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Rice Bran Oil Industry Chain: Current Status, Challenges, and Future Prospects


Abstract: This paper focuses on the rice bran oil (RBO) industry chain, providing a comprehensive exploration of its fundamental theory, current status, technological progress, challenges, and future prospects. The fundamental theory section elaborates on the chemical composition, nutritional value, historical evolution of production processes, and economic foundations of RBO. The current status analysis covers the global market, production mechanisms, technological bottlenecks, and quality control. Technological progress introduces advancements in extraction and refining, product innovation, and digital management technologies. Nutritional practices discuss the applications of RBO in healthy diets, chronic disease prevention and treatment, and drug development. Controversies and challenges involve environmental impact, market price volatility, and policy regulation. Future prospects analyze trends in technological innovation, globalization, and sustainable development strategies. By integrating relevant research, this paper aims to provide a comprehensive theoretical basis and practical guidance for the further development of the RBO industry chain.
Keywords: Rice bran oil industry chain, Nutritional value and health benefits, Technological innovation, Functional food applications
1.Introduction
1.1 Chemical Composition and Nutritional Value of Rice Bran Oil
Rice bran oil (RBO) is rich in various nutrients and possesses high nutritional value. Its chemical composition primarily includes fatty acids, vitamins, plant sterols, etc. Studies show that the fatty acids in RBO are predominantly unsaturated fatty acids, such as oleic acid and linoleic acid. These unsaturated fatty acids help lower cholesterol levels and benefit cardiovascular health (Tian et al., 2023). Concurrently, RBO is also abundant in antioxidants like vitamin E and γ-oryzanol. For instance, γ-oryzanol is a characteristic component in Liaoning rice varieties like the Liaojing series. Vitamin E, γ-oryzanol, and lutein extracted from pigmented rice bran using supercritical carbon dioxide extraction exhibit higher concentrations and superior antioxidant performance compared to extracts from non-pigmented rice bran (Sookwong et al., 2016).
Regarding nutritional value, RBO offers multiple benefits for human health. For example, it aids in lowering blood lipids and improving lipid metabolism. Research indicates that consuming RBO can significantly reduce serum levels of total cholesterol, low-density lipoprotein cholesterol (LDL-C), and triglycerides, demonstrating positive effects in preventing cardiovascular diseases (Pourrajab et al., 2022). Furthermore, RBO possesses antioxidant and anti-inflammatory properties, which can enhance immunity and prevent chronic diseases. The γ-oryzanol it contains inhibits pepsin secretion and reduces gastric acid levels, benefiting gastrointestinal health (Szcześniak et al., 2016).
1.2 Historical Evolution of Rice Bran Oil Production Processes
The production technology of RBO has undergone continuous development and transformation. Traditional RBO production requires multiple complex processes, which can lead to the deterioration and degradation of valuable nutrients in rice bran (Sookwong & Mahatheeranont, 2017). With technological advancements, new production processes have gradually emerged. Supercritical carbon dioxide extraction, as a green alternative method, has garnered significant attention. By optimizing operational parameters such as time, temperature, pressure, and modifiers, this method can efficiently extract RBO while preserving its nutritional components (Sookwong et al., 2016).
Compared to traditional solvent extraction, new extraction technologies have made significant progress in improving RBO yield and nutritional value. However, most new technologies remain at the research stage. The lack of economically viable supporting production equipment hinders their large-scale industrial implementation, representing a crucial research area for future breakthroughs (Huang et al., 2024). For example, while some novel extraction methods can increase the content of specific nutrients in RBO, their practical application is limited by factors like high equipment costs and operational complexity.
1.3 Economic Foundations of the Rice Bran Oil Industry Chain
From an economic perspective, the RBO industry chain encompasses multiple segments, including raw material supply, production processing, and market sales. Regarding raw material supply, rice bran, as the primary raw material for RBO, is closely linked to rice cultivation. As global rice production increases, the supply of rice bran also rises, providing a sufficient raw material base for the RBO industry. Taking Liaoning Province as an example, with an annual rice sowing area of 7,334 thousand hectares (2024 China Food Yearbook), the potential resource of rice bran is abundant. However, the actual utilization rate is less than 30%, constrained by high collection costs and insufficient investment in technical equipment. In the production processing segment, different production processes and technological levels impact production costs and product quality. While advanced production technologies can enhance RBO quality and yield, they often require substantial equipment investment and operational costs. For instance, despite its advantages, the high cost of supercritical CO2 extraction equipment limits its adoption by some enterprises (Sookwong & Mahatheeranont, 2017). In market sales, the market price of RBO is influenced by various factors such as raw material prices, production costs, and market demand. In recent years, with increasing consumer demand for healthy edible oils, the market prospects for RBO have broadened, but market competition has also intensified. Some studies analyze energy consumption and cost structures during RBO production, providing a theoretical basis for enterprises to optimize production processes and reduce costs, thereby improving the economic efficiency of the RBO industry (Sun, Wang, & Gong, 2022).
2.Current Status Analysis of the Rice Bran Oil Industry Chain
2.1 Global Market Status of Rice Bran Oil
Globally, rice, as a major food crop, yields bran as a by-product, providing abundant raw material for RBO production. According to relevant studies, approximately 50% of the global population relies on rice as a staple food, establishing a broad potential consumer base for the RBO market (Tufail et al., 2024). Due to its unique fatty acid composition and rich nutritional profile, RBO is gradually gaining consumer favor, showing a trend of increasing market demand. Market acceptance and consumption patterns of RBO vary across regions. In Asia, where rice is the primary staple crop, consumer awareness and acceptance of RBO are relatively high, resulting in a larger market share. In regions like Europe and North America, although the market share of RBO is smaller, demand is gradually rising with the popularization of healthy eating concepts. Investigations and analyses of different regional markets reveal differences in consumer awareness, purchase intention, and consumption habits regarding RBO, providing reference for enterprises to formulate market strategies (Tufail et al., 2024). In Liaoning Province, the food industry revenue in 2023 was CNY 327.47 billion, but the RBO industry remains relatively small-scale. It lacks established geographical indication brands like 'Panjin Rice Bran Oil', resulting in low brand added value.
2.2 Processing Mechanisms and Technological Bottlenecks in Rice Bran Oil Production
Several processing mechanisms and technological bottlenecks need addressing in RBO production. On one hand, rice bran contains significant amounts of lipase. During storage and processing, lipase catalyzes oil hydrolysis, leading to increased free fatty acid (FFA) content. This affects RBO quality, causing rancidity and reducing nutritional value (Noureen et al., 2021). On the other hand, current RBO production faces technical challenges. For example, upgrading high-acid value RBO is a major difficulty, with efficient reduction of FFA content being key. Traditional alkali refining can reduce acid value but causes losses of nutrients like oryzanol. While novel methods, such as using ethanol as a novel acyl acceptor combined with highly selective lipase, have achieved good results in the laboratory (e.g., 99.80% deacidification efficiency), their application in large-scale production faces challenges like enzyme stability and cost (Li et al., 2016). Enterprises in Liaoning face difficulties in controlling rice bran rancidity and high refining costs (deacidification and dewaxing processes), necessitating breakthroughs in 'bottleneck' technologies like low-temperature pressing. Furthermore, maximizing nutrient retention while improving yield during RBO extraction and refining remains a critical technical issue.
2.3 Detection Technologies and Quality Control in the Rice Bran Oil Industry Chain
Detection technologies and quality control are crucial for ensuring product quality in the RBO industry chain. In terms of diagnostic techniques, various methods have been developed to assess RBO quality and composition. For instance, high-performance liquid chromatography (HPLC) accurately determines the content of nutrients like vitamin E and γ-oryzanol in RBO (Sookwong et al., 2016). Gas chromatography (GC) analyzes the fatty acid composition to evaluate nutritional value. Quality control requires strict management from raw material procurement through production processing to product sales. At the raw material stage, rice bran quality must be ensured to avoid contamination or deterioration. During production, process parameters like temperature, time, and pressure need precise control to guarantee consistent RBO quality. For example, improper control of temperature and time during refining can lead to nutrient loss. Additionally, a comprehensive quality testing system must be established to thoroughly inspect finished products, ensuring compliance with relevant standards and regulations. Analyses of key quality control points in RBO production propose optimization measures to enhance overall quality (Sun, Wang, & Gong, 2022).
3 Technological Progress in the Rice Bran Oil Industry Chain
3.1 Recent Advances in Rice Bran Oil Extraction and Refining Technologies
Significant progress has been made in RBO extraction and refining technologies in recent years. In extraction, supercritical CO2 extraction technology has been continuously optimized. Precise control of parameters like time, temperature, pressure, and modifiers enables more efficient extraction of nutrient-rich oil from rice bran. Studies show that conditions of 60 min, 43°C, 5420 psi, and using 10% ethanol as a modifier achieve efficient extraction of vitamin E, γ-oryzanol, and lutein (Sookwong et al., 2016). Concurrently, new auxiliary extraction technologies have emerged, such as microwave-assisted extraction (MAE) and ultrasound-assisted extraction (UAE). MAE accelerates oil dissolution from rice bran, improves extraction efficiency, and has minimal impact on bioactive components like γ-oryzanol and γ-aminobutyric acid (GABA) (Reis et al., 2022). In refining, to reduce nutrient loss associated with traditional methods, researchers have developed milder refining processes. For example, using composite decolorizers for RBO bleaching achieves effective decolorization while improving the retention rates of nutrients like oryzanol, sterols, and vitamin E. Optimized conditions determined through single-factor and Box-Behnken response surface methodology yielded 97.08% decolorization efficiency, with 89.62% oryzanol retention, 90.16% sterol retention, and 79.91% vitamin E retention (Sun et al., 2023).
3.2 Innovation and Diversification of Rice Bran Oil Products
Driven by increasing consumer demand for health and personalized products, innovation and diversification of RBO products are becoming trends. On one hand, RBO is used as a raw material to develop various functional foods. For instance, structured triglycerides prepared by combining RBO with medium-chain triglycerides (MCTs) are applied in foods like mayonnaise, biscuits, energy bars, and yogurt drinks, improving nutritional properties and enhancing product value (More, Gogate, & Waghmare, 2020). On the other hand, RBO has found new applications in pharmaceuticals and cosmetics. In medicine, research indicates that γ-oryzanol in RBO possesses multiple pharmacological activities, such as antioxidant, anti-inflammatory, and lipid-lowering effects, making it suitable for developing drugs to prevent and treat chronic diseases like cardiovascular diseases and diabetes (Szcześniak et al., 2016). In cosmetics, RBO, rich in nutrients and possessing good skin permeability, is used to develop skincare products with moisturizing, antioxidant, and anti-wrinkle effects. Additionally, novel RBO-based product forms have emerged, such as RBO microcapsules and RBO gels, which enhance oil stability and expand its application scope.
3.3 Digital Management Technologies in the Rice Bran Oil Industry Chain
In the digital era, digital management technologies for the RBO industry chain are emerging. By constructing a dynamic supervision model based on blockchain and smart contracts, real-time management and dynamic, credible supervision of the RBO supply chain can be achieved (Peng et al., 2022). This model first analyzes key information in RBO supply chain supervision and builds a framework for the dynamic supervision model using blockchain and smart contracts. Then, it custom-designs three types of smart contracts: initialization smart contracts, model validation smart contracts, and credit evaluation smart contracts. These are implemented using asymmetric encryption algorithms, virtual regret minimization algorithms, and multi-source heterogeneous fusion algorithms. This digital management technology enables real-time monitoring and management of business information, hazard information, and personnel information within the RBO supply chain, ensuring transparency and traceability throughout the entire lifecycle from raw material procurement and production processing to product sales. For instance, blockchain technology can record the source and quality of rice bran during procurement; during production, real-time monitoring of equipment operating parameters and product quality data occurs, with automatic verification and assessment via smart contracts. This not only improves production efficiency and product quality but also enhances consumer trust in RBO products.
4. Nutritional and Health Impacts of Rice Bran Oil
4.1 Application of Rice Bran Oil in Healthy Diets
Rice bran oil holds significant value in healthy diets. Rich in unsaturated fatty acids, vitamin E, and γ-oryzanol, it is a high-quality edible oil. In daily cooking, using RBO provides essential fatty acids necessary for maintaining normal physiological functions. Studies show that the ratio of oleic acid to linoleic acid in RBO is favorable, helping reduce blood cholesterol levels and lower the risk of cardiovascular diseases (Tian et al., 2023). Furthermore, RBO can be incorporated into various food preparations to enhance nutritional value. For example, substituting part of the butter with RBO in baked goods not only reduces saturated fat intake but also increases antioxidant content. Research applying RBO to biscuit production adjusted texture by controlling the addition ratio while reducing saturated fat content and improving health value (Li et al., 2024). RBO also plays a vital role in developing functional foods, such as nutrition bars prepared from RBO, rich in various nutrients suitable for specific populations like women at risk of osteoporosis (Munshi, Kochhar, & Kaur, 2020).
4.2 Prevention and Treatment of Chronic Diseases with Rice Bran Oil
Numerous studies indicate that RBO has certain preventive and therapeutic effects on chronic diseases. Regarding cardiovascular diseases, active components in RBO regulate lipid metabolism, lowering serum total cholesterol and LDL-C levels while increasing high-density lipoprotein cholesterol (HDL-C) levels, thereby reducing the risk of atherosclerosis. A study on rats found that a high-fat diet supplemented with RBO reduced serum and liver lipid levels (total cholesterol, triglycerides) and upregulated genes related to reverse cholesterol transport and antioxidant defense mechanisms, demonstrating anti-atherosclerotic properties (Chithra et al., 2015). RBO also exhibits protective effects against neurological disorders. Research shows that RBO can improve learning and memory functions in rats and mitigate stress-induced behavioral and neurochemical changes. In models of antipsychotic drug-induced movement disorders, RBO alleviates drug-induced oxidative stress damage and prevents tardive dyskinesia through antioxidant mechanisms (Samad & Haleem, 2017). Additionally, studies on chronic diseases like hypertension and diabetes suggest that RBO has auxiliary therapeutic effects, potentially inhibiting disease progression by regulating vascular function and improving insulin resistance (Jan-on et al., 2020).
4.3 Potential of Rice Bran Oil in Drug Development
Rice bran oil possesses potential application value in drug development. Its various bioactive components, such as γ-oryzanol and phytosterols, exhibit multiple pharmacological activities including antioxidant, anti-inflammatory, and lipid-regulating effects, providing rich resources for drug development. Research indicates that γ-oryzanol inhibits pepsin secretion and reduces gastric acid levels, offering preventive and therapeutic effects for gastrointestinal disorders, making it a potential component for gastrointestinal drug development (Szcześniak et al., 2016). In cardiovascular drug development, phytosterols in RBO can inhibit cholesterol absorption and lower blood cholesterol levels, holding promise for developing lipid-lowering drugs. Studies on different phytosterols in rat models found they protect dopaminergic neurons by activating the DAF-16/FOXO pathway, enhancing oxidative stress resistance, and inhibiting overexpression of the apoptotic protein CED-3, suggesting protective effects against neural damage in cardiovascular diseases (Zhang et al., 2021). Furthermore, some components in RBO exhibit anti-tumor activity. For example, 24-methylenecycloartanyl ferulate shows cytotoxicity against non-small cell lung cancer cells, inducing apoptosis, providing new avenues for anti-tumor drug development (Doello et al., 2018).
5 .Controversies and Challenges 
5.1 Environmental Impact and Sustainability of Rice Bran Oil Production
The environmental impact and sustainability of RBO production are current focal points. Environmental impacts primarily involve energy consumption and waste emissions during production. For instance, traditional RBO extraction processes consume significant energy and generate organic wastewater and exhaust gases, exerting environmental pressure (Kong et al., 2018). From a sustainability perspective, although rice bran as a raw material is renewable, practical production faces challenges. On one hand, the collection and transportation of rice bran require proper planning to ensure raw material quality and supply stability. On the other hand, improving resource utilization efficiency during production and achieving waste reduction and reuse are key to sustainable development. Some studies propose optimizing production processes, such as adopting energy-saving equipment and improving extraction and refining technologies, to reduce energy consumption and environmental impact. Simultaneously, utilizing rice bran to produce other high-value-added products, such as biofuels and bioplastics, enables comprehensive resource utilization and enhances the sustainability of the RBO industry (Sun, Wang, & Gong, 2022).
5.2 Price Volatility and Economic Risks in the Rice Bran Oil Market
The RBO market experiences price volatility and economic risks. Price fluctuations are influenced by multiple factors. Fluctuations in the price of raw material rice bran are a significant factor, affected by rice yield, market supply and demand, etc. When rice yield increases, abundant rice bran supply may lower its price, and vice versa. Simultaneously, changes in production costs, such as investment in production equipment, energy prices, and labor costs, also impact RBO prices. For example, rising energy prices increase RBO production costs, pushing prices upward (Sun, Wang, & Gong, 2022). Regarding economic risks, intensifying market competition is a major issue. As the RBO market develops, more enterprises enter the field, increasing competition. Enterprises may face problems like product homogenization and price wars, compressing profit margins. Furthermore, changes in consumer demand pose economic risks. Shifts in consumer awareness or demand away from RBO towards other edible oils would adversely affect sales and profits of RBO enterprises. Therefore, enterprises need to closely monitor market dynamics, strengthen market research, and adjust production and marketing strategies promptly to mitigate price volatility and economic risks.
5.3 Policy and Regulatory Challenges in the Rice Bran Oil Industry Chain
The RBO industry chain faces a series of policy and regulatory challenges. In terms of policy, current support policies for the RBO industry are relatively insufficient. Compared to some traditional edible oil industries, the RBO industry may not receive sufficient support in areas like tax incentives and subsidies, limiting enterprise development and investment in technological innovation to some extent. For example, in some regions, traditional edible oil industries may enjoy more policy benefits, while RBO enterprises face greater financial pressure when expanding production scale or introducing advanced technology and equipment. Regarding regulation, the quality standards and regulatory system for RBO need further refinement. Although general edible oil quality standards exist, more specific standards are needed for the unique components and quality indicators of RBO. For instance, content standards and detection methods for characteristic nutrients like γ-oryzanol and phytosterols in RBO require further unification and standardization. Additionally, the presence of counterfeit and inferior RBO products in the market disrupts order, necessitating stronger regulatory efforts to combat such practices and protect consumer rights.
6 Future Prospects 
6.1 Technological Innovation Trends in the Rice Bran Oil Industry Chain
Future technological innovation in the RBO industry chain will develop towards greater efficiency, sustainability, and intelligence. In extraction technology, further optimization of existing methods like supercritical CO2 extraction is expected, improving extraction efficiency and product quality while reducing costs. For instance, enhancing equipment design and operational parameters for more precise temperature and pressure control can increase nutrient extraction rates and purity. New extraction technologies will also emerge, such as biotechnology-based methods utilizing enzymatic hydrolysis or microbial fermentation for gentle extraction of oil and nutrients from rice bran, maximizing bioactive compound retention. In refining technology, greater emphasis will be placed on nutrient preservation and product quality enhancement. Developing novel refining processes, such as membrane separation and ionic liquid extraction, will reduce nutrient loss associated with traditional chemical refining. Concurrently, the application of digital technologies in RBO production will become more widespread, enabling intelligent process control and quality traceability, thereby improving production efficiency and product quality stability.
6.2 Globalization Prospects of the Rice Bran Oil Market
The RBO market holds broad prospects for globalization. With the global spread of healthy eating concepts, consumer demand for nutritious and health-beneficial edible oils is increasing. RBO, with its unique nutritional advantages, will attract more consumers. In the Asian market, as a major rice-producing region, consumer awareness and acceptance of RBO are relatively high, providing a solid market foundation. Future product innovation and marketing are expected to further expand RBO's market share in Asia. In other regions like Europe and North America, growing understanding and promotion of RBO's nutritional value will gradually increase demand. Research indicates that market education activities enhancing consumer awareness of RBO's health benefits can effectively boost sales. Furthermore, with the development of international trade, RBO import and export activities will become more dynamic. Enterprises can achieve economies of scale and enhance market competitiveness by expanding into international markets. Simultaneously, globalization will encourage enterprises to strengthen international cooperation, introducing advanced technologies and management experience to promote the upgrading of the RBO industry.
6.3 Sustainable Development Strategies for the Rice Bran Oil Industry Chain
To achieve sustainable development of the RBO industry chain, a series of strategies are required. At the raw material supply stage, sustainable management of rice cultivation should be strengthened, promoting green cultivation techniques to reduce pesticide and fertilizer use, thereby improving rice bran quality and yield. For example, adopting organic farming methods can enhance rice bran quality while reducing environmental pollution. During production, enterprises should be encouraged to adopt cleaner production technologies to reduce energy consumption and waste emissions. Optimizing production processes enables efficient resource utilization and recycling. For instance, while producing RBO, the remaining rice bran meal can be used to produce feed or bio-fertilizers, improving resource utilization. Additionally, collaboration and coordinated development among all segments of the industry chain should be strengthened to establish a stable supply chain system capable of jointly addressing market risks. Governments should also formulate relevant policies, such as tax incentives and financial subsidies, to encourage enterprises to pursue technological innovation and sustainable development practices, thereby promoting the sustainable development of the RBO industry.
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