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Abstract

The method of extraction of edible oils from nuts significantly affects both the yield and
the quality of the oil. The main objective of this study was to evaluate the chemical and
lipid composition of pecan nuts, as well as the extracted pecan oil (EPO) and mechani-
cally pressed pecan oil (MPPO). The residual material obtained after mechanical pressing
(expeller) was also examined for its oil content and fatty acid composition. The glyceride
oil content of the extracted nuts with hexane is higher than that of the oil isolated by
mechanical pressing (66.3 vs. 65.0%). Pecan nuts are a rich source of unsaturated fatty
acids, with polyunsaturated (mainly linoleic acid) and monounsaturated (oleic acid) being
predominant. The amount of linoleic acid is about 35% in EPO and MPPO, but almost
three times lower in the residual pecan oil (RPO): 11.8%. The major fatty acid in all ex-
amined oils is oleic acid, which was higher in EPO and MPPO (51.4% and 53.1%) than in
RPO (42.4%). The physicochemical properties of EPO and MPPO are also analyzed, and
significant differences are observed in all parameters (peroxide, acid and iodine values,
K232, K270 and relative density) excluding the refractive index. The identified bioactive
compounds (sterols, tocopherols and phospholipids) are secondary substances of pecan oil,
but are important for its oxidative stability, which is 15 h for EPO and 24 h for MPPO.

Keywords: pecan oil; extraction techniques; fatty acids; biologically active components

1. Introduction
Pecan is a representative of the Juglandaceae family. Its production has increased

in the last 10 years, as North America is a global producer (up to 90% of the pecan nuts
are produced there) [1]. According to the International Nut and Dried Fruit Council
Foundation [2], the USA produced 51% and Mexico 41%. Pecan nuts can be consumed raw,
roasted and salted or in baked and confectionery products [3]. Pecan kernels are one of
the most preferred nuts because they have an especially distinctive flavor and nutritional
properties [4,5]. They are an excellent source of energy due to the high content of lipids.
According to Toro-Vazquez et al. [6], the content of glyceride oil is 65–75% and the energy
value is 691 kcal/100 g of pecan nuts. The content of glyceride oil depends on the conditions
of growth, maturity and variety as well as the past productivity of the pecan tree.

In turn, pecan kernels are distinguished by their human health benefits, which are
due to the presence of micronutrients, dietary fibers, proteins, vitamins, and bioactive
compounds (sterols, tocopherols, phospholipids) [7]. According to the United States
Department of Agriculture National Nutrient Database [USDA], pecans, per 100 g, have
2.52 g water, 9.17 g protein, 71.97 g fat, and 13.86 g carbohydrates [8]. Except for their
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basic nutritional components, all pecans contain minor levels of phenolics. According to
Wu et al. [9], pecan kernels are characterized by the highest total phenolic content and
antioxidant activity among nuts, fruits, and vegetables rich in phenolics.

Lipids are the main components of pecan nuts. The oil is rich in poly- and monounsat-
urated acids, which reduce the blood levels of low-density lipoproteins (LDLs) compared to
saturated fatty acids. The content of saturated fatty acids is lower than 9%, as is the content
of high-oleic safflower (4–8%) and canola (<7.0%) oils [6]. Venkatachalam and Sathe [10]
reported the quantities of saturated, monounsaturated, and polyunsaturated fatty acids in
pecan glyceride oil to be 8.35%, 66.7%, and 24.9% of total fatty acids in the oil, respectively.
On the other hand, the content of monounsaturated fatty acids in hazelnut oil (≈80–81%)
and almond oil (60–80%) has also been reported [6]. The content of oleic and linoleic acids
is 66.6% and 23.6%, respectively [10]. Toro-Vazquez et al. [6] reported that the oxidative
stability of pecan oil depends on the levels of oleic, linoleic, and linolenic fatty acids. Most
of the pecan oils worldwide have a considerably high concentration of oleic acid (60–75%)
and good oxidative stability (induction time—8.5–10.8 h). The concentration of natural
antioxidants α-, γ-, and δ-tocopherol is substantially high.

The aim of this study was to compare the characteristics of pecan oils obtained by dif-
ferent extraction techniques in order to assess their influence on lipid composition in terms
of fatty acids, sterols, tocopherols and phospholipids, as well as their physicochemical char-
acteristics. The scientific literature provides extensive information on the general chemical
composition of pecan nuts, including macronutrients, phenolics and fatty acids, but offers
only limited comparative data on how different extraction techniques affect the general
lipid profile of pecan oil. Most studies consider individual lipid classes separately and do
not simultaneously examine fatty acids, sterols, tocopherols and phospholipids within a
single analytical framework. In contrast, the present study aims to provide a comprehen-
sive comparison of oils obtained by mechanical pressing and solvent extraction, together
with the residual expeller material. This integrated approach will reveal how the extraction
method affects not only the quantitative yield of glyceride oil, but also the distribution of
minor lipid constituents necessary for nutritional quality and oxidative stability.

2. Materials and Methods
2.1. Sampling and Plant Material

The analyses were carried out with pecan nuts purchased from the local market. The
country of origin was the Netherlands. The nuts were raw, packaged in 70 g polypropylene
bags, had an expiration date of May 2024, and were sold under the Albert Heijn brand.
Fifteen batches were obtained and homogenized, and three representative subsamples
were collected for analysis. The pecan oil was isolated by extraction with n-hexane and by
pressing using a Yoda Classic press machine. The remaining nut cake after the pressing
was subjected to extraction with n-hexane, and the oil content of residual pecan oil was
determined to be 1.3%. The solvents and reagents had a high analytical grade. They were
used without additional purification.

2.2. Isolation of Glyceride Oil, Determination of Oil Content and Chemical Composition of
Pecan Nuts

Pecan glyceride oil was isolated using two techniques: extraction with hexane (boiling
range 40–60 ◦C, CAS No. 110-54-3, Merck, Darmstadt, Germany) for 8 h using a Soxhlet
apparatus [11] and mechanical extraction by pressing with an electric pressing machine.
The liquid-to-solid ratio for the solvent extraction was 10:1 (v/v). The reflux temperature
was 70 ◦C. A rotary vacuum evaporator was used for the evaporation of the solvent
after finishing the extraction process. The residual quantity of hexane was removed with
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a stream of nitrogen gas. The oil content was calculated as the difference between the weight
of the flask with glyceride oil and the empty flask. Protein content was analyzed with
a UDK 152 Kjeldahl System (Velp Scientiffica, Via Strasione, Italy) [12]. The total content
of fibers, ash and moisture of the pecan nuts was determined according to AOAC [13].
According to FAO [14], the content of carbohydrates is calculated as follows:

Carbohydrate content = 100 − (weight in grams [protein + lipids + water + ash] in
100 g of dry seeds).

The energy value of the seeds is calculated using the following formula [14]:

EV = C × 4 + L × 9 + P × 4 (kcal/100 g),

where EV—energy value; C—carbohydrates (%); L—lipids (%); P—proteins (%)

2.3. Physicochemical Characteristics of Glyceride Oil

The physicochemical properties of the pecan oils (peroxide value, acid value and
iodine value) were determined based on Refs. [15–17]. The relative density of the oils
was determined according to ISO 279:1998 [18]. It represents the dimensionless ratio
between the mass of the substance and the mass of distilled water at the same temperature.
The refractive index was analyzed by Abbe refractometer following previously published
procedures [19]. The absorbance at 232 and 270 nm (A232 and A270) was determined using
a Boeco S26 spectrophotometer (BOECO, Hamburg, Germany) [20]. The stability of oils
was determined by Rancimat apparatus Methrom 679 (Methrom, Herisau, Switzerland).
The principle of analysis was measurement of the induction period using conductometric
detection of volatile compounds as the conditions of measurement at 100 ◦C and an air
flow rate of 20 L/h [21].

2.4. Determination of Fatty Acid Composition

Gas chromatography (GC) is used for determination of the fatty acid composition of
pecan oils [22]. Fatty acid methyl esters (FAMEs) were prepared by pre-esterification with
sulfuric acid in methanol as a catalyst [23]. Determination was performed on an Agilent
8860 gas chromatograph (Santa Clara, CA, USA) equipped with a DB Fast FAME capillary
column (Agilent, Santa Clara, CA, USA; 30 m × 0.25 mm × 0.25 µm (film thickness)) and
a flame ionization detector (FID). The column temperature gradient was as follows: the
starting temperature was 70 ◦C, which was held for 1 min. Then it was raised to 180 ◦C at a
rate of 6 ◦C/min. After that, it was raised to 250 ◦C at a rate of 5 ◦C/min. The injector and
detector temperatures were 270 ◦C and 300 ◦C, respectively. The carrier gas was nitrogen.
Identification was carried out by comparison of the retention times of a standard mixture
of FAME (FAME mix consisted of 37 components, Supelco, Bellefonte, PA, USA). The
percentage of each identified FAMEs was calculated using the area normalization method
according to ISO 12966-1 [22], as follows:

wi (%) = Ai/∑A × 100,

where Ai is the peak area of the individual fatty acid methyl ester, ∑A is the sum of the peak
areas of all identified fatty acid methyl esters, and wi is the mass percentage of FAMEs.

2.5. Analysis of Sterols

Sterols were analyzed following saponification of the glyceride oil and extraction of
the unsaponifiable fraction with n-hexane [24]. Total sterols were quantified spectropho-
tometrically at 597 nm after thin-layer chromatography (TLC) separation [25]. Individual
sterols were analyzed by GC-FID using an Agilent 8860 system (Santa Clara, CA, USA)
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fitted with a DB-5 column (25 m × 0.25 mm × 0.25 µm). The oven was programmed from
90 ◦C (3 min) to 290 ◦C at 15 ◦C/min and subsequently to 310 ◦C at 4 ◦C/min (10 min).
The injector and detector were maintained at 300 and 320 ◦C, respectively, with nitro-
gen as the carrier gas. Sterols were identified by comparison with authentic standards
of β-sitosterol, campesterol, cholesterol (Acros Organics, Morris Plains, NJ, USA), and
stigmasterol (Sigma-Aldrich, St. Louis, MO, USA). ∆5-Avenasterol was assigned using its
relative retention time (RRT) [26].

2.6. Analysis of Tocopherols

Tocopherols were quantified by high-performance liquid chromatography using
a Merck–Hitachi system (Merck, Darmstadt, Germany) equipped with a Nucleosil
Si 50-5 column (250 × 4 mm) and fluorescence detector F 1000 [27]. The analysis was per-
formed with n-hexane/dioxane (96:4, v/v) as the mobile phase at a flow rate of 1 mL/min;
fluorescence was monitored at 290 nm excitation and 330 nm emission. An aliquot (20 µL)
of a 2% oil solution in n-hexane was injected. Tocopherols were identified by retention-
time comparison with α-, β-, γ-, and δ-tocopherol standards (Merck KGaA, Darmstadt,
Germany), and quantified from the corresponding peak areas relative to those of the
standard solution.

2.7. Analysis of Phospholipids

The phospholipid fraction was obtained by Folch extraction using chloroform/methanol
(2:1, v/v) [28]. Phospholipid classes were separated by two-dimensional TLC on
20 × 20 cm silica gel 60 G plates (0.2 mm) impregnated with 1% aqueous (NH4)2SO4.
The solvent systems were chloroform/methanol/ammonia (65:25:5, v/v/v) and chloro-
form/acetone/methanol/acetic acid/water (50:20:10:10:5, v/v/v) [29]. Identification was
based on Rf values obtained under identical conditions using authentic phospholipid
standards. Quantification was performed from a standard calibration curve based on
phosphorus determination at 700 nm [30].

2.8. Statistical Analysis

Measurements were performed in three independent replicates (n = 3) and expressed
as mean ± SD. Differences among groups were tested by one-way ANOVA followed by
Tukey’s multiple-comparisons test, with statistical significance set at p < 0.05. Statistical
analyses were performed using IBM SPSS Statistics, version 19.

3. Results and Discussion
3.1. Chemical Composition of the Studied Pecan Nuts

The chemical composition of pecan nuts was established. The main analyzed compo-
nents were proteins, carbohydrates, crude fibers, ash and moisture. The energy value was
calculated. All results are presented in Table 1.

Table 1. Chemical composition of pecan nuts.

Compounds, % Content

Proteins 13.3 ± 0.2
Total carbohydrates 15.8 ± 0.2
Crude fibers 12.5 ± 1.1
Ash 1.5 ± 0.0
Moisture 3.1 ± 0.1
Energy value, kcal/100 g 713 ± 6

All analyses were conducted in triplicate (n = 3), and the results are presented as mean ± standard
deviation (SD).
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All examined components in pecan nuts had good health benefits. The content of
protein was 13.3%, which is higher than that reported by the USDA [8] (9.17%) and by
Toro-Vazquez et al. [6], wherein the protein content from three regions in Mexico was found
to be 8.2–8.7%. The amount of protein contributes to the high nutritional value of pecan
nuts. The investigated pecan nuts were characterized by a higher content of carbohydrates
than that reported by the USDA [8] (15.8% vs. 13.9%). The total amount of dietary fibers
was close to that reported by the USDA [8] (12.5% vs. 9.6%), while the ash content was
the same (1.5%). The quantity of moisture in the analyzed pecan nuts was similar to that
reported by the USDA [8] and Toro-Vazquez et al. (2.5–4.0%) [6]. The analyzed pecan nuts
had an energy value of 713 kcal/100 g, which is in agreement with the study by Kiralan
et al. [31], who reported about 691 kcal/100 g of pecan nuts.

3.2. Physicochemical Properties of Extracted Pecan Oil and Mechanically Pressed Pecan Oil

In recent years, interest in the consumption of healthy foods has grown, mainly
vegetable oils rich in unsaturated fatty acids. Modern trends are focused on producing
oils from nuts using methods that aim to preserve the health benefits of the oils. There are
several methods for obtaining pecan oil—traditional extraction with solvent and mechanical
extraction (pressing). Extraction with n-hexane is the most popular method for a high
yield of oil and, in turn, the process of pressing is the best extraction method for human
health [32]. The physicochemical properties of pecan oils isolated by extraction and pressing
are given in Table 2.

Table 2. Physicochemical properties of extracted pecan oil (EPO) and mechanically pressed pecan
oil (MPPO).*

Physicochemical Characteristics EPO MPPO

Oil content, % 66.3 ± 0.1 a ** 65.0 ± 0.4 b

Peroxide value, meqO2/kg 13.1 ± 2.1 a 3.4 ± 0.7 b

Acid value, mg KOH/g 0.8 ± 0.0 a 0.7 ± 0.0 b

Iodine value, g I2/100 g 112.8 ± 0.5 a 114.9 ± 0.4 b

Relative density 0.9095 ± 0.0002 a 0.9211 ± 0.0001 b

Refractive index 1.4731 ± 0.0001 a 1.4731 ± 0.0000 a

K232 0.772 ± 0.002 a 0.360 ± 0.001 b

K270 0.077 ± 0.001 a 0.041 ± 0.000 b

Oxidative stability, h 15 ± 1 a 24 ± 1 b

* All analyses were conducted in triplicate (n = 3), and the results are presented as mean ± standard
deviation (SD). ** Different letters in the same row depict significant differences among the results.

The pecan nuts had a high oil content, the yield of which differed depending on the
extraction method. The content of glyceride oil differed: for EPO it was 66.3%, and for
MPPO it was 65.0%. This indicates that the method of oil isolation affects to some extent
the yield of glyceride oil. The results are similar to the literature data, which show a similar
oil content—close to 70% [6,33]. The results for the physicochemical properties of the pecan
oils are as follows: the peroxide value for EPO was considerably higher than for MPPO. The
peroxide value for EPO in Juhaimi et al. [34] was similar to our results, at 17.33 meqO2/kg.
The acid and iodine values were almost the same for both analyzed oils. The acid value
of EPO (0.8 mg KOH/g) was two times higher than that reported by Juhaimi et al. [34],
which was 0.44 mg KOH/g. The iodine value shows the degree of unsaturation of the
fatty acids in the oils. The value was about 113–115 g I2/100 g, which is relatively high.
It makes a very good semi-dry pecan oil. The data for other oils (sesame oil, 104–120 g
I2/100 g and rapeseed oil, 94–120 g I2/100 g) based on Codex-Stan 210 [35] are close to
those of EPO (112.8 g I2/100 g) and MPPO (114.9 g I2/100 g) in this study, while the iodine
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value of walnut oil is higher, at 132–162 g I2/100 g [36]. The iodine value depends on the
highest content of unsaturated fatty acids in the oils. The results for the relative density
and the refractive indexes of EPO and MPPO meet the requirements for vegetable oils,
and they were similar to each other. The relative densities of soybean oil (0.919–0.925),
sunflower oil (0.918–0.923) and rapeseed oil (0.910–0.920) based on Codex-Stan 210 [35] are
similar to those of EPO and MPPO in this study. The refractive index of these vegetable
oils (1.460–1.470) is also similar to our results (1.4731 for both EPO and MPPO).

An indicator of the secondary products of oxidation of unsaturated lipids is K232 and
K270, which is the absorption in iso-octane at 232 and 270 nm [37]. The results for EPO at
A232 (0.772) correspond to slightly oxidized oil (0.70–0.85), while the value for MPPO (0.360)
corresponds to fresh oil (up to 0.60) [37]. The results show that the method of extraction
affects the degree of oxidation of the oils. In this regard, significant differences can be found
in the oxidative stability of the analyzed oils, such as MPPO being about 1.6 times more
stable than EPO. Some literature data show a correlation between lipid composition and
the stability of vegetable oils. Toro-Vazquez et al. [6] reported the induction time for the
oxidation (h) of pecan oil from three states in central Mexico, determined by an instrument
from Omnion Inc., Rockland, MA, USA at 110 ◦C, which was found to be 6.13–7.21 h.

3.3. Lipid Composition

The oil from pecan nuts is a good source of biologically active substances—unsaponifiable
matter, sterols, phospholipids and tocopherols (vitamin E). The results are shown in Table 3.

Table 3. Content of biologically active components of EPO and MPPO.*

Components in the Oil EPO MPPO

Unsaponifiable matter, % 4.2 ± 0.1 a ** 2.4 ± 0.1 b

Total sterol content, % 0.2 ± 0.0 a 0.2 ± 0.0 a

- β-Sitosterol, % from total sterols 99.6 ± 0.5 a 98.5 ± 0.3 b

- ∆5-Avenasterol, % from total sterols 0.4 ± 0.1 a 1.5 ± 0.2 b

Phospholipids, % 0.5 ± 0.1 a 0.5 ± 0.0 a

Tocopherols, mg/kg 190 ± 5 a 326 ± 8 b

* All analyses were conducted in triplicate (n = 3), and the results are presented as mean ± standard
deviation (SD). ** Different letters in the same row depict significant differences among the results.

Unsaponifiable matter was found to be 4.2% (EPO) and 2.4% (MPPO). Our results are
higher than the results of other authors. According to Kornsteiner et al. [38], the content of
unsaponifiable matter of extracted pecan oil ranged between 0.30 and 0.45%. Generally,
the information regarding the amount of unsaponifiable matter in pecan oils is limited,
although these components are important for explaining the biological mechanisms in
reducing cardiovascular diseases [38].

3.3.1. Total and Individual Composition of Sterols, Phospholipids and Tocopherols

The total sterol content was established, and it was equal for both oils (0.2%), which
means it was not influenced by the extraction method. The results are similar to those
reported by do Prado et al. [39], where the total sterol content of pecan oils from Brazil
was found to be 0.19% and 0.22%. The individual sterol composition was investigated
in addition to the total sterol content. The main components in EPO were found to be
β-sitosterol (99.6%), followed by a minor amount of ∆5-avenasterol (0.4%), as well as 98.5%
β-sitosterol and 1.5% ∆5-avenasterol for MPPO (Figure S1). The results correlate with the
literature regarding the qualitative sterol composition but differ regarding the quantitative
composition. According to Bouali et al. [40], the amount of ∆5-avenasterol for extracted
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pecan oil was over 10% and the content of β-sitosterol could be identified in large limits
(32.6–2134 mg/100 g oil). The rest of the individual sterols (campesterol and stigmasterol)
were not detected in either analyzed pecan oil, while Bouali et al. [40] reported minor
amounts of these components.

Phospholipid content was determined, and the amount was found to be equal—0.5%
for EPO and MPPO. It was established that the total phospholipid content was lower than
reported earlier for pecan oil (1.19%) by Song et al. [41]. The amount of phospholipids in
pecan oil was lower than that in other vegetable oils (1.0–1.5%) [35,42].

The total amount of tocopherols in the analyzed EPO and MPPO was investigated,
and it was found to be 190 mg/kg for EPO and 326 mg/kg for MPPO. γ-Tocopherol was
the only identified tocopherol. According to Prado et al. [39], the tocopherol content
of cold-pressed pecan oil was 249–392 mg/kg. γ-Tocopherol predominated (the level
varied between 236.4 and 284 mg/kg), followed by α-tocopherol and minor amounts
of β-tocopherol and δ-tocopherol [39]. Other authors, such as Castelo-Branco et al.,
Fernandes et al., and Gong et al. [43–45], reported the content of γ-tocopherol for
MPPO to be 197.1–381.0 mg/kg oil, while Soxhlet oil extraction showed lower results
(236 mg/kg oil) [34].

Previous researchers reported that tocopherols have significant biological importance [46].
The levels of vitamin E are also important to nutrition, and lower amounts lead to a higher
risk of atherosclerosis or other degenerative diseases [47].

The phospholipid composition of EPO and MPPO was determined, and it is presented
in Figure 1.
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Figure 1. Composition of individual phospholipids in EPO and MPPO. Legend: PI—phosphatidylinositol;
PC—phosphatidylcholine; PE—phosphatidylethanolamine; PS—phosphatidylserine; PA—phosphatidic
acid; SM—sphingomyelin; MPG—monophosphatidylglycerol; LPC—lysophosphatidylcholine. All anal-
yses were conducted in triplicate (n = 3), and the results are presented as mean ± standard deviation
(SD). Different letters for the same component depict significant differences among the results.

The individual phospholipid composition of EPO and MPPO consisted of eight com-
ponents (phosphatidylcholine (PC), phosphatidylinositol (PI), phosphatidylethanolamine
(PE), phosphatidylserine (PS), phosphatidic acid (PA), sphingomyelin (SM), monophos-
phatidylglycerol (MPG) and lysophosphatidylcholine (LPC)), which is in agreement with
Alvarez-Parrilla et al. [33]. These phospholipid classes are abundant in many vegetable oils.
Phospholipids are biologically important constituents of cellular membranes and possess
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amphiphilic structures that enable them to interact simultaneously with aqueous and lipid
phases. Consequently, phospholipids such as PC, PI, PE, PS, PA, and LPC may contribute
to the emulsifying properties of oils by adsorbing at oil–water interfaces and reducing
interfacial tension. Their effects on oxidative and storage stability are complex and depend
on phospholipid class, concentration, fatty acid composition, interfacial localization, and in-
teractions with other minor oil constituents. Phospholipids may enhance oxidative stability
through synergistic interactions with tocopherols and other antioxidants; however, some
phospholipids may also promote oxidation under specific conditions, particularly through
their interactions with pro-oxidative metal ions [48]. The main components of the phospho-
lipid fraction of the analyzed EPO and MPPO were LPC, PI, PC and PA. The rest of them (PE,
PS and MPG) were observed in quantities lower than 10%. The content of PE significantly
differed from that reported earlier by Song et al. [41] (17.1% vs. 2.7–4.7% (MPPO/EPO)).
SM was isolated only from MPPO in a total content of 8.6%. The predominant phospholipid
was LPC, and the quantities for both oils (EPO and MPPO) were very close (36.5–35.7%). A
significant difference in the amount of PI was determined: EPO vs. MPPO = 25.9 vs. 19.4%.
The data reported by Song et al. [41] were similar (24.5%). The quantities of the rest of the
analyzed phospholipids differed from each other by about 2%—the content of PC and PS
was higher in MPPO, while the content of PI, PA and MPG was higher in EPO.

3.3.2. Fatty Acid Composition

The lipid profile of EPO, MPPO and RPO was investigated. The fatty acid composition
is given in Table 4 and Figure S2.

The oil isolated from pecan nuts was rich in unsaturated fatty acids. Depending on
the extraction method, it was observed that the fatty acid composition of EPO and MPPO
was similar and MUFAs predominated, followed by PUFAs. The main ones identified were
found to be oleic (51.4–53.1%) and linoleic (34.8–35.1%) fatty acids. It is good to know that
the content of fatty acids depends on the genotype, maturity, and harvest year. According
to Rudolph et al. [49], the content of linoleic acid decreased during maturation, while the
content of oleic acid increased with ripening.

The results for the amount of oleic and linoleic acid (86%—EPO and 88%—MPPO)
are close to those reported by other authors [34,39,50]. The content of oleic acid was
68.53% in EPO and 69.43% in MPPO in Juhaimi et al. [34], compared with 51.4% and 53.1%,
respectively, in the present study, while the content of linoleic acid was 18.46% in EPO and
19.32% in MPPO in Juhaimi et al. [34], compared with 34.8% and 35.1%, respectively, in the
present study. The fraction of SFA is composed of palmitic acid and stearic acid. According
to some authors, the amount of palmitic acid and stearic acid was found to be 4.7–5.59%
and 1.49–2.5%, respectively [34,39,50]. The amount of palmitic acid for EPO and MPPO
was almost the same (6.7 and 6.6%, respectively), but a little bit higher than that reported
earlier by Juhaimi et al. [34], wherein the quantity of palmitic acid of the extracted pecan
oil was 4.83% vs. 5.36% for the cold-pressed one. The content of stearic acid in the oils
examined in the current study was as follows: 2.6% (EPO) and 2.4% (MPPO), which is
a little bit more than that reported by Juhaimi et al. [34] (0.96% by Soxhlet and 1.49% by
cold pressing).

The residue of pecan nuts obtained after mechanical pressing, called pecan nut cake
(expeller), was examined, and the oil content was found to be 1.3%. The fatty acid com-
position of the residual oil was also determined, and it was characterized by a different
amount of some of the main fatty acids. The content of palmitic acid (23.5%) was about
four times higher than that in EPO (6.6%) and MPPO (6.7%). The amount of oleic acid
(42.4%) was the highest among all identified fatty acids, but lower than that in EPO (51.4%)
and MPPO (53.1%).
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Table 4. Fatty acid composition of EPO, MPPO and RPO.*

Fatty Acids, % EPO MPPO RPO

Caprylic C 8:0 0.3 ± 0.1 a ** 0.2 ± 0.0 a 0.5 ± 0.0 b

Lauric C 12:0 - *** - 0.1 ± 0.0
Myristic C 14:0 0.1 ± 0.0 a 0.1 ± 0.0 a 1.3 ± 0.1 b

Pentadecanoic C 15:0 - - 0.1 ± 0.0
Pentadecenic C 15:1 - 0.2 ± 0.0 -
Palmitic C 16:0 6.7 ± 0.2 a 6.6 ± 0.1 a 23.5 ± 0.2 b

Palmitoleic C 16:1 0.1 ± 0.0 a 0.1 ± 0.0 a 1.8 ± 0.1 b

Margaric C 17:0 0.3 ± 0.1 a 0.1 ± 0.0 b 0.7 ± 0.0 c

Heptadecenoic C 17:1 0.4 ± 0.1 a 0.2 ± 0.0 b 0.7 ± 0.1 c

Stearic C 18:0 2.6 ± 0.6 a 2.4 ± 0.1 a 14.1 ± 0.2 b

Oleic C 18:1 51.4 ± 0.6 a 53.1 ± 0.4 b 42.4 ± 0.5 c

Linoleic C 18:2 34.8 ± 0.5 a 35.1 ± 0.2 a 11.8 ± 0.1 b

α-Linolenic C 18:3 n-3 1.3 ± 0.0 a 1.3 ± 0.0 a 0.8 ± 0.0 b

Arachidic C 20:0 1.5 ± 2.0 a 0.1 ± 0.0 b 0.2 ± 0.0 c

Eicosenoic C 20:1 0.4 ± 0.2 a 0.3 ± 0.0 a 1.0 ± 0.1 b

Eicosadienoic C 20:2 - - 0.5 ± 0.0
Arachidonic C 20:4 - - 0.2 ± 0.0
Eicosatrienoic C 20:3 n-3 - - 0.1 ± 0.0
Behenic C 22:0 0.1 ± 0.0 a 0.1 ± 0.0 a 0.1 ± 0.0 a

Erucic C 22:1 - - 0.1 ± 0.0
Tricosanoic C 23:0 - 0.1 ± 0.0 -

Saturated fatty acids (SFA) 11.6 9.7 40.6
Monounsaturated fatty acids
(MUFA) 52.3 53.9 46.0

Polyunsaturated fatty acids
(PUFA) 36.1 36.4 13.4

* All analyses were conducted in triplicate (n = 3), and the results are presented as mean ± standard
deviation (SD). ** Different letters in the same row depict significant differences among the results.
*** Not detected.

There are significant differences between the quantities of fatty acids of the analyzed
residual pecan oil and the earlier reported data. Comparing the results of Salvador et al. [51]
to those of the current study, the content of oleic acid in RPO was 70.7% vs. 42.4%, that of
linoleic acid was 20.1% vs. 11.8%, that of palmitic acid was 6.30% vs. 23.5% and that of
stearic acid was 2.31% vs. 14.1% (RPO in the present study), respectively.

EPO, MPPO and RPO were rich in unsaturated fatty acids, and the main ones were
MUFAs. The content of PUFAs was similar for EPO and MPPO (36.1% and 36.4%, respec-
tively), while the content of PUFAs in RPO was about three times lower (13.4%). This
was accompanied by a higher content of SFAs (40.6% in RPO vs. 11.6% in EPO and 9.7%
in MPPO).

4. Conclusions
This study demonstrates that the extraction method exerts a decisive influence on

the chemical and lipid composition of pecan oil, including its fatty acid profile, bioactive
constituents, and individual phospholipid distribution. Both mechanically pressed and
solvent-extracted oils exhibit favorable nutritional characteristics, largely due to their high
levels of oleic and linoleic acids, γ-tocopherol, and β-sitosterol. The compositional differ-
ences observed between EPO and MPPO indicate that the choice of extraction technique
should be aligned with the intended application and the desired quality attributes of the
final product. Mechanical pressing is suitable for producing minimally processed pecan
oil, whereas solvent extraction may be preferred when higher extraction efficiency or a
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distinct recovery pattern of minor lipid components is required. The high tocopherol
content and favorable lipid profile highlight the potential of pecan oil for various food
applications, provided that appropriate storage conditions—protection from light, oxygen,
and elevated temperatures—are ensured to maintain its nutritional value and oxidative
stability. By evaluating multiple lipid classes alongside physicochemical properties relevant
to food quality and industrial processing—and by including the less frequently analyzed
expeller residue—this work provides new insights into how processing conditions shape
the lipid profile of pecan oil and enhances current understanding of its nutritional and
technological potential. Future research should explore additional extraction technologies
for pecan kernels, as well as accelerated and long-term storage studies, to further clarify
the relationships between extraction conditions, oil composition, oxidative stability, and
industrial applicability.

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/appliedchem6030059/s1, Figure S1: Chromatograms of the sterol
composition of extracted and mechanically pressed pecan oil and Figure S2: Chromatograms of the
fatty acid composition of extracted, mechanically pressed, and residual pecan oil.
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