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ABSTRACT 
Natural antioxidants extracted from plant waste and their management is one of the most recent big 
developments in food technology to solve the problems associated with its sustainable production, thus 
optimizing its economic and health attention benefits due to their safer food-applications and beneficial 
components. Red onions and potatoes predominate in Egypt vegetable production and are consumed 
fresh or after processing industries, resulting in huge amounts of scales and peels, as waste, that could 
be used as potential sources of natural antioxidants in the food industries. Red onion scale (ROS) and 
potato peel (PP) extracts have natural phytochemicals with superior protective effects stabilizing a 
variety of the most common vegetable oils consumed globally. The findings obtained indicate red onion 
scale and potato peel extracts; methanolic extract has maximum total phenolic content of 9151.34 and 
3394.13 mg GAE /100 g, respectively. Additionally, the HPLC analysis of red onion scale and potato 
peel methanolic extract showed that quercetin and gallic acid were the most abundant phenolic 
compounds with (1268.31 and 273.26 µg/g) and (435.86 and 296.73 µg/g), respectively. Therefore, 
ROS and PP ethanolic extracts were selected at three level concentrations (300, 600, and 900 ppm) for 
the stabilizing experiment of Egyptian refined, bleached and deodorized (RBD) soybean and sunflower 
oils  in comparison with synthetic antioxidant (butylated hydroxyl toluene, BHT-200 ppm) and control 
samples (without any additives) during accelerated storage at 65°C for 14 days. Oxidative stability test 
indicated that the induction period (IP) increased to 2- and 3-fold at levels of 600 and 900ppm rather 
than (RBD) soybean and sunflower oil control samples (free from additive), due to a high contents of 
quercetin and gallic acid for ROS and PP as natural antioxidants. Acid value, refractive index, UV 
absorbency (at 232 and 270 nm), peroxide value, P-anisidine value were used as parameters for evaluate 
the changes in oxidation stability of the three levels (300, 600 and 900ppm) of both ROS and PP ethanol 
extracts incorporated in soybean and sunflower oils for the stabilization efficacy assessment during 
accelerated storage condition and changes in fatty acid composition were estimated between initial and 
final days of accelerated storage condition. All the obtained results were confirmed that the ethanolic 
extracts of ROS and PP (at levels of 600, and 900 ppm) incorporated in both soybean and sunflower 
oils had significantly (P≤ 0.05) higher antioxidant efficiency (due to a high contents of quercetin and 
gallic acid for ROS and PP) and exhibited stronger capability (P≤ 0.05) rather than controls (without 
antioxidant) and in the presence of inedible synthetic antioxidant (butylated hydroxyl toluene, BHT-
200 ppm). All the obtained results, under accelerated oxidative conditions, indicated that the edible 
ROS and PP ethanolic extracts have the potential capability to improve the shelf life of edible oils in 
comparison with the most powerful inedible synthetic antioxidant (BHT). Therefore, the use of these 
edible extracts (natural antioxidants) as an alternative to these inedible synthetic antioxidants must be 
recommended.  
 
Keywords: Natural antioxidant, phenolic extracts, red onion scale, potato peel, oxidative stability, oil 

shelf life, soybean oil, sunflower oil. 

 
Introduction 

Lipid peroxidation is one of the main causes of degradation of food quality and decrease of food 
nutritional value, as well as changes in colour, texture and other sensory and physiological properties. 
A serious problem for the fat and oil industries is lipid peroxidation resulting from the reaction between 
unsaturated fatty acids and molecular oxygen. It not only degrades the quality of fat and fatty foods that 
cause chemical damage, but also produces free radicals and reactive oxygen species associated with 
carcinogenesis, mutagenesis, inflammation, changes in DNA, aging and cardiovascular disease. 
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Consumers therefore do not accept oxidized products, and as a result the food industries are suffering 
economic losses (Mohdaly et al., 2010). 

Synthetic antioxidants, such as BHT (butylated hydroxytoluene), BHA (butylated hydroxyanisole) 
and TBHQ (tertiary butyl hydroquinone) have been widely used for the preservation and protection of 
high-fat products against oxidation. The quest for endogenous protective ingredients in foods has been 
increased due to the potential role of synthetic antioxidants as promoters of carcinogenesis (Ito et al., 
1986 and Sharla, 2009), hepatic damage (Deshpande, 2002) and liver swelling (Martin and Gilbert, 
1968).  

On the other hand, Japan, Canada and Europe do not require the most potent synthetic antioxidant 
such as TBHQ and BHT for food additives. Concerns about the use of these synthetic antioxidants as 
toxic and carcinogenic agents were raised (Bomhard et al., 1992). Consequently, there is a growing 
need for alternative and natural antioxidants from natural low-cost sources to avoid food oxidation, so 
food scientists are searching for natural alternatives to substitute such synthetic antioxidants, which are 
usually considered to be safer (Yanishlieva and Marinova, 2001). The researches has therefore also 
recently focused on identifying natural antioxidants as low-cost sources of food additives, such as those 
derived from agricultural by-products which have placed great interest in screening and ranking plant 
materials and food commodities for total antioxidant activity (Nawal Nz et al., 2008;  Sultana et al., 
2008; Samarin et al., 2012; Abdelazim et al., 2013 and Babbar et al., 2014). The phenolic compounds 
were identified as natural antioxidants that play an important role in preventing oxidizing damage to 
cells and organs (Osawa, 1999). These due to all phenolic compounds possess one or more hydroxyl 
groups bearing an aromatic ring for hydrogen proton donors and neutralize free radicals (Osamuyimen 
et al., 2011). The vast quantity of food processing by-products discarded has contributed to pollution 
of the environment. Nevertheless, about 38% of food waste occurs during food processing (Helkar et 
al., 2016). A variety of by-products from the vegetable processing industry have been identified 
previously as possible sources of phenolic compounds as natural antioxidant (Azizaha et al., 1999; Lu 
and Foo, 1999; Lu and Foo, 2000; Saura-Calixto, 1998 and Visioli et al., 1999). 

One of the oldest cultivated vegetable crops is the onion (Allium cepa L.) which is a popular 
vegetable, widely used in various food types around the world (Benitez et al., 2011). Also the potato 
(Solanum tuberosum L.) is one of the most important staple crops in the world, becoming the fourth 
largest food crop in the world after rice, wheat and maize (Mahgoub et al., 2015). Considering the 
worldwide production of onions and potatoes, it is the largest vegetable export, with exports of more 
than 91.46 and 365.75 million tons, in 2015 respectively, after tomato production. Egypt is one of the 
world's largest producers of onions and potatoes, with annual production of more than 3.05 and 4.96 
million tons in 2015, respectively (FAOSTAT, 2016). 

The major by-produces (as waste) from the processing of onions are scales, which accounted for 
about 20 % by weight (Michael et al., 2006), which confirmed the source of bioactive antioxidant and 
antibrowning compounds (Helkar et al., 2016). 

The main flavonoids found in dry onion scales, which were traditionally considered waste, contain 
large amounts of quercetin, quercetin glycoside and their oxidative product which are effective 
antioxidants against the oxidative stress (Gülsen et al., 2007). Prakash et al. (2007) examined the 
antioxidant and free radical scavenging activities of phenolics from 4 types of Indian onions (red, violet, 
white, and green). Chopping, refrigeration, oven roasting, and frying did not substantially reduce the 
amount of flavonols and anthocyanin in red onions (Rodrigues et al., 2009). 

On the other hand, industrialization by-produces large quantities of potato waste about 100-120 
kg/ton of the initial potato weight that could be used in antioxidant production (Al-Weshahy et al., 
2013). Potato peel is an excellent source for the recovery of phenolic compounds, as approximately 50 
% of phenolics are in the peel and adjacent tissues and decrease towards the center of the tuber 
(Freidmen, 1997). 

Previous work on potato peels was conducted as an antioxidant to prevent oxidation of meat 
products (Mansour and Khalil, 2000) and soybean oil (Kanatt et al., 2005 and Rehman et al., 2004). 
Methanol extracts of potato peels and sugar beet pulp have been effective in the stabilisation of 
sunflower and soybean oils (Mohdaly et al., 2010). 

The aim of this investigation is to research the potential uses of the total phenolic compound 
extracts of both onion scales and potato peels (as natural sources of antioxidants) to determine their 
effectiveness in retarding oxidative deterioration and may be elongation shelf life of Refined, Bleached 
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and Deodorized (RBD) sunflower and soybean oils and may be used as alternative synthetic 
antioxidants.  
 
Materials and Methods 
 
1. Material 

Refined, bleached and deodorized (RBD) soybean (SBO) and sunflower (SUN) oils, free from 
additives, were purchased from Arma Company, 10 th Ramadan city, Egypt. The selection of vegetable 
oils was based on variations in polyunsaturated fatty acid composition. Because sunflower oil is rich in 
linoleic acid and soybean oil includes a high level of α-linolenic acid (Mohdaly et al., 2010) 

Red onion (Allium cepa L.) scales were obtained as waste (by-product) from Dehydro-Foods 
Manufactory for Onion Dried Production (Olam Food Manufactory Co.), Sixth Industrial Area of 6th 
October City, Giza Governorate, Egypt; while potato tuber (Solanum tuberosum L.) peels were obtained 
as waste (by-product) from Chipsy Manufactory (Chipsy for Food Industries S.A.E.), Fourth Industrial 
Area of 6th October City, Giza Governorate, Egypt. Red onion scales and potato tuber peels were 
prepared using the method of Gawlik-Dziki et al. (2013) with some modified as follows:  

The red onion scales (ROS) was washed with tap water to avoid any adhering particles, while 
the fresh potato peels (PP) were immediately soaked in a 0.1% sodium metabisulphite solution for 30 
min., to avoid enzymatic browning and then washed with tap water. The both ROS and PP were dried 
in an air oven at 55°C up to 7-9% moisture content. The dried ROS and PP were ground into a fine 
powder in a high mixer speed (Moulinex Egypt, Al-Araby Co., Egypt). Then, the materials were sieved 
through an 80 mm sieve. The obtained powders were packed in poly ethylene bags and stored at 4 ° C 
until used. 

 
2. Chemicals 

Chemicals used in the study were obtained from Sigma Chemical Co, (ST. Louis, US) and El-
Gomhoria Co. for Pharmaceutical, Cairo, Egypt. All other chemicals used were of high quality 
analytical grade. 

 
3. Gross chemical composition:  

Samples of (ROS) and (PP) were determined for their moisture, crude proteins, ether extract, total 
ash and crude fiber, triplicate samples for each according to the standard methods of A.O.A.C. (2005). 
The protein content of each sample was calculated by using conversation factor 6.25. The available 
carbohydrates were calculated by differences. 

 
4. Determination of Total carotenoids:  

The carotenoids content of (ROS) and (PP) were estimated spectrophotometerically by absorbance 
at 450 nm and the results expressed as mg/100 g sample, using the method described by Carvalho et al. 
(2012). 

 
5. Determination of Total Phenolics: 

The total phenolic contents of (ROS) and (PP) extracts were determined using Folin-Ciocalteu 
reagent and gallic acid (as standard) according to Singleton and Rossi (1965). The extractions were 
performed by soaking 200mg of each sample for 2 h on 2 mL of 80% methanol (MeOH) containing 1% 
hydrochloric acid at 25°C using orbital shaker (200 rpm), then centrifuged at 1000g for 15 min and the 
supernatant poured into 4 ml vials. For total phenolics assay, 100μL of combined extract was mixed 
with 0.75 mL of Folin-Ciocalteu reagent (previously diluted 10-fold with distilled water) and allowed 
to stand at 22 °C for 5 min; 0.75 mL of sodium bicarbonate (60 g/L) solution was added to the mixture 
after 90 min at 22 °C, absorbance was measured at 670 nm and expressed as mg of Gallic acid 
equivalents (GAE)/100g dry weight. All samples were analyzed in triplicates. 

 
6. Fractionation and identification of phenolic constituents:   

The chromatographic analysis was carried out to fractionate and identify phenolic constituents of 
methanolic extracts of (ROS) and (PP) powders by using the analytical HPLC system employed 
comprised a Shimadzu HPLC High-Performance Liquid Chromatography equipped with a Shimadzu 
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Series diode array detector (Hewlett Packard, Tokyo,  Japan), as the described method of  Delage et al. 
(1991). A 10 μL of the sample and the standards were injected. The phenolic compound concentrations 
were calculated by comparing the peak areas of the sample extract with that of standards and the final 
data was expressed as (μg/g) material on dry weight basis. 

 
7. Procedure of red onion scale (ROS) and potato peel (PP) ethanol extracts:  

The powders of (ROS) and (PP) were extracted with absolute ethanol at a ratio of 1: 2 (w/v) by 
soaking for 5 days, with shaking twice daily at room temperature. The remaining plant materials were 
re-soaked two times for another 5 days under the same conditions. The combined extracts were filtered 
through filter paper, evaporated to volumetric flask with tightly stoppered and kept at -20 °C until used 
(modified method of Ahmad et al. (2012). 

 
8. Oxidation stability assay:  

According to the method of Abd El-aal and  Halaweish (2010) is choice with some modified 
procedures. Subsequently, synthetic antioxidant (butylated hydroxyl toluene, BHT) and the previously 
evaporated ethanolic extracts of both (ROS) and (PP) were dissolved in propylene glycol and applied 
separately to both preheated (50 °C for 3 h) RBD soybean (SBO) and sunflower (SUN) oils (250mL), 
free from any antioxidants or additives, at concentrations of legal limit of 200 ppm for BHT (Duh and 
Yen, 1997) and three levels of 300, 600 and 900 ppm for both ROS and PP ethanolic extracts and hence 
placed in 500-mL opened transparent glass beakers, individually. Control samples were also placed 
under the same conditions, without any antioxidants or additives. Afterwards, each opened transparent 
beaker was placed in a dark electric oven and exposed for 14 days to accelerated oxidation at 65°C ± 2 
which permitted direct interaction between surface of oil samples and atmospheric air. All the oil 
samples were prepared in triplicate for each treatment. An aliquot (30 ml) was collected from each 
treatment periodically every two days for the measurement of acid value (AV), refractive index (RI), 
conjugated dienes (CD), conjugated trienes (CT), peroxide values (PV) and P-anisidine values (P -AV). 

 
8.1. Oxidative stability (Rancimat): 

The oxidative stability was estimated at the zero time by measuring the oxidation induction period 
for all oil treatments comparing with controls, on a Rancimat apparatus (Metrohm CH series 679). Air 
flow (20L/h)  was bubbled through the oil (5.0gm) heated at 100 °C ± 2 °C, with the volatile compounds 
being collected in water, and the increasing water continually measured. The time taken to reach the 
conductivity inflection was recorded Farhoosh (2007). 

 
8.2. Antioxidant activity assay:  

The progress of the oxidative deterioration was achieved using Official methods of A.O.A.C. (2007). 
Refractive index was measured in the different oil samples according to the method no. 977.17 using 
refractometer (INYRL-3-Poland), acid value (969.17), conjugated dienes (K232), conjugated trienes 
(K270), the peroxide value (965.33) and  P-anisidine value (968.11). 

 
The inhibition of oil oxidation percent (IO %) was calculated to represent antioxidant activity 

according to the equation of Rhee and Rhee (1982) as follow: 
IO % = 100 − [(PV increase of sample / PV increase of control) × 100%] 

 
8.3. Totox value (TV):  

Additionally, the overall sample rate of oxidation known as total oxidation (Totox) indicator was 
carried out by Kates (1972). Totox value was calculated according of the following equation:  
TV = 2PV + p-AV  

Where PV = peroxide value,  p-AV = para- anisidine value 
 

9. Fatty acids composition:   
The composition of the fatty acids was determined by gas chromatography according to A.O.A.C. 

(2005). 
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Calculation of oxidative stability (Cox value) of Oils, which described as oxidizability, was 
calculated by the percentage of C18-unsaturated fatty acids, using the formula proposed by Fatemi and 
Hammond (1980) as follow: 

Cox Value = [1 (Oleic %) + 10.3 (Linoleic %) + 21.6 (Linolenic %)] / 100. 
 

Statistical analysis:  
Statistical analyses were done using SPSS software (version 16.0) and Duncan’s range tests were 

used for compare means, one-way ANOVA at P < 0.05. 
 
Results and Discussion 
 
1. Gross chemical composition: 

Gross chemical composition of red onion scale (ROS) and potato peel (PP) powders is shown in 
(Table 1). The results showed that the moisture content recorded 5.14 and 6.76% for ROS and PP 
powders, respectively. The PP powder reported the highest levels of crude protein and available 
carbohydrate (9.81 and 60.40 %; respectively) while ROS powder recorded the highest levels of crude 
fiber and total ash (27.57 and 6.89%, respectively). In fact, Vasso and Constantina (2007) reported that 
plant varieties had a major impact on peel chemical composition. In PP, these findings are close to those 
of Hanan (2006), who found that the chemical composition of dried potato peels was ash, 9.42%; total 
protein, 9.2%; total dietary fiber, 11.7%; fat, 0.1% and total carbohydrate, 11.7%; while Ahmed (2015) 
recorded the highest protein content in potato peel powder, another reported the highest moisture, crude 
fiber and ash values in the red onion scale.  

Regarding the red onion scales, there is a dearth of information related to its chemical composition 
which makes it relatively difficult to compare and confirm the present data. 
 
Table 1: Proximate chemical composition of red onion scale and potato peel powders (on dwt)* 

Chemical composition Red onion scales (ROS) Potato peel (PP) 
Moisture Content (%) 5.14cd  ± 1.03  6.76cd  ± 1.15 
Total Protein (%) 3.95cd  ± 0.12  9.81c  ± 0.33  
Crude Fat (%) 1.95d  ± 0.08  1.91d  ± 0.07  
Crude Fiber (%) 27.57b  ± 2.72  16.47b  ± 2.76  
Total Ash (%) 6.89c  ± 1.24  4.65d  ± 1.45  
Available Carbohydrate** (%) 54.50a   ±5.18 60.40a  ±5.76 

Total carotenoids (mg / 100g) 83.67 ± 0.14 142.82  ± 0.98 
Total phenolic (mg GAE/100g) 9151.34  ± 4.32 3394.13  ± 1.82 

*dwt = dry weight, ** Available Carbohydrate was calculated by difference. 
Each value is an average of three determinations± standard deviation. 
Each value followed by the same letter in Columns are not significantly different at P ≤ 0.05. 

 
On the other hand, total carotenoids and phenolic content of ROS and PP powders are also shown 

in (Table 1). The results showed the total carotenoids were 83.67 and 142.82 mg/100g, while the total 
phenolics were 9151.34 and 3394.13 mg GAE /100 g for ROS and PP powders, respectively. 

Our results are consistent with those reported by Ahmed (2015) by studying the bioactive 
compounds in red onion scales and potato peels showed that total carotenoids were 89 and 348 mg/100 
g, while total phenolics were 1679 and 8946 mg EGA/100 g, respectively. Because of their high 
nutritional value, data from the present study with the others indicated that these tested food by-products 
could be used successfully in food technology and nutrition applications.  

 
2. Fractionation and identification of phenolic constituents  

Because of their redox properties, reducing agents, donors of hydrogen and singlet quenchers of 
oxygen, phenolic compounds have the antioxidant capacity (Rice-Evans et al., 1995). 

The phenolic compound constituents were fractionated and identified using HPLC from 
methanolic extracts of ROS and PP powders, and the obtained results are set in table (2). It could be 
noticed that eleven phenolic compounds were identified from both ROS and PP extracts. Quercetin is a 
major component (1268.31 µg/g), followed by gallic acid (273.26 µg/g), syringic acid (192.75 µg/g) 
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and 4.7-dihydroxyiso flavone (74.69 µg/g) for ROS extract while it another for PP extract were 
quercetin (435.86 µg/g) followed by gallic acid (296.73 µg/g), ferulic acid (174.62 µg/g) and caffeic 
acid (152.64 µg/g).  

These results are in harmony with those documented by Lee and Mitchell (2011), who added that 
onion is considered one of the major sources of dietary flavonoids, especially, quercetins (about  ten 
different glycosides), which have antioxidant activity. Elhassaneen et al. (2016) reported the onion as 
a rich source of phenolic compounds with high antioxidant potency. On the other hand, the results of 
phenolic compound constituents presented in potato peels are in agreement with those found by Al-
Saikhan et al. (1995), Dorta et al. (2012) and Farvin et al. (2012). Also, Schieber and Saldana (2009) 
who proved that potato peels contain the same illustrated previous constituents which have nutritionally 
and pharmacologically interesting effects.   
 
Table 2: Phenolic compounds constitute of methanolic red onion scales and potato peel extracts (µg/g)   

Components Red onion scales (ROS) Potato peel (PP) 
Gallic acid 273.26 296.73 
Caffeic acid 2.07 152.64 
Syringic acid 192.75 18.89 
Coumaric acid 0.96 1.28 
Vanillin 5.39 21.60 
Ferulic acid 1.42 174.62 
Naringenin 19.33 4.97 
Quercetin 1268.31 435.86 
Cinnamic acid 18.91 17.74 
Propyl gallate 5.75 9.19 
4.7-Dihydroxyiso flavone 74.69 34.31 

  
3. Effect adding of ROS and PP extracts in soybean oil (SBO) and sunflower oil (SUN) as natural 
antioxidants comparing with BHT as synthetic antioxidant: 

Some parameters for the estimated oxidation stability factor have been used, such as changes in 
acid values, refractive index, conjugated dienes (K232), conjugated trienes (K270), the peroxide value 
and P-anisidine value for various oil treatments during oven test at 65 °C, in addition evaluate the 
change occurred in fatty acid composition between initial and terminal accelerated oven test period. 

Some parameters for the estimated oxidation stability factor have been used, such as changes in 
acid values, refractive index, conjugated dienes (K232), conjugated trienes (K270), the peroxide value 
and P-anisidine value for various oil treatments during oven test at 65 °C, in addition evaluate the 
change occurred in fatty acid composition between initial and terminal accelerated oven test period. 

 
3.1. Oxidative stability (Rancimat):   

Oxidative stability is an important factor in the safety of oil used, which estimate the oil 
susceptibility to oxidation reflects the oil shelf life. The oxidative stability is affected by several factors 
including the content of saturated and unsaturated fatty acids (Marmesat et al., 2012) and antioxidants 
compounds (Lante and Friso, 2013) in the oil samples. The Rancimat method allows to evaluate the 
antioxidant performance of plant extracts (Lante et al., 2011 and Mihaylova et al., 2014) by monitoring 
over time the water conductivity, which increases as a consequence of volatile acids formed after 
heating samples under atmospheric pressure and constant values of temperature and air flow. The 
induction period (IP) is an expression of the stability of oils and fats against oxidation. The length of 
the induction period varies with the temperature, the degree of unsaturation and the activity of the 
antioxidant content of oils and fats.  

Stability of (RBD) soybean and sunflower oils (free from additives) with their treated by three 
concentration of both ROS and PP extracts comparing with BHT (200ppm) were determined by 
Rancemate and the obtained results tabulated in Table (3). Results in Table (3) indicated that the 
induction period (IP) noticed in the case of both soybean and sunflower oils was (7.16 and 7.82 hr), 
respectively. General obviously, data in Table (3) showed that the (IP) for the three concentrations of 
both ROS and PP extracts as well as BHT (200ppm) incorporating in both soybean and sunflower oils 
were significantly (P≤ 0.05) increased. In both soybean and sunflower oils, the (IP) at 600 and 900ppm 
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level of both ROS and PP extracts were significantly (P≤ 0.05) higher than BHT (200ppm) and 300ppm 
level of both ROS and PP extracts. The data in Table (3) also revealed that the induction period (IP) 
was significantly (P≤ 0.05) highest at 900ppm of ROS (22.05) followed by PP (20.53), which 
incorporate in sunflower oil and ROS (19.28) followed by PP (18.49), which incorporate in soybean 
oil. The induction period (IP) was noticed at 300ppm level from both ROS and PP extracts in both 
soybean oil (11.55 and 10.18) and sunflower oil (12.50 and 11.56, respectively) was lower than BHT 
(200ppm) 12.43 and 13.48, respectively. Generally, the induction period (IP) increased to 2- and 3-fold 
at levels of 600 and 900ppm in soybean and sunflower, respectively. It could also be found that the 
induction period (IP) can be ordered as follows from the highest to the lowest (P≤ 0.05):  

ROS900 > PP900 > ROS600> PP600> BHT200 >ROS300> PP300 for treated sunflower oil 
samples followed by ROS900> PP900> ROS600> PP600> BHT200> ROS300> PP300 for treated 
soybean oil samples. Moreover, the increments of the stability of different treated oil samples due to 
increases of their natural antioxidants content present in SUN and SBO oils (Warner and Gupta, 2005 
and Smith et al., 2007). The fatty acid profile of oils is generally recognized as the most decisive 
parameter influencing the oxidation stability of oils (De Leonardis and Macciola, 2012). Therefore, in 
this study, it can be indicate that the increments of the induction period (IP) depends on the natural 
antioxidant activities, due to a high contents of quercetin and gallic acid for both ROS and PP extracts 
and the induction period (IP) of ROS higher than of PP due to ROS had higher nearly 3-fold from 
quercetin than that of PP (Table 2), which were reflected the elongation shelf life of soybean and 
sunflower oils. 

 
3.2. Changes in acid values (AV) during oven test at 65 °C: 

In the event of fat degradation, the first initial stage is the formation of fatty acids that are 
susceptible to oxygen attack in the presence of light, resulting in the formation of many organic 
compounds and free fatty acids responsible for the production of rancidity and off-flavors in fatty foods 
(Sattar and Demen, 1973).  

The results of acidity development during oven test of different soybean and sunflower oil samples 
were tabulated in (Table 3). 
 
Table 3: Oxidative stability (R. /hr) and the acidity (FFA % as oleic acid) development of different 

treatments during oven test at 65 °C for soybean and sunflower oils 
Oil Treatment* 
 

R./ hr 0 2 4 6 8 10 12 14 
The acidity (F.F.A. % as oleic acid) of Soybean oil (SBO) 

Control (SBO) 7.16h 0.185a 0.192a 0.215a 0.272a 0.343a 0.434a 0.529a 0.674a 
SBO: BHT 200ppm 12.43e 0.185a 0.189a 0.206b 0.223d 0.250d 0.307c 0.347c 0.349d 
SBO: ROS 300ppm 
SBO: ROS 600ppm 
SBO: ROS 900ppm 

11.55f 
15.35c 
19.28a 

0.185a 
0.185a 
0.185a 

0.188a 
0.188a 
0.187a 

0.205b 
0.200bc 
0.196c 

0.230bc 
0.220d 
0.203be 

0.262c 
0.252d 
0.217g 

0.290d 
0.266e 
0.244g 

0.323d 
0.319d 
0.264g 

0.355c 
0.341e 
0.286g 

SBO: PP 300ppm 
SBO: PP 600ppm 
SBO: PP 900ppm 

10.18g 
14.51d 
18.49b 

0.185a 
0.185a 
0.185a 

0.188a 
0.189a 
0.189a 

0.206b 
0.207b 
0.206b 

0.231b 
0.225cd 
0.220d 

0.277b 
0.233e 
0.227f 

0.325b 
0.271e 
0.255f. 

0.369b 
0.311e 
0.284f 

0.418b 
0.339e 
0.322f 

  The acidity (F.F.A. % as oleic acid) of Sunflower oil (SUN) 
Control (SUN) 7.82h 0.104a 0.113a 0.143a 0.188a 0.248a 0.353a 0.463a 0.623a 
SUN: BHT 200ppm 13.48e 0.104a 0.108ab 0.131b 0.158b 0.183c 0.213c 0.248c 0.283d 
SUN: ROS 300ppm 
SUN: ROS 600ppm 
SUN: ROS 900ppm 

12.50f 
17.18c 
22.05a 

0.104a 
0.104a 
0.104a 

0.108ab 
0.104b 
0.104b 

0.125c 
0.122c 
0.114d 

0.143c 
0.131d 
0.126d 

0.170d 
0.161e 
0.140g 

0.192e 
0.179f 
0.163g 

0.224d 
0.212e 
0.183g 

0.298c 
0.244e 
0.205g 

SUN: PP 300ppm 
SUN: PP 600ppm 
SUN: PP 900ppm 

11.56g 
15.45d 
20.53b 

0.104a 
0.104a 
0.104a 

0.108ab 
0.107b 
0.104b 

0.132b 
0.116d 
0.115d 

0.160b 
0.147c 
0.131d 

0.193b 
0.166de 
0.146f 

0.223b 
0.198d 
0.168g 

0.263b 
0.226d 
0.193f 

0.308b 
0.261d 
0.220f 

*BHT= butylated hydroxytoluene, ROS= red onion scales, PP= potato peels, SBO= soybean oil, SUN= sunflower oil,  
R./ hr= Rancemate/ hours., Each value is an average of three determinations± standard deviation. 
Each value followed by the same letter in Columns is not significantly different at P ≤ 0.05, for individual oil. 

 
Results showed that, by raising the storage duration for all tested procedures, FFA percent 

increased, but the highest increase was observed for the control sample, which increased from 0.185 
and 0.104 percent (as oleic acid) in zero time to 0.674 and 0.623 percent after the storage time of 14 
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day for both SBO and SUN, respectively at 65 °C. In all other procedures the same pattern was found, 
but the rate of increase was lower than that of the control sample. 

At the end day storage, the best effect on retarding the development of acidity (on both SUN and 
SBO) was recorded significantly (P≤ 0.05) lower for the red onion scale (ROS) extract (0.205 and 0.286) 
followed by the potato peels (PP) extract (0.220 and 0.322) at the 900 ppm level, followed by the ROS 
extract (0.244 and 0.341) and the PP extract (0.261 and 0.339, respectively) at the 600 ppm level. 
On the other hand, for PP extract at a level of 300 ppm (0.418 and 0.308), the lowest (P≤ 0.05) effect 
on acidity production was reported, followed by ROS extract at a level of 300 ppm (0.355 and 0.298 
for SBO and SUN respectively), which was marginally higher than that of BHT. 

Such findings were in line with those of Zhang et al. (2010), who found that adding carnosic acid 
as an antioxidant induced a substantial reduction in FFA percentage of sunflower oil during 21 days of 
60 ° C storage.  

These results are harmony with Rehman et al. (2004) documents, which stated that soybean oil, 
containing 1600 and 2400 ppm potato peel extracts, showed lower FFA (0.12 and 0.109%, respectively) 
than the control sample after 60 days of storage at 45 ° C (FFA 0.32%).  
 
3.3. Changes in refractive index (RI) during oven test at 65 °C: 

The refractive index is used to measure the degradation of oils because the presence of a high 
concentration of unsaturated fatty acids in oil results in an increase in the refractive index of these oils 
(Hui, 1996). During thermal oxidation period of edible oil, the refractive index was increased (Johnson 
and Kummerow, 1957) 

Results in Table (4) showed that the value of the refractive index in a free additive sunflower oil 
(1.4743) was found to be higher than that of a free additive soybean oil (1.4732) as a zero-time control 
sample; the both oils were slowly increased with forward day storage until the 14-end day on the oven 
test revealed the highest values of 1.4881 for soybean oil followed by 1.4844 for sunflower oil.  
 
Table 4: The refractive index development of different treatments during oven test at 65 °C for soybean 

and sunflower oils 
Oil Treatment* Storage Day at 65 °C 

0 2 4 6 8 10 12 14 
 
Control (SBO) 

Refractive index of Soybean oil (SBO) 
1.4732a 1.4744a 1.4758a 1.4786a 1.4826a 1.4851a 1.4866a 1.4881a 

SBO: BHT 200ppm 1.4732a 1.4738bc 1.4744c 1.4765f 1.4807e 1.4827c 1.4846cd 1.4862cde 

SBO: ROS 300ppm 
SBO: ROS 600ppm 
SBO: ROS 900ppm 

1.4732a 
1.4732a 
1.4732a 

1.4739ab 
1.4736bc 
1.4733c 

1.4747bc 
1.4745bc 
1.4744c 

1.4777bc 
1.4771de 
1.4767ef 

1.4819bc 
1.4810de 
1.4800f 

1.4833b 
1.4815e 
1.4811e 

1.4849c 
1.4843d 
1.4837e 

1.4864c 
1.4857e 
1.4850f 

SBO: PP 300ppm 
SBO: PP 600ppm 
SBO: PP 900ppm 

1.4732a 
1.4732a 
1.4732a 

1.4739ab 
1.4737bc 
1.4735bc 

1.4750b 
1.4747bc 
1.4745bc 

1.4781ab 
1.4774cd 
1.4770def 

1.4824ab 
1.4815cd 
1.4812de 

1.4838b 
1.4821d 
1.4813e 

1.4856b 
1.4849c 
1.4843d 

1.4870b 
1.4863cd 
1.4858de 

 
Control (SUN) 

Refractive index of Sunflower oil (SUN) 
1.4743a 1.4748a 1.4753a 1.4775a 1.4806a 1.4812a 1.4828a 1.4844a 

SUN: BHT 200ppm 1.4743a 1,4743a 1.4744b 1.4751cde 1.4777ef 1.4800c 1.4811cd 1.4827cd 
SUN: ROS 300ppm 
SUN: ROS 600ppm 
SUN: ROS 900ppm 

1.4743a 
1.4743a 
1.4743a 

1.4745a 
1.4744a 
1.4743a 

1.4747b 
1.4745b 
1.4744b 

1.4756c 
1.4750de 
1.4747e 

1.4784cd 
1.4775ef 
1.4772f 

1.4803bc 
1.4779f 
1.4776f 

1.4816bc 
1.4810d 
1.4804e 

1.4831bc 
1.4824de 
1.4818f 

SUN: PP 300ppm 
SUN: PP 600ppm 
SUN: PP 900ppm 

1.4743a 
1.4743a 
1.4743a 

1.4745a 
1.4744a 
1.4743a 

1.4748ab 
1.4746b 
1.4746b 

1.4762b 
1.4755cd 
1.4751cde 

1.4795b 
1.4786c 
1.4779de 

1.4806b 
1.4794d 
1.4786e 

1.4818b 
1.4811cd 
1.4807de 

1.4833b 
1.4826cde 
1.4821ef 

*BHT= butylated hydroxytoluene, ROS= red onion scales, PP= potato peels, SBO= soybean oil, SUN= sunflower oil. 
Each value is an average of three determinations± standard deviation. 
Each value followed by the same letter in Columns is not significantly different at P ≤ 0.05, for individual oil. 
  

From zero time to the end day storage, the recorded data in Table (4) revealed that, the refractive 
index of soybean and sunflower oil treatments were increased gradually with increasing storage day. 
The similar effect (P≤ 0.05) was observed in the oil treated soybean and sunflower samples between 
the level of 200ppm for BHT and 300ppm for both ROS and PP extracts. The refractive index of 
soybean and sunflower oils which were treated with ROS and PP extracts at 600 ppm was significantly 
(P≤ 0.05) lower than their 300 ppm level  
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The data in table (4) also indicate at the end-day storage that the significantly (P≤ 0.05) lowest 
refractive index value was observed for ROS and PP extracts at level of 900 ppm (1.3818 and 1.4821) 
for sunflower oil, followed by the same extracts at the same level (1.4850 and 1.4858, respectively) for 
soybean oil. These results in harmony with the findings of El-Ghonamy et al. (2015) who recorded the 
highest refractive index value in sunflower oil (1.4742) followed by soybean oil (1.4731) and who also 
noted the gradual increase in the refractive index of sunflower oil and soybean oil and their treated 
samples with increasing frying time.  
 
3.4. Changes in diene and triene contents during oven test at 65 °C: 

UV absorbency at 232 and 270 nm spectrophotometerically are appropriate parameters for the 
primary and secondary oxidation products of oils and fats, respectively (Ranalli et al., 2000). Rising 
absorption values (at 232 and 270 nm) is seen as an indicator of proceeding oil oxidation. 

 
3.5. UV Absorbency at 232 nm, K232:  

The K232 values of all treated soybean and sunflower oil samples were measured and tabulated in 
(Table 5). In this study, Table (5) showed obviously that the treatments of the three concentrations of 
both ROS and PP extracts as well as BHT in both soybean and sunflower oils were led to retarding the 
primary oxidation process (diene formation) comparing with control samples (free additives).     
 
Table 5: UV Absorbency at 232 nm development of different treatments during oven test at 65 °C for 

soybean and sunflower oils 

Oil Treatment* Storage Day at 65 °C 
0 2 4 6 8 10 12 14 

 

Control (SBO) 
UV  absorbency of  K232 of Soybean oil (SBO) 

0.42a 0.92a 1.63a 2.40a 3.53a 3.05a 4.56a 6.03a 
SBO: BHT 200ppm 0.42a 0.62de 1.12d 1.43d 1.73d 2.13d 2.63d 3.33c 
SBO: ROS 300ppm 
SBO: ROS 600ppm 
SBO: ROS 900ppm 

0.42a 
0.42a 
0.42a 

0.74c 
0.63d 
0.52f 

1.30b 
1.15d 
0.80f 

1.53c 
1.38d 
1.01f 

1.88c 
1.57f 
1.03h 

2.28c 
1.86f 
1.28h 

2.70c 
2.28f 
1.52h 

2.46e 
2.48e 
1.94g 

SBO: PP 300ppm 
SBO: PP 600ppm 
SBO: PP 900ppm 

0.42a 
0.42a 
0.42a 

0.86b 
0.76c 
0.57ef 

1.32b 
1.22c 
0.87e 

1.68b 
1.49c 
1.24e 

1.94b 
1.66e 
1.29g 

2.43b 
1.99e 
1.56g 

2.81b 
2.46e 
1.86g 

3.41b 
2.87d 
2.21f 

 
Control (SUN) 

UV  absorbency of  K232 of Sunflower oil (SUN) 
0.21a 0.63a 0.96a 1.25a 1.72a 2.57a 3.55a 5.07a 

SUN: BHT 200ppm 0.21a 0.38bc 0.57c 0.71cd 0.83c 0.94c 1.13d 1.44c 
SUN: ROS 300ppm 
SUN: ROS 600ppm 
SUN: ROS 900ppm 

0.21a 
0.21a 
0.21a 

0.35cd 
0.32de 
0.29f 

0.54cd 
0.51de 
0.46f 

0.76c 
0.64e 
0.54f 

0.93b 
0.76d 
0.68e 

1.11b 
0.92c 
0.78d 

1.31c 
1.10d 
0.91e 

1.47c 
1.32d 
1.08f 

SUN: PP 300ppm 
SUN: PP 600ppm 
SUN: PP 900ppm 

0.21a 
0.21a 
0.21a 

0.42b 
0.38bc 
0.31de 

0.63b 
0.57c 
0.49de 

0.84b 
0.70d 
0.58f 

0.96b 
0.86c 
0.72de 

1.07b 
0.94c 
0.78d 

1.41b 
1.13d 
0.93e 

1.63b 
1.33d 
1.14e 

*BHT= butylated hydroxytoluene, ROS= red onion scales, PP= potato peels, SBO= soybean oil, SUN= sunflower oil. 
Each value is an average of three determinations± standard deviation. 
Each value followed by the same letter in Columns is not significantly different at P ≤ 0.05, for individual oil.   

 
Also observe the K232 value increased from 0.42 and 0.21 at zero time to 6.03 and 5.07 for soybean 

and sunflower oils as control samples respectively, after 14 days of storage in oven at 65 °C, this 
represents 2- or 3-folds at least of any other treatment, which reflect significantly (P≤ 0.05) the strong 
retard conjugated dienes formation for all three concentration of both ROS and PP extracts, in sunflower 
oil followed by soybean oil samples. 

It should also be noted that the K 232 value of the ROS extract at level 900ppm in sunflower and 
soybean oils had the significantly (P≤ 0.05) strongest effect on retarding primary oxidation products 
relative to all treated samples (1.08 and 1.94 respectively). Although the significantly (P≤ 0.05) lowest 
effect for PP extract was observed at a level of 300ppm, 3.41 and 1.63 for soybean and sunflower oil 
respectively  
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These findings agree with those reported by Kiralan et al. (2008), who found that using 500 and 
1000 ppm of nigella seed extract caused the production of K232 in sunflower oil to be delayed after 14 
days of oil storage at 60 °C, compared to the control sample, while using 2000 ppm of nigella seed 
extract had a negative effect where K232 increased more than the control sample. 

  
3.6. UV Absorbency at 270 nm, K270:  

The K270 values of all studied treatment samples were determined and presented in (Table 6) for 
soybean and sunflower oils. Obviously, the results showed that the development of the K270 value 
(secondary oxidation process measure) of control samples (soybean and sunflower oils) increased from 
zero time (0.45 and 0.33) to the 14-day storage period (10.24 and 8.79, respectively), calculating around 
7-: 11-fold more than all treatment samples. BHT also recorded a significantly (P≤ 0.05) higher 
inhibitory effect in soybean and sunflower oils than both ROS and PP extracts at a level of 300ppm, 
respectively, while it was lower than the other treatments during oven test at 65 ° C.  

In sunflower and soybean treated with ROS extract (0.78 and 0.86), followed by PP extract (0.89 
and 0.90, respectively) at 900 ppm, which was stated to be the significantly (P≤ 0.05) highest effective 
treatment in the final day storage to delay accumulation of secondary oxidation products (triene 
formation), whereas in those treated with PP extract (1.64 and 1.35, respectively) the significantly (P≤ 
0.05) lowest effective treatment was reported, followed by ROS extract (1.58 and 1.31, respectively) at 
level 300ppm for both. 

It could also be found that the inhibitory efficacy of accumulated secondary oxidation products can 
be ordered from the highest to the lowest (P≤ 0.05) as follows:  
ROS 900 > PP900 > ROS600> PP600> BHT200 >ROS300> PP300 for treated sunflower oil samples 
followed by ROS900> PP 900> ROS600> PP600> BHT200 >ROS300 > PP300 for treated soybean oil 
samples. 

The findings of soybean or sunflower oil treatments absorbing UV at 270 nm agreed with those 
stated by Iqbal et al. (2008) which stated that the use of 250, 500 and 1000 ppm of pomegranate peel 
extract and of BHT (200 ppm) resulted in a reduction in the formation of conjugated trienes during the 
24-day storage at 65 °C of soybean and sunflower oil samples compared to the control sample. It has 
been reported that the production of a high content of conjugated trienes might be related to the high 
content of dehydration of conjugated diene hydroperoxide products (Konsoula, 2016). 

 
Table 6: UV Absorbency at 270 nm development of different treatments during oven test at 65 °C for 

soybean and sunflower oils 

Oil Treatment* Storage Day at 65 °C 
0 2 4 6 8 10 12 14 

 

Control (SBO) 
UV absorbency of K270 of Soybean oil (SBO) 

0.45a 0.50a 0.64a 0.83a 1.29a 2.46a 5.79a 10.24a 
SBO: BHT 200ppm 0.45a 0.43b 0.56c 0.69c 0..82c 0.91c 1.03c 1.17c 
SBO: ROS 300ppm 
SBO: ROS 600ppm 
SBO: ROS 900ppm 

0.45a 
0.45a 
0.45a 

0.49a 
0.46ab 
0.46ab 

0.64a 
0.58bc 
0.53cd 

0.75b 
0.61d 
0.57de 

0.89b 
0.74d 
0.65ef 

0.96bc 
0.79d 
0.73e 

1.08c 
0.88de 
0.82f 

1.31b 
0.92e 
0.86f 

SBO: PP 300ppm 
SBO: PP 600ppm 
SBO: PP 900ppm 

0.45a 
0.45a 

0.45a 

0.49a 
0.46ab 
0.46ab 

0.62ab 
0.50d 
0.50d 

0.86a 
0.57de 
0.54e 

0.94b 
0.69de 
0.63f 

1.00b 
0.84d 
0.68e 

1.16b 
0.93d 
0.85ef 

1.35b 
1.00d 
0.90ef 

 
Control (SUN) 

UV absorbency of K270 of Sunflower oil (SUN) 
0.33a 0.38a 0.45a 0.58a 1.03a 2.23a 4.95a 8.79a 

SUN: BHT 200ppm 0.33a 0.35a 0.38b 0.43cd 0.58bc 0.77c 1.02c 1.30d 
SUN: ROS 300ppm 
SUN: ROS 600ppm 
SUN: ROS 900ppm 

0.33a 
0.33a 
0.33a 

0.39a 
0.37a 
0.37a 

0.43ab 
0.39b 
0.39b 

0.47bc 
0.42cd 
0.40d 

0.62b 
0.51de 
0.43f 

0.84b 
0.69d 
0.49e 

1.11b 
0.93d 
0.67e 

1.58c 
1.07e 
0.78g 

SUN: PP 300ppm 
SUN: PP 600ppm 
SUN: PP 900ppm 

0.33a 
0.33a 
0.33a 

0.37a 
0.37a 
0.37a 

0.41ab 
0.39b 
0.39b 

0.50b 
0.41d 
0.40d 

0.63b 
0.53cd 
0.46ef 

0.81bc 
0.67d 
0.53e 

1.14b 
0.96d 
0.70e 

1.64b 
1.12e 
0.89f 

*BHT= Butylated hydroxytoluene, ROS= red onion scales, PP= potato peels, SBO= soybean oil, SUN= sunflower oil. 
Each value is an average of three determinations± standard deviation. 
Each value followed by the same letter in Columns is not significantly different at P ≤ 0.05, for individual oil. 
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3.7. Changes in peroxide value (PV) during oven test at 65 °C: 
The first method commonly used to measure the oxidation status of any oil or fat is the formation 

of peroxides which have been tested by peroxide value. Peroxide value is an indicator of the degree of 
primary oil and fat oxidation. Increases in peroxide values for treated soybean and sunflower oil samples 
during the oven test storage period were tabulated in (Table 7). The results in (Table 7) showed a 
continuous increase in PV with an increase in oven storage period at 65 °C until the final 14-day for all 
samples studied in soybean and sunflower oils, with slow rate. The findings reported in (Table 7) it 
could be noted that soybean and sunflower control samples had PV values ranging from 1.17 and 1.21 
(at zero time) to 51.87 and 37.83, respectively after the 14 days of oven storage, while PV values of 
other treated samples ranged to between 8.67: 30.26 meq O2/kg based on strong antioxidant additives 
after 14 days of oven storage. The results in (Table 7), significantly (P≤ 0.05) higher inhibitory effects 
on PV developments were observed in both soybean and sunflower oils at forward storage time until 
the final 14-day between extracts of (ROS and PP, at levels 600 and 900 ppm) and PHT (at legal level 
200ppm), while lower inhibitory effects (P≤ 0.05) on PV developments were also observed (Table 7) 
in both soybean and sunflower oils at forward storage time between extracts of (ROS and PP) at level 
300ppm and PHT (at legal level 200ppm).  

Such results support the findings of Duh and Yen (1997) who reported that methanolic extracts 
of peanut hulls at a level of 480 and 1200 ppm delayed peroxidation of both soybean and peanut oils 
more effectively than that of BHA used at 200 ppm. These results are in harmony with those reported 
by Iqbal et al. ( 2008), who found that using pomegranate peel extracts at 250, 500 and 1000 ppm and 
BHT (200ppm) for different periods led to a reduction in PV development of sunflower oils under 
accelerated conditions (65 °C), compared to control samples (without antioxidants). Roman et al. (2013) 
also observed that the use of α-tocopherol (as an antioxidant) resulted in a decrease in the rate of PV 
development from 0.1 to 18 and from 0.6 to 11.9 meq O2/ kg for the sunflower oil control sample and 
the α-tocopherol treatment of the sunflower oil sample, respectively after 6 hours of heating at 100 °C.  
 
Table 7: The peroxide value development of different treatments during oven test at 65 °C for soybean 

and sunflower oils 

Oil Treatment* Storage Day at 65 °C 
0 2 4 6 8 10 12 14 

 
Control (SBO) 

The Peroxide value of Soybean oil (SBO) 
1.17a 3.33a 7.15a 11.37a 17.03a 24.65a 36.78a 51.87a 

SBO: BHT 200ppm 1.17a 1.77e 3.16d 5.36d 8.97d 13.65d 18.61d 26.16d 
SBO: ROS 300ppm 
SBO: ROS 600ppm 
SBO: ROS 900ppm 

1.17a 
1.17a 
1.17a 

2.13b 
1.54f 
1.35h 

3.54c 
2.89e 
2.55f 

6.32c 
5.29e 
4.26h 

10.12c 
7.89f 
6.76h 

15.90c 
9.92f 
9.18h 

21.87c 
12.89g 
10.11h 

27.95c 
17.93g 
12.65h 

SBO: PP 300ppm 
SBO: PP 600ppm 
SBO: PP 900ppm 

1.17a 
1.17a 
1.17a 

1.93c 
1.85d 
1.44g 

4.83b 
3.54c 
2.94e 

6.61b 
5.17f 
4.56g 

10.84b 
8.65e 
7.09g 

16.72b 
11.24e 
9.81g 

22.54b 
16.03e 
13.50f 

30.26b 
19.12e 
18.28f 

 

Control (SUN) 
The Peroxide value of Sunflower oil (SUN) 

1.21a 3.41a 6.19a 8.07a 15.70a 21.71a 29.56a 37.83a 
SUN: BHT 200ppm 1.21a 2.12c 3.10c 4.10d 7.73d 10.36d 14.33d 17.18d 
SUN: ROS 300ppm 
SUN: ROS 600ppm 
SUN: ROS 900ppm 

1.21a 
1.21a 
1.21a 

2.20b 
1.56f 
1.26g 

3.41b 
2.43e 
2.02g 

4.27c 
3.05g 
2.52h 

8.84c 
6.61f 
4.00h 

11.61c 
7.64f 
5.83h 

14.89c 
9.62g 
7.80h 

18.07c 
11.95g 
8.67h 

SUN: PP 300ppm 
SUN: PP 600ppm 
SUN: PP 900ppm 

1.21a 
1.21a 
1.21a 

2.25b 
2.03d 
1.76e 

3.46b 
2.80d 
2.20f 

4.39b 
3.67e 
3.24f 

9.44b 
7.56e 
4.87g 

12.89b 
8.51e 
6.78g 

16.06b 
10.75e 
9.72f 

20.28b 
13.69e 
12.21f 

*BHT= butylated hydroxytoluene, ROS= red onion scales, PP= potato peels, SBO= soybean oil, SUN= sunflower oil. 
Each value is an average of three determinations± standard deviation. 
Each value followed by the same letter in Columns is not significantly different at P ≤ 0.05, for individual oil. 

 
On the other hand, the induction period was considered to be the amount of time required to hit 20 meq 
O2/kg of oil or fat for the sample peroxide value (Economou et al., 1991). This is in agreement with a 
general consideration that oils become rancid at values above 20 meq O2 / kg of peroxide. By observing 
a PV level of 20 meq O2 / kg from reported data in (Table 7), control samples of both soybean and 



Middle East J. Appl. Sci., 8(4): 1579-1598, 2018 
ISSN 2077-4613 

1590 

sunflower oils were obtained after the 8-day and reached in soybean oil at the 12-day storage time for 
ROS (300ppm), PP (300ppm) and BHT (21,87, 22,54 and 18,61 meq O2 / kg, respectively); while  20.28 
meq O2 / kg was reached at the end of the 14-day in sunflower oil treated with 300ppm of PP extract. 
Watching the PV, the levels of 600 and 900 ppm (for both ROS and PP extract samples) were unreached 
to 20 meq O2 / kg, at 600ppm level (11.95 and 13.69) and 900ppm level (8.67 and 12.21 meq O2/kg, 
respectively) in the sunflower oil, also unreached to 20 meq O2 / kg at 600ppm level (17. 93 and 19.12) 
and 900ppm level (12.65 and 18.28 meq O2/kg, respectively) in the soybean oil. It can be inferred from 
previous data that the induction period has been extended to reach a peroxide value of 20 meq O2 / kg 
in soybean and sunflower oils under test conditions, with extracts of ROS and PP at 600 and 900 ppm 
levels.  
 
3.8. The inhibition of oil oxidation (IO %) during oven test at 65 °C: 

The inhibition of oil oxidation (IO) was calculated to represent antioxidant activity as according to 
described by of Rhee and Rhee (1982) as follow: 

IO % = 100 − [(PV increase of sample / PV increase of control) × 100%]. 
The results obtained from the calculation of inhibition of oil oxidation (IO) are shown in Table (8). 

Increases in IO % for treated soybean and sunflower oil samples during the oven test storage period 
were observed clearly in (Table 8). The results in (Table 8) showed a continuous inhibition of oil 
oxidation (IO) percent with an increase in oven storage period at 65°C until the finally 14-day for all 
samples studied in soybean and sunflower oils. The findings reported in (Table 8) after 14 days of oven 
test at 65 °C,  it could be noted that IO % of PHT was ranged from 42.94 to 49.57% in soybean oil (with 
average 48.43%) and ranged from 37.83 to 54.59 % in sunflower oil (with average 49.44%), which 
significantly (P≤ 0.05) higher than the level 300ppm of both ROS and PP extracts in soybean (with 
average 41.96 and 37.68%, res.) and sunflower (with average 45.51 and 42.32%, res.) oils and 
significantly (P≤ 0.05) lower than the level 600ppm of both ROS and PP extracts in soybean (with 
average 57.67 and 53.23%, res.) and sunflower (with average 62.25 and 55.69%, res.) oils. On the other 
hand, the results in (Table 8) illustrated that the significantly (P≤ 0.05) highest IO % was observed at 
level 900ppm of both ROS and PP extracts in both soybean (with average 65.36 and 60.31%, res.) and 
sunflower (with average 71.08 and 63.15%, res.) oils, which were reflected the shelf life elongation of 
soybean and sunflower oils. 
 
 Table 8: The inhibition of oil oxidation (IO %) development of different treatments during oven test 

at 65 °C for soybean and sunflower oils 

Oil Treatment* Storage Day at 65 °C 

The inhibition of oil oxidation (IO %) of Soybean oil (SBO) 
(SBO) 2 4 6 8 10 12 14 average 

SBO: BHT 200ppm 42.94e 55.80d 52.86e 47.33e 44.62e 49.40e 49.57e 48.43 
SBO: ROS 300ppm 
SBO: ROS 600ppm 
SBO: ROS 900ppm 

36.04g 
46.85c 
59.46a 

50.49e 
59.58b 
64.34a 

44.42f 
53.47d 
62.53a 

40.58f 
53.67c 
60.31a 

35.50f 
59.76c 
62.76a 

40.54f 
64.95b 
72.51a 

46.12f 
65.43b 
75.61a 

41.96 
57.67 
65.36 

SBO: PP 300ppm 
SBO: PP 600ppm 
SBO: PP 900ppm 

40.54f 
44.44d 
56.76b 

32.45f 
50.49e 
58.88c 

41.86g 
54.53c 
59.89b 

36.35g 
49.21d 
58.37b 

32.17g 
54.40d 
60.20b 

38.72g 
56.42d 
63.29c 

41.66g 
63.14d 
64.76c 

37.68 
53.23 
60.31 

 The inhibition of oil oxidation (IO %)of Sunflower oil (SUN) 
(SUN) 2 4 6 8 10 12 14 average 

SUN: BHT 200ppm 37.83e 49.92e 49.19e 50.76e 52.28e 51.52e 54.59e 49.44 
SUN: ROS 300ppm 
SUN: ROS 600ppm 
SUN: ROS 900ppm 

34.48f 
54.25b 
63.05a 

44.91f 
60.74c 
67.37a 

47.09f 
62.21b 
68.77a 

43.69f 
57.90c 
74.52a 

46.52f 
64.81c 
73.15a 

49.63f 
67.46b 
73.61a 

52.23f 
68.41b 
77.08a 

45.51 
62.25 
71.08 

SUN: PP 300ppm 
SUN: PP 600ppm 
SUN: PP 900ppm 

34.02g 
40.47d 
45.16c 

44.10g 
54.77d 
64.46b 

45.60g 
54.52d 
59.85c 

39.87g 
51.85d 
68.98b 

40.62g 
60.80d 
68.77b 

45.67g 
63.63d 
67.12c 

46.39g 
63.81d 
67.72c 

42.32 
55.69 
63.15 

*BHT= butylated hydroxytoluene, ROS= red onion scales, PP= potato peels, SBO= soybean oil, SUN= sunflower oil. 
Each value is an average of three determinations± standard deviation. 
Each value followed by the same letter in Columns is not significantly different at P ≤ 0.05, for individual oil. 
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3.9. Changes in the P-anisidine value (P-AV) during oven test at 65 °C: 
The peroxide value (PV) was can be used as indicator of the primary oxidation of oils while the 

indicator of secondary oxidation products were determined by P-anisidine value (p-AV). Secondary 
oxidation products, estimated by the value of P-anisidine (p-AV), were accumulated for all soybean 
and sunflower oil samples on oven test days at 65 °C  

The results in (Table 9) showed significantly (P≤ 0.05) lower values of P-anisidine for soybean 
and sunflower oils at the three levels of both ROS and PP extracts relative to those of BHT and control 
samples after the 14 days of oven storage. The P-anisidine values for both control and BHT samples 
were, as shown in Table (9), 26.55 and 17.13 for soybean oil and 26.38 and 16.72 for sunflower oil 
respectively; significantly (P≤ 0.05) higher than the ROS and PP values at 300 ppm (9.04 and 10.87 for 
soybean oil) and (8.41 and 9.84 for sunflower oil respectively). By observing, the P-anisidine values 
for both ROS and PP extracts at level 900ppm were significantly (P≤ 0.05) lower (7.43 and 9.26 for 
soybean oil) and (6.96 and 8.55 for sunflower oil) than those of level 600ppm (8.81 and 10.17 for 
soybean oil) and (7.19 and 9.13 for sunflower oil, respectively), when measuring P-anisidine values, 
ROS samples below PP samples in sunflower oil at three levels (300, 600 and 900 ppm), likewise 
followed by soybean oil values at 65 °C on forward storage day. 

These results do not confirm the findings of Hras et al. (2000) who found that the P-anisidine value 
of sunflower oil (control) was 33 and that the sunflower oil containing rosemary extract was 25 after 8 
days of storage at 60C, such variations may be due to differences in oil type and daytime storage 
conditions  

At the other hand, these identical findings reported by Abd El-Aal and Halaweish (2010), who 
found that soybean oil (control) had a P-anisidine value of 10.65 and that of soybean oil containing 
BHT (200ppm) and orange peel extract (400ppm) were 7.24 and 6.31, respectively.  
 
Table 9: The P-anisidine value development of different treatments during oven test at 65 °C for 

soybean and sunflower oils. 

Oil Treatment* Storage Day at 65 °C 
0 2 4 6 8 10 12 14 

 

Control (SBO) 
The P-Anisidine value of Soybean oil (SBO) 

0.00 3.02a 7.87a 10.44a 14.20a 16.68a 21.56a 26.55a 
SBO: BHT 200ppm 0.00 1.80d 2.52d 5.57b 8.67b 11.07b 14.35b 17.13b 
SBO: ROS 300ppm 
SBO: ROS 600ppm 
SBO: ROS 900ppm 

0.00 
0.00 
0.00 

1.86c 
1.81cd 
1.69e 

2.86c 
2.14f 
2.06g 

4.82d 
4.26f 
3.79g 

6.75d 
6.00f 
5.51h 

7.52d 
6.21g 
5.75h 

8.44d 
7.66f 
6.96h 

9.04f 
8.81g 
7.43h 

SBO: PP 300ppm 
SBO: PP 600ppm 
SBO: PP 900ppm 

0.00 
0.00 
0.00 

2.19b 
1.74e 
1.03f 

2.99b 
2.37e 
2.17f 

5.46c 
4.49e 
4.29f 

8.15c 
6.23e 
5.93g 

7.78c 
7.15e 
6.55f 

8.89c 
8.38e 
7.27g 

10.87c 
10.17d 
9.26e 

 

Control (SUN) 
The P-Anisidine value of Sunflower oil (SUN) 

0.00 2.74a 5.93a 8.85a 10.42a 15.43a 20.39a 26.38a 
SUN: BHT 200ppm 0.00 1.32b 2.43b 3.55b 6.95b 9.30b 12.73b 16.72b 
SUN: ROS 300ppm 
SUN: ROS 600ppm 
SUN: ROS 900ppm 

0.00 
0.00 
0.00 

1.26cd 
1.19e 
1.01g 

2.24d 
2.12f 
2.03g 

3.18d 
2.46g 
2.38h 

6.06d 
4.54g 
4.35h 

6.95e 
5.77g 
5.03h 

7.49f 
6.86g 
6.17h 

8.41f 
7.19g 
6.96h 

SUN: PP 300ppm 
SUN: PP 600ppm 
SUN: PP 900ppm 

0.00 
0.00 
0.00 

1.29bc 
1.22de 
1.13f 

2.32c 
2.18e 
2.10f 

3.38c 
2.92e 
2.64f 

6.89c 
5.16e 
4.88f 

7.74c 
7.08d 
6.89f 

8.67c 
8.16d 
7.98e 

9.84c 
9.13d 
8.55e 

*BHT= Butylated hydroxytoluene, ROS= red onion scales, PP= potato peels, SBO= soybean oil, SUN= sunflower oil. 
Each value is an average of three determinations± standard deviation. 
Each value followed by the same letter in Columns is not significantly different at P ≤ 0.05, for individual oil. 

 
3.10. Changes in Totox Value (TV) during the oven test at 65 °C:  

In the industry, P-Anisidine (p-AV) is often used in combination with peroxide value (PV) to 
calculate the so-called total oxidation or TOTOX value (TV) given as: TOTOX = 2PV + p-AV (Shahidi 
and Wanasundara, 2002). TV is a total oxidation measure which includes primary and secondary 
products. The findings obtained from the calculation of TV are shown in Tables (10). Table results (10) 
showed that TV was reduced by incorporating synthetic and natural antioxidants in soybean and 
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sunflower oils compared to increased control samples (free from any additives) during the oven test at 
65 ° C.  

The TV of soybean and sunflower oil control samples (free from additives) were found to be 130.29 
and 102.04 after 14 days of oven test at 65 °C, which decreased to about half of effectives (P≤ 0.05) by 
adding BHT synthetic antioxidant (at legal 200ppm), 69.45 and 51.08 respectively; as well as at 300ppm 
level for both natural antioxidants of ROS (64.94 and 44.55) and PP (71.39 and 50.40) in soybean and 
sunflower oil respectively. 

By observing in Tables (10), the significantly (P≤ 0.05) lowest TV in soybean and sunflower oils 
were noticed with ROS at 900ppm level (32.73 and 24.30) followed by PP 900ppm level (45.82 and 
32.97, respectively), while the level of 600ppm for both natural antioxidants, ROS and PP extracts were 
effective acceptable (P≤ 0.05) higher than that of synthetic antioxidant (BHT, 200ppm); thus indicating 
the higher effectives of ROS and PP extracts, at 600 and 900ppm levels were enhance prolong the shelf 
life stability of soybean and sunflower oils and the protective role of natural antioxidants present in 
ROS and PP extracts for retarding the oxidative rancidity.   

Due to soybean oil with higher linolenic acid content than sunflower oil, soybean oil was shown 
to be less stable at 65 °C during the 14-day oven test. This finding follows that stated in an earlier study 
(Abdulkarim et al., 2007).  

Such findings are in line with those reported by El-Ghonamy et al., (2015) who noted that soybean 
oil had higher TV (80.53) than sunflower oil (69.93), suggesting higher linolenic acid content due to 
lower soybean oil stability to oxidative rancidity.  
 
Table 10: The Totox value development of different treatments during oven test at 65 °C for soybean 

and sunflower oils 

Oil Treatment* Storage Day at 65 °C 
0 2 4 6 8 10 12 14 

 

Control (SBO) 
The Totox value of Soybean oil (SBO) 

2.34a 9.68a 22.17a 33.18a 48.26a 65.98a 95.12a 130.29a 
SBO: BHT 200ppm 2.34a 5.56e 8.84e 16.29d 26.61d 38.37d 51.57d 69.45c 
SBO: ROS 300ppm 
SBO: ROS 600ppm 
SBO: ROS 900ppm 

2.34a 
2.34a 
2.34a 

6.12b 
4.59f 
4.39g 

9.94c 
7.92g 
7.16h 

17.46c 
14.84e 
12.31g 

26.99c 
21.78f 
19.03h 

39.32c 
26.05g 
24.11h 

52.18c 
33.44g 
27.18h 

64.94d 
44.67g 
32.73h 

SBO: PP 300ppm 
SBO: PP 600ppm 
SBO: PP 900ppm 

2.34a 
2.34a 
2.34a 

6.05c 
5.44d 
3.91h 

12.65b 
9.45d 
8.05f 

18.68b 
14.83e 
13.41f 

29.83b 
23.53e 
20.11g 

41.22b 
29.63e 
26.17f 

53.97b 
40.44e 
34.27f 

71.39b 
48.41e 
45.82f 

 

Control (SUN) 
The Totox value of Sunflower oil (SUN) 

2.42a 9.68a 18.31a 24.99a 41.82a 58.85a 79.51a 102.04a 
SUN: BHT 200ppm 2.42a 5.34e 8.63d 11.75c 22.41d 30.02d 41.39b 51.08b 
SUN: ROS 300ppm 
SUN: ROS 600ppm 
SUN: ROS 900ppm 

2.42a 
2.42a 
2.42a 

6.12b 
4.89f 
3.53g 

9.06c 
6.98f 
6.07h 

11.72c 
8.56f 
7.42g 

23.74c 
17.76f 
12.35h 

30.17c 
21.05f 
16.69h 

37.27d 
26.10g 
21.77h 

44.55d 
31.09g 
24.30h 

SUN: PP 300ppm 
SUN: PP 600ppm 
SUN: PP 900ppm 

2.42a 
2.42a 
2.42a 

5.79c 
5.28d 
4.65h 

9.24b 
7.78e 
6.50g 

12.16b 
10.26d 
9.12e 

25.77b 
20.28e 
14.62g 

33.52b 
24.10e 
20.45g 

40.79c 
29.66e 
27.42f 

50.40c 
36.51e 
32.97f 

*BHT= butylated hydroxytoluene, ROS= red onion scales, PP= potato peels, SBO= soybean oil, SUN= sunflower oil. 
Each value is an average of three determinations± standard deviation. 
Each value followed by the same letter in Columns is not significantly different at P ≤ 0.05, for individual oil. 

 
3.11. Changes in fatty acids composition after the 14-days oven test at 65 °C:  

The composition of soybean and sunflower oil fatty acids was determined at zero time before 
treatment (free of any additives) and after treatment and stored at 65 °C for 14 days of oven test with 
the control (free from any additives) and the results tabled in Table (11). The data in Table (11) showed 
that the main dominant fatty acids in the soybean oil sample at zero time were palmitic acid (C16:0), 
stearic acid (C18:0), oleic acid (C18:1), linoleic acid (C18:2) and linolenic acid (C18:3), with 8.59, 
4.12, 24.65, 55.10 and 6.71% respectively. These findings are in line with those of Juarez et al. (2011), 
who found that these five fatty acids were the main fatty acids in soybean oil, with 10.3, 4.9, 21.5, 53.4 



Middle East J. Appl. Sci., 8(4): 1579-1598, 2018 
ISSN 2077-4613 

1593 

and 5.1 %, respectively. Farhoosh et al. (2009) also found that, respectively, these five main fatty acids 
in soybean oil were 11.9, 4.15, 25.8, 51.1 and 5.96%.  

Sunflower oil sample results were also recorded in Table (11), which showed that the main 
dominant fatty acids in the sunflower oil sample were palmitic acid (C16:0), stearic acid (C18:0), oleic 
acid (C18:1) and linoleic acid (C18:2), with 6.14, 4.23, 25.36 and 62.04%, respectively at zero time. 
These results were consistent with those reported by Roman et al. (2013), who found 5.92, 4.14, 26.04 
and 62.27% of these four main fatty acids in sunflower oil, respectively.  

Table (11), comparing the difference in fatty acid percentages of soybean oil before (at zero time) 
and after the 14-day oven test storage (control sample) at 65 °C, showed that unsaturated fatty acids 
decreased from the zero time sample (24.65, 55.10 and 6.71 %) to the end-14-day oven test storage 
(22.94, 48.34 and 3.09 % of oleic, linoleic and linolenic acids, respectively) and increases in saturated 
fatty acids from zero time sample (8.59, 4.12 and 0.83%) to the end-14-day oven test storage (16.26, 
7.80 and 1.57 of palmitic, stearic and arachidic with behenic acids, respectively).  

Similar changes in fatty acid percentages in sunflower oil were also observed between (zero time 
sample) and after the end-14-day oven test storage (control sample) at 65 °C, showed that unsaturated 
fatty acids decreased from the zero time sample (25.36, 62.04 and 1.87 %) to the end-14-day oven test 
storage (23.31, 57.15 and 0.83 % for oleic, linoleic and linolenic acids, respectively) and increases in 
saturated fatty acids from zero time sample (6.14, 4.23, and 0.36%) to the end-14-day oven test storage 
(10.70, 7.38 and 0.63%  for palmitic, stearic and arachidic with behenic, acids, respectively). 

Such results were accepted with those of Juarez et al. (2011), who found that the content of palmitic 
acid and stearic acid increased from 10.30 and 4.90 % at zero time to 11.50 and 5.60 % respectively at 
the end-period test for soybean oil, while it increased from 6.50 and 3.50 % at zero time to 7.30 and 
4.00 % respectively at the end-time test for sunflower oil at 180 °C for time test of 14h. They also found 
that linolenic acid decreased from 5.10% to 4.10% for soybean oil, and from 0.40% to 0.30% for 
sunflower oil, under the same conditions.  
 
Table 11: Fatty acid composition (relative %) of different treatments of soybean (SBO) and sunflower 

(SUN) oils after 14 days of oven test at 65°C 

Oil Treatment* 
 

Fatty acids (relative %) of Soybean oil 
C16:0 C18:0 C20:0 + 

C22:0  
C18:1 C18:2 C18:3 Cox 

value 
(SBO) Zero Time 8.59 4.12 0.83 24.65 55.10 6.71 7.37 
SBO- Control 16.26 7.80 1.57 22.94 48.34 3.09 5.88 
SBO: BHT 200ppm 9.84 4.72 0.96 25.31 52.68 6.49 7.08 
SBO: ROS 300ppm 
SBO: ROS 600ppm 
SBO: ROS 900ppm 

9.66 
9.35 
8.89 

4.63 
4.49 
4.27 

0.94 
0.91 
0.86 

26.33 
25.85 
25.13 

51.82 
52.76 
54.16 

6.62 
6.64 
6.69 

5.60 
7.13 
7.27 

SBO: PP 300ppm 
SBO: PP 600ppm 
SBO: PP 900ppm 

9.81 
9.29 
8.93 

4.71 
4.46 
4.28 

0.95 
0.89 
0.86 

26.58 
25.75 
25.17 

51.57 
53.19 
54.31 

6.38 
6.42 
6.45 

6.96 
7.12 
7.24 

Oil Treatment 
 

Fatty acids   (relative %) of Sunflower oil 
C16:0 C18:0 C20:0 + 

C22:0 
C18:1 C18:2 C18:3 Cox 

value 
(SUN) Zero Time 6.14 4.23 0.36 25.36 62.04 1.87 7.05 
SUN - Control 10.70 7.38 0.63 23.31 57.15 0.83 6.30 
SUN: BHT 200ppm 6.75 4.65 0.40 25.71 61.67 0.82 6.79 
SUN: ROS 300ppm 
SUN: ROS 600ppm 
SUN: ROS 900ppm 

8.08 
6.64 
6.51 

5.57 
4.58 
4.49 

0.47 
0.39 
0.38 

26.48 
25.66 
25.58 

58.43 
61.02 
61.27 

0.97 
1.71 
1.77 

6.49 
6.91 
6.95 

SUN: PP 300ppm 
SUN: PP 600ppm 
SUN: PP 900ppm 

8.43 
7.32 
7.20 

5.81 
5.05 
4.96 

0.49 
0.43 
0.43 

26.69 
26.04 
25.98 

57.83 
60.11 
60.43 

0.75 
1.05 
1.00 

6.39 
6.68 
6.70 

*BHT= butylated hydroxytoluene, ROS= red onion scales, PP= potato peels, SBO= soybean oil, SUN= sunflower oil. 

 
Table (11) showed that linoleic acid, which decreased from 55.10 % at zero time to 48.34 % at the 

end-period test for soybean control sample and from 62.04 % at zero time to 57.15 % at the end-period 
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test for sunflower control sample, was the most fatty acid affected by the oven test at 65 °C for the end-
period test.  

Such results were in agreement with those published by Juarez et al. (2011), who found that, after 
an uncontinuous thermal treatment process at 180 °C for 14 h, the percentage of linoleic acid decreased 
from 53.40% to 50.30%, they also published that there was a substantial decrease in polyunsaturated 
fatty acids resulting from oxidation reactions during thermal processes.  

The data in Table (11) also indicated similar effective and positive findings between the level of 
synthetic antioxidant (BHT, 200ppm) and the level of 300ppm of both the natural antioxidants under 
study (ROS and PP extracts) incorporating in both soybean and sunflower oils after the end-14-day 
oven test storage at 65 °C, which delayed the unsaturated fatty acids degradation of the control samples.  

The results in Table (11) showed also that the minimum rate of linoleic acid degradation was 
identified by nature antioxidants incorporated in soybean and sunflower oil samples at 900 ppm level 
of both ROS and PP extracts. These findings were in agreement with those of Kowalski (2009), who 
found that the content of polyunsaturated fatty acid was reduced by heating sunflower oil for 120 h at 
90 °C, who also noticed that, the maximum decrease was recorded (5.00 %) for sunflower oil control 
sample, without extract addition; while sunflower oil samples treated with Sliphum perfoliatum rhizome 
extracts had a minimum decreased (2.00- 5.00%). 

By observing in Table (11), oleic acid percent was slightly increase in all oil samples than at zero 
time samples, except for the control samples in both soybean and sunflower oils. These results in 
harmony with those reports of Bachari-Saleh et al. (2013), who recoded that a slight decrease in linoleic 
and linolenic acids as a result of oxidation resulted in a slight relative increase in oleic acid. 
On the other hand, the Cox value is an important parameter as an indication of the degradation of C18-
unsaturated fatty acids due to the occurrence of oil oxidation which is reflected in the oils shelf life. The 
data in Table (11) showed that the Cox value decreased from 7.37 to 5.88 for soybean oil and from 7.05 
to 6.30 for sunflower oil, between zero time samples and control samples (without additives), 
respectively, after the end-14-day oven test at 65 °C. The Cox values observed for both ROS and PP 
extracts at 600ppm and 900ppm levels were higher than BHT (200ppm) in soybean and sunflower oils; 
except for PP extract at 600ppm in sunflower oil (slightly lower), after the end-14-day oven test storage 
at 65 °C.  

The level of 900ppm of both ROS and PP extracts were 7.27 and 7.24 in soybean oil and 6.95 and 
6.70 in sunflower oil, respectively; which observed near to Cox value at zero-time samples (7.37 and 
7.05 in soybean and sunflower oil, respectively). Therefore it can be indicate that the rate of decreases 
in Cox value depends on the antioxidant activities (quercetin and gallic acid) in soybean and sunflower 
oils and which were reflected the elongation of its shelf life. 
 
Conclusion  

Natural antioxidant extracts of plant could play an important role as an alternative to synthetic 
antioxidants in the oil industry. Red onion scales and potato peels as wastes were considered a cheap, 
abundant, enriched source of functional components and a sustainable source for the extraction of 
phenolic compounds which have a remarkable antioxidant capacity. From this study obviously that all 
the monitored (primary and secondary) oxidative products on the both soybean and sunflower oils 
incorporated within red onion scale and potato peel extracts (at 600 and 900ppm for each) were 
stabilized and were significantly lower than the controls and synthetic antioxidant (BHT-200) at the 
termination of the accelerated oxidation storage. All soybean and sunflower oil treatments incorporated 
within red onion scale and potato peel extracts and synthetic antioxidants (BHT-200) showed  in 
harmony increases in the induction period (Rancimat) and decreases acid value, refractive index, 
conjugated diene content, conjugated triene content, peroxide values and P-anisidine value when 
compared with controls (without any antioxidants), which reflect on the prolong oil shelf life.  It can be 
inferred that in addition to solve the problems associated with red onion scales and potato peels as 
wastes and optimizing its economic benefit as a source to edible natural antioxidant extracts (due to 
high contents of quercetin and gallic acid compounds), which may be play a substantially role in 
alternative to replacing inedible synthetic antioxidants such as BHT for prolong the oil shelf life and 
during the processing of edible oils with a high content of polyunsaturated fatty acids such as soybean 
and sunflower oils. In addition to using natural antioxidant extracts of such wastes to preserve vegetable 
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oils, it can be beneficial to use as food additive powders for different fatty food systems to delay 
oxidative rancidity and prolong their shelf life.  
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