


Proximate, Mineral, and Vitamin Composition of Psidium guajava (Guava) Roots: Nutritional Profiling and Potential Applications as a Functional Food Ingredient






Abstract
Medicinal plants are valuable sources of bioactive compounds with significant therapeutic potential. Psidium guajava (guava), a widely used tropical medicinal plant, is well-known for its phytochemical richness. However, while the leaves and fruits have been extensively studied, the roots remain underexplored. This study aimed to determine the proximate composition, mineral content, and vitamin profile of Psidium guajava root extract to evaluate its nutritional potential and applications as a functional food ingredient. Fresh guava roots were collected, air-dried, powdered, and extracted using methanol by maceration. Proximate analysis was carried out according to AOAC (2005) methods. Mineral contents (Ca, Mg, K, P, Fe, Zn, Cu, Mn) were determined using atomic absorption spectroscopy, while vitamin levels were analyzed using standard spectrophotometric and titration methods. Results showed exceptionally high crude fiber content (52.83 ± 0.21%), moderate carbohydrate (18.60 ± 0.14%) and protein (11.58 ± 0.44%), low fat (0.20 ± 0.01%), and ash (4.48 ± 0.14%). Mineral analysis revealed an extraordinarily high calcium level (11.148 ± 40.647 mg/100g), along with potassium (4.168 ± 0.083 mg/100g), phosphorus (2.162 ± 0.012 mg/100g), magnesium (0.792 ± 0.011 mg/100g), and trace amounts of iron, zinc, manganese, and copper. Vitamins detected include vitamin E (11.58 ± 0.44 µg/100g), vitamin C (0.454 ± 0.024 mg/100g), and vitamin A (1.036 ± 0.078 µg/100g).The findings demonstrate that Psidium guajava roots possess a unique nutritional profile rich in dietary fiber and calcium. This supports its potential use as a natural dietary supplement and functional food ingredient for promoting digestive and bone health, while providing baseline data for further nutraceutical development.
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Introduction
Medicinal plants have long been valued as sources of bioactive compounds with therapeutic potential (World Health Organization [WHO], 2023). Growing interest in phytochemicals is fueled by their diverse biological activities, including antioxidant and antimicrobial effects, which are crucial for preventing oxidative stress and fighting microbial infections (Hossain et al., 2025; Sağlam & Mzoughi, 2025). According to the World Health Organization, about 80% of people in developing countries depend on traditional medicine for basic healthcare needs, highlighting the vital role of medicinal plants in global health (Awoke et al., 2024; Dubale et al., 2025).
Guava (Psidium guajava), a tropical plant widely used in traditional medicine, is rich in phytochemicals, including flavonoids, tannins, saponins, and phenolic compounds (Naseer et al., 2018; Sahal et al., 2024; Huynh et al., 2025). Extensive studies have investigated the leaves, fruits, and bark of guava for their medicinal properties, demonstrating significant antioxidant and antimicrobial activities (Risa et al., 2025; Lok et al., 2023). Guava fruit is highly regarded for its nutritional value, being rich in vitamin C, dietary fiber, carotenoids, and polyphenols, which contribute to immune support, digestive health, and metabolic regulation (Butt et al., 2025; Emam et al., 2025).
While the leaves and fruit of Psidium guajava have been extensively studied (Kumar et al., 2021; Butt et al., 2025), research on the guava root remains limited. Preliminary investigations indicate that the roots may contain beneficial compounds with potential therapeutic effects, but more investigations are needed to fully understand their phytochemical composition and biological activities. Roots often accumulate secondary metabolites that differ from those found in aerial parts of the plant, making them a promising source of novel compounds (Hussain et al., 2022; Palazon & Alcalde, 2025). Recent work has highlighted that guava extracts, including root-derived fractions, exhibit promising antioxidant and antimicrobial properties, supporting their potential role in natural product development (Pereira et al., 2023; Risa et al., 2025).
Utilizing methanol as an extraction solvent optimizes the recovery of polar phytochemical fractions, which typically mediate potent bioactivities (Ojong et al., 2026; Rout et al., 2026). Consequently, characterizing the methanolic matrix of Psidium guajava roots offers a strategic pathway to discover specialized metabolites geared toward therapeutic and antimicrobial applications. To date, classical research has heavily prioritized fruit yield optimization, phenotypic growth, and canopy nutrient management (Heuzé et al., 2017). This historical bias toward the aerial organs has left the chemical architecture and nutritional potential of the root system virtually unmapped.
This gap underscores the need for a detailed investigation into the chemical and nutritional constituents of guava roots. The present study, therefore, aimed to evaluate the proximate composition, mineral content, and vitamin profile of Psidium guajava roots. By providing a comprehensive nutritional profile of this underutilized plant part, the study seeks to highlight its potential as a valuable functional food ingredient and dietary supplement, particularly for applications targeting digestive and bone health.




Materials and Methods
Sample Collection and Identification
Fresh guava roots were collected from healthy plants from a guava plantation in Inisha, Osun State, Nigeria. Identification and authentication of plant material were carried out in the Department of Pure and Applied Biology, Ladoke Akintola University of Technology, Ogbomoso, Oyo State, Nigeria with voucher number LHO 968. 

Sample Preparation
The guava roots were thoroughly washed with distilled water to remove soil and debris, air-dried to eliminate moisture and prevent degradation of sensitive compounds, ground into a fine powder using a mechanical grinder, and stored in an air-tight bag to preserve until extraction.

Extraction Process
For the extraction process, 550 g of the pulverized air-dried root biomass was subjected to cold maceration in 2.5 L of analytical-grade methanol (>99.8% purity) for 72 h at room temperature (25±2 ∘ C) under continuous orbital shaking. The crude extract was filtered through Whatman No. 1 filter paper to remove insoluble particles. Subsequently, the solvent was eliminated by evaporation under reduced pressure at 40°C using a rotary evaporator (IKA RV10 auto V-C, Staufen, Germany). The resulting concentrated syrup was transferred to a vacuum desiccator until a constant weight was achieved, yielding a solid, solvent-free crude extract, which was stored at 4°C until further chemical analyses.
 
Proximate Analysis
Proximate analysis of the Psidium guajava root biomass was executed in triplicate following the official protocols of the AOAC (2005). Moisture content was determined by thermal dehydration of the samples in a hot-air oven at 105°C until a constant weight was recorded. Total ash was quantified by incinerating 2 g of pulverized substrate in a muffle furnace at 550°C for 5 h. Crude fiber was isolated through sequential acid-alkali digestion utilizing 1.25% (w/v) H 2 ​ SO 4 ​ and NaOH solutions. Crude protein profile was evaluated via the micro-Kjeldahl technique, employing a nitrogen-to-protein conversion factor of 6.25. Crude fat was determined by continuous solid-liquid extraction in a Soxhlet apparatus using petroleum ether (40–60 ∘ C boiling range) as the solvent. Total carbohydrates were subsequently calculated by difference [100 − (% moisture + % ash + % crude protein + % crude fat + % crude fiber)]

 Mineral Analysis
The mineral content of guava root extracts (Ca, Mg, K, Mn, Fe, Cu, P, Zn) was determined using atomic absorption spectroscopy (AAS). Prior to analysis, 1g of powdered guava root was digested with a 5:1 mixture of concentrated nitric acid (HNO₃) and perchloric acid (HClO₄) using a hot plate or microwave digester. The digested sample was diluted with distilled water and filtered to remove particulates. Standard solutions were prepared for calibration, and the absorbance of the sample was measured and compared against the standard curve to quantify mineral concentrations.

Vitamin Quantification 
The vitamin profile of the Psidium guajava root extract was determined in triplicate employing targeted analytical protocols. Ascorbic acid (Vitamin C) content was quantified via the standard 2,6-dichlorophenolindophenol (DCPIP) titrimetric method. For fat-soluble vitamins, total carotenoids and Vitamin A were isolated through solvent extraction utilizing an analytical-grade hexane-acetone mixture (1:1, v/v), and concentrations were evaluated spectrophotometrically by recording the absorbance at 450 nm on a UV-Vis spectrophotometer. Vitamin E (alpha-tocopherol) was determined using a colorimetric assay based on the reduction of ferric to ferrous ions, with the resulting complex monitored at 520 nm. Final concentrations were calculated against their respective standard calibration curves and expressed as mg/100g of dry weight.

Statistical Analysis
ll determinations were performed in triplicate, and results were expressed as mean ± standard deviation (SD). Data were analyzed using SPSS version 25 (IBM Corp., Armonk, NY, USA), and a significance level of p < 0.05 was adopted.


Results and Discussions
Proximate Composition
The proximate analysis of the methanolic extract of Psidium guajava roots (Table 1) revealed a distinctive nutritional profile characterized by an exceptionally high crude fiber content (52.83 ± 0.21%), moderate levels of carbohydrates (18.60 ± 0.14%) and crude protein (11.58 ± 0.44%), low crude fat (0.20 ± 0.01%), ash (4.48 ± 0.14%), and moisture (12.68 ± 0.13%). The crude fiber content obtained in this study is remarkably higher than values previously reported for guava fruits (typically 2.8–5.5%) and leaves (commonly 5–17%) (Jiménez-Escrig et al., 2001; Kumar et al., 2021; Heuzé et al., 2017). This elevated fiber level positions guava roots as a superior source of dietary fiber compared to other parts of the plant. High dietary fiber intake is well-documented for promoting gastrointestinal health by enhancing bowel regularity, preventing constipation, supporting beneficial gut microbiota, and reducing the risk of chronic diseases such as obesity, diabetes, and cardiovascular disorders (Liu et al., 2023; Rathnayake & Maathumai, 2024).

The crude protein content (11.58 ± 0.44%) is notable for a root material and comparable to values reported for guava leaves (10–18%). This suggests that guava root extract could serve as a moderate plant-based protein source, supplying essential amino acids for tissue repair and metabolic functions. When combined with the plant’s rich phytochemical profile, it supports potential applications in functional foods and nutraceuticals (Tomar et al., 2021; Kumar et al., 2021). The moderate carbohydrate content (18.60 ± 0.14%) indicates that guava roots can contribute to energy provision in plant-based diets, while the very low fat content (0.20 ± 0.01%) makes the root extract suitable for the formulation of low-fat functional foods with potential cardiovascular benefits (Pawar et al., 2024).


Table 1: Proximate Composition of Psidium guajava Root
	Nutrient
	Composition (%)

	Moisture
	12.68 ± 0.13

	Crude Fat
	0.20 ± 0.01

	Crude Fiber
	52.83 ± 0.21

	Ash
	4.48 ± 0.14

	Crude Protein
	11.58 ± 0.44

	Carbohydrates
	18.60 ± 0.14



Mineral Composition
Mineral analysis of the methanolic extract of Psidium guajava roots (Table 2) revealed exceptionally high calcium content and the presence of other essential minerals at varying concentrations. The most striking finding was the extraordinarily high calcium level of 11,688.148 ± 40.647 mg/100g. This value is substantially higher than those reported for guava fruits (usually 10–40 mg/100g) and leaves (typically 100–800 mg/100g) in previous studies. The high calcium accumulation observed in this study is consistent with reports that guava roots can act as a significant reservoir for calcium, particularly in soils amended with lime or when calcium availability is high (Adrian et al., 2015). This remarkable calcium content suggests that P. guajava roots could serve as a promising natural source for calcium-rich dietary supplements, especially for supporting bone health, muscle function, blood clotting, and nerve transmission.
In addition to the predominant calcium fraction, the subterranean biomass contained minor levels of other essential elements, including potassium, phosphorus, magnesium, and trace metals (Fe, Zn, Mn, and Cu). While these oligoelements play crucial physiological roles in systemic homeostasis, cardiovascular regulation, and enzymatic activation (Akanimo et al., 2016), their low concentrations restrict their dietary relevance. Consequently, the nutritional value of the Psidium guajava root profile relies heavily on its extraordinary calcium density, indicating a targeted potential for the development of specialized functional foods and nutraceutical substrates specifically aimed at correcting calcium deficiencies and supporting bone health.



Table 2: Mineral Composition of Psidium guajava Root
	Mineral
	Composition (mg/100g)

	Calcium (Ca)
	11.148 ± 40.647

	Potassium (K)
	4.168 ± 0.083

	Iron (Fe)
	0.697 ± 0.011

	Phosphorus (P)
	2.162 ± 0.012

	Magnesium (Mg)
	0.792 ± 0.011

	Manganese (Mn)
	0.040 ± 0.004

	Copper (Cu)
	0.015 ± 0.001

	Zinc (Zn)
	0.527 ± 0.006





Vitamin Composition
Vitamin analysis of the methanolic extract of Psidium guajava roots (Table 3) revealed the presence of vitamins E, C, and A, although at relatively low concentrations compared to the fruit. Vitamin E was detected at 11.58 ± 0.44 µg/100g, vitamin C at 0.454 ± 0.024 mg/100g, and vitamin A at 1.036 ± 0.078 µg/100g. Vitamin E, a lipid-soluble antioxidant, helps protect cell membranes from oxidative damage and contributes to the overall antioxidant capacity of the root extract, even at the observed low concentration. Vitamin C, though present in trace amounts (0.454 mg/100g) compared to the high levels typically found in guava fruit (50–200 mg/100g) (USDA, 2018), still supports immune function and collagen synthesis.
Similarly, vitamin A (1.036 µg/100g) was detected in small quantities, which may offer minor contributions to vision, immune response, and skin health. While the vitamin contents are considerably lower than those reported for guava fruits and leaves, their presence alongside the exceptionally high fiber and calcium levels further enhances the overall nutritional value of the roots.

Table 3: Vitamin Composition of Psidium guajava Root
	Vitamin
	Composition

	Vitamin E
	11.58 ± 0.44 µg/100g

	Vitamin C
	0.454 ± 0.024 mg/100g

	Vitamin A
	1.036 ± 0.078 µg/100g



The results of this study align with and significantly extend existing literature on P. guajava. While previous research has predominantly focused on the nutritional and phytochemical profiles of guava leaves and fruits (Kumar et al., 2021; Tomar et al., 2021), this study provides novel and valuable data on the root system, which has remained largely underexplored. The exceptionally high crude fiber content (52.83 ± 0.21%) observed in this study is consistent with reports that various parts of the guava plant are rich in dietary fiber, though the root value is substantially higher than those typically reported for fruit pulp or peel (Jiménez-Escrig et al., 2001; Heuzé et al., 2017). Similarly, the remarkable calcium accumulation (11.148 ± 40.647 mg/100g) supports earlier findings that guava roots can serve as a major reservoir for calcium, especially under conditions of high soil calcium availability (Adrian et al., 2015).
The modest vitamin profile recorded in this study is lower than values reported for guava fruits but confirms that roots still contain measurable amounts of vitamins A, C, and E. Overall, the mineral and proximate composition reinforce the potential of guava roots as a promising material for animal feed and human dietary supplements, particularly in regions with prevalent mineral deficiencies. The unique nutritional profile of Psidium guajava roots characterized by exceptionally high dietary fiber and calcium contents highlights its strong potential as a functional food ingredient and natural dietary supplement. The high fiber content suggests applications in products aimed at improving digestive health, promoting gut microbiota balance, managing body weight, and reducing the risk of diet-related chronic diseases.
The extraordinarily high calcium level positions guava root powder or extract as a viable plant-based calcium source, particularly beneficial for individuals with lactose intolerance, vegans, or those at risk of osteoporosis. Additionally, the presence of protein, carbohydrates, and essential minerals (K, Mg, P, Zn) further supports its incorporation into fortified foods such as beverages, breakfast cereals, baked products, and nutraceutical formulations.
When combined with the well-documented phytochemical richness of guava (Naseer et al., 2018), these nutrients may exert synergistic health benefits. This study therefore provides a scientific basis for the development of value-added products from guava roots, transforming an underutilized plant part into a nutritionally valuable resource for both traditional medicine and modern functional food industries.

Limitations of the Study: 
This study has some limitations. The analyses were conducted on a limited number of samples, which may not fully capture variability across different growing conditions. Proximate and mineral analyses were performed on the dry-ground guava root powder, while vitamin analysis was conducted on the methanolic extract, which may not represent the complete vitamin profile of the crude root. In addition, no bioactivity assays or in vivo studies were performed, so the functional health claims remain preliminary. Future work should expand sample size, explore alternative extraction methods, and include biological activity testing to validate the nutritional and functional potential of guava roots.

Conclusion
This study successfully investigated the proximate, mineral, and vitamin compositions of Psidium guajava (guava) roots, effectively addressing a significant knowledge gap regarding this underexplored plant part. The results revealed a unique nutritional profile distinguished by exceptionally high crude fiber and extraordinarily high calcium content, alongside moderate protein and other essential minerals and vitamins. These findings highlight the strong potential of guava roots as a natural source of dietary fiber and calcium for functional foods and nutraceuticals, particularly for supporting digestive and bone health. This research provides baseline data that can stimulate further pharmacological and nutraceutical exploration of guava roots.
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