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Abstract
An investigative study was carried out to assess the efficacy of soaking and drying method on oxalate content reduction in taro leaves. During this study, the taro (Colocasia esculenta) leaves samples were collected along the river bank and washed before transported to laboratory for further processing and analysis. The leaves samples subjected to different processing method (soaking and drying) were crushed or grinded into a fine paste or powder using pestle and mortar to obtain extract for oxalate analysis, respectively. The results showed that soaked and dried Taro leaves contained low level of oxalate compared to unprocessed leaves. The oxalate content of unprocessed leaves was 43 mg/100 g WM, while that of soaked and dried leaves were 23 and 4.2 mg/100 g WM, respectively. Therefore, the study has proven the efficacy of soaking and drying on oxalate reduction in taro leaves before used in a fish feed formulation. 
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Introduction
Anti-nutritional factors (ANFs), also known as anti-nutrients or plant secondary metabolites, are substances that interfere with the utilization of nutrients. They can affect the health and production of cultured fish by reducing nutrient intake, digestibility, and absorption (Soetan and Oyewole 2009; Ram et al. 2020). In fish farming, among many challenges facing the development of this industry includes availability good quality low-cost fish feeds, and low productivity. To address these challenges, farmers are encouraged to use non-conventional locally available feedstuffs such as foliage and shrubs as a fish meal and soybean meal alternatives (Sørensen et al. 2011; Aya 2017; Bandara 2018). However, these non-conventional feedstuffs, especially plant-based ingredients, may contain anti-nutritional factors that can have detrimental effects on fish growth and health. These factors are beneficial to the original plants, serving as a means of self-defense against enemies and interactions with the external environment (Soetan and Oyewole 2009; Yacout, 2016). In plants, anti-nutrients also act as natural pesticides, protecting against mold, bacteria, and insects due to their inherent characteristics such as bitter taste, unattractive colors, toxicity, bad odor, and immune suppressants (Soetan and Oyewole 2009). However, when these substances consumed by animals like fish interfere with nutrients utilization, absorption, metabolism, hence affect growth performance and health systems. Nonetheless, these factors can be either reduced or eliminated completely depending on the nature and types of naturally occurred anti-nutritional factors as well as type of pre-processing methods used. These methods have been used over several decades but their efficacy information in taro leaves in Tanzania and across sub-Saharan region are unknown.
Taro (Colocasia esculenta (L.) Schott) is an herbaceous perennial plant that belongs to the family of Araceae, with one hundred genera and more than fifteen hundred species (Rodríguez et al. 2009). Taro is an essential staple food in tropical countries where it is cultivated for its edible starch-rich corm and leaves but also for other traditional uses (Srinivas et al. 2011). Taro leaves have been used as food for humans in the form of leafy vegetables after being subjected to heat treatments such as boiling, blanching, steaming, stewing, frying, and pressure cooking in most Asian countries, Pacific region and partly in Africa (Mathia and Fotedar 2012; El-mousalamy 2022). According to the previous studies done elsewhere worldwide have documented that taro leaves are rich in crude protein, minerals, and vitamins, such as calcium, phosphorus, iron, vitamins A, C, B1 (thiamine), B2 (riboflavin), and niacin (Aregheore and Perera 2003; Savage and Dubois 2006; Mathia and Fotedar 2012). These nutrients are important both for human being and fish diets. According to Chhay et al. (2010), taro leaves have the potential to replace fish meal and soybean meal in fish diets due to their high protein digestibility and biological value.
Anti-nutritional factors (ANFs) can affect fish differently when consumed through animal feeds. These effects can be either positive or negative, positive effects include a reduction in parasitic burden, protein degradation in the alimentary tract, decreased methane emission, and reduced bloating in fish gut (Abu-Hafsa et al. 2022). On the other hand, negative effects depend on the concentrations of anti-nutritional factors presence in the local feed ingredients used or formulated fish feed. They can range from reduced feed intake, lower feed conversion or digestibility, binding with protein or other essential nutrients, gastrointestinal tract (GIT) damage, stunted growth, to death in some cases (Abu Hafsa et al. 2022; Yacout 2016). The most common ANFs in plant feed ingredients are saponins, tannins, protease inhibitors, alkaloids, lectins, phytates, trypsin inhibitors, oxalates, amylase inhibitors, triterpenes, cyanogenic glycosides, and gossypol (Abu-Hafsa et al. 2022; Vikram et al. 2020; Krogdahl et al. 2022). The list can be extensive depending on the interests of the individual regarding feed safety, and it can be tested through laboratory analysis of feed ingredients or compounded feed (Purohit et al. 2023).
However, despite its nutritional potential, taro leaves contain a variety of ANFs and toxic compounds such as oxalates, phytates, trypsin, amylase inhibitors, tannins, and cyanide (Toan and Preston 2010). Oxalate is the main anti-nutritional factor in taro leaves and is present in high amounts that tend to cause itches when it comes in contact with the human body and affect digestion in fish (Du Thanh et al. 2017). Consumption of feed with high oxalate content can be detrimental to fish health due to the formation of oxalate stones in the kidney resulting in renal disorders (Karr at al. 2024). According to Apata and Babalola. (2012), techniques such as drying, cooking, and ensiling can lower the oxalate concentration in taro leaves. Therefore, removing or reducing the oxalate content in taro leaves could make it a suitable substitute in fish feed to produce high-quality feed (Sivilai et al., 2016). This study aimed to investigate efficacy of soaking and sun - drying methods for insoluble oxalate reduction oxalate in taro leaves before being used in fish diets formulation. By understanding the effects of these preparatory techniques, we can optimize the incorporation of taro leaves into fish feed formulations for improved growth and health outcomes.
Materials and Methods
Taro leaves sample collection
Taro leaves (Colocasia esculenta) were collected from the bank of Nduruma river located in Arusha nearby The Nelson Mandela African Institution of Science and Technology where the study was conducted. The collected taro leave samples were divided into three portions, one portion of unprocessed leaves and two portions of processed one (one portion for soaking and other for drying method). Each individual portion of leave sample was then placed in a separate clean polyethylene bag, transported to the laboratory for further processing and analysis.

 Processing of taro leaves and sample preparation
Taro leaves underwent two processing steps (as shown in fig. 1) before their inclusion in the fish feed formulation and production to reduce oxalate concentration that could interfere with farmed fish nutrition. Briefly, one portion of collected taro leaves was washed with tap water, and chopped into small pieces; second portion were washed, chopped, and then soaked into 150 L of tap water overnight (24 h), and last portion was washed, chopped, and dried indoor at room temperature for 14 days. All the processed and unprocessed taro leaves samples were crushed into a fine paste (fresh and soaked leaves samples) or grinded into powder before mixed with little distilled water for dried leaves sample using mortar and pestle to obtain extracts for oxalate analysis. The sample preparation was carried out at laboratory at Nelson Mandela Institute of Sciences and Technology.
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Figure 1: Schematic presentation for Taro leaves sample pre-processing methods

Determination of oxalate content in leaves
The oxalate content in fresh, soaked and dried leaves was determined by the titration method according to the method described previous by Agbaire (2011). Briefly, 1g of taro leaves sample was added into 100 ml conical flask, followed by addition of 75 ml of 3 M sulfuric acid and stirred using a magnetic stirrer for 60 min. The mixture was then filtered using Whatman filter No. 1 (Whatman International Ltd, India). The content of 25 ml of hot filtrate was titrated against 0.05 M potassium permanganate solution (LOBA Chemie, India), until a faint pink color persisted for at least 15 – 30 sec. The oxalate content was calculated by taking 1 ml of 0.05 M potassium permanganate as equivalent to 2.2 mg oxalate.
O = Ts x Md x Mo x 100
Ws
Where, O = oxalate concentration in mg/100 g, Ts = volume of potassium permanganate used for the sample, Md = number of moles of potassium permanganate reacted, Mo = number of moles of oxalate reacted, and Ws = sample weight.

Results 
The results of insoluble calcium oxalate  content were shown on table 1. The oxalate content decreased from 40.3 mg/100g to 4.2 mg per 100g. The value of calcium oxalate, varied between fresh taro leaves (FTL), soaked taro leaves (STL), and dried taro leaves (DTL). The fresh leaves had the highest oxalate content, followed by the soaked leaves, and dried one, as shown in Figure 2 and Table 1. Soaking the taro leaves in tap water overnight reduced the oxalate by 43.01%, from (403 to 230) mg/100g. Additionally, drying the taro leaves at room temperature for 14 days further decreased the oxalate content from 230 to 42 (mg/100g).

Table 1: Determination of Sodium oxalate in a non- and pre-processed Taro leaves (mg/100g)  
	Taro leaves
	FTL
	STL
	DTL

	Oxalate content ,
	40.3 ± 0.3
	23.0 ± 1.3
	4.2 ± 0.5


FTL: Fresh taro leaves; STL: Soaked Taro leaves; DTL: Dried taro leaves


FTL: Fresh taro leaves; STL: Soaked Taro leaves; DTL: Dried taro leaves
Figure 2: Trends in the decrease of oxalate content (mg/100g) in taro leaves under different treatment conditions

Discussion
[bookmark: _Hlk175143507][bookmark: _Hlk175143550]Anti-nutritional factors were among many factors that hinder unlocking potential benefits of low-cost good quality locally available feed ingredients of plant origin (both plant leaves and agriculture by-products) to be used as a cheap protein source for fish feeds formulation and production. Therefore, the present study aimed to determine the efficacy of pre-processing methods such as soaking and drying in reducing oxalate content in taro leaves prior for their inclusion in fish diets. Oxalate is the main anti-nutritional factor in taro leaves and if it is present in high amounts tend to cause itching when coming in contact with the human body. In fish nutrition, oxalate tends to affect feed digestibility as documented by Du Thanh et al. (2017). In this study, drying and soaking were reported to reduce both soluble and insoluble oxalate content in taro leaves. However, drying method was performed better in oxalate reduction compared to soaking method deployed. The findings were consistency to the previous studies done elsewhere in the world (Kumar, 1992; Salem et al., 2005; Apata and Babalola, 2012; Nikmaram et al., 2017; Nururrozi et al., 2019) . According to Apata and Babalola. (2012), who reported that drying, cooking, and soaking in water can lower the oxalate concentration in plant leaves. Moreover, the most common and cheap methods to reduce or remove ANFs in feed ingredients include drying of feed ingredients, cooking or boiling, fermentation technology, and the use of activated charcoal or biochar (Kumar 1992; Salem et al. 2005; Nikmaram et al. 2017; Nururrozi et al. 2019;). The selection of a technique is mostly influenced by factors such as cost, labor, and the impact on other important nutrients in the feed that are needed by the targeted fish species (Soetan and Oyewole, 2009). 
[bookmark: _Hlk175220124]Oxalate has a significant impact on calcium and magnesium metabolism and can form complexes with proteins, inhibiting peptic digestion (Gemede et al. 2018). When oxalate reacts with calcium, it forms calcium oxalate, which is insoluble and can hinder calcium absorption in fish nutrition. Additionally, oxalate can combine with other mineral elements such as magnesium, sodium, and potassium to form oxalate salts with strong bonds (Gemede et al. 2018). While potassium and sodium oxalates are water-soluble and can be excreted through urine, while calcium oxalates are insoluble and can crystallize in the kidney or urinary tract, potentially causing blockages if present in high amounts (Brzica et al. 2013). The binding of oxalate with calcium renders calcium unavailable for essential physiological processes and biochemical reactions, including blood clotting, bone and teeth strength maintenance, enzyme co-factors, and nerve impulse transmission (Soetan et al. 2010). Consequently, the effects may include bone and teeth deterioration, as well as impaired blood clotting (Soetan et al. 2010; Singh et al. 2024). Furthermore, the ingestion of fish feed with elevated levels of oxalates can irritate the gastrointestinal tract lining and become fatal at higher doses (Abu Hafsa et al. 2022). Long-term consumption of fish feed containing high oxalate levels may lead to nutritional disorders or deficiencies. Furthermore, the varying level of oxalate contents have been documented in both taro leaves and corms samples from different places across the globe, refers to table 2.
[bookmark: _Hlk175148687][bookmark: _Hlk175148719]Soaking is one of the most effective and cost-efficient methods to reduce anti-nutrients in plant-based ingredients. It works by leaching out oxalates into the water, thereby dissolving some of the water-soluble oxalate compounds (Hang et al. 2011). Most of the oxalates in taro leaves are found on the skin surface, which means that soaking can be considered as an initial step in removing oxalates from taro leaves. According to Savage et al. (2006) showed that soaking taro leaves in tap water for 18 hours resulted in a 26% reduction in water-soluble oxalate levels. However, soaking alone may not completely eliminate oxalates from taro leaves. Additional processing methods, such as steaming, boiling, fermentation and drying, can help to further reduce oxalate content. In this study, soaking fresh taro leaves in tap water overnight for 24 hours reduced the oxalate content from 40.3 g oxalate/100 g wet matter (WM) to 23.0 g oxalate/100 g wet matter (WM), equivalent to a 43.01% reduction. The high percentage reduction reported in this study may be attributed by different factors. The leaves were properly chopped before being soaked in water for 24 hours, which may have increased the leaching of oxalates from the leaves. Other factors apart from processing that may affect the amount of oxalate in taro leaves are the genetic variation, geographical locations, cultivar species, stages of maturity and areas where the leaves have been cultivated such as upland or lo-land areas (Oscarsson and Savage 2007; Lewu et al. 2010; Du Thanh et al. 2017). According to a study by Oscarsson and Savage (2007) has reported that the oxalate content differs between the young (442 - 589 mg/100 g) and the old leaves (334 - 443 mg/100 g) of the same variety. In addition, a study done by Lewu et al. (2010) has documented that the variation in oxalate contents of taro leaves sourced from different geographical locations. Furthermore, genetic variation has been reported to play a major role in variation of oxalate contents among taro leaves varieties (Du Thanh et al., 2017). The same study by Du Thanh et al. (2017) also showed the variation in oxalate content of taro leaves grown in up-lands and low-lands areas.
Drying is another inexpensive processing method that can effectively reduce the high oxalate content in taro leaves before including them in fish diets. The process of drying leaves helps to break down oxalate crystals through oxidation, thereby further decreasing the oxalate content in taro leaves (Huynh et al., 2022). As leaves lose moisture during drying, chemical changes occur that aid in reducing oxalate content, as oxalates tend to leach into the water (Naithani et al., 2014). Additionally, the drying process also helps inactivate and kill enzymes responsible for catalyzing oxalate crystal formation. In the current study, drying taro leaves at room temperature for 14 days resulted in a significant reduction of oxalate content from 23.0 g oxalate/100g wet matter (WM), to 4.2 g oxalate/kg wet matter (WM).
The combination of two methods effectively reduced the oxalate content in taro leaves, making them suitable for inclusion in fish diets without compromising essential nutrient availability. Further reduction in oxalate content may be achieved through solid-state fermentation technology, which utilizes beneficial microorganisms to degrade oxalate. Ultimately, the goal is to produce high-quality fish feed with low concentrations of anti-nutritional factors. It is essential to ensure that fish feeds contain only minimal levels of these factors, as higher concentrations can be detrimental to the health and growth of cultured fish species. By carefully managing the oxalate content in taro leaves and other feed ingredients, aquaculture operations can optimize the nutritional quality of their products and promote the overall well-being of their fish populations.

Table 2: Determinate of Oxalate concentration in Taro leaves and corms, Colocasia esculenta (mg/100g DW)
	S/N
	Crop (Colocasia esculenta)
	Soluble oxalate
(mg/100 g) DW
	Total oxalate
(mg/100 g) (DW)
	References

	1
	Taro leaves 
	85
	278 - 574
	Chai and Liebman 2005

	2
	Taro corms
	59.7 to 483
	127 - 831
	Du Thanh 2020

	3
	Taro leaves
	236.1
	172 - 226
	Savage and Dubois 2006

	4
	Taro leaves
	226.5
	649.6 
	Du Thanh et al. 2017

	5
	Taro leaves
	65
	35
	Catherwood et al. 2007

	6
	Taro leaves
	NQ
	328 - 459 
	Sefa-Dedeh and Agyir-Sackey 2004

	7
	Taro leaves
	NQ
	87 - 230 
	Kristl et al. 2021

	8
	Trao leaves
	NQ
	265 - 552 
	Lewu et al. 2010

	9
	Taro leaves
	17.7 - 135
	178 - 219
	Zulkhairi et al. 2020

	10
	Taro leaves
	334 - 442
	443 - 589
	Oscarsson and Savage 2007.


NQ = Not quantified


Conclusion
In conclusion, incorporating taro leaves into fish diets has demonstrated significant potential for enhancing the overall fish growth performance and health improvement. However, if ingredients of plant origin is not properly pre-treated/pre-processed to eliminate or significantly reduce the oxalate content, a dominant anti-nutrient in the plant leaves, may interfere with nutrients bio-availability and hence cause a detrimental effect on fish nutrition, growth performance and health. The soaking and drying methods applied in this study have shown a notable reduction in this anti-nutrient. Therefore, with proper processing, taro leaves can effectively substitute animal-based feed sources, offering a sustainable and nutritious feed ingredient for fish. This not only benefits the aquaculture industry but also promotes environmentally friendly and sustainability, aligning with current research in fish nutrition for farmed species, which focuses on replacing animal-based ingredients with plant-based alternatives.
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