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ABSTRACT
Background. The nutritional value and health-promoting properties cause the fruits (acorns) of Quercus ilex to have 
great potential for use in the food industry as functional ingredients and antioxidants source.
Objective. In this study, the amount of total phenolic compounds, flavonoids in different extracts (defatted, non-defatted) 
and composition of fatty acids in the fruits oils of Quercus ilex were investigated. Besides, antioxidant activity was 
determined.
Material and Methods. Fatty acids were extracted with n-hexane and determined by gas chromatography with 
mass spectrometry detection (GC-MS). Total phenolic and flavonoids contents in the extracts were measured 
spectrophotometrically and the antioxidant activities were tested by the DPPH (2,2-diphenyl-1-picrylhydrazyl), free 
radical scavenging assay, free radical-scavenging ABTS and total antioxidant capacity. 
Results. The amount of total phenolic and flavonoid compounds in the defatted Q. ilex were 634.36±27.41 mg GAE/g 
DW and 96.85±2.13 mg RE/g DW, respectively. Unsaturated fatty acids were detected in higher amounts than saturated 
fatty acids. The primary unsaturated fatty acids of the Quercus ilex oil were oleic acid (65.38%), 9,12-octadecadienoic 
acid (16.64%) and palmitic acid (12.81%). Besides, defatted Q. ilex extract showed remarkable DPPH and ABTS radical 
scavenging activity with IC50 values of 0.008±0.0008, 0.005±0.001 mg/ml respectively, while high total antioxidant 
capacity of the non-defatted extract with VCEAC value 0.13±0.006. 
Conclusions. Q. ilex oil contained high amounts of polyphenols, high essential fatty acids and antioxidant potential for 
producing specific health promoting antioxidants in food and pharmaceutical industry. 
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INTRODUCTION

The Algerian ecosystem is rich in important 
medicinal plants and natural sources that are widely 
used in traditional medicine to treat various pathological 
phenomena. It is worth noting that Algerian medicinal 
plants have promising biological activities due to their 
unique secondary metabolites [1-9].

Oak acorns, one of the species of Quercus 
genus, are of vital importance for both humans and 
animals. They have been widely used as food for 
many thousands of years in many regions worldwide 

[10]. According to Bainbridge et al. (2006) acorns 
were a staple food throughout Europe, the Mideast, 
North Africa, Asia, and North America [11]. Acorns 
are nutritional dense functional food with health 
properties. Some of the health benefits are attributed to 
the high level of phenolic compounds found in acorns. 
These phenolic compounds provide acorn fruit with 
high levels of antioxidants, which could have potential 
health benefits [10, 12]. The green oak (Quercus ilex) 
is a tree of Fagaceae family, it is mainly found in the 
western part of the Mediterranean basin. The fruits 
are achenes called acorns, they are a rich source of 
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carbohydrates, amino acids, proteins, lipids and 
sterols [13]. 

In Algeria the acorns of Q. ilex are widely used in 
traditional nutrition, but without knowing its biological 
properties attributed to their bioactive molecules such 
as polyphenol. There are reports on the antioxidative 
action of some acorn components like the skin and 
the endosperm that can contribute to the antioxidant 
ability [13]. The potential use of acorn oil appears to be 
promising, as indicated by a chemical composition that is 
rich in phytochemicals, especially sterols, tocopherols, 
and terpenic alcohols, suggesting possible applications 
in the pharmaceutical industry. α-tocopherol, a chain-
breaking antioxidant that traps peroxyl free radicals, is 
the principal and most potent lipid-soluble antioxidant 
in plasma and low-density lipoprotein [14] and is 
frequently present in Quercus species [13]. The 
potential of acorn oil as antioxidant supplement could 
add value to an underutilized agricultural product. For 
long, different parts of the Quercus tree have been used 
as natural remedy for the treatment of gastrointestinal 
inflammations and disorders. Extracts from leaves, 
bark and wood have shown antioxidant, antimicrobial, 
anti-inflammatory, antitumor and gastroprotective 
properties, attributed to their high content of phenolic 
compounds [15]. Also, the intake of polyphenols is 
associated with their beneficial bioactivity related to 
cardiovascular protection, inhibiting the oxidation of 
low-density lipoprotein cholesterol, and to glucose 
metabolism, promoting absorption and helping to 
prevent hyperglycemia [16-18].

In recent times, acorns oil has attracted the attention 
of the scientific community [19, 20]. The three primary 
fatty acids found in acorn oil are oleic (C18:1), linoleic 
(C18:2), and palmitic (C16:0) acids [21]. Tocopherols 
and phytosterols are present in high amounts in acorns 
oils [19, 22, 23].

Acorns oil has been used in the dietary industry 
since the nineteen sixties [21]. The oil is also used 
in cosmetic preparations and combined with other 
ingredients like avocado oil and beeswax to treat 
skin irritation and eczema [19]. Studies have shown 
that acorns oil possess similar nutritional quality and 
physicochemical properties as olive oil [19, 24, 25, 26].

The object of this research was to measure the total 
polyphenol and flavonoid of (defatted, non-defatted) 
extracts, the fatty acid composition of the oil extract 
of Quercus ilex fruit from Algeria, and to examine 
the antioxidant activity using DPPH, ABTS and 
phosphomolybdenum tests. 

MATERIAL AND METHODS

Plant collection 
Q. ilex fruits were directly gathered from two or 

three individual trees from Laghouat of Algeria. The 

mature acorns were taken and identified by the Process 
Engineering Laboratory, University of Laghouat, 
Algeria. Collected fruits (acorns) were sorted and 
cleared of all impurities, separated from the shell, the 
oak acorns were subsequently in the shade and at room 
temperature then powdered using electric grinder and 
passed through a 425 µm sieve, then conserved for 
future use.

Oil extraction 
Q. ilex fruits oils were extracted using Soxhlet 

method. Acorn powder (10 g) was weighed into 
a cellulose extraction cartridge and the Soxhlet 
apparatus (JOAN Lab Glassware; China) containing 
the cartridge was fitted to a distillation flask containing 
100 mL n-hexane. After 6 hours of extraction, the 
extract was filtered and dehydrated with anhydrous 
sodium sulphate and the solvent was evaporated 
under vacuum at 50°C [27]. The defatted of Q. ilex 
was left in a fume hood overnight to evaporate the 
remaining solvent and then stored in sealed containers 
at -18 to -16℃ until use.

Preparation of phenolic extracts 
Q. ilex fruits were thoroughly rinsed and air dried. 

They were ground to fine powder and 50 g of fruits 
was defatted with n-hexane and then extracted with 
ethanol for 72 hours. Another 50 g of fruits (non-
defatted) was soaked in ethanol for 72 hours. All the 
filtrates of each extract were concentrated using rotary 
evaporator at 40℃. The crude extracts were weighed 
and stored at 4℃ till further use.

Total phenolic content
Total phenolic content of the extract was 

determined by spectroscopic method using Folin- 
-Ciocalteu’s reagent [28]. A volume of 100 µL of 
(defatted, non-defatted) extracts were added to 
200 µL of 1:10 diluted Folin-Ciocalteu’s reagent 
and 2 mL of water. After 3 min, 1 mL of saturated 
sodium carbonate solution was added. After 2 hours 
of incubation at room temperature, the absorbance 
was measured at 765 nm using a UV-Vis spectrometer 
(Specord 200 Plus, Analytik Jena, Jena, Germany). 
Simultaneously, a standard curve was prepared using 
various concentrations of gallic acid (ranging from 
0.25 to 1 mg/mL) and subjected to the same reaction 
conditions. The results were expressed as milligrams 
of gallic acid equivalent per gram of dry extract 
(mg GAE/g).

Measurement of flavonoid content
Aluminum-chloride colorimetric assay was used to 

determine the total flavonoid contents in the extract 
as previously reported by Shengwei et al. (2019) [29]. 
Briefly, 1 mL of (defatted, non-defatted) extracts 
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were mixed with the same volume of 2% aluminum 
trichloride (AlCl3) solution and allowed to stand for 
15 min. The absorbance of the mixture was then 
determined at 430 nm with a UV-Vis spectrometer 
(Specord 200 Plus, Analytik Jena, Jena, Germany). 
Simultaneously, a standard curve was prepared using 
various concentrations of rutin (ranging from 0.01 
to 0.1 mg/mL) and subjected to the same reaction 
conditions. The data were expressed as milligrams of 
rutin equivalents per gram of dry extract (mg RE/g). 

Antioxidant Activity
Determination of antioxidant activity using the 
2,2-diphenyl-1-picrylhydrazyl (DPPH) radical

The antioxidant activity was measured in terms 
of hydrogen donating or radical scavenging ability 
using the stable radical DPPH. Experiments were 
carried out according to the method of Apriliyanti et 
al. (2020) [30]. The reduction of the radical is followed 
by a decrease in the absorbance at 517 nm. A volume 
of 0.2 mL of extract was put into test tubes and 
1.8 mL of DPPH solution was added. The tubes were 
covered with parafilm and kept in the dark for 1 h. 
Absorbance at 517 nm was measured with a UV-Vis  
spectrophotometer (Jasco V-530). Each assay was 
carried out in triplicate. 

The inhibition activity (I(%)) was calculated as 
follows:

I(%)=(A0-A1)/A0×100

Where A0 is the absorbance of the control, A1 is 
the absorbance of the extract/standard. The extract 
concentration providing 50% of radical scavenging 
activity (IC50) was calculated from the graph of 
inhibition percentage against extract concentration. 
Ascorbic acid, BHA (butylated hydroxyanisole) 
and BHT (butylated hydroxytoluene) were used as 
standards.

Determination of ABTS radical-scavenging 
ABTS free radical activity was performed according 

to the method of Li et al. (2018) with slight modification 
[31]. ABTS (2,2’-azino-bis(3-ethylbenzothiazoline-6-
sulfonic acid)) cation was produced by reacting ABTS 
solution (7 mM) with potassium persulfate (2.45 mM) 
and then the mixture to stand in dark (12-16 hours, at 
the room temperature). The mixture was diluted with 
ethanol to give an absorbance of 0.700±0.02 at 734 nm 
for the study. The extract (15 µL) and ABTS solution 
(1.485 mL) were mixed. The mixture absorbance was 
read at 734 nm after the incubation period (15 min, at 
room temperature). The results were expressed as IC50 
values.

Determination of total antioxidant capacity
Total antioxidant capacity (TAC) of extract 

was determined by the method reported by 
Kandasamy et al. (2021) [32]. The assay is based on 
the reduction of Mo (VI) to Mo (V) by samples and 
formation of green colored phosphate Mo (V) complex 
at acidic pH. 0.3 mL of extract was mixed with 3 mL 
of reaction mixture containing 0.6 M sulfuric acid, 
28 mM sodium phosphate and 4 mM ammonium 
molybdate into the test tubes. The test tubes were 
incubated at 95°C for 10 min to complete the reaction. 
After cooling at room temperature, extract absorbance 
was measured at 695 nm using a spectrophotometer 
against a blank solution.

Fatty acids composition
The fatty acid profile was determined by 

derivatization, followed by gas chromatography, 
coupled with mass spectrometry detection (GC-MS). 
The methyl esters were prepared by the following 
procedure: the fatty acids in the oils were esterified 
into methyl esters by saponification with 0.5 N 
methanolic NaOH and transesterified with 14% BF3 
(v/v) in methanol [33], then analysed by GC-MS. 

GC-MS analysis 
The analysis of the samples was carried out 

in the Technical Platform of Physico-Chemical 
Analysis (PTAPC-CRAPC)-Laghouat-Algeria, 
using a SHIMADZU GCMS-QP2020 Instruments, 
equipped with a fused Rxi®-5ms capillary column 
(Phase: Crossbond® 5% diphenyl/95% dimethyl 
polysiloxane). Its dimensions are: 30 m × 0.25 mm 
and 0.25 μm film thickness. This column has similar 
phase to the following columns: HP-1ms, HP-1msUI, 
DB-1ms, DB-5ms, DB-1msUI, Ultra-1, VF-1ms,  
ZB-1, ZB-1ms and considered also equivalent to USP 
G1, G2, G38 phases. A volume of 0.5 μL of sample 
was injected in split mode (1:10). Injector and detector 
temperatures were maintained at 250°C and 300°C, 
respectively the column temperature was programmed 
at: 80°C fixed for 4 min then increased to 200°C with 
an increase increment of 3°C/min then fixed for 5 min, 
after that raised to 300°C with an increase increment 
of 10°C/min, and maintained at that temperature for 
5 min. The carrier gas used was helium (99.995% 
purity) with a flow rate of 1 mL/min. The mass 
spectrometer conditions were as follow: ionization 
voltage 70 eV, ion source temperature 200°C, and 
electron ionization mass spectra were acquired over 
the mass range of 45-600 m/z [34].

Statistical analysis
All experiments were performed in triplicate. The 

values of different parameters were expressed as the 
mean ± standard deviation (Mean ± SD).

H. Guenane, B. Bakchiche, R. Erenler et al.
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RESULTS

Total phenolic and flavonoid contents
As shown in Table 1, total phenolic contents (TPC) 

are given as gallic acid equivalents by reference to 
standard curve. TPC of Q. ilex fruits showed highly 
significant differences (p≤0.05) depending on extracts. 
Defatted Q. ilex extract showed a high phenolic 
content (634.36±27.41 mg GAE/g of DW), which 
was higher than that found in non-defatted Q. ilex 
(469.92±26.00 mg GAE/g of DW). 

The results of the determination of flavonoids by the 
aluminum chloride method are presented in Table 1. 
TFC were determined as rutin equivalents (RE). 
Flavonoids content of defatted Q. ilex (96.85±2.13 mg 
RE/g of DW) was higher (p<0.05) than that determined 
in non-defatted Q. ilex extract (84.98±9.15 μg RE/mg 
dry extract).

Antioxidant capacity 
DPPH radical scavenging activity 

Substances which are able to perform reduction by 
either hydrogen or electron-donation can be considered 
as radical scavengers and therefore antioxidants. The 
color change degree of DPPH radicals from violet to 
yellow upon reduction indicates the radical scavenging 
potential of the antioxidant. Results showed that 
both extracts exerted considerable dose-dependent 
scavenging activity on DPPH radical (Table 2). 

In this research, Q. ilex extract was being assessed 
its antioxidant activity as a free-radical scavenger 
(DPPH test) and expressed in IC50 value. An IC50 
value was defined as extract concentration to show 
radical scavenging activity (RSA) of 50%. The 
highest antioxidant activity indicated by the lowest 
IC50, ascorbic acid, BHA (butylated hydroxyanisole) 

and (BHT) butylated hydroxytoluene were employed 
as positive controls. 

However, defatted Q. ilex extract with 
IC50=0.0080.0008 mg/mL, was significantly more 
potent (p<0.05) than non-defatted Q. ilex that 
gave an IC50 value of 0.13±0.04 mg/mL, while the 
lowest (IC50=0.70±1.07 mg/mL) were observed in 
Q. ilex oil were found to be lower to ascorbic acid, 
BHA and BHT (0.0022±0.0003, 0.0033±0.0005 and 
0.0042±0.0002 mg/mL). 

ABTS radical scavenging activity 
In this research, the conversions for the ABTS+ 

radical cation inhibition or hunting capacities of each 
Q. ilex samples in various extracts were investigated 
in comparison with the standard Trolox. The trial data 
for ABTS radical scavenging potential of each plant 
extract is shown in Table 2.

For the activity against ABTS radical the IC50 
values showed the defatted Q. ilex as the most active 
with an estimated value of IC50=0.005±0.001 mg/mL,  
followed by the non-defatted Q. ilex extract  
(0.006±0.001 mg/mL). The Q. ilex oil exhibit the 
lowest IC50 with a value of 0.016±0.007 mg/mL. 
However, these values classified as slightly lower 
when compared with the reference substance (Trolox 
0.004±0.0002 mg/mL).

Thus, the ABTS scavenging effect increased in the 
order of Q. ilex oil < non-defatted Q. ilex < defatted 
Q. ilex < Trolox.

Total antioxidant capacity
PM assay is based on the reduction of phosphate Mo 

(VI) to phosphate Mo (V) by the sample and subsequent 
formation of a bluish green colored phosphate Mo 
(V) complex at acid pH. The phosphomolybdenum  

Table 1. Total phenolic and flavonoids contents in Q. ilex extracts

Q. ilex extracts Total phenolic content
(mg GAE/g DW)

Total flavonoids content
(mg RE/g DW)

Non defatted Q. ilex 469.92±26.00 84.98±9.15
Defatted Q. ilex 634.36±27.41 96.85±2.13

Table 2. Antioxidant activity of extracts for Q. ilex, expressed in IC50 (mg/mL) for DPPH and ABTS assay, VCEAC 
(vitamin C equivalents mmol of vitamin C/g dry weight) for phosphomolybdate assay

Q. ilex extracts IC50/DPPH (mg/mL) IC50/ABTS (mg/mL) Phosphomolybdate assay
VCEAC 

Non defatted Q. ilex 0.13±0.04 0.006±0.001 0.13±0.006
Defatted Q. ilex 0.008±0.0008 0.005±0.001 0.017±0.004

Q. ilex oil 0.70±1.07 0.016±0.007 0.0007±0.0003
Ascorbic acid 0.0022±0.0003 ND ND

BHT 0.0042±0.0002 ND ND
BHA 0.0033±0.0005 ND ND

Trolox ND 0.004±0.0002 ND

Fatty acid composition and antioxidant capacity of defatted, non-defatted and oils extracts of Quercus ilex fruit from Algeria
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method is routinely applied in the laboratory to 
evaluate the total antioxidant capacity of plant 
extracts [35]. The total antioxidant capacity of the 
extracts was determined by the Phosphomolybdate 
method. The different extracts of Q. ilex (defatted, 
non-defatted and oil) showed different degrees of total 
antioxidant capacity (Table 2). Non defatted Q. ilex 
extract showed the highest total antioxidant capacity 
(VCEAC=0.13±0.006) and followed by defatted 
Q. ilex (VCEAC=0.017±0.004). While, the Q. ilex 
oil indicated the lowest total antioxidant capacity 
(VCEAC=0.0007±0.0003). This capacity might be 
associated to the existence of antioxidant compounds 
in Q. ilex.

Fatty acid compositions 
The fatty acid composition of acorn oil was 

presented in Table 3. As shown, the fatty acids in acorn 
oil were saturated fatty acids (SFA) and unsaturated 
(UFA). The total contents of SFA, monounsaturated 
fatty acids (MUFA) and polyunsaturated fatty 
acids (PUFA) were 16.28%, 66.80% and 16.64%, 
respectively. The most abundant fatty acids determined 
in the acorn oil samples were oleic acid (C18:1) 
(65.38%), 9,12-octadecadienoic acid (C18:2) (16.64%) 
and palmitic acid (C16:0) (12.81%). Furthermore, 
minor quantities of 11-eicosenoic acid (C20:1), 
methylnonadecanoic acid (C20:0), cis-13-octadecenoic 
acid, (C18:1) and 20-methyl-heneicosanoic acid (C22:0) 
were detected (below 0.5%).

DISCUSSION

The results generally of phenolic confirmed that 
the ethanol solvent (non-defatted) extract provide 
satisfactory phenolic content and defatted extract 

were found to be more effective for isolation and 
determination of phenolic compounds from different 
plant materials; and this statement is a confirmation 
for our findings reported in the present study. The 
higher phenolic content of the defatted compared with 
the non-defatted extracts showed that defatting the 
plant before extraction could enhance the availability 
of phenols in the plant (Table 1). The higher content 
of phenols in the defatted extracts of all the plants 
compared to the non-defatted extracts could be as 
a result of the removal of fatty substances from the 
extracts making the phenolic compounds more polar. 

Noteworthy, results observed in the present work 
were higher than those previously reported by Zarroug 
et al. (2021) [36]. TPC and TFC of Tunisian Q. ilex 
flour were 23.56 mg GAE/g DW and 7.08 mg CE/g 
DW. The study of Custódio et al. (2013) [37] on acorns 
collected from Portugal, revealed lower contents of 
TPC and TCT, but higher levels of TFC. However, the 
content of TPC was in accordance with that (33.11%) 
registered by Masmoudi et al. (2020) on Q. suber 
on acorns collected from Portugal, revealed lower 
contents of TPC and TCT, but higher levels of TFC. 
However, the content of TPC was in accordance with 
that (33.11%) registered by Masmoudi et al (2020) on 
Q. suber [38]. 

Taib et al. (2024) reported that the total polyphenol 
contents were found to be 98.3 and 212.5 mg GAE/g 
of dry extract for Q. faginea and Q. rotundifolia, 
respectively. While, the total flavonoid contents were 
6.2 and 10.3 mg/g of dry extract for Q. faginea and 
Q. rotundifolia, respectively [39].

Recent research reported that the flavonoid contents 
were ranged between 212.26 and 279.82 mg CE/kg 
dry weight and 122.99 and 131.6 mg CE/kg of oil for 
Q. flour and Quercus oil, respectively. The significant 
higher amount was obtained in Q. ilex species for the 
two different extracts [39]. These results are close to 
that found by Sousa et al. (2021) who showed that the 
bark ethanol extracts Q. rotundifolia bark had a high 
proportion of phenolic compounds (572.8 mg GAE/g 
extract; 3.7 g GAE/g dry bark), in which flavonoids 
constituted the major classes (247.6 mg CE/g extract. 
While, the bark water extracts contained a much 
lower amount of phenolic compounds; total phenolics 
219.5 mg GAE/g of extract, flavonoids 162.5 mg CE/g 
of extract) [40].

DPPH is routinely used to evaluate the free 
radical scavenging capacity of chemical compounds. 
This assay enlightens the effect of the antioxidant 
molecules toward a stable free radical through 
a known mechanism involving a hydrogen atom 
transfer coupled to a fast electron transfer. Phenolic 
compounds scavenge DPPH by their ability to form 
o-quinone intermediates upon free radical H-atom 
abstraction and its subsequent disproportionation [41]. 

Table 3. The fatty acid compositions (%) of Q. ilex 
Peak 
no. Compound name Area %

1 Palmitic acid (C16:0) 12.81
2 9,12-octadecadienoic acid (C18:2) 16.64
3 Oleic acid (C18:1) 65.38
4 Vaccenic acid (C18:1) 1.00
5 Stearic acid (C18:0) 3.05
6 11-eicosenoic acid (C20:1) 0.32
7 Methylnonadecanoic acid (C20:0) 0.32
8 Cis-13-octadecenoic acid (C18:1) 0.10
9 20-methyl-heneicosanoic acid (C22:0) 0.10

∑ SFA 16.28
∑ MUFA 66.80
∑ PUFA 16.64

SAFA – saturated fatty acids; MUFA – monounsaturated 
fatty acids; PUFA – polyunsaturated fatty acids

H. Guenane, B. Bakchiche, R. Erenler et al.
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Santos et al. (2010) tested the scavenging activity of 
different extracts prepared from cork of Q. suber using 
DPPH radicals and reported an IC50 values ranging 
from 2.79 to 5.84 µg/mL [42]. According to studies 
conducted by Makhlouf et al. (2019) the flour extract 
of Q. ilex species exhibited the strongest scavenging 
capacity on DPPH (52.62 g TE/g dry weight) [27]. 
The obtained data on the antioxidant activity shows 
that the methanolic extract of acorn can be used to 
reduce the stable DPPH radical with IC50 values of  
318 µg/ml [36]. Quercus extract exhibited the strongest 
scavenging capacity against DPPH radicals. These 
findings were directly related to the higher content of 
phenolic and flavonoid compounds. 

ABTS scavenging activity is also one of the most 
commonly used method to evaluate the antioxidant 
properties in fruits and plants. This activity varied 
from 1.27 to 3.23 mg TE/g for acorn oil and from 
36.19 to 44.50 mg TE/g for acorn flour as reported by 
Makhlouf et al. (2019) [27]. 

The significant antioxidant activity of Quercus fruit 
is due to the inductive effect of the natural antioxidants 
present in the fruit such as phenolic compounds and 
flavonoids which reduce and discolor free radicals 
(ABTS•+) because of their ability to yield hydrogen 
[43, 44].

Phosphomolybdate is another important in vitro 
antioxidant assay to access the total antioxidant 
capacity of the plant extract. The assay principal 
follows the conversion of Mo (VI) to Mo (V) by 
extract or the compound which possess antioxidant 
potential resulting in green phosphate Mo (V). The 
electron/hydrogen donating pattern of antioxidants 
depends upon its structure and series of redox 
reactions occurring in the activity [45]. Our findings 
showed that non defatted Q. ilex extract has good 
antioxidant potential due to presence of flavonoid 
and phenolic contents. Phosphomolybdenum assay 
showed significant correlation with total flavonoid 
contents as well as total phenolic contents. Jan et al., 
also reported the best phosphomolybdenum activity of 
aqueous extract and a significant correlation with TPC 
and TFC [46]. 

The saturated and unsaturated fatty acids are 
influenced by environmental conditions, such as 
temperature, rainfall, and genotypes [47]. The amount 
of fatty acids, on the genotypic, is one of the most 
influential factors [48, 49]. Some authors have observed, 
that fatty acid contents were significantly influenced by 
years, various physiological, geographical, ecological 
and cultural factors [48,50]. Indeed, the level, of this 
fatty acid, has been shown to be greatly influenced 
by the impact of abiotic conditions, such as water 
availability [51].

Since the acorn oil was rich in both oleic and 
linoleic acids, it might be considered healthier for the 

human diet [52]. It has long been acknowledged that 
plant oils containing relatively low concentrations of 
omega-6, and higher levels of MUFA (mainly oleic 
acid) may contribute to the lower rate of CHD and 
a nutritional perspective [53].

The minor difference in fatty acid levels noticed 
within the same species could be explained by various 
factors, including oak acorn maturity, differences in 
oil processing, environmental conditions, or different 
harvest dates [52, 22]. As previously stated, the main 
MUFA found in acorn oils is oleic acid. Numerous 
studies have clearly demonstrated the health benefits of 
this fatty acid, particularly in reducing cardiovascular 
disease risk and preventing type 2 diabetes mellitus, 
besides contributing to improving hemostasis, glucose 
metabolism, and endothelial dysfunction [54]. Zarroug 
et al. (2021) also determined the MUFA and PUFA 
were 67.94% and 17.35%, respectively. The most 
abundant fatty acids were oleic acid (67.2%), linoleic 
acid (16.46%) and palmitic acid (11.51%) [36]. 

Karabas (2013) showed myristic, arachidonic, 
palmitoleic and gadoleic acids were minor fatty acids 
constituting 0.09%, 0.37%, 0.08% and 0.61% [55]. 
Furthermore, the main fatty acids in acorn oils of 
Quercus were oleic (54.77%, 49.88 ), linoleic (23.04%, 
28.25%), and palmitic acid (18.23%, 17.57%) in Q. ilex 
and Q. coccifera species, respectively [56]. However, 
Cantos et al. (2003) reported the concentration of 
oleic acid was >63% of total fatty acids in all cases, 
followed by palmitic and linoleic acids at similar 
concentrations (12-20%) [13]. The most abundant 
fatty acids of Q. aegilops (QA), Q. infectoria (QI), and 
Q. calliprinus (QC) were oleic (53.3-56.1%), linoleic 
21.3-23.4%, palmitic 17.8-18.7%, linolenic 1.5-1.6 %, 
and stearic acid 1.02-1.60% [19].

CONCLUSION

According to the current study, mature fruits of 
Q. ilex are revealed to be an interesting source for 
the production of oil. Furthermore, acorns possessed 
rich sources of potentially functional components 
(such as flavonoids and phenolics) and showed higher 
antioxidant capacity. Fatty acid composition showed 
the richness of oil with more than 67% of unsaturated 
fatty acids playing the potential preventative role 
in reducing the coronary heart disease and cancer. 
Results showed that Q. ilex oils were generally 
characterized as high methyl oleate. All these good 
qualities make acorn oil a suitable ingredient for 
many industrial applications in food, pharmaceutical, 
nutraceutical and cosmetic domains. Highlighting the 
good chemical composition, oxidative stability and the 
richness in natural antioxidants of acorn oil.
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