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Abstract

Soybean (Glycine max) is a widely consumed lequme in Nigeria, valued for its protein-rich seed and
commercially significant oil. Despite its dietary and agricultural importance, the biochemical quality
of locally sourced varieties and their extracted oils remains poorly characterised, with concerns
regarding oil deterioration, anti-nutritional factors, and phytochemical retention. This study
characterised the oil quality parameters, mineral composition, phytochemical content, anti-nutritional
factors, and in vitro antioxidant capacity of soybean seeds and oil sourced from a Nigerian local market.
Seeds were dried, ground, and oil mechanically extracted. Oil quality was assessed by AOCS methods;
mineral composition by atomic absorption spectrophotometry; phytochemicals spectrophotometrically;
and anti-nutrients by titrimetric procedures. DPPH and FRAP activities were assessed in triplicate,
expressed as mean + SEM, and analysed by one-way ANOVA at p < 0.05. The oil showed mild
hydrolytic and early-stage oxidative deterioration: acid value 3.35 mg KOH/g, free fatty acids 1.69%,
and peroxide value 13.07 meq Oz/kg. Seeds contained calcium (134.4 mg/kg), potassium (135.6 mg/kg),
and iron (30.9 mg/kg); heavy metals were not detected. Total phenolics were 98.42 ¢ GAEq/kg and
flavonoids 17.72 ¢ QEq/kg. Oxalate was 0.40 + 0.01 mg/g and phytate 1.08 + 0.01%. Seed DPPH
scavenging activity (47.54 + 2.04% ) was significantly higher than oil DPPH activity (29.88 + 5.82%;
p < 0.05), though both remained below ascorbic acid reference values of 64.17 + 7.89% and 56.89 +
8.79% for DPPH and FRAP respectively. Oil FRAP activity was 24.22 + 4.93%. Soybean seeds
demonstrated a nutritionally meaningful biochemical profile, with substantial mineral content,
measurable phytochemicals, manageable anti-nutritional burden, and moderate antioxidant capacity,
while the oil showed mild deterioration. These findings support the functional food potential of Glycine
max and highlight the need for improved storage practices and further in vivo bioavailability studies.

Keywords: Glycine max, oil quality parameters, phytochemicals, anti-nutritional factors,
antioxidant activity

INTRODUCTION

Glycine max (L.) Merrill, commonly known as soybean, is one of the most significant global
crops, valued for its dual role as a high-quality oilseed and concentrated protein source. The
mature soybean seed typically contains 40-42% protein and 18-22% oil, exceeding the protein
content of most other crops (Hamza et al ., 2024; Azab et al ., 2025). Major producing countries
including the United States, Brazil, Argentina, China, and India, collectively account for the
majority of global output (Koc et al ., 2011; Hamza et al ., 2024). In Nigeria, soybeans are widely
consumed and have considerable agricultural and commercial importance as a source of
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dietary fat and plant protein. The country ranks as the second-largest soybean producer in
Africa, with the United States Department of Agriculture (USDA) Foreign Agricultural
Service estimating national production at approximately 1.25 million metric tons over 1.2
million harvested hectares in the 2022/23 marketing year, with cultivation concentrated
predominantly among smallholder farmers across the Guinea Savanna Middle Belt,
particularly in Benue, Kaduna, Nasarawa, and Niger States (USDA /FAS, 2023). At the export
level, soybean seeds and related products were valued at approximately N38.63 billion in Q1
of 2023 alone, representing 13.8% of Nigeria's total agricultural export earnings within that
period (NBS, 2023). Beyond its economic contribution, soybean carries significant public
health relevance in the Nigerian dietary context. The Nigeria Protein Deficiency Survey
(NPDS, 2019), a nationally representative survey designed to assess the status and dimensions
of protein inadequacy in Nigeria , found that the majority of foods consumed by Nigerians
are low-quality, plant-based staple foods that are deficient in essential amino acids such as
methionine and lysine, with over 51% of respondents unable to access adequate protein-rich
foods due primarily to high cost. Against this backdrop, soybean stands out as one of the few
affordable plant-based foods in Nigeria capable of supplying all essential amino acids,
reinforcing its unique position as a nutritional intervention against dietary protein inadequacy
in the country (NPDS, 2019).

Beyond its macronutrient composition, soybean serves as a reservoir for essential macro- and
micronutrients, dietary fibre, and diverse bioactive secondary metabolites (Sahasakul et al .,
2022; Vilakazi et al ., 2025). Legumes such as soybean supply high levels of calcium,
magnesium, and zinc, reinforcing their importance in promoting dietary adequacy in
populations at risk of micronutrient deficiencies (Sahasakul et al ., 2022). The phytochemicals
present in soybeans including polyphenols, flavonoids, alkaloids, and saponins , are of great
interest owing to their pharmacological potential, particularly in the prevention and
management of cardiovascular disease (Arshad et al ., 2025, Haines et al ., 2024). Soy
isoflavones, notably genistein, daidzein, and glycitein, are among the best-documented
bioactive constituents in the plant kingdom.

Plants also contain anti-nutritional factors (ANFs), naturally occurring compounds that
diminish the bioavailability of essential nutrients by forming insoluble complexes with
mineral cations or inhibiting digestive enzymes (Magalhdes, 2024; L6pez-Moreno et al ., 2022).
Key ANFs in soybean include phytic acid, which forms stable chelates with divalent cations
such as zinc, calcium, and magnesium, and oxalates, which bind dietary calcium to form
insoluble salts that are poorly absorbed (Arsov et al ., 2024; Salgado et al ., 2023). These
compounds are of particular concern in Nigerian diets, where soybean is consumed without
the benefit of industrial processing techniques that reduce ANF levels.

The biochemical quality of soybean oil is another critical consideration. Soybean oil is
characterised by a high proportion of polyunsaturated fatty acids (PUFAs), specifically
linoleic acid (C18:2, ~65%) and alpha-linolenic acid (C18:3, ~13%), which render it highly
susceptible to hydrolytic and oxidative deterioration (Indiarto and Qonit, 2020). Lipid
oxidation, which proceeds via a free radical chain mechanism of initiation, propagation, and
termination, generates hydroperoxides as primary products and cytotoxic secondary
products such as malondialdehyde (MDA) and 4-hydroxy-2-nonenal (4-HNE) (Gharby et al .,
2025). Consumption of oxidatively degraded oils contributes to cellular oxidative stress,
defined as an imbalance between reactive oxygen species (ROS) production and the biological
antioxidant defense capacity, which is mechanistically linked to cardiovascular disease and
metabolic syndrome (Betteridge, 2000; Pizzino et al ., 2017).
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Despite the nutritional and commercial importance of soybean in Nigeria, comprehensive
biochemical characterisation of locally sourced varieties and their mechanically extracted oils
remains scarce. Concerns persist regarding the extent of lipid deterioration during traditional
mechanical extraction, the levels of ANFs limiting mineral bioavailability, and the degree to
which local varieties retain the phytochemical and antioxidant properties attributed to
soybean in the broader literature. This knowledge gap is of direct public health significance
given that domestic soybean consumption in Nigeria was estimated at approximately 1.2
million metric tons in the 2023 /24 marketing year (USDA /FAS, 2023), driven in large part by
a population heavily dependent on soybean as one of the few accessible sources of high-
quality plant protein in a food environment characterised by widespread protein inadequacy
(NPDS, 2019). This study therefore aimed to comprehensively characterise the oil quality
parameters, mineral composition, phytochemical content, anti-nutritional factors, and in vitro
antioxidant capacity of soybean seeds sourced from a Nigerian local market and their
mechanically extracted oil, thereby providing a biochemical basis for informed utilisation of
this crop within the Nigerian food system.

MATERIALS AND METHODS

Sample Collection and Processing

Soybean seeds were sourced from a local market within the Benin City metropolis (New Benin
Market), Edo State, Nigeria. Upon collection, the seeds were manually sorted to remove
stones, dirt, and foreign particles, then washed and air-dried. The dried seeds were pulverised
into a fine powder using a mechanical grinder/blender, the chaff removed, and the powder
stored in labelled, airtight, moisture-free containers at room temperature prior to extraction
and analysis. Oil was extracted using a RAYLUX Automatic Oil Press Extractor Machine
(milling method). The extracted crude soybean oil was stored in airtight amber glass bottles
under refrigeration at 4°C until analysis (Edeoga et al ., 2005).

Qualitative Phytochemical Screening

Qualitative tests were performed for alkaloids (Dragendorff's test; Harborne, 1998),
flavonoids (alkaline reagent test; Trease and Evans, 2002), phenolics (ferric chloride test;
Harborne, 1998), tannins (ferric chloride test; Trease and Evans, 2002), and saponins (froth
test; Sofowora, 1993). Briefly, each test involved dissolving 1 g of pulverised seed in 5-10 mL
of the appropriate solvent, filtering the extract, and applying the respective diagnostic reagent
with observation of the characteristic colour change or precipitate as a positive indicator of
the compound class.

Quantitative Phytochemical Analysis

Total phenolic content was determined by the Folin-Ciocalteu colorimetric method (Singleton
and Rossi, 1965). One gram of pulverised seed was extracted in 10 mL of 80% methanol; 0.5
mL of the filtrate was mixed with 2.5 mL of 10% Folin-Ciocalteu reagent and 2 mL of 7.5%
sodium carbonate, incubated in the dark for 30 minutes, and absorbance measured at 765 nm.
Results were expressed as grams of tannic acid equivalent per kilogram (g GAEq/kg) using a
gallic acid standard curve.

Flavonoid content was determined by the aluminium chloride colorimetric method (Boham
and Kocipai-Abyazani, 1994). One gram of extract was refluxed in 10 mL of 80% methanol at
60°C for 30 minutes; 1 mL of filtrate was mixed with 1 mL of 2% aluminium chloride in
methanol, incubated for 30 minutes, and absorbance measured at 415 nm. Results were
expressed as grams of quercetin equivalent per kilogram (g QEq/kg).
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Total tannin content was measured by the Folin-Denis method (Bajaj and Devsharma, 1977).
Briefly, 0.20 mL of seed extract in 20 mL of 50% methanol was heated at 77-80°C for 1 hour,
tiltered, and the filtrate treated with 2.5 mL of Folin-Denis reagent and 10 mL of 17% Na.COs
solution. Absorbance was measured at 760 nm and expressed as g TEAq/kg.

Saponin content was determined gravimetrically (Obadoni and Ochuko, 2001). Five grams of
seed was extracted with 100 mL of 20% aqueous ethanol at 55°C for 4 hours. The combined
filtrates were concentrated, extracted with diethyl ether and n-butanol successively, and the
n-butanol extract evaporated to dryness at 60-70°C. The residue was weighed and expressed
as grams per kilogram (g/kg). Alkaloid content was similarly determined gravimetrically
(Harborne, 1973): 5 g of pulverised seed was extracted in 100 mL of 20% acetic acid in ethanol
for 2 hours, concentrated, and alkaloids precipitated with concentrated ammonium
hydroxide. The dried precipitate was weighed and expressed as a percentage of sample dry
weight.

Anti-Nutritional Factor Determination

Total phytate content was determined by the titrimetric method of Lucas and Markakas
(1975). Approximately 4 g of sample was soaked in 100 mL of 2% HCl for 3 hours and filtered.
Twenty-five millilitres of the filtrate was titrated with standard iron (III) chloride solution
(FeCls, containing 0.00195 g Fe/mL) using 0.3% ammonium thiocyanate as indicator until a
persistent brownish-yellow endpoint was reached. Phytate (%) was calculated as: (8.24 x titre
value x 100) / (1000 x sample weight).

Total oxalate was determined by permanganate titrimetry (Day and Underwood, 1986).
Approximately 1 g of ground seed was mixed with 75 mL of 1.5 N H2.SOs and stirred for 1
hour. Twenty-five millilitres of the filtered extract was titrated hot against 0.1 N KMnO. until
a faint pink endpoint persisted for 30 seconds.

Oxalate (mg/g) = titre value x 0.9004.

Oil Quality Parameters

Acid value (AV) was determined by the AOCS Official Method Cd 3d-63 titrimetric
procedure. Five grams of oil was dissolved in 50 mL of neutralised ethanol-diethyl ether (1:1)
solvent, and titrated with 0.1 N KOH using phenolphthalein indicator to a persistent pink
endpoint

.AV (img KOH/g) = (VxN x56.1) / W,

where V is the KOH volume (mL), N is normality, and W is sample weight (g).

Percentage free fatty acids (%FFA) was calculated as:

%FFA = AV x 0.503, using the conversion factor for oleic acid (AOCS Method Ca 5a-40).
Peroxide value (PV) was determined by iodometric titration (AOCS Method Cd 8-53). Five
grams of oil was dissolved in 30 mL of glacial acetic acid-chloroform (3:2), treated with 0.5
mL of saturated KI solution, and incubated in the dark for 5 minutes. Liberated iodine was
titrated with 0.01 N sodium thiosulfate using 1 mL of 1% starch indicator.

PV (meq O:/kg) = [(Vs - Vb) x N x 1000] / W.

All oil quality assays were performed in triplicate.

Mineral Composition by Atomic Absorption Spectrophotometry

Approximately 1 g of finely ground seed or oil was digested with concentrated HNO; and
HCIOs (4:1 v/v) on a hot plate in a fume hood until the digest cleared and white fumes
appeared (de la Guardia et al ., 2015). The digest was quantitatively transferred to a 100 mL
volumetric flask and diluted to volume with deionised water. Mineral concentrations were
measured by flame AAS using calibration curves prepared from certified standard solutions.
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Elements analysed included calcium (Ca), potassium (K), iron (Fe), zinc (Zn), copper (Cu),
manganese (Mn), nickel (Ni), lead (Pb), and cadmium (Cd). Concentrations were reported in

mg/kg.

In Vitro Antioxidant Activity

DPPH radical scavenging activity was measured by a modified procedure of
Siripongvutikorn et al . (2024) and Musa et al . (2016). Two millilitres of extract was mixed with
2 mL of DPPH solution and incubated in the dark for 30 minutes at room temperature.
Absorbance was measured at 518 nm.

Scavenging activity (%) = [(Ao - A1) / Ao] X 100

where Ao is the absorbance of the control and A. is the absorbance of the extract. Ascorbic
acid served as the reference standard.

Ferric reducing antioxidant power (FRAP) was determined by the method of Benzie and
Strain (1996) as modified by Siripongvutikorn et al . (2024). One hundred and fifty microlitres
of extract was added to 2.85 mL of FRAP reagent, incubated for 30 minutes in the dark, and
absorbance measured at 593 nm. Results were expressed as percentage inhibition relative to
the ascorbic acid standard.

Statistical Analysis

All assays were performed in triplicate. Results are expressed as mean + standard error of the
mean (SEM). Data were analysed using SPSS version 23. One-way analysis of variance
(ANOVA) was used to compare means; values with different letter superscripts differ
significantly at p < 0.05.

RESULTS AND DISCUSSION

Oil Quality Parameters

Table 1: Oil Quality Parameters of Mechanically Extracted Soybean Oil
Parameter Value
Acid Value (mg KOH/g) 3.35+0.03*
Free Fatty Acids (%) 1.69 +0.02°
Peroxide Value (meq O:/kg) 13.07 £ 0.92°

Values are expressed as mean + SEM (n = 3). Values with different letter superscripts differ significantly at p <
0.05.

The acid value (3.35 mg KOH/g) and percentage free fatty acids (1.69%) of the extracted
soybean oil indicate a moderate degree of hydrolytic deterioration. These parameters reflect
the activity of endogenous lipases that cleave ester bonds within triacylglycerol molecules,
releasing free fatty acids into the oil matrix. Hydrolytic rancidity is primarily driven by
moisture and residual lipolytic enzyme activity during mechanical pressing, and is
characteristically more pronounced in crude, unrefined oils where liberated free fatty acids
are not subsequently neutralised by alkaline refining steps, as described by Loganathan et al .
(2022) and Flores et al . (2021). A significant factor underlying this residual lipolytic activity is
the likely failure of mechanical pressing to reach the temperature threshold required for
complete inactivation of soybean seed lipase (triacylglycerol acylhydrolase, EC 3.1.1.3).
Thermal inactivation of this enzyme generally requires sustained exposure to temperatures of
at least 80°C (Daun et al ., 2003); however, in expeller pressing, heat is generated primarily
through mechanical friction between the seed mass and the press barrel rather than by direct
temperature control. The actual temperature attained within the seed meal is therefore highly
variable, depending on feed rate, seed moisture content, and press barrel design, and may
remain substantially below the inactivation threshold even when external surface
temperatures appear adequate (Savoire et al ., 2013). This is particularly relevant for small-
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scale mechanical presses typically used in Nigerian oilseed processing, where temperature
monitoring and regulation during extraction are generally not practiced. Consequently, a
fraction of the lipolytic enzyme pool survives the pressing process in a catalytically active state
and continues to hydrolyse triacylglycerol ester bonds within the crude oil matrix, an effect
compounded by the residual moisture that mechanical pressing characteristically fails to
eliminate from the extracted oil. These values should be interpreted within the context of
crude mechanically pressed oil rather than against the stricter Codex Alimentarius (2023)
limits for refined oils.

The peroxide value (13.07 meq O:/kg) reflects the accumulation of lipid hydroperoxides,
which are the primary products generated when polyunsaturated fatty acids particularly
linoleic acid (C18:2) and alpha-linolenic acid (C18:3) react with atmospheric oxygen via the
free radical chain mechanism of lipid peroxidation. The high content of PUFAs in soybean oil,
where each additional double bond increases oxidative susceptibility, makes this oil
inherently prone to autoxidation (Indiarto and Qonit, 2020; Abdelghany et al ., 2019). The
peroxide value obtained is consistent with early-stage rather than advanced oxidation, as
described by Gharby et al . (2025), who noted that PV rises rapidly during early oxidation but
subsequently declines as hydroperoxides decompose into secondary products. Proper storage
under refrigeration in opaque, airtight containers would minimise both hydrolytic and
oxidative deterioration in crude soybean oil.

Mineral Composition
Table 2: Mineral Composition of Soybean Seeds and Extracted Oil (mg/kg)

Mineral Element Seeds (mg/kg) Extracted Oil (mg/kg)
Ca 134.4 2.00

K 135.6 0471

Fe 30.9 1.3

Zn 0.752 0.266

Mn 0.253 0.050

Cu 0.050 0.022

Ni 0.053 0.012

Pb ND ND

Cd ND ND

ND = Not Detected. Values are single determinations per sample type.

The mineral analysis showed that the pulverised soybean seeds contained appreciable levels
of calcium (134.4 mg/kg) and potassium (135.6 mg/kg), with a notable iron content (30.9
mg/kg), and trace amounts of zinc, manganese, and copper. These findings are consistent
with soybean's recognition as a mineral-rich legume, and corroborate results reported by
Sahasakul et al . (2022), who observed that soybeans consistently provide higher
concentrations of calcium and related minerals compared to most other bean general.

The minimal mineral content of the oil fraction relative to the seeds is biochemically expected,
since minerals are predominantly associated with the hydrophilic protein and fibre matrix of
the seed and are therefore not extracted alongside lipids during mechanical oil pressing, as
established by Roli¢ et al . (2025). The absence of detectable lead (Pb) and cadmium (Cd) in
both fractions is an important food safety observation. These toxic elements are known to
enter the body through the divalent metal transporter 1 (DMT1) protein that normally
facilitates iron uptake, and their accumulation in biological tissues interferes with enzymatic
processes and essential mineral metabolism (Roli¢ et al ., 2025).

The iron content detected in the soybean seeds (30.9 mg/kg) holds particular relevance in the
Nigerian dietary context, where iron deficiency and iron-deficiency anaemia remain prevalent
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nutritional problems. Based on a reference serving size of 100 g of soybean seeds, this
concentration would supply approximately 3.09 mg of total iron, representing roughly 38.6%
and 17.2% of the recommended dietary allowance (RDA) for adult males (8 mg/day) and
adult females (18 mg/day) respectively, as defined by the Food and Nutrition Board of the
Institute of Medicine (IOM, 2001). Iron is an essential transition element required for haem
synthesis in haemoglobin, the protein responsible for oxygen transport in erythrocytes, and
for the generation of bactericidal reactive oxygen species by neutrophils during the oxidative
burst in host defence (Roli¢ et al ., 2025; Stefanache et al ., 2023). However, it is critical to note
that the iron present in plant-based foods exists exclusively as non-haem iron (Fe**), which
has considerably lower intestinal absorptive efficiency compared to haem iron from animal
sources. More importantly, the phytic acid detected in these soybean seeds forms stable,
insoluble chelate complexes with Fe3" ions in the intestinal lumen, further reducing effective
iron absorption below the values suggested by total mineral content alone. The actual
contribution of these seeds to meeting daily iron requirements in Nigerian consumers would
therefore require bioavailability studies such as in vitro dialysability assays or in vivo isotopic
tracing that account for the inhibitory effect of the anti-nutritional matrix on mineral
absorption, and represents a worthwhile direction for future investigation.

The zinc detected in the seeds, though in comparatively smaller amounts, is equally
important as a catalytic and structural cofactor for approximately 300 enzymes involved in
DNA synthesis, cell division, and immune function. Zinc deficiency has been associated with
impaired osteoblast differentiation, reduced natural killer cell activity, and decreased
thymulin-mediated T-lymphocyte maturation, increasing susceptibility to infections
(Molenda and Kolmas, 2023; Stefanache et al ., 2023).

Phytochemical Composition
Table 3: Quantitative Phytochemical Composition of Dried Soybean Seed Extracts

Constituent Concentration
Total Phenolic Content (g GAEq/kg) 98.43 +1.60¢
Total Tannins (g TEAq/kg) 21.80 £3.57°
Saponins (g/kg) 18.83 £0.92°
Flavonoids (g QEq/kg) 17.72 £ 4.99°
Alkaloids (%) 6.53 + 0.75°

Values are expressed as mean + SEM (n = 3). Values with different letter superscripts differ significantly at p <
0.05.

The quantitative phytochemical analysis revealed that total phenolic content was the most
abundant constituent (98.43 g GAEq/kg), which was significantly higher than all other
phytochemicals (p < 0.05). Tannins, saponins, and flavonoids were not significantly different
from each other, while alkaloids recorded the lowest concentration. The high total phenolic
content is grounded in the shikimate biosynthetic pathway, through which the aromatic
amino acid L-phenylalanine is converted via phenylalanine ammonia-lyase to
hydroxycinnamic acids, which are further modified to yield the diverse polyphenolic
structures found in plant tissues. The antioxidant capacity of these compounds derives from
their hydroxyl-substituted aromatic ring structures, which facilitate hydrogen atom donation
and electron transfer to free radical species, thereby terminating oxidative chain reactions
(Losada-Barreiro et al ., 2022).

The total flavonoid content measured in this study serves as a collective proxy for the
flavonoid pool present in these soybean seeds and provides an indirect indication of their
likely isoflavone content, given that isoflavones specifically genistein, daidzein, and glycitein
are well-established in the literature as the dominant contributors to the flavonoid fraction in
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Glycine max (Van der Eecken et al ., 2023; Arshad et al ., 2025). These specific compounds were
not individually quantified in the present study and should therefore be regarded as expected
constituents based on the established phytochemical profile of the species rather than as
identified components of this particular sample. Structurally, isoflavones differ from other
flavonoids by the attachment of the B ring at carbon 3 of the pyran ring rather than carbon 2,
a feature that confers phytoestrogenic properties through preferential interaction with
oestrogen receptor-beta, attenuating pro-survival signalling pathways and inhibiting matrix
metalloproteinase activity associated with tumour progression (Van der Eecken et al ., 2023).
At the cardiovascular level, soy polyphenols have been shown to modulate endothelial
function, reduce LDL oxidation, and suppress pro-inflammatory cytokine signalling (Arshad
et al ., 2025). The total flavonoid value recorded here is therefore consistent with the retention
of a biologically relevant flavonoid fraction in these seeds; however, individual isoflavone
quantification by HPLC would be required to confirm the presence and concentration of
specific phytoestrogenic constituents and to fully characterise the chemoprotective potential
of this soybean sample.

The tannin content, though sharing a statistical group with saponins and flavonoids, also
carries anti-nutritional significance. Tannins form hydrogen bonds and hydrophobic
interactions with dietary proteins, leading to protein precipitation and inhibition of digestive
enzymes including trypsin and amylase, thereby reducing the overall digestibility of
macronutrients (Zayed et al ., 2025). Saponins similarly exhibit a dual biochemical character
providing anti-inflammatory, antioxidant, neuroprotective, and hypocholesterolaemic
benefits but also interfering with mineral absorption by binding zinc, iron, and vitamin E in
the gastrointestinal tract (Pathaw et al ., 2022). The alkaloid content, recorded as the lowest
among the quantified phytochemicals, retains pharmacological relevance through the
biological activities conferred by nitrogen-containing heterocyclic ring structures, including
analgesic, antimicrobial, and anti-inflammatory effects (Vella et al ., 2024).

Anti-Nutritional Factors
Table 4: Anti-Nutritional Factor Content in Dried Soybean Seeds

Anti-Nutritional Factor Concentration
Oxalate (mg/g) 0.39 +0.012
Phytate (%) 1.08 £0.01°

Values are expressed as mean + SEM (n = 3). Values with different letter superscripts differ significantly at p <
0.05.

The anti-nutritional analysis showed that the soybean seeds contained both oxalate (0.39
mg/g) and phytate (1.08%), with phytate significantly higher than oxalate (p < 0.05). Oxalate
exerts its anti-nutritional effect by binding calcium in the gastrointestinal tract to form
insoluble calcium oxalate, which is excreted in faeces rather than absorbed, thereby reducing
the physiological availability of dietary calcium. Soluble oxalates that escape intestinal
binding are absorbed, transported to the kidneys, and can precipitate with available calcium
to form calcium oxalate crystals, contributing to nephrolithiasis in susceptible individuals
(Salgado et al., 2023). The oxalate concentration recorded in the present study (39 mg/100g,
converted from 0.39 mg/g) was markedly lower than the reported range of 124-497 mg total
oxalate per 100g food weight for raw soybeans documented by Salgado et al. (2023), and well
below the concentrations associated with significant calcium binding in a typical serving
(Table X). The low oxalate concentration relative to the substantial calcium content of the seeds
suggests an oxalate-to-calcium molar ratio expected to fall below the critical threshold of 1.0,
which Dilebo et al. (2025) identify as indicative of satisfactory calcium bioavailability.
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Phytate represents the more nutritionally consequential anti-nutrient among the two
analysed. As inositol hexakisphosphate (IP6), phytate carries six phosphate groups that bear
a strong negative charge at the neutral pH of the intestinal environment, enabling it to form
stable, insoluble complexes with divalent mineral cations including =zinc, calcium,
magnesium, and iron, and trivalent iron (Fe3'). Since humans do not produce intestinal
phytase enzyme in the upper gastrointestinal tract, these mineral-phytate complexes are
excreted in faeces and never absorbed, a concern of particular relevance in populations relying
heavily on unprocessed legumes (Petroski and Minich, 2020; Calvo and Uribarri, 2021). The
phytate level recorded here (10.8 mg/g, converted from 1.08%) was considerably lower than
the value of approximately 22.91 mg/g reported for raw soybeans by Petroski and Minich
(2020), suggesting that the seeds in the present study retain a comparatively reduced phytate
burden relative to published benchmarks, which may reflect varietal differences, soil mineral
composition, or post-harvest handling conditions (Table 4). Notably, phytate also functions
as an antioxidant by chelating free iron ions and preventing their participation in Fenton
reactions that generate cytotoxic hydroxyl radicals (Silva and Bracarense, 2016). Processing
strategies designed to reduce phytate's anti-nutritional impact should therefore be balanced
against the potential loss of this protective antioxidant function.

Comparative Phenolic Content: Seeds versus Oil
Table 5: Comparative Total Phenolic Content: Soybean Seeds vs. Extracted Oil

Sample Total  Phenolic  Content (g
TAEq/kg)

Soybean Seeds 98.42 +1.60*

Soybean Oil 0.83 £0.17°

Values are expressed as mean + SEM (n = 3). Values with different letter superscripts differ significantly at p <
0.05.

The comparative analysis of total phenolic content between the soybean seeds and extracted
oil revealed a large and statistically significant difference (p < 0.05), with the seeds containing
far higher polyphenol concentrations than the oil. This finding is chemically consistent with
the hydrophilic nature of polyphenolic compounds, which are predominantly associated with
the protein-bound and cell wall-bound fractions of the seed matrix rather than with the lipid
phase. The multiple hydroxyl groups on the aromatic ring structures of polyphenols render
them poorly soluble in non-polar lipid environments, and they are therefore largely excluded
from the lipid fraction during mechanical extraction (Losada-Barreiro et al ., 2022). This
differential distribution provides a direct biochemical explanation for the contrasting
antioxidant activities observed between the two fractions in the DPPH and FRAP assays, since
radical scavenging and reducing capacity are fundamentally dependent on the availability
and structural characteristics of polyphenolic constituents.

In Vitro Antioxidant Activity
Table 6: In Vitro Antioxidant Activity of Soybean Seeds and Oil

Sample DPPH (% Inhibition) FRAP (% Inhibition)
Soybean Seeds 47.54 +2.04* —

Soybean Oil 29.88 £5.82: 24.22 £4.93b
Ascorbic Acid (Standard) 64.17 £7.89 56.89 +8.79

Values are expressed as mean + SEM (n = 3). Values with different letter superscripts (a and b) differ significantly
at p <0.05. (=) = not determined.

The in vitro antioxidant activity results showed that the soybean seed extract had a higher
DPPH radical scavenging activity (47.54 + 2.04%) than soybean oil (29.88 + 5.82%), while both
fractions recorded lower antioxidant activity than the ascorbic acid reference standard (64.17
+7.89%). The oil occupied an intermediate position not significantly different from either the
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seed extract or ascorbic acid, reflecting a gradation in antioxidant potency across the three
samples. The DPPH assay measures the ability of antioxidant compounds to donate hydrogen
atoms or electrons to the stable 1,1-diphenyl-2-picrylhydrazyl radical, reducing it from its
deep violet form to the yellow hydrazine form, with the decrease in absorbance at
approximately 518 nm proportional to the scavenging capacity of the sample. This assay
predominantly detects the activity of polar antioxidants capable of hydrogen atom transfer,
which explains why the polyphenol-rich seed extract performed considerably better than the
lipid-phase oil fraction (Mendonga et al ., 2022; Ionita, 2021).

The residual DPPH scavenging activity observed in soybean oil despite its very low phenolic
content is likely attributable to lipid-soluble antioxidants such as tocopherols, which are
naturally retained in the lipid phase during mechanical extraction but are less active in the
polar, methanol-based DPPH assay system. This observation is consistent with the findings
of Mendonga et al . (2022), who noted that the efficiency of lipid-phase antioxidants is better
captured in assays that use non-polar or lipophilic reaction media, meaning that the DPPH
assay may underestimate the total antioxidant contribution of the oil fraction. The use of
multiple complementary assays in this study DPPH and FRAP provides a more complete
picture of antioxidant capacity than reliance on a single method.

The FRAP reducing activity of soybean oil (24.22 + 4.93%) was lower than that of the ascorbic
acid standard (56.89 + 8.79%). The FRAP assay measures the electron-donating capacity of
antioxidants by quantifying their ability to reduce the ferric tripyridyltriazine complex (Fe3*-
TPTZ) to its intensely blue ferrous form (Fe2*-TPTZ) under acidic conditions, monitored at 593
nm. Ascorbic acid is a highly efficient electron donor by virtue of its enediol functional group,
which readily releases electrons to oxidised species, making it a more potent reducing agent
than most plant-derived phytochemicals at equivalent concentrations (Mendonga et al ., 2022).
Corroborating with Sahasakul et al . (2022), who reported positive correlations between total
phenolic content and antioxidant activity across multiple bean varieties, the higher phenolic
load of the seed extract is the most probable biochemical basis for its superior radical
scavenging performance relative to the oil.

From a nutritional biochemistry standpoint, the antioxidant activities recorded across both
soybean fractions are meaningful because they reflect the capacity of these food materials to
contribute electrons and hydrogen atoms to neutralise reactive oxygen species in biological
systems. Chronic exposure to unquenched ROS leads to lipid peroxidation of membrane
PUFAs, protein carbonylation through modification of lysine, proline, and threonine residues,
and DNA damage through the generation of 8-hydroxy-2'-deoxyguanosine (8-OHdG) lesions
all of which drive the pathogenesis of cardiovascular disease, type 2 diabetes mellitus, and
certain cancers (Juan et al ., 2021; Krishnamurthy et al ., 2024). The comparatively lower
antioxidant activity of both soybean fractions relative to ascorbic acid underscores that
soybean alone cannot be relied upon as the sole dietary source of antioxidant protection, and
that regular consumption of diverse plant foods remains the most effective strategy for
maintaining adequate antioxidant capacity.

CONCLUSION

This study has provided a comprehensive biochemical characterisation of soybean seeds
sourced from a Nigerian local market and their mechanically extracted oil. The extracted oil
showed mild but manageable hydrolytic and early-stage oxidative deterioration, consistent
with the inherent susceptibility of crude PUFA-rich oils and remediable through appropriate
storage practices. The seeds contained appreciable levels of essential macro- and trace
minerals with no detectable toxic heavy metals, supporting their safety and nutritional value.
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Total phenolic content was the dominant phytochemical constituent, with flavonoids, tannins,
saponins, and alkaloids present in meaningful quantities that confer both bioactive benefits
and some anti-nutritional challenges. Anti-nutritional factor levels — particularly phytate —
were considerably lower than values reported for unprocessed raw soybeans in the literature,
suggesting that even basic processing steps partially reduce the anti-nutritional burden.
Antioxidant capacity was higher in the seed fraction than in the oil, reflecting the hydrophilic
nature of the principal phenolic constituents and their exclusion from the lipid phase during
mechanical extraction.

Overall, Nigerian market-sourced soybean seeds and their extracted oil demonstrated a
nutritionally relevant biochemical profile that supports their incorporation into food
formulations, nutraceutical development, and edible oil refining within the Nigerian food
industry. Further studies involving in vivo bioavailability assessment of the identified
minerals, post-processing effects on phytate levels, and antioxidant activity under
physiological conditions are recommended to fully translate these findings into dietary
guidelines and food policy.
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