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Abstract

This study assesses the proximaté composition and anti-nutritional profiles of three groundnut
(Arachis hypogaea L.) breeding lines: (SAMNUT-26xXICGV-91328, SAMNUT-23xICGV-
91324, and SAMNUT-24X1€GV-91328). Seed samples of these hybrid lines were obtained
from the Seed Centre at the College of Agronomy, Joseph Sarwuan Tarka University, Makurdi,
Nigeria. Standard analytical methods werc.employed to determine moisture, ash, crude fibre,
lipid, protein, carbohydrate contents, and sel€eted anti-nutritional parameters, including phytic
acid, oxalate, and cyanide levels. MoiSture content varied from 6.29% in SAMNUT-23XICGV-
91324 to 7.05% in SAMNUT-26xICGGYV-91328: Ash content ranged between 3.26% and
4.50%, with SAMNUT-23xICGV-91324¢ exhibiting the highest value. Fibre content was
relatively stable, with a narrow range of*2:91%-3.14%. Lipid concentration was highest in
SAMNUT-26XICGV-91328 (47.00%) and*lowest in_SAMNUT-23xICGV-91324 (46.12%).
The highest protein content (22.85%) was recorded i ySAMNUT-24xICGV-91328, while
carbohydrate content peaked at 18.37% in SAMNUT<23xICGV-91324. Regarding anti-
nutritional factors, SAMNUT-23xICGV-91324 had significantly higher cyanide levels (5.10
mg/100g) compared to the other two lines (P < 0.05); followed by SAMNUT-24xICGV-91328
(4.63 mg/100g) and SAMNUT-26xICGV-91328 (2.56' mg/100g)~Similarly, the highest oxalate
concentration was observed in SAMNUT-23xICGV-91324, Overall, the results reveal notable
compositional differences among the groundnut hybrid lin€s

with SAMNUT-24xICGV-91328 emerging as the most nutfitionally advantageous candldate
based on its superior protein and balanced nutrient profile.
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Chemical analysis and antinutritional value of selected inbred lines of groundnut (Arachis
hypogaea L.)

Introduction

Groundnut (Arachis hypogaea), also known as peanut, is a globally important oil§eed, crop
cultivated across a wide range of agroecological zones, from tropical to temperate regions.
Africa produces an average groundnut yield of 1,007 kg/ha, with Nigeria presently contributing
about 3.3 t/ha, a part of the 55% West African Groundnut production in the continent (Fukah
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et al., 2024; Njoki et al., 2024a). Globally, though Nigeria's groundnut production ranks high,
it is less than the 60 % combined contributions by China and India (Gelaye & Luo, 2024). Its
agricultural versatility and high economic value have made it an essential part of food systems
in many nations of the world, particularly in Asia, Africa, and South America. Groundnut
cultivation has been naturally driven by its high oil yield to supply domestic consumption and
industrial*processing (Abady et al., 2019). However, a recent study highlights a broader
nutritiondl, and functional profile, positioning groundnut as a promising crop for improving
dietary quality=and combating micronutrient deficiencies, particularly in low- and middle-
income countries (Njoki et al., 2024b).

In addition to 1ts oil content, groundnut is a rich source of high-quality protein, polyphenols,
flavonoids, dietarys fibre, and essential micronutrients such as magnesium, phosphorus,
potassium, calciumg#and vitamins E, K, and the B-complex group (Lakhlifi El Idrissi et al.,
2024; Musalima et “al., 2019). Compounds such as resveratrol, phytosterols, and other
antioxidants found in ‘groundnuts have demonstrated potential cardiovascular benefits by
inhibiting cholesterol absorption and improving lipid profiles (Ortiz & Martirosyan, 2025). In
food-insecure areas, where plant-based diets predominate, and animal protein is often costly,
groundnut offers an affordable”and nutrient-dense dietary alternative.

Beyond these mentioned nutritional values, groundnut seeds can be consumed raw, roasted,
processed into oil and butter, or incorporated into a variety of conventional edibles and animal
feed (Onyeike & Oguike; 2016). However, processing methods can significantly influence
nutrient availability. For example, roasting enhances flavour and mineral bioavailability but
may degrade heat-sensitive amino ‘aeids and reduce protein digestibility, depending on
temperature and exposure time (Adeyeye,2010; Eltom et al., 2023). Selecting and improving
new groundnut breeding lines is ésséntial torincrease crop production, diversify products, and
better match the needs of farming afid the production value chain down to the consumers.
Farmers' concern is getting high-yielding, @disease and stress-tolerant, early-maturing,
high-price, and specific-grain-colour varicties (Abady et al., 2019; Regassa et al., 2023), while
others, including consumer desire for big; clean grains, oil content, storability, good price,
Color, protein/nutrition, texture, flavour, hé€althiness” (high oleic, low aflatoxin), nutritious
products (Pandey et al., 2020). Studies conducted on Pakistani groundnut hybrid lines support
these findings, reinforcing the crop's potential”asea rich®protein source with a favourable
proximate composition (Atasie et al., 2009). Additionallysreasting has been linked to the
generation of aromatic pyrazines, which enhance flayour but maysalso alter oil quality and shelf
stability (Hu et al., 2021).

While groundnuts offer significant nutritional advantages, theif .€ensumption is not without
concern. Like many legumes, groundnut contains several anti-nuttitional factors (ANFs) that
can impair nutrient absorption and utilisation. Notably, phytiesacid can’chelate divalent cations
such as calcium, iron, and zinc, reducing their bioavailability (Gupta et-al., 2015). Tannins—
whose levels vary by seed colour—can inhibit digestive enzymes but“may also provide
antioxidant benefits when present in moderate amounts (Singh et al., 2023). Additionally,
trypsin inhibitors—although present in relatively low quantities—can also reduce protein
digestibility (Tibe & Amarteifio, 2010).

Cyanogenic glycosides are another class of ANFs found in trace amounts in some,groundnut
hybrid lines. Upon hydrolysis, these compounds release hydrogen cyanide (HCIN), a potent
respiratory toxin. Improper post-harvest handling or storage may exacerbate<cyanide
volatilisation, posing a significant food safety concern (Adejoh et al., 2020a). Similarly,
oxalates present in groundnuts can form insoluble salts with calcium and other miinerals,
potentially contributing to kidney stone formation if consumed excessively (Ritter & Savage,
2007). Despite these concerns, some ANFs, such as phytic acid, have demonstrated protective
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effects against oxidative stress and inflammation, further complicating their classification as
purely detrimental (Midorikawa et al., 2001).

Comparative data on the proximate and anti-nutritional composition of improved groundnut
hybrid lines remain limited, particularly within the Nigerian context. Such insights are essential
for guiding breeding efforts, dietary planning, and food processing practices that enhance
nutritional” benefits while reducing potential health risks. Although previous studies have
explored some groundnut hybrid lines, further evaluation of newly improved hybrid lines is
warranted (Qlasan et al., 2024). This study aims to analyze analyse and compare the nutritional
and anti-nutritienal profiles of three improved groundnut hybrid lines (SAMNUT-26XICGV-
91328, SAMNUT-23xICGV-91324, and SAMNUT-24xICGV-91328) to support evidence-
based selection and utilization.

Materials and Methods

Study Area and Samplé Collection

This study was conducted_in the Biochemistry Laboratory of the College of Biological
Sciences, Joseph Sarwuan Tatrka University, Makurdi, Benue State, Nigeria (=7.4-7.7° N, 8.4—
8.5°E, ~100-113 m above searlevel). This place has a low-elevation tropical wet-and-dry
climate with mean temperatures<of about 26-31 °C across cool-dry, hot-dry, and hot-wet
seasons, relative humidity around 44-86%, and annual rainfall of roughly 1,000—1,250 mm
concentrated between Aprihand October (Tyubee ef al., 2021). Three improved hybrid lines of
groundnut seeds (SAMNUT=26xICGV-91328, SAMNUT-23xICGV-91324, and SAMNUT-
24xICGV-91328) were obtained from the'Seed Centre at the College of Agronomy, Joseph
Sarwuan Tarka University, MakurdisThese hybrid lines were selected for evaluation based on
their availability and relevance to ongeing lo€al'breeding programs. Identification of the hybrid
lines followed standard descriptors as‘ontlined®by, YENIKALAYCI (2021).

Sample Preparation

Collected groundnut seeds were cleaned_and air‘dried at room temperature for 24 hours to
reduce surface moisture and remove impurities thaticould cause analytical error. The dried
seeds were then pulverised into fine flourusing a ‘laboratory grinder and stored at room
temperature in airtight containers until analysis;

Proximate Composition Analysis

Moisture Content

Moisture content was determined using the standard oven-dryifig'method. Clean crucibles were
dried, cooled in a desiccator, and weighed. Five grams 0f each”groundnut hybrid line were
placed in the crucibles and dried in a hot-air oven at 1034105°C for.tWo hours. Samples were
cooled in a desiccator and reweighed. Drying continued until.a constant weight was obtained.
Moisture content was calculated as:

. Wo— W 100
% Moisture =—— x —
Wy —Wwq 1

w; = weight of the empty moisture can

w, = weight of can and sample before drying

w3 = weight of can and sample after drying
Crude Protein
Protein content was determined using the micro-Kjeldahl method. Two grams=of each
groundnut hybrid line was digested with concentrated sulfuric acid and a selenium catalyst. The
digest was diluted to 100 mL with distilled water. A 10 mL aliquot was mixed with 45% sodium
hydroxide and distilled. The distillate was collected in 4% boric acid containing a mixed
indicator (methyl red and bromocresol green), and then titrated with 0.02N sulfuric acid.
Titration was done from the initial green colour to a deep red or pink endpoint. The total
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nitrogen was calculated and multiplied by the factor 6.25 to obtain the crude protein content
(Saez-Plaza et al., 2013).

% Crude protein = %N6.25
(100x)Nx14xVxT

wx 100 x V,

W = weight of the sample
N = Normality of filtrate ((H2504) = 0.02N
Vy= Total volume of the digest = 100mL
V4= Volume of the digest distilled
Crude Fat
Fat content was extracted using a Soxhlet apparatus with petroleum ether as the solvent. Five
grams of each groundnut sample were wrapped in filter paper, placed in the extractor, and
subjected to reflux for'approximately 4 hours. After extraction, the solvent was recovered, and
the flask containing the ‘0iltwas dried, cooled, and weighed. Fat content was calculated as:
Formula for the Calculation:

%N2:

% of fat = %x %
Where: W = weight of the sample
Wi weight of empty extraction flask
W> = weight of flask and eil-extract
Ash Content
Ash content was determined by.weighing'5 grams of dried groundnut sample of each breeding
line into pre-dried crucibles anddgniting in‘a muftle furnace at 550—-600 °C for 2 hours until all
organic matter burns off, leaving inorganie’ residue (ash). The crucibles were cooled in a
desiccator and re-weighed; ash % = (ash residue+ original sample) x 100 (Quirino et al., 2023).
Ash content was determined by incifierating 5.grams of each groundnut sample in a muftle
furnace at 700°C for 2 hours. Pre-weighed crucibles' were used, and after cooling in a desiccator,

the residual ash was weighed. The percentage ash ‘content was calculated as:
w, — wsy' 100
% Ash = x

W = weight of the crucible
W> = weight of sample crucible
W3 = weight of crucible + ash
Crude Fiber
Crude fiber was determined using the Weende method.Defatted” Groundnut samples (from fat
analysis) were boiled in 1.2% sulfuric acid for 30 minutes; filtered, washed, and then boiled in
1.25% sodium hydroxide for another 30 minutes. The residue‘was washed, dried in an oven at
150°C, cooled, and weighed. It was then incinerated at 550°C_in"a muffle furnace, cooled, and
reweighed (Medina-Saavedra Tarsicio et al., 2018).Crude fiber was calculated using:
] loss in weight incinertion 100 Wo = Wy
% Crude fibre = =

weight of sample 71T weight of sample

W> = weight of crucible sample after washing and drying in oven

W3 = weight of crucible + sample ash

Carbohydrate Content

Carbohydrates were estimated by difference, using the nitrogen-free extract method:
% NFE =100 - % (at+b+ctdte)

where: a= protein, b= fat , c= fibre , d= ash, e= moisture

Anti-Nutritional Factor Analysis

Oxalate Content
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Approximately 0.5g of each sample was extracted with 15 mL of 3M sulfuric acid for one hour.
The mixture was filtered, and 5 mL of the filtrate was titrated hot with 0.05M potassium
permanganate until a faint pink color persisted for at least 30 seconds. Oxalate content was
calculated using the factor that 1 mL of 0.05M KMnOa equals 2.2 mg oxalate (ljarotimi &
Keshinro, 2013).
Phytic A¢id
Two grams of the finely ground sample were extracted with 25 mL of 0.1 mol L™ HCI (=2%
v/v) for 3 h andfiltered to obtain a clear chloride-containing filtrate. A 25 mL aliquot of this
extract was then treated with 0.1 mol L™' ammonium thiocyanate (NH4SCN) indicator and
titrated with 0.014 mol L' FeCls solution until a stable brownish-yellow ferric thiocyanate
colour persisted for 5 min, following a Volhard-type argentometric/thiocyanate titration
principle for chlorid€.determination (Cai et al., 2020). Two grams of the sample were soaked
in 2% HCI for threevhours and filtered. A 25 mL aliquot of the filtrate was reacted with
ammonium thiocyanate INH4SCN) as an indicator and titrated with iron (III) chloride solution
until a stable brownish-yellow colour persisted for 5 minutes (Yahaya et al., 2022a). The phytic
acid content was calculated msing:
Phytic Acid=Titre Valuex1.15%1.19%3.55

The titre value from the titfation of phytic acid-P and FeCls.

The factor 3.55 is the.classi€al chemical conversion from phytic acid-P to phytic acid

(CsH18024Ps)

The 1.15 and 1.19 are_gonstants' te_account for extraction dilution, sample aliquot, or

moisture basis (Romero-Aguilera‘etdl., 2017).
Cyanide Content
A 2.5 g portion of the ground sample was soaked in 50 mL of distilled water overnight. After
filtration, 1 mL of the extract was mixed with@4mL of alkaline picrate and incubated at 100°C
for 5 minutes. The absorbance was read.at 450’ nm against a blank, and cyanide content was
determined from a standard curve.
Statistical Analysis
Data The data collected were subjected to one-way analysis of variance (ANOVA) using SPSS
version 2016. Mean differences were separatedusing Dufican’s Multiple Range Test at a 95%
confidence level (p < 0.05).

Results

Proximate Composition in three Groundnut Breeding lines

Table 1 presents the proximate composition of three groundnut*bréeding lines: SAMNUT-
26xICGV-91328, SAMNUT-23xICGV-91324, and SAMNUT-24>xICGV-91328. Moisture
content ranged from 6.29% to 7.05%, with SAMNUT-26xXICGV-91328 showing the highest
value and SAMNUT-23xICGV-91324 the lowest (6.29 + 0.13%), giving:a mican of 6.62%. Ash
content varied between 3.26% and 4.50%, highest in SAMNUT-23xICGV+91324 and lowest
in SAMNUT-26xICGV-91328, with an overall mean of 3.84%.

Fiber content ranged from 2.91% in SAMNUT-24xICGV-91328 to 3.14%_in SAMNUT-
23xICGV-91324, averaging 3.05%. Lipid content was highest in SAMNUT-26XI1€GV-91328
(47.00%) and lowest in SAMNUT-23xICGV-91324 (46.12%), with a mean of 46.70%. Protein
content was highest in SAMNUT-24xICGV-91328 (22.85 £ 0.07%) and lowest in SAMNUT-
23xICGV-91324 (21.59 £0.07%), yielding a mean of 22.32%. Carbohydrate contenttanged
from 16.99% to 18.37%, with the highest in SAMNUT-23xICGV-91324 and the lowe€st in
SAMNUT-24xICGV-91328, averaging 17.47%. The grand means are presented in Figure 1.
Table 1: Proximate composition in three groundnut breeding lines
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Varieties Moisture Ash Fiber Lipid Protein Carbohydrate
(%) (%) (%) (%) (%) (%)

SAMNUT- 7.05+£0.04* 3.26+0.03* 3.11+0.03* 47.00+0.28* 22.52+0.52* 17.06+0.83%

26x1CGV-91328

SAMNUT- 6.29+0.13* 4.50+0.01* 3.14+0.06* 46.12+1.31* 21.59+0.07* 18.37+1.46*

23x1CGV=91324

SAMNUT- 6.52+0.02* 3.76+0.28* 2.91+0.07* 46.97+0.64* 22.85+0.07* 16.99+0.58%

24xICGV-91328

Grand mean 6.62+0.23  3.84+0.36 3.05+0.07 46.70+0.29 22.32+0.38 17.47+0.45

Moisture: x? (Variety”Vs Moisture content) = 0.046, P=0.977 (P>0.05)

Ash: y}(Variety Vs Ash'content) = 0.203, P=0.904 (P>0.05)

Fiber: y? (Variety Vs Fiber content) = 0.01, P=0.995 (P>0.05)

Lipid: y* (Variety Vs Lipid-eontent) = 0.011, P=0.995 (P>0.05)

Protein: x? (Variety Vs Prot€in content) = 0.038, P=0.981 (P>0.05)
Carbohydrate: y* (Variety Vs €arbohydrate content) = 0.069, P=0.966 (P>0.05)
Carbohydrate: y* (Variety Vs Carbohydrate content) = 0.069, P=0.966 (P>0.05)
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Figure 1: Grand mean of proximate composition in groundnut breeding lines
Anti-nutritional factors in three groundnut breeding lines

Table 2 with figures 2-4 presents the levels of three anti-nutritional factorss—cyanide, oxalate,
and phytic acid—in the groundnut breeding lines SAMNUT-26xICGV-91328, SAMNUT-
23XICGV-91324, and SAMNUT-24xICGV-91328. Figure 5 shows the Comparative analysis
of anti-nutritional factors in the groundnut hybrid lines. Cyanide content_was highest in
SAMNUT-23xICGV-91324 (5.10+0.10 mg/100g), followed by SAMNUT-24xICGV-91328
(4.63+0.08 mg/100g), and lowest in SAMNUT-26xICGV-91328 (2.56+ 0.02'mg/100g).
These differences were statistically significant (F =322.37, p <0.05).

Oxalate levels ranged from 0.51+0.07mg/100g in SAMNUT-24xICGV-91328 to
1.32+£0.55mg/100g in SAMNUT-23xICGV-91324. However, the variation WaS. not
statistically significant (F=1.83, p>0.05). For phytic acid, SAMNUT-24xICGV-91328
showed the highest concentration (85.10 &+ 0.30 mg/100g), followed by SAMNUT-23XICGV-
91324 (74.66 £0.27 mg/100g) and SAMNUT-26xICGV-91328 (71.98 £ 0.55 mg/100g), with
statistically significant differences across the hybrid lines (F =313.85, p <0.05).
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Table 2: Anti-nutritional factors in three groundnut varieties

Varieties Cyanide Oxalate Phytic acid
(ng/100g d.w) (mg/100g) (mg/100g)
SAMNUT-26x1CGV-91328 2.56+0.02¢ 1.21+0.05*  71.98+0.55°
SAMNUT-23x1CGV-91324 5.10+0.10? 1.324£0.55%  74.66+0.27°
SAMNU7F-24xICGV-91328 4.63+0.08° 0.51+0.07*  85.10+0.30?

FAO/WHO Jimit

F (Cyanide content) = 322.37, P=0.000 (P<0.05)
F (Oxalate content) = 1.83, P=0.24 (P>0.05)
F (Phytic acid content),= 313.85, P=0.000 (P<0.05)

Means that do not sharg’a.letter are significantly different.
F (Cyanide content) = 322.37¢P=,0.000 (P<0.05)

F (Oxalate content) = 1.83, P=0.24_(P>0.05)

F (Phytic acid content) = 313.85,"P=0:000 (P<0.05)

Means that do not share a léttenare significantly different.
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Figure 2: Boxplot of cyanide content in three groundnut breeding lines
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Boxplot of Oxalate
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Figure 3: Boxplot of oxalate content in.three groundnut breeding lines
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Figure 4: Boxplot of phytic acid content in three groundnut breeding lines
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Figure 5: Comparative‘analysis of anti-nutritional factors in groundnut breeding lines
Correlation among Nutritional and Anti-Nutritional Components

Table 3 summarises the PéarSon correlation coefficients among the nutritional and anti-
nutritional parametersf the groundnut hybrid lines. Moisture content showed no significant
correlation with any othéricomponent. Ash content was negatively correlated with moisture (r
= -0.810) and moderately. correlated,with carbohydrate (r = 0.345), but showed weak or no
meaningful relationships with.other eemponents.

Fiber content displayed weakynen-significant correlations across the board. Lipid content had
a moderate negative correlation with ash(r= -0.345) and a weak positive correlation with fibre
(r=0.099). Protein content correlateéd'moderately with lipid (r = 0.410) and negatively with ash
(r=-0.583).

Carbohydrate content showed strong ficgative €ortelations with lipid (r = -0.944) and protein (r
= -0.624), and a moderate positive cotrelation with ash (r = 0.345). Cyanide content was
strongly negatively correlated with moisture (r = -0.938) and positively with ash (r = 0.797).
Oxalate showed a weak positive correlation withfiber (r = 0.805) and a weak negative
correlation with lipid (r =-0.567). Phytic acidwas moderately positively correlated with protein
(r = 0.472), and negatively correlated with ‘méisture «(t.= -0.370), ash (r = -0.552), and
carbohydrate (r =-0.191).

Table 3: Pearson’s Correlation Matrix

Moisture  Ash Fiber Lipid Protein _Carbohydrate Cyanide Oxalate Phytic

acid
Moisture 1
Ash -0.810 1
Fiber 0.083 0.073 1
Lipid 0.330 -0.345  0.099 1
Protein 0.480 -0.583 -0462 0410 1
Carbohydrate -0.408 0.345 -0.007  -0.944  -0.624 1
Cyanide -0.938 0.797 -0.237  -0.253  -0.334 0.287 1
Oxalate 0.143 0.099 0.805 0.567 -0.298 -0.461 -0.192 1
Phytic acid -0.370 0.083 -0.720  0.118 0.472 -0.191 0.506 “0.552 1

Strength of correlation:
0.00-0.39 = Weak correlation
0.40-0.69 = moderate correlation
0.7-0.9 = High correlation

>0.90 = Very high correlation
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Discussion

Proximate Composition in three Groundnut Breeding lines

Groundnut seeds are valued for their dense energy and nutrient content, but composition varies
with cultivar, environment, and processing methods. In this study, the moisture content of
6.29%-7.05% aligns closely with ranges reported in Nigeria (6.0%-7.9%) and elsewhere
(6.5%—8.6%) (Shokunbi et al., 2012). Recent analyses of improved SAMNUT lines—23, 24,
26—also showed moisture around 8.6%, supporting the consistency of these findings (Olasan
et al., 2024).

The lipid content observed (46.1%—47.0%) is higher than the 40.9%43.2% seen in Chinese
hybrid lines (Huang et al., 2022) but closely matches the 44%—-50% range reported in Nigerian
hybrid lines, including SAMNUT-23 with about 49.7% oil (Huang et al., 2022). Similarly,
protein levels (21.6%+22.8%) are comparable to the 20%-26% commonly observed in
Nigerian groundnuts, thetigh slightly lower than the 24%-28% range noted in other studies
(Mshelmbula et al., 2017),

Fibre Fibre content (2.91%=3,14%) remains within expected norms (2.6%—3.8%), reflecting
typical groundnut roughagelevels (Pardeshi, 2019). Ash content (3.26%—4.50%) also falls
within standard soil miineral ranges (2.6%—5.0%) (Abdulbaki et al., 2022), indicating consistent
mineral composition suited for both nutrition and soil quality implications.

Anti-nutritional factors‘in.three groundnut breeding lines

Anti-nutritional factors (ANFEs) are naturally occurring compounds that can impair nutrient
absorption or exert toxic cffects when' consumed in excess (Gemede & Ratta, 2014). In
groundnuts, their presence and concentration.are influenced by genetic variation, environmental
factors, and processing techniques (Okereke.et al., 2025). This study assessed the levels of three
common ANFs—cyanide, oxalate, and phyticiacid—in three improved groundnut breeding
lines: SAMNUT-26xICGV-91328, SAMNUT-23xICGV-91324, and SAMNUT-24xICGV-
91328.

Cyanide, a known metabolic toxin, interferes withrcellular respiration and can pose serious
health risks when ingested at high concentrations (Parkeet al., 2024). Among the hybrid lines
studied, cyanide levels ranged from 2.56.mg/100g «in SAMNUT-26xICGV-91328 to
5.10mg/100 g in SAMNUT-23xICGV-91324—the.highest.among the three. These values are
comparable to those previously reported in groundhut and similar legume studies (Adejoh et
al., 2020b). While the observed levels are notsimmediately alarming, monitoring and
minimising cyanide content in breeding selections is important for.food safety.

Oxalate levels also varied across the genotypes, ranging.from 0.51lmg/100 g to 1.32 mg/100 g,
with the highest again recorded in SAMNUT-23xICGV-913247_Oxalates reduce calcium
bioavailability by forming insoluble calcium oxalate complexes, ‘Which may contribute to
kidney stone formation in sensitive individuals (Mitchell et al.,;;2019).“These results align with
previous findings in groundnut hybrid lines (Dele et al., 2020), suggesting that while levels are
within expected ranges, reducing oxalate content through breeding or proce§sing could improve
nutritional safety.

Phytic acid, another prominent ANF in legumes, was detected in amounts ranging from
71.98 mg/100 g to 85.10 mg/100 g, with SAMNUT-24xICGV-91328 exhibitifig=the highest
level. Phytates are known to chelate essential minerals such as iron, zinc, and calcium, limiting
their intestinal absorption. Although phytic acid can also exert antioxidant and ‘amticancer
properties at moderate levels, its high concentration in certain hybrid lines may warrant
nutritional balancing in breeding targets (Pires et al., 2023). These findings are in lin€ with
those from earlier studies on Nigerian groundnut lines (Solanki et al., 2021).

The variation in ANF content across the three groundnut breeding lines suggests opportunities
for genetic selection. SAMNUT-23xICGV-91324 showed the highest levels of cyanide and
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oxalate, while SAMNUT-24xICGV-91328 contained the most phytic acid. These results can
inform breeding strategies aimed at reducing ANF concentrations while maintaining or
enhancing nutritional quality. Furthermore, applying traditional processing methods—such as
soaking, roasting, and boiling—has been shown to significantly reduce ANF levels and improve
mineral bioavailability in groundnut products (Yahaya et al., 2022b).

Pearson's’correlation matrix

The Pearson correlation matrix presented in Table 3 offers insights into how various nutritional
and anti-nutritienal components in the groundnut samples relate to one another. Understanding
these relationShips is important for improving both the nutritional quality of groundnut and its
suitability for food processing and breeding programs.

Moisture content did not show any significant relationship with other components, except for a
perfect correlation with itself. However, a strong negative correlation was observed between
ash and moisture contents. This suggests that as moisture decreases, the concentration of
minerals (represented by“ash) increases—Ilikely due to the concentration effect during drying.
Ash also showed a weak positive relationship with fibre, indicating that samples with slightly
higher fibre content may alse.¢arry more mineral matter.

Fibre content, on the other hand, showed no notable correlation with most other nutrients,
implying it remains relatively utiaffected by the changes in other components. A weak positive
relationship between fibte and lipid content was noted, suggesting a slight tendency for higher-
fat samples to also containnore fibre. Lipid content also had a moderate negative correlation
with ash, possibly due to the anyerse Telationship between dense mineral matter and the lighter
lipid fraction during sample processing.

Protein content was moderately(correlated with lipid levels, indicating that hybrid lines richer
in fat might also be higher in protein. However, protein showed a strong negative relationship
with ash, implying that as mineral content increases, protein levels tend to decrease. This might
reflect the lower inorganic content of protein-richitissues.

Carbohydrates showed a strong inverse _relationship with lipids, and a moderate negative
correlation with protein. These patterns*may reflect a natural nutrient trade-off in seed
composition—where higher fat and protein .content” eome at the expense of carbohydrate
reserves. A weak positive correlation between earbohydrates and ash was also observed.
Among the anti-nutritional factors, cyanide content had-a, strong negative correlation with
moisture, suggesting that drier samples tend to coficentratesmore cyanide. It also had a weak
positive correlation with ash, possibly reflecting a €0-accumulation of certain compounds in
mineral-rich tissues.

Oxalate levels were weakly correlated with fiber (positive)and lipids (negative), indicating that
oxalate presence may be slightly higher in fibrous samples but lower in those with high fat
content. Phytic acid levels showed several associations:ta=weak megative correlation with
moisture, a moderate positive correlation with protein, and negative correlations with ash and
carbohydrate content. This suggests that phytate may accumulate more i1fi_ptotein-rich samples
but decrease in carbohydrate- or mineral-rich ones.

Together, these correlations reveal how nutrient and anti-nutrient profiles in groundnut interact.
This information is valuable for selecting hybrid lines with balanced compesitiens and for
optimizing processing techniques to enhance nutritional value while minimisifig potential
health risks. It also provides a useful foundation for breeding programs focused on.developing
groundnut lines with improved health benefits and functionality in food products.

Conclusion

This study has demonstrated that the nutritional and anti-nutritional profiles of the three
evaluated groundnut breeding lines—SAMNUT-26xXICGV-91328, SAMNUT-23xICGV-
91324, and SAMNUT-24xICGV-91328—vary notably across key components. Among the
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hybrid lines , SAMNUT-24xICGV-91328 stood out with the most favourable nutritional
composition, including higher levels of protein and lipid. In contrast, SAMNUT-23XICGV-
91324 recorded the highest levels of cyanide and oxalate, while SAMNUT-24xICGV-91328
also showed the highest phytic acid content.

These findings highlight the importance of selecting groundnut hybrid lines not only for their
nutrientdensity but also for their lower levels of anti-nutritional factors. The results can guide
breeders, nutritionists, and food processors in identifying and developing hybrid lines that offer
improved health benefits and food safety. Further research on processing methods to reduce
anti-nutrients” «in) high-performing hybrid lines like SAMNUT-24xICGV-91328 is
recommended to fully harness their nutritional potential.
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