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ABSTRACT
Oats (Avena sativa) are gaining recognition globally as a functional grain owing to their impressive nutritional profile and versatility in both human and animal diets. This review explores the composition, health benefits, anti-nutritional factors, and processing techniques associated with oats. Rich in beta-glucan, soluble dietary fiber, and unique antioxidants such as avenanthramides, oats have shown promising roles in reducing cholesterol, improving glycemic control, enhancing gut microbiota, and mitigating risks associated with cardiovascular and metabolic disorders. The growing interest in oats is driven not only by their nutritional value but also by their adaptability to low-input agricultural systems, making them a reliable crop in both irrigated and rain-fed conditions.Oats are extensively used as fodder in India due to their high green biomass yield, palatability, and digestibility. However, their potential as a human food resource has led to the development of oat-based products like flour, flakes, oat milk, and cereals. Apart from various nutritional benefits, oats also contain anti-nutritional factors such as phytates, tannins, and oxalates that can hinder the absorption of essential minerals like calcium, iron, and zinc. Modern processing methods such as dehulling, steaming, flaking, and fermentation have improved their nutritional bioavailability while reducing anti-nutritional components like phytates, tannins, and oxalates. Furthermore, the application of oats in dairy feed has demonstrated enhanced animal performance, including better lactation outcomes. Given their health-promoting potential and agronomic viability, oats hold significant promise in addressing both nutritional security and sustainable farming. This review aims to consolidate current research findings to facilitate future applications of oats in food systems, healthcare, and also support animal nutrition.
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1. INTRODUCTION
Oats are considered distinct among cereals, recognized as one of the richest sources of dietary fiber (Butt et al., 2008). Historically, the cultivation of oats dates back to around 2000 B.C., though their domestication occurred later than that of barley and wheat. The earliest evidence of oats has been found in Egypt and among the lake dwellers of ancient Switzerland (Coffman, 1961). According to the U.S. Department of Agriculture Technical Bulletin 1100, thirteen species and subspecies of the genus Avena (family Gramineae) are officially recognized. Among them, Avena sativa is the most widely cultivated and utilized species globally, accounting for over 75% of the world’s oat cultivars (Coffman, 1961).Oats can grow in acidic soils with a pH as low as 4.5, but they perform best in soils with a pH range of 5.3 to 5.7 (Getu et al., 2017). They thrive in cool, moist climates and are sensitive to hot, dry weather. As a result, global oat production is mainly concentrated between the 40th parallel in the Southern Hemisphere and the 60th in the Northern Hemisphere, including countries such as Australia, China, North America, Scandinavia, and Russia (Stewart  and Mcdougall, 2014). According to FAS-USDA (2025), the European Union is the largest producer of oats (7.7 million metric tons-35% of global production), followed by Russia, Canada, the USA, Poland, and Finland. In India, oats are cultivated over approximately 100,000 hectares, yielding about 35–40 tonnes of green fodder per hectare (Chaudhary and Kesh, 2018). The crop is grown extensively across diverse regions—from the Himalayan belt in the north to the Deccan plateau in the south—including states like Punjab, Haryana, Jammu & Kashmir, Himachal Pradesh, Uttar Pradesh, Madhya Pradesh, Rajasthan, Maharashtra, and West Bengal (Chaudhary and Kesh, 2018).
Despite their nutritional value, oats are cultivated in limited varieties, with grain yields typically ranging from 15 to 25 quintals per hectare under optimal conditions. This highlights the need for high-yielding varieties to enhance human nutrition (Ahmad and Zaffar, 2014). Oats, especially rolled oats, are known for their high protein and fiber content. Their protein content surpasses that of many other cereals. Most vitamins and minerals in oats are concentrated in the bran and germ, making oats a nutrient-dense grain. Oat food products derived from whole groats retain essential nutrients, fiber, and healthy fats. In India, particularly in the western and north-western regions, oats adapt well due to favorable climatic conditions, showing quick regrowth and strong performance. Oat grains are a valuable part of the human diet due to their rich chemical composition and nutrient profile (Bartnikowska et al., 2000; Sadiq Butt et al., 2008). Their protein has a balanced amino acid composition, favourable fatty acid profile, high polyunsaturated fatty acid (PUFA) content, and is rich in water-soluble β-glucans and antioxidants (Bartnikowska, 2003; Butt et al., 2008).
In this review, we begin by highlighting the general processing method of manufacturing oat flakes and oat flour and its nutritional profile. Major focus is given on the various health benefits of oat. Additionally, anti-nutritional factors and multiple uses of oats as animal feed have also been incorporated. All these sections were detailed to provide maximum information. The findings of the current review article will support further innovation in oat-based functional foods, future nutritional analysis of oats, dietary guidelines and awareness about healthcare and animal nutrition.

2. GENERAL OAT PROCESSING FOR FLAKES AND FLOUR
In the market oat flakes and oat flour are the most common and popular oat-based products available. The processing of oats into flakes and flour involves several key steps designed to retain nutritional quality while improving shelf-life, palatability, and versatility. A detailed explanation of the processing steps involved in manufacturing oat flakes and flour has been well documented by (Resane et al. 2015; Decker et al., 2014). The basic steps involved in preparation of oat flour and flakes have been summarized in the Fig. 1. Initially, raw oats are cleaned to remove foreign materials, followed by dehulling to separate the inedible hulls from the groats. The groats are then subjected to kilning, a heat treatment process that inactivates enzymes, enhances flavor, and reduces moisture to extend storage life. For producing oat flakes, the kilned groats are steamed to soften them and then rolled into thin flakes using heavy rollers. These are further toasted or dried to attain the desired texture and stability. In the case of flour production, the groats or flakes are milled into fine particles using hammer or roller mills. This yields oat flour suitable for baking and thickening applications. The entire process ensures that the nutritional integrity of oats—especially their beta-glucan content and antioxidant profile is maintained. Processing variables such as moisture control, thermal treatment, and mechanical forces are carefully regulated to optimize the final product's texture, nutritional value, and shelf life.
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Fig. 1: Processing steps involved in the manufacturing of oat flour and flakes

3. Nutritional Overview
Oats are often regarded as a "super grain" due to their numerous health benefits. They are rich in bioactive compounds such as soluble fiber, polyphenols, and avenanthramides-potent antioxidants. Table 1 presents the major constituents present in oats. The U.S. FDA has approved a health claim for the cholesterol-lowering properties of oat-based products, provided they contain a minimum amount of oat beta-glucan. Belonging to the Poaceae family, oats—commonly known as “Jai” or “Javi” in the Indian subcontinent are cultivated both for animal feed and human consumption, primarily as oatmeal. Historically, oats have been valued as a health-promoting food, although their specific effects were not well understood. Today, oats are recognized for enhancing satiety, slowing nutrient absorption, and reducing the risk of various gastrointestinal disorders. These benefits are primarily due to their high soluble fibre content. Oats are one of the most accessible and cost-effective sources of soluble dietary fibre. When research revealed that oat fibre could lower cholesterol levels, scientists became more interested in oats. Furthermore, soluble fibre from oats has been proven to modulate postprandial blood glucose levels (Tiwari and Cummins, 2011; Hooda et al., 2010; Dong et al., 2011; Regand et al., 2011). Oats also lower the incidence of colon cancer and can help regulate the immune system (Damazo et al., 2020; Yang, 2014).

According to Zwer (2004), oats play a significant role in human nutrition due to their physiological and nutritional benefits, including high levels of tocopherols, natural antioxidants, β-glucans, and other dietary fiber components. Tocopherols and tocotrienols together form tocols, which exhibit vitamin E activity. Zielinski et al. (2001) found that alpha-tocopherol remains a major antioxidant component in crude oats, even after lipid refinement. Oats also contain beneficial fatty acids. Studies by (Hansen et al., 2022) have emphasized the positive effects of monounsaturated (MUFA) and polyunsaturated fatty acids (PUFA) on human health. Additionally, Cai et al. (2011) demonstrated that ethanol extracts of oats exhibit antioxidant activity and help inhibit oleic acid-induced hepatic steatosis.Whole grain oat consumption is associated with improved gut health and a reduced risk of cardiovascular diseases (CVD). Cooper et al. (2015) reported that whole grains enhance gut health, while studies by Thies et al. (2014b) and Aune et al. (2016) show that they significantly reduce CVD risk. Other benefits of whole grains include better regulation of fasting blood glucose (Pick et al., 1996; Jensen et al., 2006), reduced inflammation (Nilsson et al., 2008a; Singh et al., 2013), and improved lipid metabolism (Jonnalagadda et al., 2011; Pins et al., 2002; Johansson-Persson et al., 2014;Behall et al., 2004).A meta-analysis by Cooper et al. (2015) found that wholegrain intake is linked to a 21% reduction in relative risk for chronic diseases and improved overall health. The cardiovascular protective effects of oats are primarily attributed to their high soluble fiber content, particularly oat β-glucans, which are proven to lower cholesterol and blood glucose levels (Tosh & Chu, 2015; Whitehead et al., 2014;Tappy et al., 1996; Tosh, 2013).

Table1: Nutritional composition of whole grain oat and oat bran
	Nutrient 
	Whole Grain Oats
	 Naked Oat 
	References

	Protein
	8.35–17.72%;
	11.9–15.8 %
	(Ihsan et al, 2022)

	Starch And Sugars
	53.35%; 55.75%
	72.6–74.3%
	(Firew et al., 2021)

	Total Dietary Fiber
	13.65%;
	2.1–3.5%
	(Krishi et al., 2020)

	Ash
	2.5%
	1.2–1.3%
	(Firew et al., 2021)

	Beta Glucan
	2-6%
	2.1%
	(Jakobsone et al., 2019)

	Moisture
	11.95%
	8.5–9.8%
	(Ihsan et al, 2022)

	Fat
	7.88%; 6.91%
	5.91–7.87%;
	(Krishi et al.,2020)




Oats are considered highly nutritious compared to other cereals owed to their high protein content and well-balanced amino acid profile (Rasane et al., 2015; Petkov et al., 2001). Among all cereal grains, oat groats contain the highest protein content, ranging from 12.4% to 24.5% (Kumari et al., 2024). While the bran contains about 20% protein, the hull contributes less than 2%. Oats are unique among cereals in that most of their grain proteins are salt-soluble globulins, with only small fractions being alcohol-soluble prolamins or water-soluble albumins. According to Sobotka et al. (2012), phenolic compounds found in oats and their by-products exhibit significant antioxidant activity. Enzymes are the most significant metabolically active proteins in oats from a biological perspective. Like other cereal grains, oat grout is packed with enzymes. Oats are rich in antioxidants that prevent lipid oxidation, contributing to the stability and shelf-life of oat products. They contain about 2.3 mg of tocopherols per 100 g of grain, making them a good source of these natural antioxidants (Loskutov & Khlestkina, 2021). In addition to tocopherols, oat grains also possess a variety of low molecular weight phenolic compounds. Recent nutritional and medical studies have highlighted the protective role of these plant-based antioxidants in preventing certain diseases. Our understanding of phenolic compounds in oats has significantly advanced through recent research (Loskutov & Khlestkina, 2021; Dimberg et al., 2005).

4. Health benefits of oats
Oats are rich in many nutrients and exhibit several health benefits (Fig. 2). 
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Fig. 2: Several health benefits of oats

4.1 Benefits from β-Glucan
It regulates the immune system by binding to surface receptors and activating macrophages, white blood cells, neutrophil phygocytosis, and lymphocytes, so promoting antitumor and antimicrobial activities. In cosmetics, β-glucan immunological functions activate langerhans cells, which generate cytokine, mainly interleukin-1 (il-1), and stimulate the proliferation of fibroblasts (skin cells) and production of collagen, elastin, and proteoglycan. β-glucan offers various benefits, including film-forming, anti-aging, moisturising, wound-healing, skin-soothing, UV protection, and anti-irritation (Zeković, 2005) β-glucan may promote healing of vascular injuries (Vetvicka & Vetvickova, 2011; Bhatt et al., 2021).

4.1.1 Blood cholesterol and oat β-glucan
The highest concentration of cholesterol, LDL-cholesterol, harms blood arteries because of its proclivity to infiltrate and accumulate inside artery walls. LDL cholesterol is also more susceptible to structural alterations such as oxidation and glycosylation, which are important in the development of atherosclerosis. This is particularly true with tiny, dense LDL cholesterol. High serum HDL-cholesterol levels are protective against CHD because they can scavenge and eliminate excess cholesterol from the artery wall while also shielding LDL from oxidative damage. The capacity of oats to decrease cholesterol was first demonstrated in 1963. Oats lowered total and LDL cholesterol by 2-23 percent, making them significantly hypocholesterolemic. Oats improve future lipid profiles by increasing blood levels of HDL cholesterol and apolipoprotein A-I, both of which are significant components of HDL (Atefeh et al., 2023; Bhatt et al., 2021).

4.2 Oats Reduce the Risk of cancer
Oats are widely recognized for their health benefits due to their rich content of antioxidants, including vitamin E and various phenolic compounds, which exhibit strong antioxidant activity both in vitro and in vivo (Cai et al., 2011). These oat phenolics help neutralize reactive oxygen and nitrogen species and chelate transition metals, thereby reducing oxidative stress (Chen et al., 2004). Recent studies by Hong et al. have explored the use of orally administered beta-glucan as an immune adjuvant. When combined with monoclonal antibodies that activate complement proteins, beta-glucan enhances the innate immune system’s ability to target and destroy cancer cells. This approach enables primed neutrophils—normally ineffective against tumors because they recognize them as “self”-to bind and kill tumor cells. Traditional cancer immune-therapies, such as monoclonal antibodies and vaccines, stimulate the adaptive immune response but do not alter the innate immune system’s perception of tumors. Consequently, monoclonal antibodies alone do not engage innate immune mechanisms. Notably, Demir et al. (2007) found that oral beta-glucan significantly increased monocyte proliferation and activation in the peripheral blood of patients with advanced breast cancer, suggesting its potential in immunotherapy.

4.2.1 Oat β-glucan prevents cancer
Since 1980, β-glucans have been employed as an immune adjuvant therapy for tumours and malignancies. β-glucan inhibits tumour formation in various experimental models (Vaclav and Jana 2020). The vast bulk of published publications and scientific research were undertaken in Japan. Studies indicate that β-glucans have antitumor and anticancer effects. The end-points were tumour development, tumour volume, degree of metastases, and/or survival, with (1, 3)-β-glucan given prophylactically. The anticancer efficacy of (1, 3)-β-glucan is influenced by factors such as tumour type, host animal genetic background, dosage, timing, and method of administration, as well as tumour burden. 

4.3 Oats against Vascular Injury
The positive effects of β-glucans on vascular injuries healing have been observed in various mammalian models, although the exact mechanisms remain unclear and may vary depending on the type of injury being treated (Chen & Seviour, 2007). β-glucans are thought to enhance vascular injury repair primarily by boosting inflammatory responses, notably by stimulating TNF-α production in wound-associated macrophages, which promotes increased neutrophil infiltration at the injury site (Roy et al., 2011). In diabetic mice, β-glucans have also been shown to activate macrophages to release cytokines and growth factors, accelerating wound closure (Berdal et al., 2007). Research involving mice infected with the tetrathyridial stage of Mesocestoides corti revealed that β-glucans may help reduce liver fibrosis by activating phagocytic cells, leading to lower parasite counts and improved liver healing (Ditteova et al., 2003). Additionally, β-glucans exhibit antioxidant properties, helping to reduce lipid peroxidation and protect against oxidative damage in spinal cord injury models, and have also aided in cellular recovery following radiation exposure in albino rats (Kayali et al., 2005; Salama, 2011). Beyond immune modulation, β-glucans also interact with non-immune cells; human fibroblasts possess receptors for fungal (1,3)-β-D-glucans, which can initiate NF-kB signalling and increase IL-6 mRNA expression (Kougias et al., 2001). Moreover, experiments in cultured mouse fibroblasts have shown that β-glucans can enhance cell proliferation (Son et al., 2005).

4.4 Oats as Rich Source of Antioxidants
Oats contain a unique and potent antioxidant profile, including avenanthramides (AVAs), oat saponins, wax alcohols, and acid esters. AVAs, in particular, are phenolic compounds found predominantly in the bran and outer layers of the oat kernel and are recognized for their high antioxidant activity (Meydani, 2009; Bhatt et al., 2021). Research indicates that the antioxidant power of AVAs is 10–30 times greater than that of other common cereal phenolics like ferulic acid and vanillic acid (Yang et al., 2014). These compounds inhibit the formation of reactive oxygen species, reducing LDL oxidation and atherogenicity, and may synergize with vitamin C to enhance cardiovascular protection.

4.4.1 Avenanthramides
Avenanthramides are formed by the reaction of an anthranilic acid derivative with a hydroxycinnamic acid derivative. Avenanthramides 1, 3, and 4, also known as A, B, and C, are the three primary avenanthramides found in oats (Peterson et al., 2002). According to Mattila et al. (2005), oat flakes contain 26 to 27 μg/g of avenanthramides, while oat bran has just 13 μg. These compounds are bioavailable and exhibit antioxidant, anti-inflammatory, and anti-atherogenic properties (Peterson et al., 2002). Avenanthramides, bioactive compounds unique to oats, possess diverse therapeutic properties including antioxidant, anti-inflammatory, antiproliferative, and vasodilatory effects. These polyphenols modulate key signalling pathways related to cancer, cardiovascular disease, diabetes, and inflammation. Avenanthramides have shown bioavailability in humans and demonstrate tissue-specific, dose-dependent action. Studies indicate their ability to regulate cell cycle proteins, suppress tumor growth, and improve endothelial function (Tripathi et al., 2018). Regular consumption of avenanthramides-rich oats may aid in preventing chronic and age-related diseases. Due to their pharmacological safety, avenanthramides offer great promise as standalone or complementary agents in natural, low-toxicity therapies.

4.5 Oats improve Post Prandial Glucose and Insulin Responses
When used as part of a low-glycemic diet, the soluble fiber in oats significantly improves postprandial insulinemic and glycemic responses. Studies suggest that oats, when consumed as purified beta-glucans, oat bran, or oatmeal, help suppress fasting and postprandial blood glucose and insulin levels. Insulin resistance, Type 2 diabetes anda primary cause of metabolic syndromeis the main target for therapeutic interventions using oat β-glucans.There is strong evidence supporting the association between high dietary fiber intake and greater insulin sensitivity. A negative correlation exists between insulin resistance and the dietary intake of total, soluble, and insoluble fiber (Galisteo 2008; Ylonen et al. 2003). Multiple therapeutic investigations have demonstrated the glucose-lowering effects of oat β-glucans. These β-glucans made a gel in the digestive tract, which slows down digestion and absorption of nutrients, especially carbohydrates, thereby reducing the rate of glucose absorption and improving blood sugar control (Butt et al. 2008).
According to Katz (2001), gel-forming beta-glucans act as a barrier to digestion and absorption, resulting in lower postprandial glucose and insulin replies. Tapola et al. conducted a study on Type-2 diabetic patients using glucose loads, oat bran crisp and oat bran flour (12.5 g and 25 g), both with and without oat bran. Their findings revealed that oat bran products significantly lowered postprandial glucose concentrations within the first hour compared to glucose loads alone. However, after 120 minutes, glucose levels were slightly higher in the oat group than in the glucose-only group. This slower glucose absorption results in reduced insulin release and attenuated pancreatic response. Consequently, oat β-glucans are highly effective in lowering peak glucose levels and modulating insulin release, making them valuable in the prevention and management of diabetes (Hooda et al., 2010).

4.6 Oats are Gluten-Free and Helpful for Celiac Patients
The common oat (Avena sativa) offers numerous nutritional benefits and is particularly effective in managing symptoms of celiac disease through dietary approaches (Butt et al., 2008). Officially recognized as gluten-free under European Commission Regulation (EC) No. 41/2009, oats are considered safe for individuals with celiac disease (Rasane et al., 2015). Incorporating oats can significantly improve the nutritional value of a gluten-free diet.The safety of oats for celiac patients has been well-studied, with clinical evidence confirming that consumption of pure, uncontaminated oats is safe at intake levels of 50–70 g/day for adults and 20–25 g/day for children. Unlike gliadin and gluten proteins found in wheat and other cereals, the oat protein avenin does not trigger autoimmune responses in celiac individuals (Butt et al., 2008). Consequently, oats have been used to formulate gluten-free products such as biscuits, Pasta and snacks suitable for celiac patients (Ballabio et al., 2011).

4.7 Oats and Bowel Function
A high intake of dietary fiber is commonly effective in managing and preventing constipation. Oats are composed of approximately 45% water and 55% water-soluble fiber, primarily beta-glucan, along with a significant portion of insoluble fiber. Soluble fiber serves as a substrate for colonic fermentation and has a strong capacity for water binding and swelling. According to (Bell 2011), insoluble fiber increases fecal bulk, enhances laxation, and alleviates constipation due to its low absorbability, thereby reducing intestinal transit time.Oat beta-glucan functions as a prebiotic—a non-digestible food ingredient that selectively stimulates the growth and/or activity of beneficial bacterial strains in the colon, thereby improving host health (Gibson and Roberfroid, 1995). In the small intestine, beta-glucan remains undigested, as mammalian enzymes cannot hydrolyze it. Upon reaching the large intestine, it is fermented, resulting in an increase in microbial cell mass, which retains water and increases stool moisture content—helping to relieve constipation. Additionally, beta-glucan supports the production of short-chain fatty acids (SCFAs) and acts as a selective factor promoting the growth of beneficial bacterial strains. The positive effects on colon function stem both from enhanced microbial mass with strong water-retention ability and from the bulking action of the insoluble fiber components (Malkki& Virtanen, 2001; Perry & Young, 2016).

4.8Oats and Weight Management
Oats are rich in dietary fiber, which plays a vital role in supporting weight management. Clinical and epidemiological studies suggest that a fiber-rich diet can help prevent excessive weight gain, reduce the risk of obesity (defined as body weight more than 30% over optimal), and assist in maintaining a healthy weight. Obesity is an independent risk factor for coronary artery disease and leads to other health problems such as dyslipidaemia, hypertension, and high blood glucose levels. Observational studies indicate that individuals who lose weight experience an improved coronary risk profile. Dietaryfiber, especially the viscous kind found in oats, is associated with increased satiety and reduced energy intake. This is partly due to its texture, which promotes longer chewing, and its ability to delay gastric emptying, slow small bowel transit, and inhibit the digestion and absorption of fats and carbohydrates. These physiological effects help regulate the glycemic response, enhance satiety, and support calorie control. Moreover, beta-glucan from oats has been found to increase plasma levels of cholecystokinin (CCK), a hormone responsible for signaling fullness, particularly after fat intake. Oats are also higher in protein than many other common grains, and protein is known to be more satiating than equivalent amounts of fat or carbohydrate. Additionally, the amino acid profile of oats, characterized by a low lysine-to-arginine ratio, is hypocholesterolemic and may offer cardioprotective benefits (Katz, 2001).

4.9 Prebiotic Effects and Metabolic Benefits of oats
Recent studies have highlighted oats as a potent functional food due to their prebiotic potential and metabolic health benefits. Connolly (2012) demonstrated that wholegrain oat-based cereals significantly enhance the populations of Bifidobacteria and Lactobacilli during in vitro fermentation. These cereals also increased the production of beneficial short-chain fatty acids (SCFAs) like butyrate, while maintaining a lower glycaemic index (GI) compared to non-wholegrain alternatives, supporting improved glucose control and gut health. Expanding on these findings, Sargautiene (2012) evaluated non-starch polysaccharides (NSPs) extracted from oats. The study revealed that these fibers—particularly β-glucans and arabinoxylans—stimulated beneficial gut microbes and led to higher SCFA production, especially acetate and propionate. Soluble NSPs were fermented more rapidly and effectively, contributing to a reduced pH in the colon environment, which is favorable for microbial growth. These results support the inclusion of oat NSPs in functional foods to support digestive health.
Further supporting the metabolic benefits, Xu (2021) compared oat consumption to white rice in mildly hypercholesterolemia individuals. Oats significantly reduced LDL and total cholesterol while enhancing SCFA production and the diversity of gut microbiota. The cholesterol-lowering and prebiotic effects were attributed to oat beta-glucan, a soluble fiber that promotes fermentation and microbial diversity. Collectively, these studies confirm that oats, especially in wholegrain form or as NSP extracts, offer notable prebiotic benefits. Their ability to support gut microbial balance, lower blood cholesterol, and regulate glucose absorption highlights their value in managing metabolic disorders such as type 2 diabetes and hypercholesterolemia.

5. Anti-Nutritional Aspects of oats
This study explored the nutritional and anti-nutritional composition of various oat (Avena sativa) varieties cultivated in Ethiopia, focusing on their implications for mineral bioavailability. While oats are recognized for their high protein, fiber, and mineral content, they also contain anti-nutritional factors—phytates, tannins, and oxalates—that can hinder the absorption of essential minerals like calcium, iron, and zinc.Phytates were found to be the most abundant anti-nutrient, with concentrations ranging from 269.6 to 520.4 mg/100 g depending on the variety. Although phytates can reduce mineral bioavailability by forming insoluble complexes, most oat varieties examined had ‘phytate:calcium’ molar ratios below the critical 0.24 threshold, indicating limited interference with calcium absorption (Ma et al., 2007). However, ‘phytate:zinc’ and ‘phytate:iron’ molar ratios indicated potential inhibitory effects on these minerals, especially zinc, when exceeding the 15:1 molar ratio (Gemede, 2020; Ma et al., 2007; Norhaizan and Ain, 2009).
Tannin concentrations ranged from 38.8 to 51.5 mg/100 g. Tannins reduce protein digestibility and impair non-heme iron absorption. Still, the values recorded were well below the acceptable daily intake of 560 mg, assuming a 100 g serving (Sandberg, 2002). Processing techniques like fermentation and germination are recommended to further reduce these compounds. Oxalate levels varied between 28.2 and 71.4 mg/100 g. While oxalates can hinder calcium, magnesium, and iron absorption, only the yellow oat variety slightly exceeded the advised daily intake limit of 50 mg/day (Brzezicha-Cirocka et al., 2015). Other varieties fell within safe consumption levels. Despite these anti-nutritional factors, the overall levels in oats were within acceptable dietary limits. The study emphasizes the importance of processing methods such as soaking, fermentation, germination, and cooking that can significantly reduce anti-nutrient content and improve mineral bioavailability. Therefore, Ethiopian oat varieties offer substantial nutritional benefits, and with appropriate processing, the anti-nutritional drawbacks can be minimized. These findings support oats as a safe and health-promoting cereal grain, particularly in regions where they serve as a staple food.

6. Multiple uses and animal feed applications of oats
Oats (Avena sativa) have emerged as a versatile crop with extensive applications across human nutrition, animal feed, and industrial domains. Traditionally valued as a high-yielding, digestible, and palatable forage crop in India (Roy et al., 2021), oats are now gaining prominence in the human diet due to their nutritional composition and functional food potential (Rasane et al., 2015). Processing techniques like dehulling, scouring, steaming, and flaking allow oats to be transformed into oatmeal, flour, bran, flakes, and oat milk, meeting a wide range of consumer needs (Wolever et al., 2019; Maina et al., 2021). Scouring and milling further yield oat bran, slurry, and milk, while groats can be crafted into instant, rolled, and steel-cut oat products (AlHasawi et al., 2017; Fernandesa et al., 2018). The presence of oat-based items such as porridge, energy drinks, and baked goods in markets highlights its rising demand and consumer acceptance (Fernandesa et al., 2018).
From a livestock perspective, oats serve as important winter forage, preferred for their digestibility and nutritional superiority over other cereal straws (Valentine, 2005; Pan et al., 2021). Oats can be consumed as green fodder, hay, haylage, silage, or straw and are often processed with urea (4%) to enhance preservation and palatability. Their utility as a catch crop and winter-hardy forage makes them essential in seasonal fodder planning (Suttie & Reynolds, 2004; Morey, 1961). Notably, oat straw increases lactation feed intake and weaning weight in pigs, showing improved performance compared to wheat straw (Agyekum et al., 2019; Dong et al., 2019).
Oat forage is primarily utilized for feeding livestock. It typically contains around 10–12% crude protein and 22–23.5% cellulose (Chaudhary and Kesh, 2018). As a significant winter fodder crop, oats are commonly fed in their green form, while any excess is preserved as silage or hay for periods of fodder scarcity. Oats are highly favored by a wide range of livestock, with their straw being softer and nutritionally superior compared to wheat and barley straw. Notably, oat forage offers high nutritional value, with a dry matter digestibility exceeding 75%, especially beneficial for dairy cattle (Chaudhary and Kesh, 2018). Although cereal straws generally have a similar chemical makeup, oat straw provides higher levels of digestible organic matter and metabolizable energy.
While berseem is a commonly preferred fodder crop in irrigated regions, oat cultivation offers a suitable alternative, especially in areas with limited water availability. India, which accommodates around 20% of the global livestock and 16.8% of the human population, occupies only 2.3% of the world’s land area, placing significant pressure on existing feed and fodder resources (Chaudhary and Kesh, 2018). Livestock numbers have notably increased in several states, including Punjab, Gujarat, Uttar Pradesh, Sikkim, Bihar,Assam, Meghalaya and Chhattisgarh. Given the declining area available for dedicated fodder cultivation, and the dependency on irrigation for most traditional fodder crops, oats stand out as a viable solution in water-scarce areas (Chaudhary and Kesh, 2018). They can thrive under relatively dry conditions and are particularly useful when more water-demanding crops like lucerne and berseem are not feasible. Traditionally, oats serve as a vital livestock feed, used in the form of green fodder or silage, especially during periods of forage scarcity.

7. Conclusion
Oats have steadily transitioned from being primarily a forage crop to a widely recognized functional grain with comprehensive applications in human nutrition and animal feed. Their rich content of β-glucan, dietary fiber, and unique bioactive compounds underscores their significance in promoting health, particularly in reducing cholesterol, managing blood glucose levels, and supporting gut health. Moreover, their prebiotic effects and antioxidant potential further enhance their suitability as a functional ingredient in modern diets. The cultivation of oats offers multiple agronomic advantages. They grow well under diverse environmental conditions and are especially beneficial in areas with limited irrigation. In India, oats serve as an important winter fodder crop, with green forage and preserved silage contributing significantly to livestock nutrition. Their high digestibility and nutritional value make them an ideal feed, especially during lean seasons. From a processing perspective, the transformation of oats into consumable products such as flour, flakes, and beverages has increased their market value and consumer appeal. Technological interventions such as steaming, scouring, and fermentation have improved their palatability and reduced anti-nutritional factors, enhancing the bioavailability of key nutrients. Continued research into processing technologies and varietal improvements will further amplify their utility in both human and animal food systems. In conclusion, oats present a sustainable, nutrient-rich, and adaptable solution to modern dietary and agricultural challenges. With strategic investments in research and farmer awareness, oats can contribute meaningfully to global food and nutrition security.
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