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Effects of Traditional Practices on Oxalate Content in Selected Hibiscus Species From Kwilu State – Congo DR 

[bookmark: _GoBack]ABSTRACT
Aims: This study aimed to determine the total oxalate content in five species of Hibiscus collected from Kwilu State, DR Congo, as influenced by traditional practices such as sun drying, the use of artisanal potash, soaking of dried leaves, and provenance. It also sought to explore how these practices affect the oxalate levels in the different Hibiscus varieties. 

Study Design:  Five Hibiscus species (H. sabdariffa var sabdariffa, H. sabdariffa var altisima, H. acetosella red shied, H. acetosella cranberry, and H.canabinus) were selected to investigate total and soluble oxalate contents in relation to traditional processing practices.
Place and Duration of Study: Hibiscus samples were collected at the end of rainy season (May to June 2024), in Kwilu state (DRC). Laboratory analyses were done at the Department of Chemistry of The High School of Education in KIKWIT, KWILU State, DRC.

Methodology: Five Hibiscus species were collected from Kikwit and Idiofa (Kwilu State, DRC), and their total and soluble oxalate contents were determined before and after traditional treatments using volumetric titration with a standard potassium permanganate solution.    
Results: Analysis revealed that traditional processing practices exert variable effects on the oxalic acid content of Hibiscus leaves, with oxalate levels differing by species and provenance. Sun drying significantly influenced oxalate concentrations in sorrel (H. sabdariffa), resulting in a reduction of total oxalate by 1-31% and soluble oxalate by 51–91.4%. Notably, H. sabdariffa var. sabdariffa exhibited an unexpected increase of approximately 50.5% in total oxalate following sun drying. The application of indigenous potash (Kompos) also impacted oxalate levels: total oxalate decreased by 3-29%, while soluble oxalate increased across all samples, ranging from 56-87%. Furthermore, soaking dried sorrel leaves in water led to a marked reduction in oxalate content, with total oxalate decreasing by 3.5-32.4% and soluble oxalate by 35.5-55.9%, compared to untreated controls.

Conclusion: Five Hibiscus species analyzed in this study exhibited significant oxalate levels, shaped by their geographic origin. Traditional processing, specifically sun drying and soaking, reduced soluble oxalate concentrations by 51-92%. While treatment with local potash decreased total oxalate, it simultaneously elevated soluble oxalate, likely through the transformation of insoluble forms mediated by bicarbonate and hydroxide ions. 
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1. INTRODUCTION
Kwilu Province, located in the southwestern region of the Democratic Republic of Congo (DRC), is renowned for its extensive history of cultivating and ingesting a variety of Hibiscus species. The dietary practices of communities throughout the province include this botanical genus, which is locally recognized for its nutritional and medicinal properties. Some of the most frequently ingested Hibiscus species in urban centers like Kikwit and Idiofa are Hibiscus sabdariffa and Hibiscus acetosella. These leaves are typically dried and preserved for use during the dry season, which is indicative of both practical food preservation strategies and cultural preference [1-2].
Although Hibiscus species are widely recognized for their rich nutritional profile, which include essential micronutrients such as iron, calcium, magnesium, and vitamins A and C, which are playing keys roles to immune function, cellular metabolism, and overall physiological health [3-4]. They also contain a range of compounds classified as anti-nutritional factors (ANFs), these include oxalates, phytates, tannins, and cyanogenic glycosides, which can interfere with the bioavailability and absorption of key nutrients [4-5]. For instance, oxalates are known to chelate calcium and magnesium, forming insoluble complexes that reduce intestinal uptake, while phytates can bind iron and zinc, limiting their absorption and contributing to micronutrient deficiencies in populations reliant on plant-based diets [6-7].  
The dual nutritional and anti-nutritional characteristics of Hibiscus species have attracted heightened scientific interest, especially in the domains of food, chemistry, ethnobotany, and nutritional epidemiology [8-11]. In our previous study of the oxalate content of different Hibiscus species grown in and around Kikwit, Democratic Republic of Congo, we found that many cultivars had high levels of both soluble and insoluble oxalates [12]. This discovery prompted significant nutritional and toxicological apprehensions, especially considering the prevalent consumption of Hibiscus leaves as a fundamental vegetable in the area. Therefore, a need to look into the traditional food preparation methods that are culturally important and might help reduce these harmful effects. To tackle this issue, we aim to study the influence of traditional processing techniques on oxalate levels. This include, the impacts of sun drying, artisanal potash treatment, soaking of dried leaves, and varietal provenance within Kwilu state on oxalate concentrations in five distinct Hibiscus varieties widely find in this region. 
2. MATERIAL AND METHODS
Five different species of Hibiscus, H. sabdariffa var sabdariffa (HSS) H. sabdariffa var altisima (HSA),  H. acetosella red shied (HARS), H. acetosella cranberry (HAC), and H. canabinus (HC) were collected in Kikwit and Idiofa gardens around houses. Leaves were placed in airtight containers and taken to the ISP-Kikwit chemical laboratory for analysis. They were washed, dried, and ground to obtain powders used for analysis.

Sun-drying was carried out by imitating the traditional technique of exposing fresh leaves, previously washed with drinking water, to the sun for 4 days. Other leaves were oven-dried at 60°C for 48 hours to compare results with those obtained using the traditional technique.
The same applies to traditional potash, which was also obtained using the traditional technique as reported in 2010 by Babayemi et al. [13], which involved drying oil palm inflorescences at 80°C for 72 hours to remove water. After drying, they were incinerated in a muffle furnace at 550° C for five hours until the ash was grey, light, or whitish in colour. After cooling, a 5 g aliquot of the ash was dissolved in 40 ml of distilled water and homogenized for 20 min using a magnetic stirrer. After homogenization, the suspension is centrifuged at 5000 rpm for 15 min. The supernatant is collected, and the pellet is discarded. The supernatant is filtered through filter paper, and the filtrate is used as traditional potash.

The effect of soaking was studied by placing 100g of dried leaves in 300 mL of distilled water for 30 minutes and measuring oxalate afterwards. The influence of traditional potash was assessed by adding 10 mL of potash to 100g of the leaves during cooking. 
Oxalate content was quantified following the procedure outlined in our previous report, which focused on assessing total oxalate levels in selected Hibiscus species harvested from Kwilu State, with particular attention to plant age as a variable [12]. The analytical methodology employed was consistent with protocols established by several authors [14-15].
Statistical significance was assessed using analysis of variance (ANOVA), followed by Tukey’s pairwise comparison of means at a 5% significance level (P = 0.05). All computations were performed using Origin 2024b (OriginLab, Northampton, MA, USA).
3. RESULTS AND DISCUSSION
3.1. Influence of Hibiscus Species Origin on Total and Soluble Oxalate Content
Growing interest in relationship between diet and health has intensified the need for detailed compositional data on traditional food sources. In this study, we investigated the total oxalate (TO) and soluble oxalate (SO) contents of five Hibiscus species commonly consumed in Idiofa and Kikwit, with a focus on the influence of plant origin and drying method on oxalate levels.
As shown in Fig. 1a–b, TO and SO contents varied markedly between samples from Idiofa and Kikwit. For instance, the TO content of Hibiscus sabdariffa subsp. sabdariffa (HSS) was significantly higher in the Kikwit sample (415.3 mg/100 g) compared to the Idiofa sample (182.5 mg/100 g). Conversely, Hibiscus sabdariffa subsp. altissima (HSA) exhibited a much higher TO concentration in the Idiofa sample (657.8 mg/100 g) than in the Kikwit counterpart (195.3 mg/100 g). These findings suggest that geographic origin plays a substantial role in oxalate accumulation, potentially influenced by environmental factors such as soil composition and mineral availability.
Statistical analysis further revealed that TO content did not differ significantly (p < 0.05) between Idiofa_HAS and Idiofa_HARS, followed by Idiofa_HC, Kikwit_HSS, and Kikwit_HC. Similarly, no significant differences were observed among Kikwit_HARS, Idiofa_HSS, Kikwit_HAS, Kikwit_HAC, and Idiofa_HAC. For SO content, Idiofa_HC showed the highest concentration, significantly exceeding other samples (p < 0.05), followed by Idiofa_HAC, Idiofa_HSA, Kikwit_HSA, and Idiofa_HSS. No significant differences were found among Kikwit_HSS, Kikwit_HARS, Idiofa_HARS, and Kikwit_HAC.
Traditionally, Hibiscus leaves are preserved through air drying. To assess the impact of this practice, we replicated the traditional method and compared it with oven drying. figure 2 presents TO and SO contents across all species used in this study post-drying. Preliminary observations indicate that drying Hibiscus leaves influences oxalate retention, although further analysis is required to quantify these effects and determine optimal processing conditions for minimizing oxalate exposure. 
[bookmark: _Hlk206258056][image: ] Fig.1. Total and soluble oxalate content in Hibiscus species from Kikwit and Idiofa. (a) Total oxalate; (b) Soluble oxalate. Hibiscus sabdariffa var sabdariffa (HSS); Hibiscus sabdariffa var altisima (HSA); Hibiscus acetosella red shied (HARS); Hibiscus acetosella cranberry (HAC) and Hibiscus canabinus (HC)

3.2. Influence of drying hibiscus leaves on total and soluble oxalate content   
Traditionally, hibiscus leaves are preserved by drying. In this study, we have reproduced the traditional drying method and carried out oven drying in order to assess the impact of this process on the total and soluble oxalate content of the studied species.  The Fig.2 shows total oxalate (TO) and soluble oxalate (SO) contents in all five species after air and oven drying.  
[image: ]
Fig.2. Total and soluble oxalate content after air and oven drying. (a) Total oxalate; (b) Soluble oxalate. Hibiscus sabdariffa var sabdariffa (HSS); Hibiscus sabdariffa var altisima (HSA); Hibiscus acetosella red shied (HARS); Hibiscus acetosella cranberry (HAC) and Hibiscus canabinus (HC)

The results revealed that Oven_HARS and Oven_HSA had the highest TO, followed by Air_HARS and Air_HSA. There is no significant difference between Oven_HC and Air_HC. Oven_HAC and Air_HAC did not exhibit a significant difference. Oven_HSS had the lowest TO compare to Air_HSS. By analysing the SO, it appears that Oven_HC had the highest SO, followed respectively by Oven HSS, Oven_HSA, Oven_HAC, Air_HSA, Air_HARS, Air_HSS, and Oven_HARS. The lowest value was recorded by Air_HC and Air_HAC.  These results show that traditional drying contributes to reducing oxalate content. This involves drying in the sun or over a fire in the kitchen. Sun-drying results in a greater drop in oxalate than that observed in samples dried over a cooking fire. It is known that oxalate can undergo thermal decomposition accompanied by a loss of CO according to the following reaction. 


This loss of CO occurs at temperatures above 200°C. In addition, oxalate undergoes photochemical decomposition in the presence of nitrate ions, which also undergo photochemical decomposition according to the following mechanism [14].
+ hυ                + ½O2
H2C2O4 + 2             2NO + 2CO2
Drying in full sunlight, while not reaching oxalate decomposition temperatures, exposes hibiscus leaves to the sun's UV rays. This could explain the more pronounced oxalate decomposition in sun-dried leaves than in oven-dried ones, as the nitrates are surely present in hibiscus leaves. This traditional method of drying allows for a reduction of the TO from 3 to 29% and SO from 56 to 87%

3.3. Artisanal potash treatment with Hibiscus sample affected TO and SO content
[image: ]One cooking technique involves the use of potash (ash from the male inflorescence of palm called KOMPOS in a local language) as a condiment to reduce the acidic taste of the sorrel and ensure its rapid softening. Fig.3 shows the obtained results for all studied species of Hibiscus
Fig.3. Oxalate content of samples (in mg/100g dry weight) before and after treatment with artisanal potash. (a) Total oxalate; (b) Soluble oxalate. Hibiscus sabdariffa var sabdariffa (HSS); Hibiscus sabdariffa var altisima (HSA); Hibiscus acetosella red shied (HARS); Hibiscus acetosella cranberry (HAC), and Hibiscus canabinus (HC)
The results indicate that treatment with indigenous potassium bicarbonate leads to a pronounced reduction in total oxalates (TO), accompanied by a marked increase in soluble oxalates (SO). Although potash addition did not significantly affect TO within individual samples, it did produce notable differences across sample types. The highest TO levels were observed in No-potash_HC and Potash_HC, followed by No-potash_HSS, Potash_HSS, No-potash_HARS, and Potash_HARS. Moderate TO levels were recorded for No-potash_HSA, No-potash_HAC, and Potash_HAC, while Potash_HSA exhibited the lowest TO content.
In terms of soluble oxalates, potash addition significantly influenced SO both within and across species. Potash_HSS and Potash_HC showed the highest SO levels, followed by Potash_HARS. No significant differences were observed among No-potash_HSA, Potash_HSA, and Potash_HAC. These findings can be attributed to the alkaline conditions induced by potash, under which calcium oxalate reacts with bicarbonate ions to form soluble calcium complexes. The mechanism involves the dissolution of oxalate and subsequent complexation, as illustrated in the following steps:


The global reaction is


The reaction between calcium oxalate and potassium bicarbonate is not a simple precipitation or conventional ion exchange process. Potassium bicarbonate provides bicarbonate ions which, in the presence of calcium, form soluble calcium bicarbonate—accounting for the observed reduction in solid oxalate. This mechanism aligns with findings by Liu et al. (2017) [16], who reported that calcium oxalate undergoes solubilization in alkaline media containing carbonate or aluminate, yielding soluble oxalate species according to the following equations:








3.4. Effect of Soaking dried Hibiscus prior cooking on TO and SO content 
[image: ]The traditional cooking process for dried Hibiscus begins with soaking the material in drinking water for 15 minutes, after which the water is discarded prior to cooking. As shown in Fig. 4, this initial step significantly affects the levels of total and soluble oxalates.
[bookmark: _Hlk208129465]Fig.4. Oxalate content  of dried leaves before and after soaking in water. (a) Total oxalate; (b) Soluble oxalate. Hibiscus sabdariffa var sabdariffa (HSS); Hibiscus sabdariffa var altisima (HSA); Hibiscus acetosella red shied (HARS); Hibiscus acetosella cranberry (HAC), and Hibiscus canabinus (HC) 
Analysis of oxalate content in dried Hibiscus leaves before and after soaking revealed that pre-soaking significantly reduced total oxalate (TO) levels in HSS and HC samples. In contrast, no significant difference was observed between soaked and unsoaked samples for HAS, HARS, and HAC. Regarding soluble oxalate (SO), soaking led to a significant reduction in HSS, HAS, HARS, and HAC samples, while HC showed no notable change.
These findings demonstrate that soaking dried sorrel leaves can effectively reduce both TO and SO content, ranging from 3.7% to 27.4% for TO and 34.1% to 55.9% for SO. These results are consistent with our previous study [12], which showed a substantial reduction in oxalate levels when the first cooking water was discarded.
The observed decrease in soluble oxalate is primarily attributed to the diffusion of water-soluble oxalates during soaking. Interestingly, our findings contrast with those of Soudy et al.  (2011) [17], who reported no significant difference in oxalate levels between soaked and control samples of taro flour. This discrepancy may be explained by the difference in sample type: while Soudy used flour from taro tubers, our study focused on whole dried sorrel leaves, which likely exhibit different diffusion dynamics.
4. CONCLUSION
The studied Hibiscus varieties exhibited high oxalate levels, which appear to be influenced by both soil composition and the genetic traits of each species. Traditional processing methods such as sun drying and pre-soaking of dried sorrel leaves were effective in reducing soluble oxalate content, with reductions ranging from 51% to 92%. In contrast, the use of indigenous potash (Kompos) led to a decrease in total oxalate content but caused a notable increase in soluble oxalate across all samples likely via a conversion of insoluble forms in basic conditions. These findings highlight the complex and practice-dependent nature of oxalate modulation in Hibiscus leaves, with implications for dietary safety and traditional food preparation.
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