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1  Introduction
Arachis hypogaea, commonly known as groundnut or peanut, is a legume predomi-
nantly cultivated in tropical and subtropical regions. It is believed to originate from 
South and Central America but is now widely grown across the globe for its nutritional 
and economic significance [1, 2]. It is cultivated as a significant agricultural crop across 
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Abstract
Arachis hypogaea, commonly known as groundnut or peanut, is a legume cultivated 
for its food, nutritional and health benefits. The study aims to characterise in detail, 
the polar and non-polar components of Arachis hypogaea. The study was carried 
out by proximate analysis of the whole groundnut seed, followed by isolation of 
its polar and non-polar compositions by successive extraction, then phytochemical 
analysis and gas chromatography-mass spectrometry (GC–MS) analysis of the 
extracts were carried out following standard experimental protocols. The proximate 
analysis revealed the residual moisture to be 6.18%; protein 23.84%, fat 36.10%, 
carbohydrates 27.82%, fibre 3.63%, and ash 2.43%. Phytochemical analysis shows 
that the non-polar oil of Arachis hypogaea contains sterols and terpenoids, while 
the polar ethanolic extract contains phenolics, flavonoids, tannins, saponins, sterols, 
and terpenoids. The GC–MS analysis revealed the presence of twenty (20) bioactive 
compounds in the non-polar oil, with the most abundant being oleic acid, while 
the polar ethanolic extract contained thirty-four (34) bioactive compounds, with the 
most abundant being linoelaidic acid. The present study shows that Arachis hypogaea 
contains a rich profile of nutrients including sterols, flavonniod, tannins, sterols 
and phenolic; and bioactive compounds (oleic acid and linoelaidic acid), with high 
content of unsaturated fats, proteins, and carbohydrates, coupled with the presence 
of antioxidants. These bioactive components contribute to its value not only as a 
nutritional supplement but also as a potential therapeutic agent.
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diverse agroecological zones worldwide, including India, China, Japan, the United States 
of America, and West Africa; with more than 300 distinct varieties reported globally [1, 
3, 4].

Arachis hypogaea is cultivated in various conditions worldwide for its food, nutri-
tional, and health benefits [5, 6]. It is served universally as a snack or dessert or as a 
major ingredient in several food products like soups, peanut butter and groundnut oil 
[7–9]. It can be consumed either boiled, roasted or raw [2]. Noteworthy, over 60% of 
global groundnut produced is crushed and extracted for its oils: while 40% is consumed 
as food and for other uses [6, 10]. The seeds are approximately 22–30% crude protein 
and are a great source of protein and healthy fats [11, 12]. Arachis hypogaea contain 
about 50% monounsaturated fatty acids (MUFAs), 33% Polyunsaturated Fatty Acids 
(PUFAs) and 14% saturated fatty [13, 14], and contain all 20 amino acids in several pro-
portions, as well as its abundance of essential minerals such as copper, manganese, iron, 
phosphorus, and magnesium; and bioactive antioxidant compounds including phenolic 
acids, resveratrol, p-coumaric acid, tocopherols, and vitamins A, C, and E [6, 13, 15]. 
Arachis hypogaea is also a rich dietary source of biologically active compounds such as 
flavonoids, arginine which function to regulate hormone production, phytosterols that 
helps with absorption of cholesterol; polyphenols like resveratrol an antioxidant, and 
isoflavones [13, 16].

Until the emergence of modern medicine, traditional medicine originating from natu-
ral environmental resources was the primary system for healthcare [17, 18]. With the 
contemporary need for more natural remedies, humanity is now reverting to more nat-
ural remedies originating from crops and herbs that possess phytochemicals that are 
effective in combating various disease conditions [17–19]. The interest in investigating 
the phytochemical composition of plants, focusing on the isolation, identification and 
characterization of bioactive components from these plants is growing in the scientific 
community [20]. Groundnut exhibits significant pharmacological potential due to its 
rich composition of bioactive compounds, including isoflavonoids, minerals, phytoster-
ols, phenolic acids, proteins, stilbenes and essential fatty acids [15]. These constituents 
contribute to observed therapeutic effects, with both in vitro and in vivo studies describ-
ing anticancer, anti-inflammatory, and sedative or hypnotic properties. Although the 
chemical and bioactive composition of Arachis hypogaea has been investigated [3, 6, 21], 
comprehensive data on the chemical composition of the polar and non-polar compo-
nents of the groundnut are not readily available.

This present study is a detailed characterization of the polar (ethanolic extract) and 
non-polar (oil) components of Arachis hypogaea, through proximate analysis of whole 
groundnut seed, phytochemical and GC–MS analysis of both oil and ethanolic extracts. 
This is to provide a further assessment of the macronutrient compositions, identify 
key phytochemicals and bioactive compounds and other metabolites present in the 
polar and non-polar compositions of Arachis hypogaea species present in our environ-
ment, to identify its nutritional properties and further expand its potential medicinal 
applications.
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2  Materials and methods
2.1  Collection, identification, and preparation of Arachis hypogaea

Fresh groundnuts (Samnut series) harvested in the dry season, were purchased from a 
crop produce market in Rumuokoro, Obio Akpor local government area, Rivers state, 
Nigeria. The groundnuts were identified and authenticated at the Department of Plant 
Science and Biotechnology, University of Port Harcourt, and assigned the voucher num-
ber UPH/P/447. Groundnuts seeds were air dried for 2wks and pulverized into powder 
for maceration process. A meaured sample (1000  g) of the pulverized groundnut was 
dissolved in 2000 ml of N-Hexane in a glass jar for 72 h. The mixture was then filtered 
with the aid of filter paper, while the filtrate was concentrated using a rotary evaporator 
at 50  °C to yield an oil extract (non-polar fraction). The remaining shafts were further 
air-dried for 24 h before dissolving 750 g in 1500 ml of ethanol in a glass jar for 48 h. 
The filtrate was concentrated in a rotary evaporator at 45 °C to further yield an ethanolic 
extract (polar fraction). Samples were collected in glass jars and stored in refrigerator at 
3 °C until required for various analysis.

2.2  Proximate analysis of Arachis hypogaea

Air-dried groundnut seeds were analyzed for proximate composition, including mois-
ture, fat, protein, ash, and total carbohydrate content using standard AOAC methods 
[22].

Protein determination: The Kjeldahl method estimates crude protein content by mea-
suring total nitrogen was used for protein determination. The sample is digested with 
sulfuric acid and a catalyst, converting all nitrogen into ammonium sulfate. This is then 
neutralized with sodium hydroxide, releasing ammonia gas. The ammonia is captured 
in boric acid and titrated with hydrochloric acid to determine the nitrogen content. 
Because proteins contain approximately 16% nitrogen, the nitrogen value is multiplied 
by 6.25 to calculate crude protein. This method accounts for all nitrogen, including non-
protein nitrogen, and may overestimate true protein content in species with high levels 
of non-protein nitrogen compounds like urea.

Formula:

%Nitrogen content

= (ml of standard acid − ml of blank) × N of Acid × 1.4007
weight of sample in grams

2.3  Moisture content determination

The moisture content was measured by first weighing the sample in a porcelain cruci-
ble. The crucible containing the sample was then heated in an electric oven at 105  °C 
for approximately 6 h. After heating, it was allowed to cool in a desiccator before being 
reweighed.

Formula:

%moisture content = weight of moisture obtained (g)
weight of sample (g)

× 100

Ash content determination: The ash content was determined by combusting 2 g of the 
sample in a muffle furnace at 550  °C for 45  min, following the AOAC method. The 
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remaining inorganic residue (ash) was then weighed after cooling in a desiccator, provid-
ing a measure of the total mineral content.

Formula:

% Ash = weight of Ash (g)
Initial weight of sample (g)

× 100

Crude lipid determination: was determined using Soxhlet extraction. 3  g of sample is 
placed in a thimble and extracted with ethyl esther. The solvent is evaporated, and the 
remaining lipid residue is dried in an oven at 100 °C for 30 min to remove residual sol-
vent if any. It is then cooled in a desiccator, and then weighed to determine the total fat 
content.

Formula:

% Fat = weight of fat/lipid obtained (g)
weight of sample (g)

× 100

Carbohydrate (nitrogen-free extract) determination: the carbohydrate content, also 
known as the Nitrogen-Free Extract (NFE), was calculated by adding the values of other 
analysed nutrients and subtracting the total from 100.

2.4  Phytochemical screening

Alkaloids [23]: The samples were first dissolved individually in dilute hydrochloric 
acid and filtered. Mayer’s Test: Filtrates were treated with Mayer’s reagent (potassium 
mercuric iodide). Formation of a yellow-coloured precipitate indicates the presence of 
alkaloids.

Saponins [24]: The samples were diluted in 20 ml of water and shaken in a cylinder for 
15 min. A formation of 1 cm of foam indicates presence of saponins.

Terpenoids [25]: The samples were treated with chloroform and filtered through filter 
paper, the filtrate was treated with a few drops of concentrated Sulphuric acid, shaken 
and allowed to stand. Golden yellow colouration appearance indicates presence of 
triterpenes.

Sterols [24]: The samples were treated with chloroform and filtered through filter 
paper, the filtrate was treated with few drops of acetic anhydride, boiled and cooled, con-
centrated sulphuric acid was then added. Brown ring formation at the junction indicates 
the presence of phytosterols.

Phenols [23]: The extracts were treated with 3–4 drops of ferric chloride solution. The 
formation of blue-black colour indicated the presence of phenols.

Tannins [23]: A 1% gelatin solution containing sodium chloride was added to the oil 
and extract. The formation of white precipitate indicates the presence of tannins.

Flavonoids [26]: The samples were treated with few drops of sodium hydroxide solu-
tion. The formation of a deep yellow colour that turns colourless when dilute acid is 
added, indicates the presence of flavonoids.

Phlobatannins [24]: 1% aqueous hydrochloric acid was added to samples and boiled; 
the deposition of a red precipitate, indicates the presence of phlobatonnins.

Cardiac glycosides [25]: 5 ml of each sample was treated with 2 ml of glacial acetic acid 
with 2 drops of ferric chloride added, carefully underlayed with 1  ml of concentrated 
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sulphuric acid. A brown ring indicates the presence of deoxysugar that characterizes 
cardenolides.

2.5  Determination of LD50

Acute toxicity test of Arachis Hypogaea was done using the Lorke’s method [27, 28]. The 
study was done in two phases, six (6) male mice, divided into three (3) groups of two 
(2) animals each was given oil of Arachis hypogaea at dosage of 1000 mg/kg, 2000 mg/
kg and 4000 mg/kg, and 1000 mg/kg, 2000 mg/kg and 4000 mg/kg of ethanolic extract 
respectively in phase one. The second phase comprised of six (6) male mice divided into 
groups of two (2) animals each, given 4000 mg/kg, 8000 mg/kg and 16,000 mg/kg oil of 
Arachis hypogaea and 1000 mg/kg, 3000 mg/kg and 6000 mg/kg of ethanolic extract of 
Arachis hypogaea. Animals were closely monitored for signs of toxicity and mortality.

The LD50 was calculated as follows:

LD50 =
√

D0 × D100

where D0 = Highest dose that gave no mortality.
D100 = Lowest dose that produced mortality.

2.6  Gas chromatography and mass spectrometry (GC–MS) analysis

The oil and ethanolic extracts of Arachis hypogaea were analyzed using a Shimadzu GC–
MS QP2010 Plus system (GC7990A/MC-5975C, Santa Clara, USA) equipped with a 
Thermal Desorption System (TD 20) and a Restek XTI-5 column. The prepared samples 
were filtered through a 0.22 μm filter to remove particulate matter. The GC–MS instru-
ment was set up with a Restek XTI-5 column, using helium as the carrier gas at a flow 
rate of 1.2 mL/min. The TD 20 parameters were optimized to ensure complete analyte 
transfer. The GC oven temperature program began at 50 °C for 1 min, followed by a lin-
ear increase of 10 °C/min to 220 °C, held for 3 min, and then a further linear increase 
of 10  °C/min to 290  °C, held for 10 min. The mass spectrometer operated in electron 
ionization (EI) mode at 70  eV, and the mass range was optimized for the target ana-
lytes. Prepared samples were injected into the GC–MS system via thermal desorption, 
and total ion chromatograms (TICs) and mass spectra were acquired for each eluting 
compound. Chromatograms were processed using Shimadzu GC–MS solution soft-
ware. Compounds were identified by comparing their retention times and fragmenta-
tion patterns with the mass spectra obtained from the GC–MS. The idenitities of active 
components was verified by comparing their retention indices, peak area percentages, 
and mass spectral fragmentation patterns against the NIST library. The identified com-
pounds and their concentrations were reported. Method validation was performed to 
ensure the result accuracy, precision, and reliability, including determination of linearity, 
accuracy, precision, limit of detection (LOD), and limit of quantification (LOQ). Proper 
sample preparation, including optimization of thermal desorption parameters if appli-
cable, was crucial for accurate results, and quality control samples were used throughout 
the analysis.t
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3  Results
3.1  Proximate analysis

Table 1. shows the proximate analysis of whole Arachis hypogaea. Highlighting the resid-
ual moisture, protein, fat, carbohydrates, fibre, and ash content of the whole seed of Ara-
chis hypogaea.

3.2  Phytochemical analysis

Table 2. presents the qualitative analysis of the phytoconstituents present in the polar 
ethanolic extract and the non-polar oil of Arachis hypogaea. The non-polar oil of Arachis 
hypogaea contain sterols, and terpenoids, while the polar ethanolic extract contain phe-
nolics, flavonoids, tannins, saponins, sterols, and terpenoids. This phytochemical pro-
filing of both the polar and non-polar fractions of Arachis hypogaea did not show the 
presence of alkaloids, cardaic glycosides and phlobatanins.

3.3  Acute toxicity study

Table 3 shows the lethal doses Arachis hypogaea extracts. The LD50 of the non-polar oil 
in this study was determined to be 5656.85 mg/kg, where administration of 4000 mg/
kg of the oil extract did not lead to any mortality in test group while administration of 
8000 mg/kg of oil extract lead to partial mortality in the test group. The table also show 
the lethal dose of the polar ethanolic Arachis hypogaea determined to be 1732.05 mg/kg, 
where adminstration of 1000 mg/kg of ethanolic extract did not cause any mortality in 
test group while adminsitartion of 3000 mg/kg of ethanolic extract lead to partial mor-
tality in test group.

3.4  Gas chromatography and mass spectrometry (GC–MS) analysis

Table 4 shows a listing of bioactive compounds identified in the non-polar oil of Arachis 
hypogaea; a total of twenty (20) compounds were detected. The most abundant being 

Table 1  Proximate analysis of Arachis hypogaea seed
Phytochemical Ethanol extract Oil
Phenolics  +  + ve − ve

Flavonoids  +  + ve − ve

Tannins  + ve − ve

Saponins  + ve − ve

Sterols  + ve  +  + ve

Terpenoids  + ve  + ve

Alkaloids − ve − ve

Cardiac Glycosides − ve − ve

Phlobatanins − ve − ve
−, No precipitation; +, Slight precipitation; + +, Medium precipitation

Table 2  Phytochemistry of polar ethanolic extract and non-polar oil of Arachis hypogaea
S/N Component Composition (%)
1 Moisture 6.18 ± 0.01

2 Protein 23.84 ± 0.01

3 Fat 36.10 ± 0.01

4 Carbohydrates 27.82 ± 0.01

5 Fibre 3.63 ± 0.01

6 Ash 2.43 ± 0.01
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oleic acid (48.73%); n-Hexadecanoic acid; tridecanoic acid; and 11,14-Octadecadienoic 
acid methyl ester.

Figure  1 shows the total ion chromatogram analysis of the non-ploar oil of Arachis 
hypogaea. The figures show several dominant peaks between retention time 13.0 and 
16.0, with the most intense peak at RT 15.407 min, indicating the presence of a major 
fatty acid—oleic acid.

Table 5 shows a listing of bioactive compounds identified in the polar ethanolic 
extract of Arachis hypogaea; with a total of thirty-four (34) compounds detected. The 
most abundant being linoelaidic Acid (30.45%); n-Hexadecanoic acid; oleic acid; and 
5-Hydroxymethylfurfural.

Table 3  The lethal dose (LD50) of polar ethanolic extract and non-polar oil of Arachis hypogaea
Phase Polar ethanolic extract Non-polar oil

Dose (mg/kg) No of animals No of deaths Dose (mg/kg) No of animals No of deaths
1 1000 3 0 100 3 0

1 2000 3 1 2000 3 0

1 4000 3 3 4000 3 0

2 1000 3 0 4000 3 0

2 3000 3 1 8000 3 1

2 6000 3 3 16,000 3 3

LD50 = 
√

D0 × D100
Where D0 = Highest dose that gave no mortality

D100 = Lowest dose that produced mortality

Using the above formula, LD50 for ethanolic extract was determined to be 1732.05  mg/kg, while LD50 for the oil was 
determined to be 5056.85 mg/kg

Table 4  The gas chromatography-mass separation (GC–MS) of non-polar oil of Arachis hypogaea
S/N Reten-

tion time 
(minutes)

Name of compound Chemical 
formula

Molecular 
weight (g/
mol)

Area 
(%)

1 13.564 Hexadecanoic acid, methyl ester C17H34O2 270.4507 4.10

2 13.839 Dibutyl phthalate C16H22O4 278.34 4.57

3 13.839 1,2-Benzenedicarboxylic acid, bis(1-methylethyl) ester C14H18O4 250.2903 4.57

4 13.971 n-Hexadecanoic acid C16H32O2 256.4241 16.87

5 13.971 Tridecanoic acid C13H26O2 214.34 16.87

6 14.932 11,14-Octadecadienoic acid, methyl ester C19H34O2 294.5 6.04

7 14.932 9,12-Octadecadienoic acid (Z,Z)-, methyl ester C19H34O2 294.4721 6.04

8 15.184 Methyl stearate C19H38O2 298.5 1.12

9 15.407 Oleic Acid C18H34O2 282.5 48.73

10 15.538 Decanoic acid, silver(1 +) salt C10H20AgO2 280.13 3.34

11 15.687 9,12-Octadecadienoic acid (Z,Z)- C18H32O2 280.4455 1.58

12 15.687 Linoelaidic acid C18H32O2 280.4 1.58

13 17.638 Decanoic acid, 2-hydroxy-3-[(1-oxooctyl)oxy]propyl 
ester

C21H40O5 372.5393 1.01

14 17.638 3-(Octanoyloxy)propane-1,2-diyl bis(decanoate) C31H58O6 526.7886 1.01

15 19.195 Lauric anhydride C24H46O3 382.6 2.97

16 19.195 4-Nitrophenyl laurate C18H27NO4 321.4 2.97

17 19.195 3-(Octanoyloxy)propane-1,2-diyl bis(decanoate) C31H58O6 526.7886 2.97

18 20.356 4-Dibenzofuranamine C12H9NO 183.21 1.04

19 20.356 Fumaric acid, 2-methylpentyl 2-chloro-6-fluorophenyl 
ester

C16H18ClFO4 328.763 1.04

20 20.356 1,3-butanedione, 1-[4-(2-hydroxyethyl)-1-piperazinyl]- C13H12N4O3 272.26 1.04
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Figure 2 shows the total ion chromatogram analysis of the polar ethanolic extract of 
Arachis hypogaea. The figure show a number of peaks with small to medium intensi-
ties between 2 and 10 min, indicating the presence of low molecular weight olar compo-
nents. A prominant sharp peak was obseved at RT 15.458 min indicating the presence of 
a predominant bioactive compound—linoelaidic acid.

4  Discussion
There is growing interest in identifying and isolating the diverse phytochemical and bio-
active compounds present in plant-based remedies, driven by the increasing demand for 
natural therapeutic solutions [18]. The present investigation aims to elucidate the chemi-
cal profiles of the polar and non-polar fractions of Arachis hypogaea. Utilizing proximate 
analysis, phytochemical screening, and gas chromatography-mass spectrometry (GC–
MS), we sought to identify key bioactive compounds within this food crop, known to 
possess a rich profile of Isoflavonoids, flavonoids, and essential minerals, contributing to 
its recognized medicinal and nutrutional benefits.

4.1  Proximate analysis

The proximate analysis of whole Arachis hypogaea revealed a nutritional profile rich in 
macronutrients. The low moisture content (6.18%) (Table  1) shows that the sample is 
less prone to spoilage and good for storage. The high fat content (36.10%) (Table 1) show 
that Arachis hypogaea as a source of energy as the primary fatty acids are essential for 
cell membrane structure, hormone production, and absorption of the fat-soluble vita-
mins [29, 30]. They also provide essential fatty acids such as linoleic and alpha-linolenic 
acids, that the human body cannot synthesize [31, 32]. Unlike simple sugars, the com-
plex carbohydrates content present in Arachis hypogaea (27.82%) (Table  1) provides 
sustained energy release, further contributing to dietary fibre required for digestion 
and blood sugar [33]. The protein content (23.84%) is essential for enzyme production, 
immune function, and tissue repairs [29]. The fibre content (3.63%) (Table 1) is crucial 
for bowel movement and functioning to help lower cholesterol levels [34, 35]. Ash con-
tent (2.34%) (Table 1) representing the presence of essential minerals like calcium, iron, 

Fig. 1  Total ion chromatogram (TIC) analysis of non-polar oil Arachis hypogaea
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magnesium and potassium, vital for physiological processes including nerve function, 
electrolyte homeostasis, and bone formation and maintenance [36]. These findings are in 
line with deductions from other studies by Sanni et al. and Atasie et al. where the aver-
age moisture, protein, fat, fibre, carbohydrate and ash composition are 5.80%, 38.61%, 
47.00%, 3.70%, 1.81%, and 3.08% respectively [37, 38].

4.2  Phytochemical analysis

The phytochemical screening revealed a distinct variaition in the distribution of bioac-
tive compounds between the polar and non-polar fractions of Arachis hypogaea. The 
presence of sterols and terpeniods in the both fractions, suggest cardioprotective and 
anti-inflammatory potential of the extracts. The sterols indicates its’ cholesterol-lower-
ing activity, as the predominant sterols such as β-sitosterol, campestrol and stigmasterol 

Table 5  The gas chromatography-mass separation (GC–MS) of polar ethanolic extract of Arachis 
hypogaea
S/N Reten-

tion time 
(minutes)

Name of compound Chemical 
formula

Molecular 
weight (g/
mol)

Area 
(%)

1 3.207 2-Furancarboxaldehyde, 5-methyl- C6H6O2 110.1106 0.96

2 3.740 2-Hexanone, 4-methyl- C7H14O 114.19 1.77

3 3.740 1-Pentene, 2,4,4-trimethyl- C8H16 112.21 1.77

4 4.249 Benzeneacetaldehyde C8H8O 120.1485 1.40

5 4.649 2,5-Furandicarboxaldehyde C6H4O3 124.09 2.54

6 4.649 Orcinol C7H8O2 124.139 2.54

7 4.649 2,4-Diaminophenol C6H8N2O 124.14 2.54

8 4.730 2,5-Furandicarboxaldehyde C6H4O3 124.09 1.22

9 5.119 1-Isopropyl-2,2-dimethylpropylideneamine C15H33N 227.43 1.78

10 5.119 Pyrrolidine, 2-(hydroxymethyl)- C5H11NO3 133.15 1.78

11 5.119 Cyclohexanol, 2-amino-1-methyl-4- 1-methylethyl)- C10H20O 156.2652 1.78

12 6.738 5-Hydroxymethylfurfural C6H6O3 126.11 7.23

13 12.346 N-Serylserine C6H12N2O5 192.17 2.88

14 12.346 Silane, ethyl trimethyl- C5H14Si 102.25 2.88

15 12.346 alpha.-Methyl mannofuranoside C7H14O6 194.18 2.88

16 13.845 1,2-Benzenedicarboxylic acid, buty l 2-ethylhexyl ester C20H30O4 334.4498 1.99

17 13.845 Dibutyl phthalate C16H22O4 278.34 1.99

18 14.045 n-Hexadecanoic acid C16H32O2 256.42 15.11

19 14.932 9,12-Octadecadienoic acid, methylester, (E,E)- C19H34O2 294.4721 1.18

20 15.458 Linoelaidic acid C18H32O2 280.45 30.45

21 15.487 Oleic Acid C18H34O2 282.5 5.28

22 15.630 Octadecanoic acid C18H36O2 284.4772 2.77

23 15.630 Tetradecanoic acid C14H28O2 228.3709 2.77

24 16.557 Fumaric acid, 2-dimethylaminoethyl tetradecyl ester C17H31NO4 313.4 0.99

25 16.557 Fumaric acid, 2-dimethylaminoethyl octadecyl ester C26H49NO4 439.7 0.99

26 16.557 2-Dodecanone C12H24O 184.32 0.99

27 18.571 Diltiazem C22H26N2O4S 414.52 1.20

28 18.571 Pargeverine C21H23NO3 337.4 1.20

29 18.571 2-Propenoic acid, 2-(dimethylamino) ethyl ester C7H13NO2 143.1836 1.20

30 18.651 Fumaric acid, 2-dimethylaminoethyl heptadecyl ester C25H47NO4 425.654 1.28

31 18.651 Carbonic acid, butyl 2-dimethylaminoethyl ester C7H15NO3 161.20 1.28

32 18.651 Bis(2-(Dimethylamino)ethyl) ether C8H20N2O 160.26 1.28

33 19.601 Hexadecanoic acid, 2-hydroxy-1-(hydroxymethyl)ethyl 
ester

C19H38O4 330.5026 6.36

34 19.601 15-Hydroxypentadecanoic acid C15H30O3 258.3969 6.36
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are well recognized in their action of cholestrol lowering [39, 40]. Sterols also have anti-
inflammatory activity, antioxidant and immunomodulatory effects, indicating the possi-
ble relevance of the extract in managing metabolic and inflammotory disorders [41, 42]. 
The terpeniod constituents further enhances its’ medicinal profile as various sesquiter-
oenes and triterpenes posess antioxidant, anti-inflammatory, antiicrobial, and cytopro-
tective properties [43, 44].

The polar ethanolic extract however demonstarted the presence of a broader phyto-
chemical profile, including phenolics, flavoniods, tannins, and saponins, elucidating its 
potency as an antioxidant and anti-inflammatory agent [18, 19, 45]. Phenolics, charac-
terized by aromatic rings and hydroxyl groups, have been shown both in vitro and in 
vivo studies to scavenge free radicals, modulate inflammatory pathways, and exhibit 
antimicrobial activity [46, 47]. Flavonoids, a subgroup of phenolics, share similar antiox-
idant and anti-inflammatory properties and have demonstrated neuroprotective effects 
[18]. Tannins, complex polyphenols, possess astringent properties, and contributing to 
antimicrobial activity [48, 49].

Studies show that other parts of the plant show similar phytochemical profile; where 
extracts from the seeds, skin and root of Arachis hypogaea showed a rich phytochemical 
profile including phenolic acids, flavoniods, stilbenes, phytostreol, essential amino acids 
and other micro nutrients [50–54].

4.3  Acute toxicity study

The non-polar oil exhibits very low acute toxicity with no mortality or adverse behavorial 
or physiological effects observed at high doses less than 8000 mg/kg (Table 3). Accord-
ing to the OECD tocicity classification, the non-ploar oil is non-toxic when administered 
orally to rat models. The polar ethanolic extract showed partial mortality at high dose of 
3000 mg/kg (Table 3), categorizing it as having low acute toxicity. This finding indicates 
a wide safety margin relative to the typical therapautic doses.

Nagendra et al. in their study of the immunomodulatory activity of aqueous extract of 
Arachis hypogaea seeds, as well as Gul et al., noted the low toxicity of extracts of Arachis 
hypogaea in determination of doses for administration in their rat models [55, 56].

Fig. 2  Total ion chromatogram (TIC) analysis of polar ethanolic extract of Arachis hypogaea
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4.4  Gas chromatography and mass spectrometry (GC–MS) analysis

The GC–MS profile of the non-polar oil of Arachis hypogaea was dominated by long-
chain fatty acids and related lipohpilic constituents, with oleic acid, n-Hexadecanoic 
(palmitic) acid, tridecanoic acid, 11, 14-Octadecadienoic acid, and 9,12-Octdecadie-
noic; as the five (5) most abundant (with area concentration > 5%). This composition is 
consistent with reports of the chemistry of groundnut oil, elucidating its physiochemi-
cal components seen in the present study and further linking it to cadioprotective and 
anti-inflammatory effects. Oleic acid which is most occuring in the non-polar fraction 
has numerous health benefits, including cardiovascular benefits like reduction in LDL 
cholesterol, and the ability to lower blood pressure [57]. It also has anti-inflammatory 
effects, modulating inflammatory markers and reducing oxidative stress [58, 59]. Oleic 
acid has been shown to also positively affect weight management as it promotes fat oxi-
dation and improves insulin sensitivity, thus helping in managing obesity-related dis-
eases and reducing the risk of type 2 diabetes [60]. It has also been implicated in cancer 
prevention, as new research suggests that it may inhibit the growth of cancer cells [61, 
62]. Palmitic acid is involved in lipid metabolism, serving as a precursor for the synthesis 
of phospholipids and triglycerides. It functions as an antixocidant, protecting from cell 
damage resulting from reactive oxygen species [18]. Beyond its nutritional role, palmitic 
acid exhibits antimicrobial and anti-inflammatory properties, implicating it as a valuable 
pharmaceutical as an anticancer agent [63]. Other reports where both crude and ozon-
ized Arachis hypogaea oil were analyzed for their chemical compostion, were further 
used to significantly enhance antimicrobial, antioxidant, anti-inflammatory and antican-
cer activities [64]. Another study on fatty acids of four different species of Arachis hypo-
gaea oil Myanmar, in southeast Asia showed high concentrations of fatty acids including 
oleic and linoleic acids as observed in our present study [65].

The polar ethanolic extract contained a more chemically diverse array of somewhat 
volatile and polar active compounds (34) with linoelaidic acid, 5-Hydroxymethylfurfu-
ral, hexadecanoic acid, 2-hydroxyl-1-(hydroxymethyl)ethyl ester, and 15-Hydroxypen-
tadecanoic acid; as the five (5) most abundant (with area concentration > 5%). Linoeladic 
acid as a trans fatty acid can arise from isomeriszation, having diferent metabolic and 
inflammatory profiles than cis-linoleic acid. While linoleic acid can be seen to have 
to anti-inflammatory effect with their ability to be metabolized into compounds like 
gamma-linolenic acid (GLA), which can counteract chronic inflammation and support 
the immune system [66], the alteration in Linoeladic acids’ chemical structure makes it 
different from linoleic acid, causing it to increase LDL cholesterol, and decrease HDL 
cholesterol, thereby contributing to the risk of heart disease, further increasing risk of 
inflammation, insulin resistance, obesity and other metabolic disorders [67]. 5-HMF is 
commonly found in heat-processed foods such as honey, coffee, dried fruits, and roasted 
peanuts [68]. It has noteable antioxidant properties, acting as a free radical scavenger 
and helping to reduce oxidative stress, lowering the risk of diseases and oxidative dam-
age to heart tissues [69], functioning as anti-inflammatory agent, by modulating inflam-
matory pathways; with studies suggesting that 5-HMF has anticancer potentials, as it 
may induce apoptosis in cancer cells [69, 70].

Although the ethanolic fraction is rich in oxygenated lipids, the presence of both 
trans-fatty species and 5-HMF may plausibly explain the observed toxicity at lower 
doses (Table 3) if present at biologically active concentrations. These observations are 
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consistent with the observations by Andersen and his colleague in their report on the 
safety assessment of Arachis hypogaea oil and others [71].

5  Conclusion
This comprehensive investigation of Arachis hypogaea; encompassing proximate com-
position, phytochemical screening, and GC–MS characterization of both polar and non-
polar extracts, revealed a diverse profile of nutrients and bioactive constituents. The 
presence of various macro, and bioactive compounds in both extracts underscores the 
nutritional and therapeutic potential of Arachis hypogaea.
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