https://dx.doi.org/10.4314/dujopas.vi2ile.29
ISSN (Print): 2476-8316
ISSN (Online): 2635-3490
Dutse Journal of Pure and Applied Sciences (DUJOPAS), Vol.12 No. e March 2026

Proximate Analysis, Anti-Nutritional Screening, and
Mineral Profiling of Calotropis procera Leaf Extract:
Nutritional Potential and Safety Considerations

*K. Adebayo’, I. G. Osigbhemhe?, Abuma Scholastica Edo-Eje!

'Department of Industrial Chemistry,
Faculty of Science,

Federal University Lokoja,

Kogi State,

Nigeria

’Department of Chemistry,
University of Benin,

Benin City,

Edo State,

Nigeria,

Email: koadebayo@ksukabba.edu.ng
ORCID: 0009-0004-5479-2442

Abstract

Calotropis procera (Sodom apple) is a drought-tolerant medicinal shrub. Despite its pharmacological
reputation, its nutritional potential remains largely unexplored. This study assesses the proximate
composition, anti-nutritional factors, and mineral content of its leaves from three locations in Lokoja,
Nigeria, using AOAC methods. Results reveal a rich nutritional profile: carbohydrates (30.36%), crude
protein (23.62%), and crude fiber (17.03%) were dominant. Mineral analysis showed high potassium
(1.48%), calcium (0.42% ), and magnesium (0.20% ). However, significant levels of oxalates (11.50%),
phenols (4.59%), and alkaloids (3.74%) were detected, while tannins and cyanogenic glycosides were
negligible. Statistical analysis indicated significant variation among parameters (p < 0.001). The
findings demonstrate that C. procera leaves hold substantial nutritional potential comparable to
conventional leafy vegetables, but require processing to mitigate anti-nutritional risks. This study
supports its traditional use and highlights its promise as a functional dietary resource, pending
appropriate safety measures.

Keywords: Calotropis procera, proximate analysis, anti-nutritional factors, mineral
composition, phytochemicals

INTRODUCTION

Medicinal plants have been integral to human health systems for millennia, serving as
primary sources of therapeutic agents across diverse cultures (Suntar, 2020). In regions such
as Africa, Asia, and Latin America, indigenous pharmacopoeias rich in botanical knowledge
continue to inform contemporary healthcare practices, particularly in communities with
limited access to synthetic pharmaceuticals (VanPool, 2019). The pharmacological efficacy of
these plants is largely attributed to their diverse secondary metabolites, including alkaloids,
flavonoids, terpenoids, and phenolics, which exhibit a broad spectrum of biological activities
such as antimicrobial, anti-inflammatory, antioxidant, and anticancer effects (Petelka et al.,
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2020). Notable examples include Catharanthus roseus, a source of vincristine and vinblastine
used in oncology, and Artemisia annua, from which the potent antimalarial artemisinin is
derived (Kumar et al., 2022). Beyond their medicinal value, many of these plants also possess
significant nutritional potential, offering macro- and micronutrients that can address dietary
deficiencies.

Among these botanicals is Calotropis procera (Aiton) W.T. Aiton, commonly known as Sodom
apple or Giant milkweed, a perennial shrub belonging to the family Apocynaceae. It thrives
in arid and semi-arid regions across Africa, Asia, and the Middle East, often colonizing
disturbed soils and degraded landscapes (Orwa et al., 2009). Ethnobotanical records from
Nigeria document its use in traditional medicine for treating ailments such as skin diseases,
fever, rheumatism, and digestive disorders (Batool et al., 2020). The plant’s bioactivity is
attributed to a rich phytochemical profile encompassing alkaloids, flavonoids, tannins,
saponins, and cardiac glycosides (Kaur ef al., 2021). Recent studies have further elucidated its
antioxidant, antimicrobial, and anti-inflammatory properties, particularly in leaf extracts
(Ihegboro et al., 2022; Zafar et al., 2021).

Despite its therapeutic promise, C. procera is often regarded with caution due to the presence
of toxic compounds, especially in its latex, which contains potent cardenolides like calotropin
and uscharin (Bankole & Thiemann, 2022). While the pharmacological attributes of various
plant parts—roots, bark, flowers, and latex—have been investigated, the leaves remain
relatively understudied from a nutritional perspective. Preliminary reports suggest that the
leaves contain appreciable levels of protein, fibre, and essential minerals (Aremu et al., 2023),
yet comprehensive data on their proximate composition and anti-nutritional factors are
sparse. This gap is critical because anti-nutritional compounds such as oxalates, phytates, and
alkaloids can impair nutrient bioavailability and pose health risks if consumed in excess
(Muhammad et al., 2023).

Therefore, this study aims to provide a holistic evaluation of C. procera leaves by determining
their proximate composition, screening for key anti-nutritional factors, and profiling their
mineral content. By integrating nutritional and safety assessments, this research seeks to
illuminate the potential of C. procera leaves as a sustainable dietary supplement and medicinal
resource, while also addressing the processing needs required to mitigate anti-nutritional
risks. The findings are poised to contribute to the scientific validation of traditional uses and
inform future applications in food security and herbal medicine.

MATERIALS AND METHODS

Plant Material Collection and Authentication

Fresh leaves of Calotropis procera were collected from three distinct locations within Lokoja
metropolis, Kogi State, Nigeria: Crusher (CRX), Adankolo (ADK), and Zango (ZNG). The
plant was identified and authenticated by Prof. Akinnibosun Henry Adewale at the
Herbarium Unit, Department of Plant Biology and Biotechnology, University of Benin, Edo
State, Nigeria. A voucher specimen (UBH-C561) was deposited for future reference.

Sample Preparation

Sample Cleaning and Drying

The leaf preparation protocol combined thorough cleaning to remove contaminants with
gentle shade-drying to preserve labile compounds. Fresh Calotropis procera leaves were rinsed
sequentially under running tap water and distilled water (Harborne, 1973), then blotted dry.
Drying was conducted at ambient temperature (25-30°C) in a well-ventilated space for 7-10
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days until a constant weight was achieved. This method, adapted from AOAC (2019)
guidelines, minimizes thermal degradation of phytochemicals compared to high-temperature
techniques (Sofowora, 1993).

Pulverization and Storage

The dried leaves were pulverized using an electric blender, with intermittent cooling to
prevent heat buildup. The resulting powder was sieved through a 1 mm mesh to ensure
particle uniformity for consistent extraction (Edeoga et al., 2005). The powder was then stored
in airtight, amber glass containers under nitrogen atmosphere at 4°C to preserve
phytochemical integrity by minimizing oxidation and enzymatic activity (Trease & Evans,
2002; AOAC, 2019).

Proximate Analysis of Sample

Moisture Content Determination

Moisture content was determined by the standard oven-drying method (AOAC, 2005a). A 5.0
g powdered sample was evenly distributed in pre-weighed aluminum dishes and dried at
105+2°C in a forced-air oven. Drying continued until constant weight was achieved (variation

<0.5 mg), with samples cooled in a desiccator between weighing cycles. Moisture content was
then calculated as: %Moisture = xi:xé X 100
Where: WoWy = weight of empty dish, WiW; = weight of dish + sample before drying, WW>

= weight of dish + sample after drying.

Ash Content Determination
Ash content was determined using the dry ashing method (AOAC, 2005b). A 5.0 g dried
sample in a pre-ignited crucible was charred on a hot plate and then completely oxidized in a

mulffle furnace at 550°C for 6 hours. After cooling in a desiccator, the residue was weighed to

calculate ash content as shown : %Ash Content = % x 100

Where: WoWo = weight of empty crucible, WiW; = weight of sample, WoW> = weight of
crucible + ash.

Crude Protein Content Determination

Crude protein content was determined via the Kjeldahl method (AOAC 984.13, AOAC,

2005c¢). 1.0 g sample was subjected to digestion to convert organic nitrogen to ammonium

sulfate. The liberated ammonia was then distilled into a boric acid solution and titrated with

standardized 0.1 N hydrochloric acid. Protein content was calculated using a conversion

factor of 6.25 using the expression below: Crude Protein (%)= (Vs—Vp)*xINx0.014x6.25x100
4

Where: V; = titration volume for sample (mL), V}, = titration volume for blank (mL), N =

normality of HCl, WW = sample weight (g).

Crude Fibre Content Determination

Crude fiber was quantified following AOAC 962.09 (AOAC, 2005d). A 2.0 g defatted sample
was weighed and treated with sequential acid and alkali digestions in a fiber analyzer, each
followed by filtration and washing. The resulting residue was dried, weighed, incinerated at

550°C, and reweighed to determine the fiber content. Crude fiber was calculated as:

_ w2 —wi
%Crude Fibre = m x 100

Where: Wy = weight of crucible, W1 = weight of crucible + residue after drying, W» = weight
of crucible + ash.
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Crude Fat Content Determination

Crude fat was determined using Soxhlet extraction (AOAC 920.39, AOAC, 2005e).
Approximately 5.0 g of dried sample was weighed into a cellulose thimble (Whatman, 33 x 94
mm) and covered with fat-free cotton wool. Petroleum ether (boiling range 40-60°C) was used
as the extraction solvent in a Soxhlet apparatus (Btichi B-811). Extraction continued for 6 hours
at a rate of 4-6 cycles per hour. After extraction, the solvent was recovered using a rotary
evaporator (Btichi R-300) at 40°C, and the fat residue was dried at 105°C for 1 hour, cooled in
a desiccator, and weighed. The process was repeated until constant weight was achieved. Fat

content was calculated as: %Crude Fat = ﬁi:x; x 100

Where: W1W; = weight of extraction flask, W2W2 = weight of flask + fat, WsWs = sample
weight.

Carbohydrate Content Determination

Carbohydrate content was calculated by difference using the formula:

Carbohydrates (%)=100—[Moisture (%)+Ash (%)+Protein (%)+Fat (%)+Fibre % ]

This method is widely accepted for nutritional assessment when direct carbohydrate analysis
is not performed (Osborne & Voogt, 1978; AOAC, 2005).

Energy Value Calculation

The energy value was calculated using the Atwater factors:

Energy (kcal/100g) =(4xProtein %)+(9%Fat %)+(4xCarbohydrate %)

This standard conversion is recommended by FAO/WHO for estimating metabolizable
energy in plant foods (FAO/WHO, 2013).

Ethanolic Extraction Procedure
The phytochemicals were thoroughly extracted using cold maceration (Harborne, 1973;
Sofowora, 1993). Specifically, 100 g of powdered leaves were steeped in ethanol in an amber
glass bottle and gently shaken for 72 hours. After filtering, the leftover plant material was re-
extracted with fresh solvent. The combined liquid was then carefully concentrated using a
rotary evaporator and finally dried in a vacuum desiccator to obtain the solid extract The dried
extract yield was calculated as:

Extract Yield (%) = Weight of dried extract X 100

Weight of powdered sample

Antinutritional factors

Total Tannin Content Determination

Tannins were measured using a protein precipitation assay (AOAC, 2005f). A sample of the
extract was mixed with a bovine serum albumin (BSA) solution, allowing the tannins to bind
and form a complex. After washing, this complex was dissolved, and its color intensity was
measured at 510 nm. The amount of tannins was calculated by comparing it to a standard
curve made with tannic acid, and the results are given as milligrams of tannic acid equivalent
per gram of dry plant material.

Colorimetric Determination of Saponins

Saponins were quantified using an adapted method (Obadoni and Ochuko, 2001). Briefly, 1.0
g of extract was weighed and heated in 20 mL of 20% aqueous ethanol at 55°C for 4 hours.
After filtering, the residue was re-extracted with another 20 mL of ethanol. The combined
extracts were reduced to 40 mL and purified three times with 20 mL diethyl ether. The
aqueous layer was then mixed with 10 mL of n-butanol, washed twice with 10 mL of 5%
sodium chloride, and evaporated to dryness. The remaining residue was weighed to
determine saponin content according to the expression below:
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Saponin (%)=Weight of saponin x100
Weight of sample

Titrimetric Determination of Alkaloids
Alkaloids were quantified using the acid-base titration method (AOAC, 2005h). 5.0 g of extract
was dissolved in 100 mL of 10% acetic acid in ethanol and allowed to stand for 4 hours. The
mixture was filtered, and the filtrate was concentrated to one-quarter volume in a water bath.
Concentrated ammonium hydroxide was added dropwise until precipitation was complete.
The solution was allowed to settle, and the precipitate was collected by filtration through pre-
weighed Whatman filter paper No. 42. The residue was washed with 1% ammonium
hydroxide, dried at 60°C to constant weight, and weighed. Alkaloid content was calculated
as:
Alkaloid (%)= Weight of alkaloid precipitate X100

Weight of sample

Titrimetric Determination of Oxalate

Total oxalates were determined by the permanganate titration method (AOAC, 2005i). 1.0 g
of sample was boiled with 75 mL of 1.5 M H.SO. for 1 hour, filtered hot, and washed with hot
distilled water. The filtrate was heated to 90°C and titrated with standardized 0.05 M
potassium permanganate until a faint pink color persisted for 30 seconds. Oxalate content was
calculated based on the stoichiometry of the reaction:
5C042+2MnO4-+16H*—10CO,+2Mn2++8H,

Mineral Analysis

Mineral content (Na, K, Ca, Mg, P) was determined using atomic absorption
spectrophotometry (AAS) and flame photometry following wet digestion of samples with
nitric-perchloric acid mixture.

Sample Digestion Protocol

1.0 g of dried leaf powder was weighed and placed in a clean digestion tube. Next, 10 mL of
a mixture of nitric and perchloric acids (in a 5:1 ratio) was added. The sample was left to react
at room temperature for 30 minutes to prevent a violent reaction. It was then heated gradually
in a block heater, first to 150°C for an hour, then up to 250°C for two hours, until the solution
became completely clear and colorless. After cooling, the digested sample was diluted with
water to a final volume of 50 mL. This clear solution was then ready for mineral measurement.
Acid-only blanks were also prepared the same way for accuracy (AOAC, 2016; Zasoski &
Burau, 1977; APHA, 2017).

Atomic Absorption Spectrophotometry (AAS) Analysis

Mineral elements (Ca, Mg, Na) were quantified using a flame atomic absorption
spectrophotometer (PerkinElmer AAnalyst 400, Waltham, MA, USA) equipped with
deuterium background correction.

Multi-element calibration standards were made from certified stock solutions, covering
specific ranges: Calcium (0.5-5.0 mg/L), Magnesium (0.1-1.0 mg/L), and Sodium (0.05-0.5
mg/L). A linear calibration curve (R? > 0.995) was established for each element using five
concentration levels. Quality checks, including blanks and standards, were run every 10
samples.

For analysis, digested samples were diluted to fit within these ranges. To ensure accurate
calcium and magnesium readings, lanthanum chloride was added to prevent chemical
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interference. Samples were then fed into the instrument at 5 mL/min, with each reading taken
in triplicate. The instrument was reset with a blank solution between samples to maintain
accuracy (Welz & Sperling, 1999; Skoog et al., 2017).

Flame Photometry Analysis for Potassium (K)

Potassium was determined using a digital flame photometer (Sherwood Model 410,
Cambridge, UK) equipped with a propane gas supply and photomultiplier detector.
Potassium calibration standards were prepared at 0, 2, 5, 10, and 20 mg/L from a stock
solution. The instrument was carefully set up, maintaining consistent gas pressure and
aspiration rate during calibration (Dean, 1995).

For analysis, digested samples were diluted (typically 10-50 times) to fit within the calibrated
range. Each sample's emission at 766.5 nm was measured in triplicate. The system was rinsed
with water between samples to prevent carryover, and a calibration standard was re-checked
after every 10 samples to ensure accuracy (Jeffery et al., 1989).

Spectrophotometric Analysis for Phosphorus (P)

Phosphorus content was measured using standard colorimetric method (AOAC, 2016). First,
a yellow-colored reagent was freshly prepared by mixing separate solutions of ammonium
vanadate and ammonium molybdate. For the test, 5.0 mL of the diluted leaf sample digest
was combined with 10.0 mL of this reagent in a flask, diluted to 25 mL with water, and left for
10 minutes to let the full yellow color develop. The intensity of this color, read at 420 nm on a
spectrophotometer, was then compared to a standard curve made from known phosphorus
solutions to determine the exact concentration in the leaves (Kitson & Mellon, 1944).

Quality Assurance and Quality Control

The analytical method was validated for reliability. All mineral calibration curves were highly
linear (R? > 0.995). Accuracy was confirmed by analyzing a certified reference material,
yielding recoveries of 95-105%. Precision was excellent, with relative standard deviations
below 5% for triplicate measurements. Detection limits were low, ranging from 0.01 mg/L for
sodium to 0.1 mg/L for potassium. Recovery tests on spiked samples further verified the
method, with results between 92-108% (Green, 1996). Blank determinations were done with
each batch and their values subtracted from sample readings to account for any background
contamination (Keith, 1991). Standard addition method was employed to check for matrix
interferences. No significant matrix effects were observed, as indicated by comparable slopes
of standard addition curves and external calibration curves (Welz & Sperling, 1999).

Calculations
Mineral concentrations in the original plant material were calculated using the formula:
Mineral (%)= CxVxD

Wx104
Where: C = Concentration from instrument (mg/L), V = Final volume of digestate (mL),
D = Dilution factor, W = Weight of sample (g), 10* = Conversion factor (mg to %,
considering 100 mL = 100,000 mg for 100% and accounting for density). For conversion to
mg/100g:
Mineral (mg/100g)=CxVxDwx10Mineral (mg/100g)=WCxVxDx10
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Statistical Analysis

All mineral determinations were performed in triplicate, and results were expressed as mean
+ standard deviation. Data were analyzed using one-way ANOVA followed by Tukey's HSD
test for multiple comparisons at p < 0.05 significance level. Correlation analysis between
different mineral elements was performed using Pearson's correlation coefficient. All
statistical analyses were conducted using SPSS version 25.0 (IBM Corp., Armonk, NY, USA).

Ethical and Safety Considerations

1. Acid Handling: All acid handling was performed in a certified fume hood with
appropriate personal protective equipment (acid-resistant gloves, face shield, lab coat).

2. Perchloric Acid Safety: Special perchloric acid fume hood with wash-down capability
was used to prevent accumulation of explosive perchlorate salts.

3. Waste Disposal: Acid waste was neutralized with sodium bicarbonate before disposal
according to institutional guidelines.

4. Gas Safety: Regular leak checks were performed on gas lines for AAS and flame

photometry equipment (Furr, 2000).

RESULTS
Table 1 Percentage Proximate constituents of C. procera Leaf Extract
Proximate Component % Mean+ S.D
Moisture Contents 10.29 £0.40
Total Ash 12.15 +0.36
Total Fat 527 * 0.21
Crude Protein 23.62+ 0.93
Crude Fibre 17.03 £0.88
Carbohydrate 30.36 £0.95

Table 2. Percentage Anti-Nutritional Factors in C. procera Leaf Extract

Anti-Nutrient % Mean+SD
Alkaloids 3.74 ¥1.53
Oxalates 11.50 £0.49
Phytates 0.84 £0.51
Flavonoids 1.80+ 0.81
Phenols 459 +0.65
Tannins 0.012 £0.004
Saponins 1.12+0.13
Cyanogenic Glycosides 0.037%0.020
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Figure 1: Comparison of Proximate Composition of C. Procera Leaf Extracts
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Figure 2: Antinutritional Composition of C. procera Leaf Extracts

Table 3. % Mineral Composition of C. procera Leaf Extract

Mineral Mean + SD
Sodium 0.009 + 0.00
Potassium 1.483 +0.055
Calcium 0.419 +0.085
Magnesium 0.200 +0.089
Phosphorus 0.177 +0.004
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Figure 3: Sample Mineral Compositions

DISCUSSION

The analysis shows C. procera leaves have significant nutritional value. Their high
carbohydrate content (30.36%) makes them a good energy source, similar to common
vegetables like Moringa. A substantial crude protein level (23.62%), even higher than some
traditional leafy greens, highlights their potential to address protein deficiency. The
considerable crude fibre (17.03%) supports digestive health, while the low fat (5.27%) aligns
with heart-healthy diets. The notable ash content (12.15%) confirms a rich mineral reserve,
which likely underpins the plant's traditional use in wound and bone healing (Umar et al.,
2019; Chinyere et al., 2020; FAO/WHO, 2013; Saha et al., 2017).
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Mineral Profile and Health Relevance

The mineral analysis further underscores the nutritional value of the leaves. The high
potassium content (1.48%) is significant for cardiovascular health, as potassium helps regulate
blood pressure and counteracts the effects of sodium (FAO/WHO, 2013). Similarly, the
appreciable levels of calcium (0.42%) and magnesium (0.20%) support bone health,
neuromuscular function, and enzymatic activities. The low sodium content (0.009%) makes C.
procera leaves suitable for low-sodium diets, which are often recommended for managing
hypertension

Implications of Anti-Nutritional Factors

While C. procera leaves are nutritious, they also contain compounds that require careful
handling. The high oxalate content (11.50%) is a primary concern, as levels above 2% can
interfere with calcium absorption and increase kidney stone risk, making raw consumption
unsafe (FAO/WHO, 2013). Fortunately, traditional methods like boiling or soaking can
reduce oxalates by 40-60% (Arthur, 2019). Moderate levels of alkaloids (3.74%) and phenols
(4.59%) contribute to the plant's medicinal properties but may hinder nutrient absorption at
high doses (Kumar & Arya, 2015). The very low levels of tannins and cyanogenic glycosides
are reassuring, especially compared to the more toxic latex and seeds (Bankole & Thiemann,
2022).

Compared to other parts of the plant, the leaves offer the best nutritional balance. Roots and
bark have higher concentrations of anti-nutrients, making them better suited for medicine
than food (Basu et al., 2017). The latex is too toxic to eat (Nawaz et al., 2020), and flowers are
less nutritious (Saha et al., 2017). Therefore, with proper processing, the leaves present the
most favorable option for dietary use.

Implications for Traditional Use and Modern Applications

The nutritional profile of C. procera leaves provides a scientific basis for their traditional uses,
such as in decoctions for strength, constipation, and fever. The high fiber and protein content
supports their role in promoting satiety and gastrointestinal health, while the mineral-rich
composition aligns with applications in wound healing and bone repair. For modern
applications, C. procera leaves could be processed into functional food ingredients, dietary
supplements, or animal feed additives. Their low sodium and high potassium content make
them particularly relevant for developing heart-healthy food products. However,
standardized processing protocols must be established to mitigate anti-nutritional risks.

Limitations and Future Research

This study is limited to leaves from a specific geographical region; further research should
evaluate variations across different climates and soil types. Additionally, in vitro and in vivo
studies are needed to assess the bioavailability of nutrients after processing and to establish
safe consumption thresholds. Investigating the effects of processing methods on anti-nutrient
reduction and nutrient retention is also crucial for practical applications.

CONCLUSION

This study demonstrates that Calotropis procera leaves possess considerable nutritional value,
characterized by high levels of protein, carbohydrates, fiber, and essential minerals. However,
the presence of anti-nutritional factors, particularly oxalates, necessitates appropriate
processing before safe consumption. The leaves offer a promising resource for addressing
malnutrition and developing functional foods, provided that safety measures are
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implemented. Future research should focus on optimizing processing techniques and
evaluating the long-term safety and efficacy of C. procera-based products.
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