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Bioactive Nutrient Characteristics of Traditional Rice Landraces from the Cauvery Delta Region: A Path to Nutritional Security and Global Recognition
ABSTRACT
                Indigenous rice landraces hold great significance due to their nutritional potential and adaptability to different environments. In many developing nations, a substantial portion of the population faces nutritional deficiencies, leading to various health problems. Therefore, it is crucial to develop and cultivate nutrient-rich rice varieties, validate their functional components, and work towards reducing malnutrition and associated diseases. This study focuses on traditional rice landraces from Cauvery delta region in India, namely kattuyanam, karudan samba, pisini, and ratha sali. We have analyzed these landraces for their bioactive nutrient characteristics in milled grains, including bioactive metabolites, minerals, and antioxidant properties. Our findings indicate that the milled grains of these traditional rice landraces exhibit higher levels of primary and secondary metabolites, mineral content, and antioxidant potential. Specifically, milled grains of karudan samba stood out with the highest concentrations of total anthocyanin, surpassing other landraces. Additionally, milled grains of rathasali showcased the maximum flavonoid content and total phenol content surpassing other landraces in these categories. Furthermore, milled grains of karudan samba recorded significantly (p<0.05) higher total iron concentrations and total copper content. In contrast, milled grains of rathasali and kattuyanam exhibited higher total manganese content and total zinc content. These results highlight that karudan samba and rathasali landraces possess superior metabolite, mineral, and antioxidant properties. The rich nutrient content in these traditional rice landraces underscores their potential to enhance dietary diversity and contribute to nutritional security, particularly in the context of a growing global population. We recommend further clinical validation of the bioactive nutrients and antioxidant potential of these unique rice landraces to excel in the international market. 
Keywords: Indigenous rice landraces, metabolites, minerals, antioxidants, nutrients
INTRODUCTION
            India stands as a prominent center of origin globally due to its vast array of rice landraces, wild relatives, and modern cultivars (Mohanavel et al. 2021). In India, Cauvery delta region is widely recognized as the "Rice Granary of South India." The Cauvery delta region cultivates around 400 traditional rice landraces specifically chosen for their ability to thrive in challenging environmental conditions, such as floods, droughts, soil salinity, and sodicity (Sathya, 2014). Additionally, these landraces boast substantial medicinal properties and nutritional value (Singh, 2016). Colored rice landraces from the traditional varieties are abundant in dietary fibre, minerals, carotenoids, flavonoids, and polyphenols. The consumption of these varieties has been linked to improvements in human health (Anuprialashmi 2019). The landraces are resists disease and pest, marginal environment tolerance, abiotic and biotic stress and are trusted source of achieving high crop yield (Pandey, 2011). The traditional rice varieties are abundant in essential nutrients and phytochemicals, including oryzanols, tocopherols, gamma tocotrienol, and possess potent antioxidant properties. Among these varieties, Karudan samba stands out for its reputation as a gluten-free rice with high fibre and nutrient content, making it an excellent choice for young individuals. It is rich in calcium, minerals, vitamins, potassium, and magnesium (Singleton and Rossi 1965; Muralikrishnan et al. 2021). Traditional rice, Kattuyanam, is red in color and contributes to heart health by reducing cholesterol levels while aiding digestion due to its fiber-rich composition. This rice variety has earned the moniker "the nemesis of diabetes" (Amudha et al. 2023). Pisini is a promising red rice variety with elevated levels of anthocyanin and antioxidants (Muralikrishnan et al. 2021). Ratha sali, a traditional rice landrace of Cauvery delta region, is typically given to young girls after reaching puberty to enhance fertility (Rathnapriya et al. 2019). This red rice variety is also recognized for its ability to improve blood circulation and is now being recommended by doctors to boost the immune system due to its rich selenium, polyphenol, and iron content. These traditional rice landraces, namely Karudan samba, Kattuyanam, Pisini, and Ratha sali, are replete with medicinal properties and offer substantial nutritional value (Zhishen et al. 1999; Singh and Kalra 2002; Rathnapriya et al. 2019; Muralikrishnan et al. 2021; Amudha et al. 2023).
        The traditional rice landraces are being conserved in gene banks and cultivated by farmers in the Cauvery delta districts of India, through natural farming practices. Consumer interest in these landraces is on the rise due to their potential as a valuable source of nutrients and medicinal properties. However, despite their growing popularity, the nutrient compositions and bioactive constituents of these rice landraces have not been previously studied. Therefore, this study aimed to assess the phytoceutical and antioxidant potential of the selected traditional rice landraces.
MATERIALS AND METHODS 
        In this study, the seeds of traditional rice landraces like kattuyanam, karudan samba, pisini and ratha sali were collected from the farmers of Cauvery delta region in India. The rice seeds collected were manually dehusked and then ground into a fine powder. To extract nutrients, the powdered rice grain was mixed with 25 ml of methanol containing 1% hydrochloric acid and left to soak for 24 hours at 24°C. This extraction process was repeated twice, and the methanol extracts were centrifuged at 4000 rpm for 15 minutes. The resulting supernatants were combined and stored at 4°C for further analysis. Methanolic extracts of kattuyanam, karudan samba, pisini and ratha sali samples were performed for phytoconstituents such as sugar, fiber (AOAC, 1995), protein (Lowery et al. 1951), total phenolic  content (Zhou et al. 2004), total flavonoids (Singleton and Rossi, 1965) and anthocyanin contents (Lee et al. 2005),  were analysed using UV spectroscopy as per standard procedures. Iron, zinc, Mg, copper contents were estimated by using atomic absorption spectrophotometer. The antioxidant assay relied on reducing Mo (VI) to Mo (V) and the subsequent formation of a green phosphate/Mo (V) complex under acidic pH conditions. To perform this assay, 0.1 ml of the extract was mixed with 3 ml of a reagent solution consisting of 0.6 M sulfuric acid, 28 mM sodium phosphate, and 4 mM ammonium molybdate. The tubes were then incubated at 95 degrees Celsius for 90 minutes. After the mixture had cooled to room temperature, the absorbance was measured at 695 nm using an UV spectrophotometer. The results were expressed as micro mole ascorbic acid equivalent (AAE) per 100g of dry weight of the rice flour (Banerjee et al. 2005). Each sample was analyzed in triplicate, and the values were reported as the means of triplicate analyses (n=3) with standard deviation (SD). Statistical analysis was carried out using one-way analysis of variance (ANOVA), followed by Duncan's multiple range test (p<0.05), using the SPSS software.
RESULTS AND DISCUSSION

Primary metabolites

          The carbohydrate, protein, and fibre content in milled grains of traditional rice landraces are presented in fig.1. A significant difference was observed in the concentrations of the primary metabolites among the various rice landraces. The carbohydrate contents in milled grains of the landraces ranged from 72.44 to 74.80 g/100g; least carbohydrate content of 72.44 g/100g was observed in rathasali. In a similar fashion, locally grown rice variety Penang displayed a low carbohydrate concentration, ranging from 78.21 to 82.23 percent (Thomas et al. 2013). The reduced sugar content in these varieties could potentially decrease the glycemic index and the risk of type II diabetes. This is attributed to the significant role that low sugar content rice plays in central metabolic pathways and the production of secondary metabolites (Taira and Chang 1986; Chavez-Murillo et al. 2011). Among the varieties examined in this study, Karudan Samba exhibited the highest crude fibre content in its milled grains, and this difference was found to be statistically significant (Fig.1). Yodmanee et al. (2011) noted crude fibre content ranging from 0.16 to 0.35 g/100g, while the current study found higher values for traditional rice varieties. However, Anjum et al. (2007) reported slightly higher values (2.17-2.57%), which could be attributed to the higher percentage of bran in brown rice. Brown rice consists of high amounts of insoluble fibre, to protect the body against a variety of cancers (Min et al. 2012). Dietary fibre is becoming increasingly significant for its positive impact on health, and the consumption of whole grains aligns with the current trend towards healthier nutrition practices (Zhou 2004). The karudan samba recorded higher concentration of proteins compared to other rice landraces (Fig.1).  In the realm of rice nutrition, rice protein has garnered significant attention due to its relatively well-balanced amino acid profile, particularly its high lysine content compared to wheat, corn, millet, and sorghum (Hegsted, 1969). Additionally, environmental factors such as crop season, location, fertilization, harvesting, drying, and storage methods exert an influence on rice protein content (Perez, 1996; Ntanos and Koutroubas, 2001; Zhou et al. 2002). The International Rice Research Institute (IRRI) conducted an analysis of 2869 rice varieties, revealing that the protein content ranged from 4.5 to 15.9 percent in Oryza sativa varieties and from 10.2 to 15.9 percent in Oryza glaberrima variety.
Secondary metabolites

            In this study, phenolics, flavonoids, and anthocyanins content are high in karudan samba and rathasali varieties tested (Fig. 2). The phenolic content is a crucial biochemical characteristic that impacts both the yield and nutritional quality of traditional rice. In this experiment, rathsali variety recorded high phenol and flavonoid content (6 mg/100g), when compared to other samples tested. Elevated levels of total flavonoid content are detected in pigmented rice varieties compared to their non-pigmented counterparts. Notably, red and purple rice varieties have garnered significant attention for their high concentrations of hydrophilic phenolic compounds, including anthocyanins and proanthocyanins. These phenolic compounds, recognized as antioxidants, have long been acknowledged for their protective properties in reducing the risk of chronic diseases (Fereidoon and Priyatharini 2015). In this study, anthocyanins content is found to be also high in kattuyanam (Fig. 2), and is reddish to purple water soluble flavonoids found in the red and black cereal grains. Pigmented rice varieties exhibit notably elevated antioxidant levels and are associated with immune system enhancement (Horbowicz, 2008; Khan and Akhtar, 2012). Moreover, they are recognized for their significant effectiveness in reducing cholesterol levels in the human body.
Mineral composition

The micro and macro minerals content of milled grains of rice landraces are as shown in table 1(Fig.2 and Fig.3). The minerals viz., iron, zinc, manganese and copper contents of traditional landraces were ranged from 342 – 1033 ppm, 8.38 – 11.58 ppm, 43.08 – 53.48 ppm, and 9.37 – 12.17 ppm, respectively. The minerals are crucial for maintaining normal metabolic functions and are necessary for the physiological activities of the human body. In the present study, higher content of iron is recorded in karudan samba, whereas higher concentration of zinc is observed in kattuyanam. The maximum concentration of Manganese is found in rathasali. Liang et al. (2007) reported zinc content values of 2.03 mg/100g for short-grain rice, 2.28 mg/100g for medium-grain rice, and 2.46 mg/100g for long-grain rice. The findings of this study showed that the traditional rice landraces are excellent source of minerals, and the differences in mineral composition of rice landraces is due to their adaptability in diverse environments, and its genetic diversity (Meng, 2005). In the management of iron deficiency, iron supplementation through dietary means can help replenish iron stores necessary for haemoglobin production and can alleviate oxidative damage associated with anaemia.
Antioxidant assay of traditional rice
Assessing the antioxidant potential of all four rice varieties (Ozgen et al. 2006) displayed robust free radical scavenging abilities, with the scavenging activity increasing proportionally with concentration, suggesting that the rice's radical scavenging effect is dose-dependent. Antioxidant capacities of the tested land rice verities are given in fig. 3. Free radicals are molecules containing particles possessing unpaired electrons within their structure or reactive oxygen species (ROS). These radicals encompass a wide range of oxygen-based compounds, including hydrogen peroxide, a potent oxidizing functional group generated by cells during respiration and cell-mediated immune responses (Halliwell, 2011). The notable DPPH scavenging effect of pisini rice may be attributed to the presence of flavonoids and other polyphenols. In recent years, there has been a growing interest in investigating the antioxidant compounds present in grains due to their antioxidative properties (Tananuwong and Tewaruth, 2010; Zhang et al. 2010). Previous research has documented the antioxidant activity of pigmented rice (Zhang et al. 2006; Nam et al. 2006), and numerous indigenous rice varieties are utilized for treating various ailments. These rice varieties exhibit variations in their physiochemical composition (Storck et al. 2005). However, limited efforts have been made to assess the bioactivity of medicinal rice varieties employed in traditional Indian medicine (Deepa et al. 2008; Rao and Maddaiah, 2010). The free radical scavenging capacity of rice extracts was notably higher in pigmented rice varieties, while the lowest antioxidant activity was observed in non-pigmented rice varieties. The heightened antioxidant capacity in pigmented rice, in comparison to non-pigmented rice, can be attributed to their elevated levels of total phenolic content.           

Plants serve as abundant reservoirs of antioxidant compounds, encompassing a diverse array of forms, which encompass phenolic compounds like phenolic acids, flavonoids, coumarins, tannins, and lignans, nitrogen-based compounds like alkaloids and amines, vitamins such as vitamin E and vitamin C, terpenoids, and various other naturally occurring substances (Cai et al. 2006; Podsędek, 2007). Among these, phenolic compounds have garnered significant attention for their pharmacological properties. Phenolics, being natural antioxidants, have piqued interest due to their potential health benefits. Flavonoids, a subgroup of phenolic compounds, exhibit the ability to inhibit cancer cell growth and contribute to antioxidant and anti-inflammatory activities. The primary flavonoids found in pigmented rice varieties include anthocyanins, kaempferol, and quercetin, display remarkable reactivity against reactive oxygen species, thus serving as potent antioxidants.
            Crops are acknowledged as valuable sources of protective bioactive compounds, as they produce these substances as a survival strategy in response to environmental conditions (Schnitzer et al. 2007; Srinivasan et al. 2019). These crops typically contain high levels of polyphenols, which possess the capability to regulate oxidative processes within the body, thereby reducing the risk of developing various pathologies (Huang et al. 2005). Among the prominent antioxidant compounds that can be extracted from crops, frequently encountered ones include catechin, quercetin/rutoside, chlorogenic acid, or caffeic acid (Pinchuk et al. 2012). Assessing the antioxidant capacity is an initial crucial step in evaluating the pharmaceutical potential of any crop (Dolezal et al. 2006; Vasco et al. 2008). Keeping in view of the fact that crops constitute phenols compounds possess excellent antioxidant activity (Klimczak et al. 2007; Jayaprakasha et al. 2008). Natural antioxidants play a crucial role in enhancing cell survival rates by neutralizing free radicals, although this task can be challenging due to the short half-life of radicals like the hydroxyl radical (AOAC, 1995). In pathological scenarios, the interplay between iron and superoxide metabolism can intensify each other's harmful effects, leading to extensive cellular damage (Pastor et al. 2000). When evaluating antioxidant capacity, particular attention is paid to the sources of reactive oxygen species and the target substrates. While these antioxidant compounds effectively safeguard lipids from oxidation, they may inadvertently accelerate the degradation of other biological molecules (Ghafoor et al. 2020). Tsuchihashi et al. (1995) proposed that extracts from pigmented rice contain components that act as electron donors, capable of interrupting lipid peroxidation chain reactions, potentially by converting lipid peroxy radicals into more stable products.

Based on the findings of present study, Kattuyanam, Karudan samba, Pisini, and Ratha Sali rice contain a variety of bioactive components with antioxidant potential. These pigmented rice varieties may contribute to mitigating the advancement of oxidative stress-related ailments and hold promise for the development of more potent natural antioxidants. In comparison to ascorbic acid, the ethanol extracts of Kattuyanam, Karudan samba, Pisini, and Ratha Sali exhibited significant antioxidant activity, suggesting their potential as a natural source of antioxidants for combating the progression of degenerative disorders associated with oxidative stress. These results could be valuable for researchers and pharmaceutical companies seeking to formulate nutraceuticals for treating diseases linked to oxidative stress.

CONCLUSION
         In this screening of traditional rice varieties, it was revealed that kaurudan samba and rathasali rice varieties stand out as rich sources of phytoconstituents, minerals, and antioxidants when compared to other tested rice varieties. Among the examined samples, kaurudan samba and rathasali exhibited the highest total phenolic content and demonstrated superior antioxidant capabilities. Analyzing the chemical composition and antioxidant attributes of these pigmented rice varieties provides valuable insights into their potential for enhancing dietary diversity. These pigmented rice varieties offer significant promise as a potent solution to address dietary deficiencies in India. Therefore, it is imperative to preserve and promote these diverse rice landraces by raising public awareness about their medicinal advantages and facilitating their commercialization. To ensure their success in the international market from India, clinical validation of these varieties is essential. Moreover, further extensive investigations are needed to establish a more robust connection between these compounds and their antioxidant properties.
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Figure 1. Contents of primary metabolites in milled grains of traditional rice landraces
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Figure 2. Contents of secondary metabolites in milled grains of traditional rice landraces
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Figure 3. Antioxidant assay of traditional rice landraces
Table 1. Assay of micronutrients in traditional south Indian rice landraces

	Minerals(ppm)
	T1 
	T2
	T3
	T4 

	Total Fe
	424
	496
	342
	1033

	Total Zn 
	11.58
	8.48
	11.55
	10.00

	Total Mn 
	43.08
	45.66
	53.29
	47

	Total Cu
	9.37
	7.91
	10.06
	12.17


T1 – Kattuyanam, T2 – Pisini, T3 - Ratha Sali, T4  - Karudan samba
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