunflower oil at 25oC.

			Table 1: Relative Effect of storage conditions on POV of Sunflower oil at 25oC.

			
				
					
					
					
					
					
					
					
				
				
					
							
							Storage

							time (Days)

						
							
							Per oxide Value POV(meq/Kg)

						
					

					
							
							SFO-Ctrl

						
							
							SFO-800

						
							
							SFO-1600

						
							
							SFO-2400

						
							
							SFO-BHA

						
							
							SFO-BHT

						
					

					
							
							0

						
							
							0.38±0.12

						
							
							0.38±0.12

						
							
							0.38±0.12

						
							
							0.38±0.12

						
							
							0.38±0.12

						
							
							0.38±0.12

						
					

					
							
							10

						
							
							3.20±0.24

						
							
							1.19±0.56

						
							
							0.61±0.93

						
							
							0.41±0.51

						
							
							0.52±0.14

						
							
							0.46±0.31

						
					

					
							
							20

						
							
							9.18±0.31

						
							
							2.28±0.61

						
							
							2.09±0.26

						
							
							1.22±0.82

						
							
							1.98±0.19

						
							
							1.26±0.66

						
					

					
							
							30

						
							
							16.56±0.62

						
							
							6.81±0.72

						
							
							4.29±0.34

						
							
							4.08±0.99

						
							
							4.87±0.26

						
							
							4.62±0.73

						
					

					
							
							40

						
							
							19.61±0.91

						
							
							14.52±0.91

						
							
							9.06±0.46

						
							
							7.61±0.86

						
							
							9.62±0.21

						
							
							7.21±0.52

						
					

				
			

			SFO-Ctrl-Control Sunflower oil without Antioxidant, SFO-BHA-Sunflower oil with BHA SFO-BHT- Sunflower oil with BHT, SFO-800- Sunflower with Methanolic spinach extract at 800ppm, SFO-1600- Sunflower with Methanolic spinach extract at 1600ppm, SFO-2400- Sunflower with Methanolic spinach extract at 2400ppm.

			Table 2: Relative Effect of storage conditions on POV of Sunflower oil at 60oC.

			
				
					
					
					
					
					
					
					
				
				
					
							
							Storage

							time (Days)

						
							
							Per oxide value POV(meq/Kg)

						
					

					
							
							SFO-Ctrl

						
							
							SFO-800

						
							
							SFO-1600

						
							
							SFO-2400

						
							
							SFO-BHA

						
							
							SFO-BHT

						
					

					
							
							0

						
							
							0.38±0.12

						
							
							0.38±0.12

						
							
							0.38±0.12

						
							
							0.38±0.12

						
							
							0.38±0.12

						
							
							0.38±0.12

						
					

					
							
							10

						
							
							9.72±0.33

						
							
							6.71±0.62

						
							
							5.48±0.31

						
							
							4.92±0.51

						
							
							5.61±0.21

						
							
							4.98±0.36

						
					

					
							
							20

						
							
							32.61±0.51

						
							
							11.77±0.59

						
							
							8.69±0.16

						
							
							9.66±0.31

						
							
							9.72±0.63

						
							
							8.66±0.48

						
					

					
							
							30

						
							
							46.37±0.57

						
							
							18.57±0.33

						
							
							14.89±0.13

						
							
							14.26±0.26

						
							
							14.22±0.42

						
							
							13.92±0.61

						
					

					
							
							40

						
							
							58.00±0.62

						
							
							28.86±0.11

						
							
							20.06±0.52

						
							
							19.62±0.61

						
							
							19.69±0.32

						
							
							17.26±0.53

						
					

				
			

			Table 3: Relative Effect of storage conditions on FFA of Sunflower oil at 25oC.

			
				
					
					
					
					
					
					
					
				
				
					
							
							Storage

							time (Days)

						
							
							Free fatty acid value FFA-V (% oleic acid)

						
					

					
							
							SFO-Ctrl

						
							
							SFO-800

						
							
							SFO-1600

						
							
							SFO-2400

						
							
							SFO-BHA

						
							
							SFO-BHT

						
					

					
							
							0

						
							
							0.108±0.01

						
							
							0.108±0.01

						
							
							0.108±0.01

						
							
							0.108±0.01

						
							
							0.108±0.01

						
							
							0.108±0.01

						
					

					
							
							10

						
							
							0.212±0.01

						
							
							0.162±0.08

						
							
							0.134±0.06

						
							
							0.128±0.06

						
							
							0.132±0.01

						
							
							0.120±0.07

						
					

					
							
							20

						
							
							0.396±0.03

						
							
							0.192±0.09

						
							
							0.169±0.04

						
							
							0.141±0.01

						
							
							0.151±0.03

						
							
							0.132±0.06

						
					

					
							
							30

						
							
							0.501±0.01

						
							
							0.262±0.06

						
							
							0.216±0.03

						
							
							0.152±0.04

						
							
							0.198±0.02

						
							
							0.146±0.03

						
					

					
							
							40

						
							
							0.627±0.02

						
							
							0.379±0.05

						
							
							0.292±0.04

						
							
							0.184±0.03

						
							
							0.283±0.01

						
							
							0.169±0.03

						
					

				
			

			Table 4: Relative effect of storage conditions on FFA of sunflower oil at 60oC.

			
				
					
					
					
					
					
					
					
				
				
					
							
							Storage

							time (Days)

						
							
							Free fatty acid value FFA-V (% oleic acid)

						
					

					
							
							SFO-Ctrl

						
							
							SFO-800

						
							
							SFO-1600

						
							
							SFO-2400

						
							
							SFO-BHA

						
							
							SFO-BHT

						
					

					
							
							0

						
							
							0.108±0.01

						
							
							0.108±0.01

						
							
							0.108±0.01

						
							
							0.108±0.01

						
							
							0.108±0.01

						
							
							0.108±0.01

						
					

					
							
							10

						
							
							0.376±0.04

						
							
							0.191±0.07

						
							
							0.151±0.05

						
							
							0.133±0.05

						
							
							0.146±0.05

						
							
							0.123±0.02

						
					

					
							
							20

						
							
							0.723±0.06

						
							
							0.262±0.09

						
							
							0.208±0.03

						
							
							0.164±0.02

						
							
							0.192±0.03

						
							
							0.152±0.02

						
					

					
							
							30

						
							
							0.981±0.02

						
							
							0.356±0.07

						
							
							0.301±0.02

						
							
							0.208±0.05

						
							
							0.246±0.01

						
							
							0.196±0.05

						
					

					
							
							40

						
							
							1.207±0.03

						
							
							0.496±0.06

						
							
							0.423±0.04

						
							
							0.241±0.04

						
							
							0.392±0.03

						
							
							0.222±0.04

						
					

				
			

			Table 5: Relative Effect of storage conditions on Iodine Value of Sunflower oil at 25oC.

			
				
					
					
					
					
					
					
					
				
				
					
							
							Storage

							time (Days)

						
							
							Iodine value

						
					

					
							
							SFO-Ctrl

						
							
							SFO-800

						
							
							SFO-1600

						
							
							SFO-2400

						
							
							SFO-BHA

						
							
							SFO-BHT

						
					

					
							
							0

						
							
							305±1.11

						
							
							305±1.11

						
							
							305±1.11

						
							
							305±1.11

						
							
							305±1.11

						
							
							305±1.11

						
					

					
							
							10

						
							
							267±1.02

						
							
							269±1.02

						
							
							279±1.08

						
							
							289±0.08

						
							
							282±1.09

						
							
							299±0.08

						
					

					
							
							20

						
							
							163±1.01

						
							
							204±1.06

						
							
							238±1.06

						
							
							260±1.02

						
							
							246±1.14

						
							
							265±1.02

						
					

					
							
							30

						
							
							139±0.09

						
							
							189±1.06

						
							
							201±1.07

						
							
							238±1.08

						
							
							213±1.19

						
							
							246±1.01

						
					

					
							
							40

						
							
							108±0.07

						
							
							142±1.04

						
							
							172±1.08

						
							
							172±1.04

						
							
							178±1.12

						
							
							189±0.09

						
					

				
			

			Table 6: Relative Effect of storage conditions on Iodine Value of Sunflower oil at 60oC.

			
				
					
					
					
					
					
					
					
				
				
					
							
							Storage

							time (Days)

						
							
							Iodine value

						
					

					
							
							SFO-Ctrl

						
							
							SFO-800

						
							
							SFO-1600

						
							
							SFO-2400

						
							
							SFO-BHA

						
							
							SFO-BHT

						
					

					
							
							0

						
							
							305±1.11

						
							
							305±1.11

						
							
							305±1.11

						
							
							305±1.11

						
							
							305±1.11

						
							
							305±1.11

						
					

					
							
							10

						
							
							286±0.09

						
							
							280±0.09

						
							
							271±1.01

						
							
							278±0.09

						
							
							278±1.12

						
							
							281±1.01

						
					

					
							
							20

						
							
							171±0.07

						
							
							192±0.06

						
							
							226±0.09

						
							
							237±0.07

						
							
							231±1.13

						
							
							243±1.03

						
					

					
							
							30

						
							
							148±0.06

						
							
							176±0.07

						
							
							194±1.01

						
							
							199±0.06

						
							
							201±1.18

						
							
							206±0.08

						
					

					
							
							40

						
							
							126±0.08

						
							
							149±0.09

						
							
							156±1.03

						
							
							168±0.09

						
							
							162±1.13

						
							
							172±1.01

						
					

				
			

			Table 7: Relative effect of storage conditions on conjugated dienes value of sunflower oil at 25oC.

			
				
					
					
					
					
					
					
					
				
				
					
							
							Storage

							time (Days)

						
							
							Conjugated dienes value CD ( ε at λ232)

						
					

					
							
							SFO-Ctrl

						
							
							SFO-800

						
							
							SFO-1600

						
							
							SFO-2400

						
							
							SFO-BHA

						
							
							SFO-BHT

						
					

					
							
							0

						
							
							1.72±0.10

						
							
							1.72±0.10

						
							
							1.72±0.10

						
							
							1.72±0.10

						
							
							1.72±0.10

						
							
							1.72±0.10

						
					

					
							
							10

						
							
							6.94±0.25

						
							
							5.26±0.82

						
							
							4.92±0.19

						
							
							4.01±0.23

						
							
							4.81±0.19

						
							
							4.08±0.19

						
					

					
							
							20

						
							
							12.04±0.22

						
							
							8.06±0.96

						
							
							6.89±0.26

						
							
							6.04±0.25

						
							
							6.72±0.21

						
							
							6.22±0.17

						
					

					
							
							30

						
							
							16.42±0.48

						
							
							11.23±0.77

						
							
							8.21±0.31

						
							
							7.21±0.19

						
							
							8.06±0.23

						
							
							7.43±0.21

						
					

					
							
							40

						
							
							18.23±0.27

						
							
							12.92±0.80

						
							
							8.96±0.18

						
							
							7.89±0.15

						
							
							8.79±0.18

						
							
							7.99±0.27

						
					

				
			

			Free fatty acid is uncombined fatty acids present in fats or oils. The increase of FFA value indicates the lipid peroxidation. FFA value of RBD sunflower oil was determined at 25oC and 60oC for 40 days storage. The FFA value of sunflower oil without any antioxidant (control) was more pronounced at 60oC. However, samples with BHA and BHT showed less FFA values. Similarly, methanolic spinach extract at three different concentration levels also showed reduction in FFA value. (Tables 3 and 4; Figures 3 and 4) Iodine value depicts the availability of unsaturated fatty acids in oils and fat. Oils with more unsaturation are more prone to oxidation (Azeez and Ejeta, 2013). The changes in the IVs of the sunflower oil with added synthetic antioxidant BHA and BHT and spinach extract showed the significant reduction as compared to control. (Tables 5 and 6) IVs of samples with spinach extract showed prominent effect with an increase in IVs during 40 days storage at 25oC and 60oC (Figures 5 and 6). Abd-El-Ghany et al. (2010) examined the FFA and IVs of the sunflower oil supplemented with olive waste cake extracts and claimed the efficacy of extracts in retarding the oxidative deterioration. FFA and IVs of different blend oil samples were also studied showing significant effect of leaf extracts of Eucalyptus citriodora in preventing oxidation (Ali et al., 2016).
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			Figure 2: Relative Effect of storage conditions on POV of Sunflower oil at 60oC.
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			Figure 3: Relative Effect of storage conditions on FFA of Sunflower oil at 25oC.

			Conjugated dienes (CD) and conjugated trienes (CT) are also predictive of extent of oxidation. Increase in the CD (Tables 7 and 8; Figures 7 and 8) and CT (Tables 9 and 10; Figures 9 and 10) values is observed for control whereas with the addition of antioxidants (Erkan et al., 2009) and spinach extract a significant reduction was observed showing optimum results with SFO-2400. Poiana (2012) also analyzed CD and CT values of sunflower oil stabilized with grape seed extract and results showed significant inhibition of CD and CT values. Oils having low values of CD and CT are rather more stable towards oxidation (Chatha et al., 2006). The use of garlic extract for inhibiting the lipid peroxidation in sunflower oil was reported. Garlic extract showed significant reduction in CD and CT values (Iqbal and Bhangar, 2007). Anwar et al. (2006) reported the retardation in the CD and CT values of sunflower oil supplemented with different natural extracts at varying temperatures. Moringa oleifera leave extracts were used in sunflower and showed significant inhibition of oxidation (Siddiq et al., 2005). Similar results were obtained when spinach extract was used in stabilization of corn oil showing significant decrease in CD and CT values (Tehseen et al., 2019).
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			Figure 4: Relative Effect of storage conditions on FFA of Sunflower oil at 60oC.
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			Figure 5: Relative Effect of storage conditions on Iodine Value of Sunflower oil at 25oC.

			p-Anisidine value (PAV) depicts the extent of formation of aldehydes and ketones as degradation products of unsaturated fats. Addition of synthetic antioxidants and spinach extract prominently decrease the PAVs of the sunflower oil as compared to control. Spinach extract with a maximum concentration 2400ppm significantly retard the carbonyl moieties formation as compared to control (Tables 11 and 12; Figures 11 and 12). The findings correlates with the previously reported work which explained the efficacy of spinach extract in corn oil oxiditave stabilization (Tehseen et al., 2019). Various studies acclaimed p-anisidine value to monitor the oxidative deterioration of sunflower oil supplemented with different antioxidants of natural origin such as citron peel extract (Okhli et al., 2020), grape seed extract (Poiana, 2012), rice bran extract (Chatha et al., 2006), roselle seed extracts (Nyam et al., 2012). All studies sufficiently describes the effectiveness of natural plant extracts in retarding the PAVs. 
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			Figure 6: Relative Effect of storage conditions on Iodine Value of Sunflower oil at 60oC.
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			Figure 7: Relative Effect of storage conditions on Conjugated Dienes Value of Sunflower oil at 25oC.
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			Figure 8: Relative Effect of storage conditions on Conjugated Dienes Value of Sunflower oil at 60oC.
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			Figure 9: Relative Effect of storage conditions on Conjugated Trienes Value of Sunflower oil at 25oC.
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			Figure 10: Relative Effect of storage conditions on Conjugated Trienes Value of Sunflower oil at 60oC.
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			Figure 11: Relative Effect of storage conditions on Para Anisidine Value PV of Sunflower oil at 25oC.

			Table 8: Relative effect of storage conditions on conjugated dienes value of sunflower oil at 60oC.

			
				
					
					
					
					
					
					
					
				
				
					
							
							Storage

							time (Days)

						
							
							Conjugated dienes value CD (ε at λ232)

						
					

					
							
							SFO-Ctrl

						
							
							SFO-800

						
							
							SFO-1600

						
							
							SFO-2400

						
							
							SFO-BHA

						
							
							SFO-BHT

						
					

					
							
							0

						
							
							1.72±0.10

						
							
							1.72±0.10

						
							
							1.72±0.10

						
							
							1.72±0.10

						
							
							1.72±0.10

						
							
							1.72±0.10

						
					

					
							
							10

						
							
							8.78±0.17

						
							
							6.82±0.13

						
							
							5.22±0.26

						
							
							4.29±0.42

						
							
							5.01±0.70

						
							
							4.63±0.21

						
					

					
							
							20

						
							
							16.72±0.29

						
							
							8.91±0.16

						
							
							7.46±0.19

						
							
							6.56±0.51

						
							
							7.26±0.61

						
							
							6.89±0.32

						
					

					
							
							30

						
							
							18.23±0.31

						
							
							11.83±0.19

						
							
							8.99±0.27

						
							
							7.82±0.48

						
							
							8.86±0.69

						
							
							8.01±0.29

						
					

					
							
							40

						
							
							20.58±0.18

						
							
							13.06±0.16

						
							
							9.81±0.21

						
							
							8.91±0.14

						
							
							9.92±0.59

						
							
							9.06±0.16

						
					

				
			

			Table 9: Relative effect of storage conditions on conjugated trienes value of sunflower oil at 25oC.

			
				
					
					
					
					
					
					
					
				
				
					
							
							Storage

							time (Days)

						
							
							Conjugated trienes value CT (ε at λ268)

						
					

					
							
							SFO-Ctrl

						
							
							SFO-800

						
							
							SFO-1600

						
							
							SFO-2400

						
							
							SFO-BHA

						
							
							SFO-BHT

						
					

					
							
							0

						
							
							0.69±0.27

						
							
							0.69±0.27

						
							
							0.69±0.27

						
							
							0.69±0.27

						
							
							0.69±0.27

						
							
							0.69±0.27

						
					

					
							
							10

						
							
							3.07±0.26

						
							
							1.29±0.21

						
							
							2.21±0.46

						
							
							0.82±0.21

						
							
							1.98±0.41

						
							
							0.98±0.21

						
					

					
							
							20

						
							
							6.78±0.31

						
							
							1.98±0.96

						
							
							3.89±0.38

						
							
							1.24±0.16

						
							
							3.62±0.39

						
							
							1.62±0.35

						
					

					
							
							30

						
							
							9.61±0.29

						
							
							3.26±0.77

						
							
							6.37±0.41

						
							
							2.71±0.21

						
							
							6.05±0.35

						
							
							2.96±0.36

						
					

					
							
							40

						
							
							12.59±0.23

						
							
							4.98±0.80

						
							
							8.52±0.43

						
							
							4.62±0.19

						
							
							8.21±0.38

						
							
							4.89±0.32

						
					

				
			

			Table 10: Relative effect of storage conditions on conjugated trienes value of sunflower oil at 60oC.

			
				
					
					
					
					
					
					
					
				
				
					
							
							Storage

							time (Days)

						
							
							Conjugated trienes value CT (ε at λ268)

						
					

					
							
							SFO-Ctrl

						
							
							SFO-800

						
							
							SFO-1600

						
							
							SFO-2400

						
							
							SFO-BHA

						
							
							SFO-BHT

						
					

					
							
							0

						
							
							0.69±0.27

						
							
							0.69±0.27

						
							
							0.69±0.27

						
							
							0.69±0.27

						
							
							0.69±0.27

						
							
							0.69±0.27

						
					

					
							
							10

						
							
							3.91±0.13

						
							
							1.36±0.22

						
							
							2.46±0.42

						
							
							0.99±0.20

						
							
							1.99±0.36

						
							
							1.01±0.45

						
					

					
							
							20

						
							
							7.65±0.19

						
							
							2.12±0.26

						
							
							4.92±0.39

						
							
							1.68±0.23

						
							
							4.67±0.42

						
							
							1.82±0.39

						
					

					
							
							30

						
							
							10.24±0.21

						
							
							3.99±0.27

						
							
							7.43±0.43

						
							
							3.62±0.25

						
							
							6.96±0.40

						
							
							3.79±0.37

						
					

					
							
							40

						
							
							13.56±0.18

						
							
							5.96±0.22

						
							
							8.91±0.38

						
							
							5.57±0.19

						
							
							8.52±0.37

						
							
							5.72±0.42

						
					

				
			

			Table 11: Relative Effect of storage conditions on Para Anisidine Value PV of Sunflower oil at 25oC.

			
				
					
					
					
					
					
					
					
				
				
					
							
							Storage

							time (Days)

						
							
							Para anisidine value PV(meq/Kg)

						
					

					
							
							SFO-Ctrl

						
							
							SFO-800

						
							
							SFO-1600

						
							
							SFO-2400

						
							
							SFO-BHA

						
							
							SFO-BHT

						
					

					
							
							0

						
							
							1.08±0.03

						
							
							1.08±0.03

						
							
							1.08±0.03

						
							
							1.08±0.03

						
							
							1.08±0.03

						
							
							1.08±0.03

						
					

					
							
							10

						
							
							3.12±0.30

						
							
							3.01±0.07

						
							
							2.28±0.07

						
							
							1.94±0.08

						
							
							2.01±0.13

						
							
							1.92±0.06

						
					

					
							
							20

						
							
							8.61±0.32

						
							
							5.09±0.09

						
							
							4.52±0.05

						
							
							3.72±0.06

						
							
							4.22±0.09

						
							
							3.61±1.03

						
					

					
							
							30

						
							
							14.52±0.26

						
							
							8.72±0.05

						
							
							6.82±0.04

						
							
							6.46±0.06

						
							
							6.73±0.08

						
							
							6.23±0.07

						
					

					
							
							40

						
							
							28.10±0.21

						
							
							13.43±0.12

						
							
							10.03±0.06

						
							
							9.38±0.09

						
							
							9.91±0.12

						
							
							9.03±0.02

						
					

				
			

			Table 12: Relative effect of storage conditions on para anisidine value PV of sunflower oil at 60oC.

			
				
					
					
					
					
					
					
					
				
				
					
							
							Storage

							time (Days)

						
							
							Para anisidine value PV(meq/Kg)

						
					

					
							
							SFO-Ctrl

						
							
							SFO-800

						
							
							SFO-1600

						
							
							SFO-2400

						
							
							SFO-BHA

						
							
							SFO-BHT

						
					

					
							
							0

						
							
							1.08±0.03

						
							
							1.08±0.03

						
							
							1.08±0.03

						
							
							1.08±0.03

						
							
							1.08±0.03

						
							
							1.08±0.03

						
					

					
							
							10

						
							
							5.79±0.19

						
							
							4.81±0.06

						
							
							4.02±0.17

						
							
							3.81±0.07

						
							
							3.98±0.06

						
							
							3.25±0.05

						
					

					
							
							20

						
							
							15.06±0.16

						
							
							10.23±0.11

						
							
							8.12±0.12

						
							
							7.69±1.02

						
							
							7.91±0.02

						
							
							7.62±0.04

						
					

					
							
							30

						
							
							26.39±0.16

						
							
							17.61±0.13

						
							
							13.61±0.09

						
							
							12.38±0.08

						
							
							13.37±0.04

						
							
							11.31±0.07

						
					

					
							
							40

						
							
							37.27±0.18

						
							
							23.45±0.09

						
							
							18.86±0.11

						
							
							17.29±0.08

						
							
							18.69±0.04

						
							
							16.52±0.04
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			Figure 12: Relative Effect of storage conditions on Para Anisidine Value PV of Sunflower oil at 60oC.

			Conclusions and Recommendations

			The current research showed the efficacy of spinach extract for enhancing the sunflower oil stability even at 60oC and supplementation with spinach extract was dose-dependent. Maximum retardation in the oxidative deterioration of sunflower oil was observed with the maximum concentration of added spinach extract. Spinach extracts with high antioxidant profile are helpful during oil storage. The results encourage the use of natural antioxidants in commonly used vegetable oils to enhance the oxidative stability. 
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Abstract | The antioxidant efficacy of the spinach extract was evaluated by addition in sunflower oil (SFO)
as natural antioxidant. Three different concentrations of spinach extract, SFO-800, SFO-1600 and SFO-
2400 ppm were supplemented to sunflower oil at 25°C and 60°C along with standard synthetic antioxidants
butylated hydroxianisole (BHA), butylated hydroxytoluene (BHT). The stabilization of sunflower oil with
spinach extract as natural antioxidant was monitored by evaluating oxidation in terms of peroxide value, free
fatty acid value, iodine value, conjugated dienes, conjugated trienes and para-anisidine value. Spinach extract
with maximum concentration showed significant effectiveness in oxidative stabilization of the sunflower oil.
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Introduction

R?ncidity caused by the oxidation of unsaturated
atsis one the major problem in food deterioration
and use of antioxidants remained a possible remedy for
its prevention (Comert and Gokmen, 2018; Pokorny
et al., 2000; Wolf, 2005). Cooking oils are susceptible
to rapid degradation resulting in compositional
changes and lowered nutritional values at high
temperatures during frying (Alzaa et al., 2018; Dutta
etal.,2006; Ngassapaa et al., 2012;). These undesirable
changes occurring at elevated temperatures are due to
oxidation of the fatty acids into free radical species
(Dostalova et al., 2005; Dobarganes and Marquez,
2007). Various preservatives and treatments are in
common practice such as introducing antioxidants
in the oil in order to enhance the shelf-life (Rossell,
2001; Ullah et al., 2003).

Synthetic antioxidants such as butylated hydrox-

ianisole (BHA), butylated hydroxytoluene (BHT)
and propyl gallate are commonly used in edible oils
but their use is discouraged due to their possible ill
health effects (Aluyor and Ori-Jesu, 2008; Tortosa et
al., 2020). The studies revealed that these synthetic
antioxidants are prone to degradation and convert-
ed into decomposition products at frying tempera-
tures (Abusaloua et al., 2019). Therefore, their use is
prohibited due to toxic and carcinogenic effects. This
encourages the demand for using antioxidants of nat-
ural origin in order to attain the possible preserva-
tion needs and their safety regarding health concerns
(Atta et al., 2017; Taghvaei and Jafar, 2015). Natural
antioxidants are more benign as compared to artifi-
cial antioxidants. There is continuously an increasing
research interest in exploration of antioxidants from
natural sources such as plants (Bera et al., 2006; Bla-
si and Cossignani, 2020; Metzner and Poiana, 2018).
The enhanced antioxidant activity of plant derived
materials has been well proven as they are rich in fla-
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