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Abstract This study was designed to examine physico-

chemical composition, antioxidant activities and heat sta-

bility of corn oil enriched with bitter orange peel. Volatile

compounds composition of corn oil flavored with Citrus

aurantium peel was investigated. Flavored oil total aroma

content (2.6 mg/mg oil) was mainly represented by

monoterpene hydrocarbons and limonene was the major

one (2.49 mg/mg oil). Flavored oil methanolic extract was

characterized by total phenol content of 1.22 mg GAE/kg.

Chlorogenic, ferulic and p-coumaric acids were the major

phenolic components of the flavored oil extract (34.33,

30.24 and 19.39 %, respectively). It was also characterized

by a higher chlorophylls and carotenoids contents than the

refined one. Antioxidant activities of methanolic extracts of

both samples were determined using four assays: DPPH,

reducing power, b-carotene bleaching and metal chelating

tests. In b-carotene bleaching and DPPH radical scaveng-

ing assays, flavored oil methanolic extract showed higher

activities than the control. It was characterized by a total

antioxidant activity of 4.08 mg GAE/kg and an EC50 value

of 3.14 mg/mg oil. Its concentration providing 50 % inhi-

bition (IC50) was 0.53 mg/mg oil in the DPPH test and

4.08 mg/mg oil in the b-carotene bleaching test. However,

refined corn extract showed significantly lower antioxidant

activities (p \ 0.05). Results of the oxidative stability

index showed bitter orange peel effectiveness against

thermal oxidation based on the increased induction time

observed in flavored oil (5.95).

Keywords Bitter orange peel � Corn oil � Antioxidant

activity � Polyphenols � Oxidative stability index

Introduction

Synthetic antioxidants, such as butylated hydroxyanisole

(BHA), tert-butyl hydroquinone (TBHQ) and butylated

hydroxytoluene (BHT) are widely used in the food industry

to avoid or retard oil oxidative rancidity. However, recent

studies have indicated that these compounds may have

detrimental effects on human health, including cancer and

carcinogenesis. Thus, interest in natural antioxidants from

plants, which are supposed to be safer, has greatly

increased to replace synthetic ones [1].

Citrus essential oils have been widely used in the food

industry because they have been generally considered safe,

and their presence is tolerated in several foods [2]. In many

food products, such as marmalades, oils, ice creams,

alcoholic and nonalcoholic beverages, gelatins, soft drinks,

sweets, candies and cakes, they are applied as aroma flavor

[3]. Citrus fruit contain a wide range of bioactive com-

pounds such as phenolics which possess health benefits.

Bitter orange is used principally as a Citrus rootstock in

Tunisia. Because of its sour and bitter taste, it is not con-

sidered an edible fruit. Its juice, characterized by a sour

taste, is used in salads to replace lemon juice and the peel is

used in jam production [4].

Therefore, the aim of this research was to study the aroma

and phenolic contents of corn oil supplemented with Citrus

aurantium peel and the second aim was to investigate its

antioxidant activities compared to refined oil. Such infor-

mation is valuable as corn oil containing high antioxidant

activity can have an extended shelf life and the presence of

bioactive compounds can prevent it from oxidizing.
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Materials and Methods

Chemicals

Solvents used in this study were obtained from Merck

(diethyl ether, methanol chloroform, acetonitrile and hex-

ane). Chemicals such as sodium chloride (NaCl), 3-(2-

pyridyl)-5,6-bis(4-phenyl-sulfonic acid)-1,2,4-triazine

(ferrozine), Sodium methylate (CH3ONa), Folin–Ciocalteu

reagent, potassium ferricyanide (III), iron(II) chloride

(FeCl2), sodium carbonate anhydrous (Na2CO3), linoleic

acid, gallic acid, ethylenediaminetetraacetic aluminum

chloride hexahydrate solution (AlCl3, 6H2O), sodium

nitrite solution (NaNO2), 2,2-Diphenyl-1-picrylhydrazyl

(DPPH), ascorbic acid trichloroacetic acid, b-carotene,

potassium ferricyanide (K3Fe (CN)6), acid (EDTA), sul-

furic acid (H2SO4), iron(III)chloride anhydrous (FeCl3),

cyclohexane, iron(II) chloride tetrahydrate (FeCl2.4H2O),

essential oil and phenolic standards, and homologous series

of C8–C22 n-alkanes, were purchased from Sigma–Aldrich.

All other chemicals used were of analytical grade.

Refined Corn Oil

Refined corn oil samples used in this study were purchased

from a local refinery situated at Oued Ellil (North West of

Tunisia). They were stored in the dark at room temperature.

Plant Material

Fresh fruits were collected from four selected trees in an

orchard located at the Cap-Bon region (North East of

Tunisia). These fruits were peeled and the peel was used

fresh for oil aromatization.

Oil Treatment with Natural Herbs

First, 15 g of bitter orange fresh peel was cut into small

pieces then homogenized in 40 mL of corn oil in a shaker

incubator (model Excella E-24/24R Benchtop) for 60 min.

Then, the mixture was filtered in order to remove the solid

residues and kept in closed bottles in the dark at room

temperature to avoid any oxidation phenomena. All

experiments were done in triplicate (three samples of corn

oils were purchased separately and then added to the plant

material).

GC-FID Analysis

Volatile compounds analysis of the flavored oil was carried

out on a Hewlett-Packard 6890 gas chromatograph using a

flame ionization detector (FID) and an electronic pressure

control injector (EPC). A polyethylene glycol capillary

column (HP Innowax, 30 m 9 0.25 mm i.d, 0.25 lm film

thickness) and an apolar HP-5 column (30 m 9 0.25 mm,

0.25 lm film thickness) were used. The flow of the carrier

gas (N2) was 1.6 mL/min with a velocity of 36 cm/s. The

split ratio was 60:1. The analysis was performed using the

following temperature program: the oven temperature was

maintained at 35 �C for 10 min then the temperature was

increased from 35 to 205 �C at a rate of 3 �C/min. Sub-

sequently, a temperature of 205 �C was maintained for

10 min. Injector and detector temperatures were fixed at

250 and 300 �C, respectively. Peaks surfaces and com-

pound percentages were calculated using the HP chem-

station cited above.

GC–MS Analysis

GC–MS analysis was carried out on a gas chromatograph

HP 5890 (II) coupled to a HP 5972 mass spectrometer

equipped with electron impact ionization (70 eV). A HP-

5MS capillary column (30 m 9 0.25 mm, 0.25 lm film

thickness) was used. The column temperature raised from

50 to 240 �C at a rate of 5 �C/min. Helium was used as a

carrier gas with a flow rate of 1.2 mL/min; split ratio was

60:1. Scan time was of 1 s and the range of the mass-to-

charge ratio was 40–300 m/z.

Volatile Compounds Identification

Oil volatiles identification was based on the comparison of

their retention indices relative to (C8–C22) n-alkanes with

those of authentic compounds available in our laboratory or

those in the literature. Identification was also made by

matching the compounds’ recorded mass spectra with those

of the Wiley/NBS mass spectral library [5]. The percentage

determination was based on peak area normalization. All

experiments were done in triplicate.

Oil Sensory Evaluation

Sensory evaluation of flavored corn oil in comparison with

the refined one was carried out by 35 panelists (food

engineering students, staff of the food industry department

of National Agronomic Institute of Tunis) 2 weeks after

the production according to the usual industrial process and

commercialization. Color, flavor, acidity and rancidity

were the tested parameters. The panelists rated oil samples

for individual flavor intensities on a 10-point intensity scale

(1 = no flavor and 10 = appreciable flavor). They also

evaluated oils for color intensity on a 10-point intensity

(1 = yellow pale and 10 = dark yellow), acidity (1 = not

acid and 10 = very acid) and for rancidity (1 = not rancid

and 10 = very rancid). The mean sensory scores for vari-

ous attributes of the flavored oil were calculated.
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Polyphenol Extraction

The flavored and refined oils phenolic fraction extraction

was carried out under the slightly modified extraction

conditions reported by Baccouri. et al [6]. Briefly, 8 mL of

n-hexane were added to 8 g of oil in a 20-mL centrifuge

tube. The mixture was supplemented with 8 mL of a

methanol/water solution (90:10; v/v), then centrifuged for

3 min at 1,490 g. The hydroalcoholic phase was picked up

and the hexanic phase was twice re-extracted with metha-

nol/water (90:10, v/v) solution. One experiment of poly-

phenol extraction was performed in each sample.

Total Phenolic Contents (TPC)

The TPC of oils methanolic extracts were determined using

the Folin–Ciocalteu reagent, according to the procedure

described by Dewanto et al [7]. Briefly, 125 lL of oil

methanolic extract was dissolved in 500 lL of distilled

water and 125 lL of Folin-Ciocalteu reagent. After shak-

ing vigorously, to the mixture was added to 1,250 lL

Na2CO3 (7 %), adjusted with distilled water to a final

volume of 3 mL and mixed thoroughly. After incubation

for 90 min at 23 �C in the dark, the absorbance versus a

prepared blank was read at 760 nm. TPC of oil was

expressed as mg gallic acid equivalents per kg of oil (mg

GAE/kg oil) through the calibration curve with gallic acid,

ranging from 0 to 400 mg/L. Measurements for every

sample were done in triplicate.

Total Flavonoid Contents (TFC)

TFC of oil methanolic extract was measured using the

method described by Dewanto et al. [7]. A 250-lL sample

of the oil methanolic extract was added to 75 lL of

NaNO2 solution (5 %) and150 lL AlCl3 (10 %). After

5 min, 500 lL of NaOH solution (1 M) was added to the

mixture and the final volume was adjusted to 2.5 mL with

distilled water and thoroughly mixed. Absorbance versus

prepared blank was read at 510 nm against the blank

where the sample was omitted. TFC were expressed as

mg catechin equivalents per kg of oil (mg CE/kg oil),

through the calibration curve of (?)-catechin (0–400 mg/

L range). Measurements for every sample were done in

triplicate.

Reversed-phase (RP)-HPLC Analysis and Identification

of Phenolic Compounds

For HPLC analysis, oil methanolic extracts were dried in

evaporative centrifuge (Mivac Duo of Genevac Inc., Valley

Cottage, NY, USA) in a vacuum at 35 �C, according to the

slightly modified method of Baccouri et al. [6], then, dry

extracts were dissolved in 0.1 mL of methanol. Then,

50 lL of resorcinol (1 mg/mL), as an internal standard,

was added. Phenolic compound analysis was performed

using an Agilent Technologies (Waldbronn, Germany)

1100 series liquid chromatograph (HPLC) coupled with an

UV–vis multiwavelength detector. A Hypersil ODS C18

reversed column phase (250 9 4.6 mm, 4 lm) was used

for compounds separation. The mobile phase consisted of

acetonitrile (solvent A) and water with 0.2 % sulfuric acid

(solvent B). The flow rate was kept at 0.5 mL/min. The

gradient programme was as follows: 15 % A/85 % B

0–12 min, 40 % A/60 % B 12–14 min, 60 % A/40 % B

14–18 min, 80 % A/20 % B 18–20 min, 90 % A/10 % B

20–24 min, 100 % A 24–28 min [8]. The injection volume

was 20 lL, and peaks were monitored at 280 nm. Samples

were filtered before injection through a 0.45 lm mem-

brane. Phenolic compounds identification was based on the

comparison of their peak retention times to those of stan-

dards and by spiking samples with standards. Measure-

ments for every sample were done in triplicate.

Chlorophylls and Carotenoids Contents

Chlorophylls and carotenoids contents were determined

according to the procedure described by Mosquera et al.

[9]. A sample of corn oil (7.5 g) was put in a tube and

mixed with 25 mL of cyclohexane. The absorbance of the

mixture was measured with a UV spectrophotometer

(Shimadzu Co.) at 670 and 470 nm for chlorophylls and

carotenoids, respectively. Pigments contents were expres-

sed as:

chlorophylls½ � mg/kg oilð Þ ¼ Abs 670 nmð Þ � 106= 613

� 100 � density mg/kgð Þ

carotenoids½ � mg/kg oilð Þ ¼ Abs 470 nmð Þ � 106= 2000

� 100 � density mg/kgð Þ

Total Antioxidant Capacity

The test consists of the reduction of Mo (VI) to Mo

(V) with an oil methanolic extract and the formation of a

green complex phosphate/Mo (V) at acid pH. [10]. First,

1 ml of a reagent solution (0.6 M sulfuric acid, 28 mM

sodium phosphate and 4 mM ammonium molybdate) was

added to the oil methanolic extract in an Eppendorf tube.

This tube was placed for 90 min in a water bath at 95 �C.

Then, the mixture was cooled to room temperature and the

absorbance of the solution was measured at 695 nm against

a blank. The antioxidant activity was expressed as mg

gallic acid equivalents per kg of oil (mg GAE/kg oil).

Measurements for every sample were done in triplicate.
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DPPH Assay

The electron donation ability of oils methanolic extracts

was measured by bleaching of the purple-colored solution

of 1,1-Diphenyl-2-picrylhydrazyl radical (DPPH) accord-

ing to the method of Hanato et al. [11]. Samples (1 mL)

with different concentrations (0.1, 0.5, 1 and 2 mg/mL) of

oils extracts in methanol/water (90:10, v/v) were added to

0.5 ml of a DPPH methanolic solution (0.2 mmol/L). After

shaking vigorously, the mixture was left to stand for

30 min at room temperature. The absorbance of the mix-

ture was measured at 517 nm. The antiradical activity was

expressed as IC50 (mg/mg oil): efficient concentration

corresponding to 50 % DPPH inhibition. The capacity to

scavenge the DPPH. Radical was expressed as:

DPPH scavenging effect %ð Þ ¼ A0�A1ð Þ =A0½ � � 100

where A0 is the absorbance of the control at 30 min, and A1

is the absorbance of the sample at 30 min. Measurements

for every sample were done in triplicate.

Chelating Effect on Ferrous Ions

The chelating effect on ferrous ions of oil methanolic

extract was determined according to the method described

by Zhao et al. [12]. Samples (100 lL) with different con-

centrations (1, 2, 4 and 5 mg/mL) of oils extracts in meth-

anol/water (90:10, v/v) were supplemented with 50 lL

FeCl2�4H2O solution (2 mM) and left to incubate for 5 min

at room temperature. The mixture was added to 0.1 mL of

ferrozine (5 mM), adjusted to 3 mL with deionized

water, shaken vigorously and left to stand for 10 min at

room temperature. The absorbance of the mixture was

measured at 562 nm. The chelating effect on ferrous

ions was expressed as: Metal chelating effect %ð Þ ¼
A0�A1ð Þ =A0½ � � 100 where A0 is the absorbance of the

ferrozine–Fe2? complex and A1 is the absorbance of the test

compound. Results were expressed as EC50 (mg/mg oil):

efficient concentration corresponding to 50 % ferrous iron

chelating. EDTA was used as a positive control. Measure-

ments for every sample were done in triplicate.

Reducing Power

The reducing power of oils methanolic extracts was carried

out using the method of Oyaizu [13]. Samples (1 mL) with

various concentrations (0.1, 0.5, 1, 2, 4 and 5 mg/mL) of

oils extracts in methanol/water (90:10, v/v) were added to

2.5 ml of 1 % potassium ferricyanide (K3Fe (CN)6) and

2.5 ml of sodium phosphate buffer (0.2 M, pH 6.6). After

incubation at 50 �C for 20 min, the mixture was added to

2.5 mL of 10 % trichloroacetic acid, then centrifuged for

10 min at 650 g. After that, 2.5 mL of the upper layer

fraction was supplemented with 0.5 mL of ferric chloride

(0.1 %) and deionized water. The absorbance of the mix-

ture was measured at 700 nm and ascorbic acid was used as

a positive control. EC50 (mg/mg oil) is the concentration at

which the absorbance value was 0.5 for the reducing

power. It was calculated from the graph of absorbance at

700 nm. All measurements were done in triplicate.

b-Carotene Bleaching Test

According to the slightly modified method of Koleva et al.

[14], b-carotene (2 mg) was dissolved in 20 mL chloro-

form, then, linoleic acid (40 mg) and Tween 40 (400 mg)

were added to 4 ml of this mixture. After, the chloroform

was evaporated at 40 �C under a vacuum. The mixture was

supplemented with 100 ml of oxygenated water and then

shacked vigorously. Samples (10 lL) with different con-

centrations (0.1, 0.5, 1, 2, 4 and 5 mg/mL) of oil extracts in

methanol/water (90:10, v/v) were added to an aliquot

(150 lL) of the b-carotene/linoleic acid emulsion. The

mixture was placed for 120 min at 50 �C, and the absor-

bance was measured at 470 nm by a microtiter reader

(model EAR 400, Labsystems Multiskan MS). Readings of

all samples were performed immediately (t = 0 min) and

after 30 min or 120 min of incubation. The antioxidant

activity (%) of oils methanolic extracts was evaluated in

terms of b-carotene bleaching inhibition using the follow-

ing formula:

% Inhibition ¼ At � Ctð Þ = C0 � Ctð Þ½ � � 100

where At and Ct are the sample and control absorbance

values, respectively, measured after 120 min of incubation.

C0 represents the control absorbance value measured at

zero time of incubation. Results are expressed as IC50

values (mg/mg oil): efficient concentration corresponding

to 50 % b-carotene bleaching inhibition. All experiments

were carried out in triplicate.

Oil Oxidative Stability Index

OSI analysis was performed by a Metrohm Rancimat

model 743 (Herisau, Switzerland). All experiments were

done with 3 g of oil at 120 �C and using an airflow rate of

15 L/h [15].

Statistical Analysis

All data were subjected to statistical analysis using

STATISTICA. Values obtained were the means of three

replicates ± SD [16]. Differences were tested for signifi-

cance by the ANOVA procedure which was performed to

test differences between samples, using a significance level

of p B 0.05.
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Results and Discussion

Volatile Compounds Contents

Volatile compounds of corn oil flavored by Citrus auran-

tium peel, their retention indexes and percentages, are lis-

ted in Table 1. Six components were identified in the

flavored oil, amounting to 99.27 % of the total essential oil.

Flavored oil was dominated by monoterpene hydrocarbons

(98.41 %) and limonene was the major constituent (2.49

w/w; 95.91 %). Our results were similar to those found by

Jabri Karoui et al. [3] who found that limonene was the

major compound of corn oil flavored with bitter orange

peel. Additionally, Jabri Karoui and Marzouk [17] men-

tioned that limonene was the most important volatile

compound of bitter orange peel, constituting 90.25 % of

the essential oil.

Oil Sensory Evaluation

Consumer’s acceptability was based on several parame-

ters such as color, flavor, acidity and rancidity. Sensorial

evaluation notes of both flavored and refined corn oils

are presented in Table 2. There was a marked difference

for some tested parameters. Indeed, panelists noted that it

was characterized by a higher acidity (Table 2). However

notes attributed to oil color were almost similar for both

samples. Results could be attributed to Citrus aurantium

peel volatiles which confer an appreciable flavor to corn

oil and hid its original rancidity. In fact, as well as our

own results, Jabri Karoui et al. [3] indicated that limo-

nene was the major compound of corn oil flavored with

Citrus aurantium peel. This compound classified as safe

in the U.S. Code of Federal Regulations, is commonly

added to foods and drinks for its appreciable citric fra-

grance [18].

Total Phenols and Flavonoids Contents

Based on the absorbance values after reaction with Folin–

Ciocalteu reagent, the TPC of flavored oil methanolic

extract was 1.33 mg GAE/kg oil. The flavored oil metha-

nolic extract was also characterized by a TFC value of

0.52 mg CE/kg oil. Several studies focused on polyphenols

investigations in citrus fruits and confirmed the occurrence

of phenolic acids and flavonoids [17, 19].

Phenolic Identification by RP-HPC

RP–HPLC coupled with an UV–vis multiwavelength

detector was employed to quantify and to separate phe-

nolic compounds of the oil methanolic extracts (Table 3).

The TPC of the flavored oil methanolic extract was

1.27 mg/kg oil whereas no compound was detected in the

refined oil methanolic extract. A total of six phenolic

compounds belonging to phenolic acids class (gallic,

chlorogenic, p-coumaric, ferulic, rosmarinic and trans-

cinnamic acids), were successfully identified in flavored

oil (Fig. 1). Our results were in agreement with those of

Ortega-Garcia et al. [20] who confirmed the absence of

any phenolic compound in refined oil methanolic extract.

TPC measured by the Folin-Ciocalteu method were higher

than that determined by HPLC. This could be explained

by the low selectivity of the Folin-Ciocalteu reagent since

it reacts positively with both non-phenolic and phenolic

compounds [21].

This is the first report showing the presence of an array

of phenolic compounds in the methanolic extract of corn

oil flavored with bitter orange peel. However, the presence

of phenolic acids could be related to the phenolic com-

pound migration from bitter orange peel to oil. In fact,

Jabri Karoui and Marzouk [17] revealed that the peel

methanolic extract contained fifteen polyphenols including

Table 1 Contents (mg/mg oil) and percentages (%) of volatile compounds in corn oil flavored with Citrus aurantium peel

CompoundsA RIa RIb mg/mg oil % of the total volatile compounds Identification

a-Pinene 939 1,032 0.012 ± 0.002 0.44 ± 002 RI, SM, Co-CG

b-Pinene 980 1,118 0.005 ± 0.002 0.20 ± 0.01 RI, SM, Co-CG

Sabinene 975 1,132 0.001 ± 0.000 0.05 ± 0.00 CG-SM

a-Terpinene 1,018 1,188 0.046 ± 0.009 1.81 ± 0.13 RI, GC–MS

Limonene 1,030 1,203 2.489 ± 0.508 95.91 ± 0.09 RI, MS, Co-GC

1-8 Cineole 1,033 1,193 0.020 ± 0.001 0.86 ± 0.04 RI, MS, Co-GC

Total volatiles 2.6 ± 0.416 99,27 ± 0.10

Volatile compound proportions were calculated from the chromatograms obtained on the HP Innowax column. Values are given as means ± SD

(n = 3)
A Components are listed in order of elution in an apolar column (HP-5). RIa, RIb retention indices calculated using respectively an apolar column

(HP-5) and polar column (HP Innowax)
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five flavonoids and ten phenolic acids. They showed that

the main phenolic class of the peel extract was phenolic

acids representing 73.8 % (1.03 mg/g), followed by

flavonoids (23.02 %; 0.33 mg/g). These authors indicated

also that p-coumaric and ferulic acids constituting

24.68 % of TPC, were the major phenolic compounds of

the peel. Similarly, Robbins [22] indicated that the citrus

peel was characterized by the presence of phenolic acids

such as caffeic, p-coumaric, ferulic and sinapic ones.

Srinivasan et al. [23] showed that ferulic acid possessed

several therapeutic effects to prevent various diseases such

as diabetes, cancer, neurodegenerative and cardiovascular

ones. This phenolic compound is well known for its strong

antioxidant capacity and it have a large benefits on human

health.

Chlorophylls and Carotenoids Contents

In the refined oil, the amount chlorophylls amounted to

2.14 mg/kg oil. However, it showed a significant increase

(p \ 0.05), when the oil was treated with bitter orange peel

(3.27 mg/kg oil). This result could be due to the chloro-

phylls that migrated from the bitter orange peel to the oil

and as a consequence increased its greenish color and its

oxidative stability.

Concerning carotenoids which confer the yellow color

to the oils, the flavored oil was characterized by a signifi-

cantly (p \ 0.05) higher carotenoids content than the

control (7.12 and 0.46 mg/kg oil, respectively). Our results

were in agreement with those of Agócs et al. [24] who

proved the importance of carotenoids in different Citrus

species.

Antioxidant Activity

Total antioxidant capacity (mg GAE/kg oil) and antioxi-

dant activities of methanolic extracts from refined and

flavored oils are presented in Table 4. Our study reveals

that the antioxidant activity of the flavored oil extract was

significantly (p \ 0.05) higher (4.08 mg GAE/kg oil) than

that of the control (Table 4). This stronger antioxidant

activity might be attributed to the presence of phyto-

chemicals such as phenolic compounds as found previously

by HPLC and colorimetric methods.

Regression analysis was performed to calculate the

correlation between the TPC or TFC and antioxidant

capacities of the flavored oil methanolic extracts. Table 5

demonstrates that TPC significantly correlates to their total

antioxidant capacity (r = -0891, p \ 0.05). Our data thus

support conclusions of others [4, 17] who attributed anti-

oxidant activities to the presence of phenolic compounds in

Citrus. Jabri Karoui and Marzouk [17] mentioned that the

methanolic extract of bitter orange peel possessed a total

antioxidant capacity of 5.23 mg GAE/g.

Free radical scavenging properties of oil methanolic

extracts are presented in Table 4. As for the activity pre-

viously described, Table 4 shows that the flavored oil

methanolic extract was the powerful sample in DPPH

Table 2 Oils sensory evaluation

Oil samples Color intensity Flavor intensity Acidity Rancidity

Refined corn oil 5.17 ± 0.54a 4.77 ± 0.56b 4.69 ± 0.49b 6.14 ± 0.37a

Flavored corn oil 5.46 ± 0.59a 7.71 ± 0.54a 6.17 ± 0.29a 4.66 ± 0.17b

Each value is expressed as the mean ± standard deviation with n = 35. Means followed by the same small letter did not have significant

differences at p \ 0.05 (Duncan test)

Table 3 Content (mg/kg oil) and percentages (%) of the total phe-

nolic compounds in methanolic extracts of flavored oil

mg/kg oil % of the total

phenolic compounds

Phenolic acids 1.22 ± 0.01 95.90 ± 0.46

Gallic acid 0.03 ± 0.00 2.60 ± 0.08

Chlorogenic acid 0.44 ± 0.01 34.33 ± 0.45

p-Coumaric acid 0.25 ± 0.00 19.30 ± 0.19

Ferulic acid 0.38 ± 0.00 30.24 ± 0.10

trans-Cinnamic acid 0.08 ± 0.00 6.14 ± 0.15

Rosmarinic acid 0.04 ± 0.00 3.29 ± 0.07

NI 0.05 ± 0.01 4.10 ± 0.46

Total 1.27 ± 0.01 100

Values are given as means ± SD (n = 3)

NI non identified

cFig. 1 RP-HPLC Chromatographic profiles of phenolic acids, flavo-

noids and phenolic monoterpenes standards, and flavored oil extracts

monitored at 280 nm. The peak numbers correspond to: 1 Caffeic

acid, 2 gallic acid, 3 p-hydroxybenzoic acid, 4 chlorogenic acid, 5

syringic acid, 6 vanillic acid, 7 p-coumaric acid, 8 ferulic acid, 9

trans-2-hydroxycinnamic acid, 10 rosmarinic acid, 11 o-coumaric

acid, 12 cinnamic acid, 13 trans-cinnamic acid, 14 epicatechin

gallate, 15 catechin, 16 rutin, 17 Naringin, 18 quercetrin, 19 luteolin,

20 quercetin, 21 apigenin, 22 amentoflavone, 23 flavone, 24 tyrosol,

25 thymol, SI resorcinol
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scavenging (IC50 = 0.53 mg/mg oil). A high positive

correlation was established between the oil methanolic

extract TPC and the antiradical activity (r = 0.961,

p \ 0.05 respectively) (Table 5). This antiradical capacity

might be attributed to the bitter orange peel phenolics. In

fact, Jabri Karoui and Marzouk [17] found that peel

methanolic extract was characterized by an IC50 value

of 190 lg/mL. In addition, Ghasemi et al. [25], reported

that the peel Citrus aurantium fruits collected in

Iran, was characterized by an antiradical activity of

IC50 = 1.9 mg/mL.

Concerning the b-carotene bleaching inhibition test

(Table 4), the flavored oil methanolic extract concentra-

tion providing 50 % inhibition (IC50) was 4.08 mg/mg oil.

Jabri Karoui and Marzouk [17] confirmed that Citrus

aurantium peel was characterized by a low antioxidant

activity (IC50 = 5.81 mg/mL) compared to antioxidant

standards BHT (IC50 = 0.070 mg/mL) and BHA

(IC50 = 0.043 mg/mL). A low negative correlation

(Table 5) was established between flavored oil TPC and

the b-carotene bleaching inhibition were established

(r = -0,277, p \ 0.05).

As for the b-carotene assay, Table 4 showed that the

Fe3? reducing power ability of methanolic extracts from oil

supplemented with peel, expressed as EC50, was clearly

more important (3.13 mg/mg oil) than that of the refined

one (EC50 [5 mg/mg oil). This antioxidant capacity is due

to the presence of antioxidant compounds such as pheno-

lics in Citrus aurantium peel. In fact, according to Jabri

Karoui and Marzouk [17], a methanolic extract of citrus

aurantium peel possesses low Fe3? reducing power; its

was characterized by an EC50 value of 1.88 mg/m higher

than that of the standard antioxidant ascorbic acid

(0.04 mg/mL).

Highly significant correlations were observed between

the reducing power of flavored oil methanolic extract and

its TPC (r = 0.721, p \ 0.05). Our results were in agree-

ment with those of Ramful et al. [26] who found that the

TPC of the flavored extract of citrus fruits grown in

Mauritius, correlated strongly with the ferric reducing

antioxidant capacity (r = 0.88).

All samples showed no metal chelating activity com-

pared to standard EDTA with IC50 of 34.6 mg/kg.

Oil Oxidative Stability Index (OSI)

Induction time observed in the corn oil supplemented with

peel was higher (5.95) than that of the control (4.36). This

could be due to the presence of antioxidant compounds

such as polyphenols in the bitter orange peel and which

cause an extend of oil thermal stability. Our results are

similar to those set by AOCS Cd [27] reporting an induc-

tion time of 5 h at 120 �C for refined corn oil and which is

equivalent to 2 years storage at 4 �C.

Conclusion

Our study is the first report on the total aroma, phenols,

chlorophylls and carotenoids contents and antioxidant

activities of corn oil supplemented with bitter orange peel

compared to refined oil. Limonene was the major volatile

compound of the flavored oil. Oils sensory evaluation

showed that panelists preferred flavored oil due to its good

flavor and lower rancidity. Phenolic acids were dominant in

the flavored oil methanolic extract which exhibited

important antioxidant activities determined by its radical

scavenging activity, reducing power, b-carotene assay and

total antioxidant activity. These activities were high

enough compared to those of the refined corn oil which is

currently used for frying and which was characterized by

lower total phenols, chlorophylls and carotenoids contents.

Citrus peel phenolics were considered to be primary anti-

oxidants, and during the aromatization process they

migrated into the oil and protected it from oxidation

besides giving it a pleasant aroma.

Table 4 Total antioxidant capacity (mg GAE/kg oil) and antioxidant activities of methanolic extracts of refined and flavored oils (mg/mg oil)

Total antioxidant

capacity (mg GAE/kg oil)

DPPH (IC50,

mg/mg oil)

b-Carotene bleaching

(IC50, mg/mg oil)

Reducing power

(EC50, mg/mg oil)

Flavored oil 4.08 ± 0.06a 0.53 ± 0.01a 4.08 ± 0.06a 3.13 ± 0.04a

Refined oil 0.00b [2b [5b [5b

EC50 value: the effective concentration at which the antioxidant activity was 50 %; the absorbance was 0.5 for reducing power; 1,1-diphenyl-2-picrylhydrazyl

(DPPH) radicals were scavenged by 50 %. The EC50 value was obtained by interpolation from linear regression analysis

Values are given as means ± SD (n = 3); Means followed by the same superscript letter did not share significant differences at p \ 0.05 (Duncan test)

Table 5 Correlations between total phenols contents and antioxidant

activities of flavored oil methanolic extract

Assays Oil with bitter orange peel

TPC

DPPH 0.961

b-Carotene -0.277

Total antioxidant capacity -0.891

Reducing power 0.721
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Quiñonez O, Garcı́a-Galindo HS, Angulo-Guerrero JO, Medina-

Juarez LA (2006) Refining of high oleic safflower oil: effect on the

sterols and tocopherols content. Eur Food Res Technol 223:775–779

21. Que F, Mao L, Pan X (2006) Antioxidant activities of five Chi-

nese rice wines and the involvement of phenolic compounds.

Food Res Int 39:581–587

22. Robbins RJ (2003) Phenolic acids in foods: an overview of

analytical methodology. J Agric Food Chem 51:2866–2887

23. Srinivasan M, Sudheer AR, Menon VP (2007) Ferulic acid:

therapeutic potential through its antioxidant property. J Clin

Biochem Nutr 40(2):92–100
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