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Abstract 

Rice straw, a major byproduct of rice production, holds significant potential as a livestock feed but is 

constrained by its high lignocellulosic content, low crude protein, and poor digestibility. Enhancing its 

nutritive value is imperative for sustainable livestock production. This study explores a range of 

innovative strategies aimed at improving rice straw’s digestibility and overall nutritional quality. 

Physical processing techniques, including chopping, grinding, soaking, and steam treatment, enhance 

its surface area and facilitate microbial degradation. Chemical treatments such as sodium hydroxide, 

ammonia, and hydrogen peroxide applications effectively break down lignin and improve fiber 

utilization. Biological approaches, including fungal inoculation, bacterial fermentation, and enzymatic 

hydrolysis, further enhance fiber degradation and nutrient accessibility. Nutritional supplementation 

strategies, such as blending with protein-rich feedstuffs, mineral fortification, and energy enrichment, 

improve the overall dietary balance. Enhancing rumen degradability through the use of direct-fed 

microbials, fibrolytic enzymes, and defaunation agents optimizes microbial efficiency and digestion. 

Blending rice straw with alternative feeds such as legume hays, distillers’ grains, and oilseed meals 

improves its nutritional composition. Genetic and agronomic advancements in rice varieties with lower 

lignin content offer long-term improvements in straw quality. Pre-treatment and preservation 

techniques such as ensiling and microbial inoculation ensure feed stability and prolonged utility. 

Alternative utilization pathways, including microbial protein synthesis, mushroom cultivation, and 

biochar feed additives, further optimize its use. These approaches collectively enhance the digestibility, 

palatability, and sustainability of rice straw as a viable livestock feed, contributing to improved animal 

productivity and environmental stewardship. 

 

Keywords: Chemical treatment, digestibility enhancement, livestock nutrition, physical processing, 

rice straw, rumen degradability, supplementation strategies 

 

 

INTRODUCTION 

The rice straw is a widely available agricultural 

byproduct, particularly in rice-producing regions, 

but its low nutritional value and poor digestibility 

limit its use in livestock feeding. High lignin 

content, a low crude protein concentration, and the 

presence of anti-nutritional factors restrict its 

efficiency as a primary roughage source [1]. 

Despite its abundance, livestock productivity is 

often compromised due to the inability of ruminants 

to fully utilize the fibrous nature of rice straw. The 

increasing demand for sustainable livestock 

production necessitates the exploration of 

innovative strategies to enhance the nutritive value 

of rice straw, making it a viable and efficient feed 

*Author for Correspondence 

Shilpi Islam 

E-mail: shilpi@gau.edu.bd 
 
1Professor, Department of Animal Science and Nutrition, 

Chattogram Veterinary and Animal Sciences University, 
Khulshi, Chattogram-4225, Bangladesh 
2Professor, Department of Animal Science and Nutrition, 

Gazipur Agricultural University, Salna, Gazipur-1706, 
Bangladesh 

 

Received Date: July 14, 2025 
Accepted Date: August 25, 2025 

Published Date: August 26, 2025 

 
Citation: Md. Emran Hossain, Minara Begum Munni, Shilpi 

Islam. Upgrading Nutritive Value of Rice Straw: Processing, 

Supplementation, and Agronomic Innovations for Improved 
Utilization. Research & Reviews: Journal of Botany. 2026; 

15(1): 42–58p. 



 

 

Upgrading Nutritive Value of Rice Straw: Processing, Supplementation, and Agronomic Innovations        Hossain et al.              

 

 

© STM Journals 2026. All Rights Reserved 43  
 

component. Traditional methods of using untreated rice straw often lead to inefficient digestion and 

suboptimal nutrient absorption, necessitating targeted interventions to improve its feeding potential [2]. 

 

Several strategies have been explored to upgrade the nutritional profile of rice straw, ranging from 

physical processing and chemical treatments to biological modifications and supplementation 

approaches. Physical techniques such as chopping, grinding, and pelleting reduce particle size and 

enhance ruminal degradation, while chemical treatments using alkali and oxidizing agents effectively 

break down fiber components to improve digestibility [3, 4]. Biological interventions, including 

microbial fermentation and enzymatic treatments, further degrade lignocellulosic bonds, increasing the 

bioavailability of essential nutrients [5]. Additionally, strategic supplementation with protein sources, 

minerals, and energy-rich additives optimizes nutrient balance, ensuring better utilization by livestock. 

Recent advances in genetic selection and agronomic practices offer long-term solutions by producing 

rice varieties with improved fiber composition and reduced lignin content, making rice straw more 

suitable for feeding applications. 

 

This study presents a comprehensive approach to improving the nutritive value of rice straw by 

integrating multiple enhancement strategies that go beyond conventional treatments. Unlike previous 

studies focusing solely on a single intervention, this study examines synergistic approaches, including 

a combination of physical, chemical, and biological modifications alongside strategic supplementation 

and alternative utilization pathways. The novelty lies in the holistic framework that not only enhances 

digestibility but also aligns with sustainable livestock production principles. By incorporating 

innovative processing techniques, microbial applications, and genetic advancements, this study 

provides a structured methodology to optimize rice straw utilization, ensuring improved animal 

performance while minimizing environmental impact. 

 

PROCESSING TECHNIQUES 

Chopping for Better Utilization 

Reducing the particle size of rice straw through chopping alters its physical structure, increasing 

surface area exposure to microbial enzymes. This enhances microbial colonization and fermentation in 

the rumen, promoting better digestion [6]. Smaller particle sizes also improve mixing efficiency with 

other dietary components, ensuring uniform nutrient distribution and facilitating greater voluntary 

intake by ruminants. 

 

Grinding for Feed Efficiency 

Grinding rice straw improves its compatibility with other feed ingredients, enabling better 

formulation of balanced rations. Finely ground straw reduces selective feeding, ensuring consistent 

nutrient intake. This processing technique enhances microbial accessibility to fibrous components, 

leading to improved fermentation and breakdown in the rumen, which supports better fiber digestibility 

and overall animal performance. 

 

Soaking for Structural Modification 

Soaking rice straw in water softens its lignified structure, reducing its physical rigidity and improving 

palatability [6]. Hydration alters fiber bonding, facilitating partial solubilization of anti-nutritive 

compounds. This process enhances intake and allows ruminal microbes to more effectively access and 

degrade fibrous materials, leading to improved digestibility and fermentation efficiency in ruminants. 

 

Steam Treatment for Fiber Breakdown 

Applying steam to rice straw disrupts lignocellulosic bonds, increasing the availability of fermentable 

carbohydrates [7]. This thermal modification weakens the recalcitrant fiber matrix, improving 

enzymatic hydrolysis and microbial digestion. Enhanced fiber degradation leads to greater nutrient 

assimilation and energy utilization, ultimately boosting livestock performance while reducing the 

reliance on external feed additives. 
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Extrusion for Microbial Attachment 
Extrusion processing expands the surface area of rice straw, creating porous structures that facilitate 

microbial colonization. This mechanical and thermal treatment alters fiber architecture, increasing the 
accessibility of cell wall polysaccharides for enzymatic degradation. The improved digestibility 
resulting from this process enhances energy extraction from fibrous components, optimizing ruminal 
fermentation and nutrient absorption. 
 
Hydrothermal Treatment for Solubility 

High-pressure hydrothermal treatment modifies the fibrous network of rice straw, increasing soluble 
fiber content and reducing indigestible fractions [8]. This method enhances water retention and 
structural breakdown, promoting better microbial access to nutrients. The improved solubility of fiber 
components supports enhanced digestion efficiency, facilitating a more effective utilization of rice 
straw in livestock feeding systems. 
 
Pelletizing for Improved Handling 

Pelletizing rice straw increases its bulk density, reducing storage space and transportation costs while 
enhancing ease of handling [9]. This process also minimizes sorting behavior in ruminants, ensuring a 
consistent intake of fibrous material. By reducing dustiness and improving digestibility, pelletized straw 
facilitates better rumen fermentation and overall feed efficiency in livestock production systems. 
 
Alkali-Assisted Grinding for Disruption 

Combining alkali treatment with mechanical grinding disrupts fiber integrity, breaking down the rigid 
lignocellulosic structure. This process enhances microbial degradation by exposing cell wall 
components to enzymatic attack. Alkali-assisted grinding improves digestibility by increasing the 
solubility of structural carbohydrates, facilitating better nutrient utilization and optimizing the feeding 
value of rice straw. 
 
Densification for Practical Use 

Baling rice straw through densification improves its storage efficiency and transportation 
convenience. Compressed straw bales retain structural integrity while reducing spoilage risks. This 
method enhances feeding management by allowing controlled ration formulation and reducing feed 
wastage. Improved ease of handling supports large-scale livestock operations, ensuring a sustainable 
and cost-effective use of rice straw. 
 
Microwave Treatment for Porosity 

Microwave exposure alters the physical and chemical structure of rice straw, increasing porosity and 
digestibility. The electromagnetic energy weakens lignin-carbohydrate bonds, making fiber 
components more accessible for microbial degradation [10]. This method enhances fermentation 
kinetics, facilitating a more rapid breakdown of structural carbohydrates and improving nutrient 
bioavailability in ruminant diets. 
 
CHEMICAL TREATMENT STRATEGIES 
Sodium Hydroxide for Lignin Breakdown 

Sodium hydroxide (NaOH) treatment disrupts lignin and hemicellulose structures, increasing fiber 
solubility and improving microbial access to cellulose [11]. This enhances enzymatic hydrolysis, 
leading to better fermentation efficiency in the rumen. By reducing structural rigidity, NaOH treatment 
improves digestibility, making rice straw a more effective and energy-rich feed ingredient for ruminant 
livestock. 
 
Ammonia for Nitrogen Enrichment 

Ammonia treatment increases the nitrogen content of rice straw, enhancing its crude protein value 
and improving microbial growth in the rumen [12]. This process softens fiber structures, increasing 
digestibility and promoting better fermentation. Ammonia-treated straw supports improved voluntary 
intake and better feed utilization, making it a cost-effective strategy for optimizing livestock 
performance. 
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Urea for Protein Enhancement 

Urea treatment enhances the crude protein content of rice straw through microbial conversion into 

ammonia, which serves as a nitrogen source for rumen microbes [13]. This improves fiber digestibility 

and fermentation efficiency, leading to increased microbial protein synthesis. Treated straw supports 

better animal performance by balancing dietary protein needs in low-nitrogen forage-based feeding 

systems. 

 

Calcium Hydroxide for Fiber Softening 

Calcium hydroxide (Ca(OH)₂) application weakens the rigid fiber matrix in rice straw, breaking down 

complex cell wall structures. This alkaline treatment increases digestibility by enhancing microbial 

attachment and enzymatic degradation. The process also reduces the negative effects of anti-nutritional 

factors, promoting improved feed intake and ruminal fermentation efficiency in ruminant livestock. 

 

Sulfuric Acid for Hemicellulose Solubilization 

Sulfuric acid treatment hydrolyzes hemicellulose fractions, improving the availability of fermentable 

carbohydrates in rice straw [14]. This chemical modification increases soluble fiber content, facilitating 

better microbial digestion. The enhanced breakdown of fibrous components promotes higher energy 

yield and nutrient absorption, making sulfuric acid treatment an effective strategy for improving the 

nutritive value of rice straw. 

 

Hydrogen Peroxide for Delignification 

Hydrogen peroxide application oxidizes and degrades lignin, reducing its inhibitory effects on fiber 

digestibility [15]. This treatment increases the accessibility of cellulose and hemicellulose for microbial 

degradation, promoting better rumen fermentation. The improved digestibility enhances energy 

utilization and overall feed efficiency, making rice straw a more viable roughage option in livestock 

diets. 

 

Ferrous Sulfate for Mineral Bioavailability 

Ferrous sulfate supplementation improves the mineral profile of rice straw, enhancing iron 

availability for livestock. This treatment supports better oxygen transport and enzymatic functions in 

animals, promoting improved metabolism. Enhanced mineral bioavailability also aids in rumen 

microbial activity, facilitating better fiber breakdown and nutrient absorption from rice straw-based 

diets. 

 

Ozone for Oxidative Modification 

Ozone treatment alters the fiber composition of rice straw through oxidative reactions, breaking down 

lignocellulosic barriers [16]. This modification enhances fiber solubility and microbial colonization, 

improving digestibility and fermentation efficiency. The breakdown of complex carbohydrates into 

more accessible forms increases energy availability, making rice straw a more effective component in 

ruminant feeding systems. 

 

Organic Acids for Nutrient Preservation 

Lactic or formic acid application preserves the nutrient quality of rice straw by inhibiting microbial 

spoilage and preventing nutrient losses. These acids reduce pH, suppressing mold growth and enhancing 

fiber digestibility [2]. The fermentation-promoting properties of organic acids support improved 

ruminal microbial activity, leading to better feed efficiency and higher nutrient utilization in livestock. 

 

Acetone-Water for Inhibitor Removal 

Acetone-water extraction removes inhibitory compounds such as phenolic acids and tannins that limit 

fiber digestibility in rice straw. This process enhances nutrient availability and improves microbial 

degradation efficiency in the rumen. The removal of anti-nutritional factors supports better 

fermentation, optimizing the energy utilization of rice straw and improving livestock productivity. 
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BIOLOGICAL TREATMENT APPROACHES 
Fungal Inoculation for Lignin Degradation 

Applying fungi such as Pleurotus ostreatus enhances rice straw digestibility by breaking down lignin, 
a major barrier to microbial fermentation. These fungi produce ligninolytic enzymes that selectively 
degrade recalcitrant fiber structures, increasing the availability of fermentable carbohydrates [17]. This 
bioconversion improves energy utilization and promotes better livestock performance when rice straw 
is included in ruminant diets. 
 
White Rot Fungi for Fiber Digestion 

White rot fungi produce specialized enzymes that degrade complex lignin–carbohydrate structures, 
enhancing the digestibility of rice straw [18]. This biological treatment improves microbial access to 
cellulose and hemicellulose, increasing fermentation efficiency. The breakdown of rigid fibers 
facilitates better nutrient assimilation, making treated straw a more valuable roughage source for 
livestock feeding systems. 
 
Yeast Fermentation for Nutrient Enhancement 

Yeast fermentation enhances the availability of soluble nutrients in rice straw by promoting microbial 
activity and organic acid production. This process modifies fiber composition, making it more 
accessible to rumen microbes. Yeast-treated straw supports improved digestion, better feed efficiency, 
and enhanced microbial protein synthesis, contributing to overall livestock growth and productivity. 
 
Bacterial Inoculation for Fiber Hydrolysis 

Introducing fibrolytic bacterial strains enhances the hydrolysis of complex cell wall structures in rice 
straw. These bacteria produce cellulases and hemicellulases that break down structural carbohydrates, 
increasing nutrient availability [19]. This biological treatment improves microbial fermentation, 
promoting better fiber digestibility and enhancing the feeding value of rice straw in ruminant nutrition. 
 
Anaerobic Fermentation for Carbohydrate Predigestion 

Anaerobic fermentation pre-digests complex carbohydrates in rice straw, increasing the availability 
of readily fermentable sugars. This process enhances microbial colonization and enzymatic activity, 
improving ruminal fermentation efficiency. By reducing anti-nutritive factors, anaerobic fermentation 
facilitates better fiber utilization, supporting higher energy intake and improved livestock performance. 
 
Ensiling for Better Preservation 

Ensiling rice straw with lactic acid bacteria enhances its preservation and digestibility by promoting 
controlled fermentation. The production of organic acids lowers pH, inhibiting spoilage microbes while 
enhancing fiber solubility [20]. This process improves microbial fermentation efficiency, increasing 
nutrient retention and making rice straw a more effective roughage source for ruminants. 
 
Enzymatic Treatment for Hemicellulose Breakdown 

Applying xylanases to rice straw degrades hemicellulose, reducing fiber complexity and increasing 
carbohydrate availability [21]. This enzymatic treatment improves microbial access to structural 
components, facilitating better digestion and fermentation. The enhanced breakdown of fiber supports 
higher energy extraction, making rice straw a more efficient feed component in livestock diets. 
 
Cellulase for Fiber Degradation 

Cellulase supplementation hydrolyzes cellulose, converting complex fibers into simpler sugars that 
are more accessible for microbial fermentation. This enzymatic treatment enhances the digestibility of 
rice straw, improving its energy value for livestock. Increased fiber degradation supports better rumen 
function, optimizing feed utilization and promoting sustainable livestock production. 

 

Co-Fermentation for Energy Enhancement 

Co-fermenting rice straw with sugarcane bagasse increases its energy density by enhancing the 

production of fermentable sugars. This treatment improves fiber degradation and microbial growth, 
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leading to better digestion and nutrient assimilation. The synergistic effect of co-fermentation enhances 

feed efficiency, making rice straw a more viable roughage option for livestock nutrition. 

 
Prebiotics for Microbial Balance 

Prebiotic supplementation promotes the growth of beneficial microbes in the rumen, enhancing fiber 

fermentation and nutrient absorption. These compounds support microbial stability, improving the 
breakdown of complex carbohydrates in rice straw. Enhanced microbial activity leads to better digestion 

efficiency, optimizing the feeding value of rice straw for sustainable livestock production. 
 

NUTRITIONAL SUPPLEMENTATION STRATEGIES 

Bypass Protein Supplementation 

Adding bypass protein sources compensates for rice straw’s low crude protein content, providing 
high-quality protein that escapes ruminal fermentation and is digested in the small intestine [22]. This 

supplementation enhances amino acid availability for livestock, improving growth, milk production, 
and reproductive performance. It optimizes the protein profile, addressing the nutritional limitations of 

rice straw-based diets. 
 

Non-Protein Nitrogen for Microbial Growth 

Supplementing with non-protein nitrogen (NPN), such as urea, provides a nitrogen source for rumen 

microbes, enhancing their protein synthesis. This boosts microbial population and improves 
fermentation efficiency, facilitating better fiber digestion in rice straw. NPN supplementation ensures a 

more balanced protein supply, improving livestock performance on low-protein forage-based diets. 

 
Essential Amino Acid Fortification 

Fortifying rice straw with essential amino acids improves protein quality by ensuring that livestock 
receive all necessary amino acids for optimal growth and metabolic functions. This supplementation 

compensates for any deficiencies in the straw’s amino acid profile, enhancing protein synthesis and 
reducing the need for additional high-protein feeds, improving livestock productivity and feed 

efficiency. 
 

Energy-Rich Feedstuff Addition 

Adding energy-rich feedstuffs, such as molasses, to rice straw balances the diet by increasing its 

energy density. Molasses is a highly fermentable carbohydrate that enhances microbial fermentation in 
the rumen, leading to improved digestibility [23]. This supplementation provides readily available 

energy, improving livestock growth, milk production, and overall feed efficiency, especially when 
forage quality is limited. 

 
Mineral Supplementation for Utilization 

Mineral supplementation, particularly calcium (Ca), phosphorus (P), and magnesium (Mg), enhances 
the utilization of rice straw by supporting key metabolic and enzymatic processes. Adequate mineral 

levels improve rumen function and nutrient absorption, promoting better fiber digestion and overall 

animal health. This supplementation helps balance the mineral profile of rice straw, improving its 
nutritional value. 

 
Vitamin Fortification for Metabolism 

Fortifying rice straw with essential vitamins, such as vitamin A, D, and E, supports various metabolic 
processes and enhances overall livestock health. These vitamins are crucial for immune function, bone 

health, and reproduction. Vitamin supplementation optimizes the use of nutrients from rice straw, 
improving feed efficiency, animal performance, and overall production sustainability. 

 

Blending with Legume Hays 

Blending rice straw with legume hays improves its nutritional composition by increasing crude 

protein, fiber digestibility, and overall nutrient density [24]. Legume hays, such as alfalfa, provide a 
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rich source of protein, vitamins, and minerals that complement rice straw’s nutrient profile. This 

blending enhances the feeding value of rice straw, promoting better growth, milk yield, and 

reproductive performance. 

 
Rumen-Protected Fats for Energy Enrichment 

Incorporating rumen-protected fats into rice straw-based diets provides concentrated energy without 
interfering with rumen fermentation. These fats bypass the rumen and are digested in the small intestine, 
increasing available energy for livestock. Energy supplementation improves growth, milk production, 
and overall feed efficiency, addressing the high-fiber, low-energy nature of rice straw. 
 
Electrolyte Supplementation for Palatability 

Supplementing rice straw with electrolytes, such as sodium, potassium, and chloride, enhances its 
palatability and encourages feed intake. Electrolytes help maintain osmotic balance and support 
hydration, improving digestion and nutrient absorption [25]. The increased intake and improved ruminal 
function contribute to better overall livestock performance when rice straw is used as a primary feed 
source. 
 
Omega-3 Fatty Acids for Nutritional Enhancement 

Incorporating omega-3 fatty acids into rice straw-based diets improves the nutritional profile by 
promoting healthy fats in livestock products, such as milk and meat. These essential fatty acids support 
immune function, reproductive health, and overall well-being. Omega-3 supplementation helps balance 
the fatty acid composition of rice straw, offering additional health benefits for livestock. 
 
ENHANCING RUMEN DEGRADABILITY 
Rumen Buffers for Microbial Optimization 

Supplementing with rumen buffers, such as sodium bicarbonate, helps maintain a stable pH in the 
rumen, optimizing microbial fermentation. Buffering agents prevent pH drops caused by high-
concentrate diets and enhance fiber degradation [26]. This stabilization promotes more efficient 
fermentation, improving nutrient utilization from rice straw and supporting overall animal performance 
and health. 
 
Direct-Fed Microbials for Digestion 

Direct-fed microbials (DFM), including probiotics, are added to enhance rumen microbial 
populations, improving fiber digestion. These beneficial microbes outcompete pathogenic organisms, 
promoting the breakdown of complex fibers in rice straw [27]. DFMs support better fermentation 
efficiency, increasing the availability of fermentable nutrients and improving overall feed utilization in 
livestock diets. 
 
Defaunation Agents for Microbial Efficiency 

Feeding defaunation agents, such as certain plant extracts, reduces protozoa populations in the rumen, 
improving microbial efficiency [28]. The reduction in protozoa allows for a higher microbial load of 
fiber-degrading bacteria, enhancing fiber digestion. This approach improves ruminal fermentation, 
leading to better nutrient availability from rice straw and optimized livestock growth and health. 
 
Ionophores for Fermentation Modification 

Strategic use of ionophores, such as monensin, helps modify rumen fermentation by selectively 
inhibiting the growth of certain microbes while promoting others. This shift in microbial composition 
enhances fiber digestion and reduces methane production, increasing energy availability from rice 
straw. Ionophores improve overall feed efficiency and livestock performance by optimizing ruminal 
fermentation patterns. 

 

Saponins for Microbial Balance 

Adding saponins to rice straw helps improve rumen microbial balance by selectively reducing 

harmful microbes and enhancing beneficial microbial populations. Saponins enhance fiber degradation, 
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promote protein utilization, and increase feed intake [29]. Their role in modulating rumen microbial 

populations contributes to better nutrient availability, improving the efficiency of rice straw-based 

feeding systems. 

 

Condensed Tannins to Reduce Protein Degradation 

Incorporating condensed tannins into rice straw-based diets helps reduce ruminal protein degradation 

by binding to proteins and protecting them from microbial breakdown. This increases the amount of 

protein reaching the small intestine, enhancing protein utilization and improving livestock growth and 

production. Tannins also have antioxidant properties, supporting animal health and performance. 

 

Essential Oils for Fermentation Modulation 

Supplementing rice straw with essential oils, such as oregano or garlic oil, helps modulate rumen 

fermentation by influencing microbial populations. These oils can enhance fiber digestion and improve 

nutrient absorption by altering fermentation pathways [30]. They also possess antimicrobial properties, 

supporting overall ruminal health and improving feed efficiency in rice straw-based diets. 

 

Fibrolytic Enzyme Cocktails for Fiber Breakdown 

Including fibrolytic enzyme cocktails in rice straw diets accelerates fiber breakdown by providing 

enzymes that target complex fibers like cellulose and hemicellulose [31]. These enzymes enhance 

microbial digestion in the rumen, increasing the availability of fermentable sugars. The improved 

breakdown of fiber enhances the digestibility and nutritional value of rice straw for livestock. 

 

Feed Processing for Nutrient Synchronization 

Optimizing feed processing, such as through pelleting or steam treatment, helps synchronize the 

release of nutrients from rice straw. This method enhances the efficiency of microbial fermentation by 

promoting a steady and synchronized nutrient supply. Synchronizing nutrient release improves rumen 

digestion and maximizes the potential of rice straw as a feed source for livestock. 

 

Slow-Release Nitrogen for Improved Utilization 

Using coated slow-release nitrogen sources, such as urea, ensures a controlled release of nitrogen 

into the rumen [32]. This approach improves microbial protein synthesis by matching the nitrogen 

supply with the energy available from rice straw. The enhanced synchronization improves the 

digestibility of rice straw and optimizes its nutritional value for livestock. 

 

BLENDING WITH ALTERNATIVE FEEDS 

Rice Straw and Alfalfa Hay Blend 

Mixing rice straw with alfalfa hay improves palatability by adding higher-quality protein and fiber 

to the diet. Alfalfa is rich in protein, calcium, and other essential nutrients that complement rice straw’s 

low protein content, promoting better feed intake and digestibility [33]. This blend enhances livestock 

growth, milk yield, and overall performance by offering a more balanced nutrient profile. 

 

Rice Straw and Soybean Meal Mix 

Combining rice straw with soybean meal boosts protein intake by adding a rich source of high-quality 

protein. Soybean meal is rich in essential amino acids, which complement rice straw’s low protein 

content [34]. This blend improves protein digestibility, supporting better growth, reproductive health, 

and milk production, optimizing the nutritional profile of livestock diets. 

 

Rice Straw and Wheat Bran Blend 

Blending rice straw with wheat bran improves the digestible fiber content of the diet. Wheat bran 

provides an additional source of non-structural carbohydrates, helping to balance the high fiber content 

of rice straw. This combination enhances fiber fermentation in the rumen, improving nutrient 

availability and supporting better growth rates and overall performance in livestock. 
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Rice Straw and Silage Mix 
Mixing rice straw with silage creates a balanced total mixed ration (TMR) that improves nutrient 

intake and fermentation efficiency. Silage, rich in fermentable carbohydrates, complements the high-
fiber rice straw, ensuring a more balanced diet for livestock. This mixture enhances fiber degradation, 
increases energy availability, and improves overall digestibility, leading to better growth and 
production. 
 
Rice Straw and Oilseed Meal Incorporation 

Incorporating oilseed meals, such as soybean or canola meal, into rice straw-based diets enhances the 
energy and protein balance [35]. Oilseeds provide high-quality protein and healthy fats, which 
complement rice straw’s low protein and energy content. This blend enhances nutrient digestibility, 
improving livestock growth, milk production, and reproductive performance while supporting efficient 
feed utilization. 

 
Rice Straw and DDGS Blend 

Adding dried distillers’ grains (DDGS) to rice straw improves nutrient density by increasing the 
protein, energy, and mineral content [36]. DDGS is a highly digestible byproduct of ethanol production, 
rich in protein and fiber, and enhances the overall nutritional value of rice straw. This blend improves 
nutrient absorption, leading to better livestock growth, performance, and feed efficiency. 
 
Rice Straw and Cassava Pulp Mix 

Co-feeding rice straw with cassava pulp enhances starch availability, providing a more balanced 
source of carbohydrates. Cassava pulp is rich in starch and readily fermentable fiber, which 
complements rice straw’s higher fiber content. This mixture improves the energy density of the diet, 
leading to better livestock growth, milk yield, and overall performance. 
 
Rice Straw and Palm Kernel Meal Blend 

Incorporating palm kernel meal into rice straw-based diets improves digestibility by providing a 
source of fat and protein. Palm kernel meal enhances the energy density and protein quality of rice 
straw, improving overall feed utilization. This blend supports better livestock growth, milk production, 
and reproductive health by addressing the energy limitations of rice straw. 
 
Rice Straw and Spent Brewers’ Grains Mix 

Using spent brewers’ grains (SBG) with rice straw enhances fiber quality by improving digestibility 
and nutrient content. SBG is rich in fiber, protein, and B-vitamins, complementing rice straw’s high 
fiber content. This blend improves fiber breakdown in the rumen, supporting better feed utilization and 
overall livestock performance, while enhancing the nutrient density of the diet. 
 
Rice Straw and Seaweed Meal Blend 

Blending rice straw with seaweed meal improves the mineral balance of the diet. Seaweed is rich in 
essential trace minerals, such as iodine, calcium, and magnesium, which complement rice straw’s 
nutrient profile [37]. This combination enhances the nutritional balance, improving livestock health, 
growth, and productivity while addressing mineral deficiencies that may arise in rice straw-based diets. 
 
GENETIC AND AGRONOMIC IMPROVEMENTS 

Selecting Low-Lignin Rice Varieties 
Selecting rice varieties with lower lignin content improves digestibility by reducing the indigestible, 

rigid components in the straw. Lignin is a major barrier to fiber degradation, and varieties with reduced 
lignin are more readily broken down by rumen microbes [38]. This increases the availability of 
fermentable carbohydrates, improving the nutritional value and digestibility of rice straw for livestock. 
 

Genetically Modified Rice Straw 

Developing genetically modified (GM) rice straw with enhanced nutritive value involves modifying 

genes related to fiber and protein content. GM rice varieties may have altered lignin, cellulose, or protein 



 

 

Upgrading Nutritive Value of Rice Straw: Processing, Supplementation, and Agronomic Innovations        Hossain et al.              

 

 

© STM Journals 2026. All Rights Reserved 51  
 

composition, improving digestibility and nutrient availability. These improvements increase feed 

efficiency, enhance livestock performance, and provide a sustainable way to increase the nutritive value 

of rice straw. 

 

Breeding Improved Fiber Composition 

Breeding rice varieties with improved fiber composition focuses on reducing lignin and increasing 

soluble fiber content. Soluble fibers are more readily fermented in the rumen, enhancing energy 
availability. By selecting varieties that offer a better balance of fiber types, rice straw can provide a 

more digestible and nutritionally valuable feed for livestock, improving performance and overall health. 
 

Optimizing Harvesting Time 

Optimizing the harvesting time of rice to reduce fiber maturity helps ensure that rice straw retains 

higher digestibility. Early harvesting prevents excessive lignin deposition, which increases fiber 

rigidity. The younger, less mature straw is more easily broken down by rumen microbes, improving 
nutrient absorption and enhancing livestock growth, health, and feed efficiency. 

 
Agronomic Practices for Straw Quality 

Implementing agronomic practices like crop rotation, proper fertilization, and pest management can 
improve the quality of rice straw [39]. These practices ensure healthier rice plants, resulting in better 

straw characteristics such as reduced lignin content and higher nutrient density. Improving straw quality 
through agronomy can directly enhance the digestibility and overall nutritive value for livestock feed. 

 
High-Yielding, Palatable Rice Varieties 

Selecting high-yielding rice varieties with better palatability ensures that rice straw provides both 
quantity and quality [40]. Varieties that are more palatable encourage better feed intake, while high 

yields ensure a consistent and reliable feed supply. This combination enhances livestock growth and 
productivity by offering a more digestible and appetizing feed source. 

 
Application of Plant Growth Regulators 

The application of plant growth regulators (PGRs) to rice crops can modify fiber structure by 
reducing lignin deposition and improving cell wall digestibility. PGRs, such as gibberellins or auxins, 

can enhance the quality of rice straw by promoting the development of more digestible fiber 

components. This improves nutrient availability and enhances the overall feeding value of rice straw 
for livestock. 

 
Controlled Irrigation for Lignin Control 

Controlled irrigation can influence the synthesis of lignin in rice plants, potentially reducing fiber 
rigidity in the straw. By optimizing water availability, the plant’s growth and development are 

regulated, affecting the formation of lignin and other structural components. This results in rice straw 
with improved digestibility, supporting better nutrient utilization and livestock performance. 

 
Nitrogen Fertilization for Protein Content 

Implementing nitrogen fertilization during rice cultivation can increase the crude protein content of the 
straw. Nitrogen enhances plant protein synthesis, improving the nutritional quality of rice straw [41]. 

Higher protein content supports microbial growth in the rumen and provides essential amino acids for 
livestock, improving feed efficiency and livestock growth when rice straw is used as feed. 

 
Enhancing Post-Harvest Handling 

Enhancing post-harvest handling practices, such as proper drying and storage, helps preserve the 

nutrient quality of rice straw. Ensuring optimal drying conditions and minimizing nutrient loss during 
storage prevents the degradation of proteins and other valuable nutrients [42]. This approach ensures 

that rice straw retains its maximum nutritive value when used as livestock feed, improving overall feed 
quality. 
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PRE-TREATMENT AND PRESERVATION METHODS 

Sun-Drying Rice Straw 

Sun-drying rice straw helps reduce anti-nutritional factors like moisture and mold growth, which can 

impair digestibility. Drying also reduces the formation of undesirable compounds such as mycotoxins 

[43]. This simple preservation method enhances straw quality by making it safer for livestock 

consumption, reducing spoilage and improving the availability of nutrients during feed utilization. 

 

Controlled Anaerobic Storage 

Controlled anaerobic storage helps prevent nutrient losses in rice straw by reducing the growth of 

aerobic microorganisms that cause spoilage [2]. By limiting oxygen exposure, the preservation of 
soluble sugars and proteins is improved. This method enhances the overall nutritional value and 

digestibility of rice straw, ensuring that it remains a viable feed option for livestock over time. 

 
Organic Acid Treatment 

Treating rice straw with organic acids, such as formic or lactic acid, improves shelf life by lowering 
pH and inhibiting microbial growth. This treatment prevents spoilage and preserves the nutritional 

quality of rice straw [44]. The reduction in microbial load also ensures that the straw remains free from 
harmful pathogens, providing a safer, more digestible feed for livestock. 

 
Ensiling with Carbohydrate-Rich Additives 

Ensiling rice straw with carbohydrate-rich additives, such as molasses, enhances fermentation 
efficiency by promoting the growth of beneficial microbes like lactic acid bacteria [2]. The addition of 

fermentable carbohydrates accelerates the fermentation process, improving the preservation of nutrients 
and enhancing digestibility. This method increases the nutritional quality of rice straw, making it more 

suitable for livestock feed. 
 

Microbial Inoculants for Fermentation 

Using microbial inoculants, such as specific strains of lactic acid bacteria, improves the fermentation 

quality of ensiled rice straw. These inoculants promote the growth of beneficial microbes that ferment 

carbohydrates and preserve nutrients [23]. This treatment enhances the digestibility, palatability, and 
overall nutritional value of rice straw, improving its effectiveness as livestock feed. 

 
Air-Tight Bagging for Oxidation Prevention 

Air-tight bagging helps reduce oxidation losses by limiting exposure to oxygen, which can cause 
degradation of fats, proteins, and vitamins in rice straw. This method preserves the straw’s nutritional 

integrity, maintaining its digestibility and quality. Air-tight storage also prevents mold and spoilage, 
ensuring that the rice straw remains a valuable feed ingredient for livestock. 

 
Chemical Preservation with Propionic Acid 

Chemical preservation using propionic acid helps prevent spoilage by inhibiting fungal and bacterial 
growth. Propionic acid lowers the pH of the rice straw, creating an environment unfavorable to 

microbial growth [45]. This treatment enhances the straw’s shelf life, ensuring it maintains its 
nutritional value and digestibility, which ultimately benefits livestock performance when used as feed. 

 
Pre-Soaking for Enhanced Digestibility 

Pre-soaking rice straw before feeding enhances its digestibility by softening lignin and cellulose 

structures. This treatment reduces fiber rigidity, making the straw more accessible to rumen microbes. 
Soaking also improves water absorption and nutrient release, enhancing feed utilization and overall 

digestive efficiency, leading to better growth and performance in livestock [4]. 

 

Controlled Atmosphere Storage 

Using controlled atmosphere storage helps maintain the nutritional integrity of rice straw by 

regulating temperature, humidity, and gas concentrations. This method prevents nutrient degradation 
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and preserves the quality of the straw for extended periods. The storage environment limits microbial 

activity and oxidation, ensuring that the rice straw remains a valuable and nutritious feed source for 

livestock. 

 

Probiotics for Microbial Enhancement 

Incorporating probiotics during the storage of rice straw promotes the growth of beneficial microbes, 

enhancing fermentation quality [46]. Probiotics help maintain a healthy microbial environment, 
preventing spoilage and improving the breakdown of fiber. This approach not only improves the 

nutritional profile but also enhances the digestibility and overall feed quality, making rice straw a more 

effective feed for livestock. 
 

IMPROVING FEEDING STRATEGIES 

Stage-Specific Feeding Programs 

Developing stage-specific feeding programs ensures that rice straw is utilized most effectively at 
different stages of livestock growth or production. By tailoring the nutrient profile to the specific needs 

of animals, such programs optimize digestibility and nutrient absorption. This approach enhances 
overall feed efficiency, promoting better growth, reproduction, and milk production at each life stage 

of livestock. 
 

Straw and Concentrate Combination 

Feeding rice straw in combination with concentrate feeds improves the overall nutrient balance of 

the diet. Concentrates supply the missing nutrients, particularly protein and energy, that rice straw may 
lack [47]. This balanced approach ensures better feed efficiency, providing livestock with a more 

complete and digestible diet that enhances growth, health, and overall productivity. 
 

Adjusting Feeding Frequency 

Adjusting feeding frequency optimizes intake and utilization of rice straw by ensuring that livestock 
receive the right amount of nutrients at regular intervals. Feeding more frequently helps improve 

digestibility by providing a steady supply of nutrients to the rumen. This practice encourages better feed 
consumption, promotes stable rumen fermentation, and improves overall digestion efficiency. 

 
Total Mixed Ration (TMR) Approach 

Adopting a total mixed ration (TMR) approach incorporates rice straw into a well-balanced feed mix, 
enhancing its utilization by livestock. Mixing straw with other feed ingredients ensures that all nutrients 

are uniformly distributed, improving digestibility and nutrient absorption [48]. The TMR approach 
reduces sorting, ensuring that livestock receive a consistent and complete diet for optimal performance. 

 
Pelleted Formulations 

Using pelleted formulations of rice straw improves the uniformity of nutrient distribution and 
enhances intake. Pelleting reduces feed wastage and ensures that livestock receive a consistent nutrient 

profile in each bite [49]. Additionally, pelleted straw improves handling and storage efficiency, making 
it easier to incorporate into feeding programs, thus enhancing feed utilization and overall livestock 

productivity. 
 

Pre-Treatment for Enhanced Acceptance 

Pre-treating rice straw before feeding enhances its acceptance by making it more palatable and easier 
to digest. Methods like soaking, steaming, or fermenting rice straw soften the fiber, reducing its lignin 

content and improving its aroma. These treatments encourage better feed intake and enhance the 
digestibility of rice straw, leading to improved overall feed efficiency. 

 

Strategic Feed Additives 

Implementing strategic feed additives, such as enzymes, probiotics, or essential oils, enhances the 

utilization of rice straw by promoting better fiber breakdown and rumen fermentation [50]. These 
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additives improve microbial activity in the rumen, helping to break down complex carbohydrates and 

increase nutrient absorption. This results in improved feed conversion and livestock performance. 

 

Optimizing Straw-to-Concentrate Ratio 

Optimizing the straw-to-concentrate ratio ensures a balanced diet that maximizes digestion and 
nutrient absorption. Adjusting the proportion based on livestock requirements helps provide the right 

balance of fiber and energy. A well-managed ratio enhances fiber breakdown, supports rumen function, 
and ensures that rice straw contributes effectively to overall feed efficiency and livestock growth. 

 

Palatability Enhancers 

Using palatability enhancers, such as molasses, fats, or flavor additives, encourages livestock to 

consume more rice straw [2]. Improving the taste and texture of straw ensures higher feed intake, which 
is essential for optimal growth and performance. These enhancers improve feed acceptance, particularly 

in situations where rice straw is less palatable or may cause feed refusal. 
 

Adequate Drinking Water 

Providing adequate drinking water is essential for improving digestion efficiency when feeding rice 

straw. Water aids in the breakdown of fibers in the rumen and promotes the transport of nutrients. 
Ensuring that livestock have access to clean, fresh water improves feed intake, supports rumen function, 

and enhances the overall digestibility of rice straw, leading to better nutrient utilization. 
 

EXPLORING ALTERNATIVE UTILIZATION PATHWAYS 

Rice Straw Silage Conversion 

Converting rice straw into high-quality silage offers a long-term feed solution that preserves its 
nutritional value. Silage fermentation improves palatability and digestibility by breaking down the fiber 

and enhancing microbial activity [51]. This preservation method ensures a consistent feed source during 

off-seasons, reducing dependence on fresh forage and improving the sustainability of livestock feeding 
systems. 

 
Edible Mushroom Cultivation 

Utilizing rice straw as a substrate for edible mushroom cultivation before feeding livestock provides 
multiple benefits. Mushrooms degrade the straw's lignocellulosic content, enhancing its digestibility for 

animals [52]. This dual-purpose approach not only reduces the volume of rice straw but also improves 
its nutritional profile, making it a more efficient and sustainable feed source for livestock. 

 
Bioconversion into Single-Cell Proteins 

Bioconversion of rice straw into single-cell proteins (SCP) offers a high-value protein supplement 
for livestock. Through microbial fermentation, cellulose, and hemicellulose in the straw are converted 

into digestible proteins [53]. SCP derived from rice straw can be integrated into animal feed, improving 
the overall nutritional density of diets, enhancing livestock performance, and supporting sustainable 

protein production. 
 

Processing into Feed Blocks 

Processing rice straw into feed blocks provides a convenient and efficient feeding solution. These 
blocks can be easily stored, handled, and distributed. The process often includes the addition of nutrients 

and binding agents, which enhance the digestibility and overall nutritional quality of the rice straw, 
making it a more effective feed ingredient for livestock. 

 
Biochar Feed Additives 

Developing biochar feed additives from rice straw improves feed efficiency by enhancing nutrient 
absorption and rumen function. Biochar, a form of carbonized straw, can be added to livestock diets to 

improve gut health, reduce methane emissions, and increase the bioavailability of minerals [54]. This 
sustainable approach supports both livestock productivity and environmental sustainability. 
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Carrier for Slow-Release Minerals 

Using rice straw as a carrier for slow-release mineral supplements offers a practical method for 
improving livestock mineral intake. By embedding essential minerals in the straw, they are gradually 

released during digestion, providing a steady supply to the animal. This ensures that livestock receive 
optimal nutrition, enhancing overall health and production efficiency. 

 
Insect-Based Bioprocessing 

Enhancing rice straw digestibility through insect-based bioprocessing introduces another sustainable 
method to improve feed quality. Insects such as black soldier flies can break down the cellulose in rice 

straw, converting it into high-quality protein [55]. This bioconversion not only makes rice straw more 

digestible but also provides additional sources of protein for livestock feeding, improving sustainability. 
 

Synthetic Fiber-Based Feed Alternatives 

Converting rice straw into synthetic fiber-based feed alternatives provides an innovative way to 

enhance feed quality. Through chemical or enzymatic processing, rice straw can be transformed into 
fibers that mimic traditional feed ingredients. These alternatives can supplement or replace more 

expensive or less sustainable feeds, contributing to a more resilient and efficient livestock feeding 
system. 

 
Integrated Livestock-Crop Farming 

Using rice straw in integrated livestock-crop farming systems enhances sustainability by closing the 
nutrient loop. Livestock can feed on treated rice straw, while crop production benefits from the manure, 

improving soil fertility. This holistic approach promotes resource efficiency, reduces waste, and 
optimizes the use of rice straw in a way that benefits both crop and livestock productivity. 

 
Microbial Protein Synthesis Pathways 

Exploring microbial protein synthesis pathways from rice straw components offers an innovative way 

to improve feed quality. By harnessing specific microorganisms that can degrade the cellulose in rice 
straw, microbial protein can be synthesized and used as a valuable protein source in animal diets [56]. 

This process increases the nutritional value of rice straw, providing a sustainable protein supplement 
for livestock. 

 
CONCLUSION 

Enhancing the nutritive value of rice straw is crucial for optimizing livestock productivity and 
promoting sustainable feeding systems. This study highlights a multifaceted approach integrating 

physical, chemical, and biological treatments, along with strategic supplementation and genetic 
advancements, to improve digestibility and nutrient availability. Combining these interventions 

enhances the efficiency of rice straw utilization, reducing reliance on conventional feed resources. 
Furthermore, alternative utilization pathways, including bioconversion and feed block formulation, 

offer innovative solutions for sustainable livestock production. By adopting synergistic strategies, rice 
straw can be transformed into a valuable feed component, minimizing waste and enhancing resource 

efficiency. Future research should focus on refining these approaches to maximize their effectiveness 
and ensure economic feasibility for broader adoption. 

 

Directions 

Future research should focus on optimizing the combination of physical, chemical, and biological 

treatments to maximize digestibility without compromising economic feasibility. Advancements in 
microbial biotechnology could lead to the development of highly efficient enzyme formulations and 

genetically engineered microbial consortia for targeted fiber degradation. Precision supplementation 
strategies, including nano-mineral fortification and slow-release nutrient formulations, should be 

explored to enhance nutrient bioavailability. Genetic improvements in rice varieties with reduced lignin 
content and enhanced fiber digestibility warrant further investigation for long-term sustainability. 

Additionally, integrating rice straw into circular bioeconomy models through biochar production, 
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microbial protein synthesis, and renewable energy generation could provide alternative pathways for 

its utilization. Economic and life cycle assessments are essential to evaluate the feasibility of large-scale 
implementation. Future efforts should also consider policy support, farmer awareness programs, and 

region-specific adaptation strategies to ensure the widespread adoption of enhanced rice straw 
utilization techniques in livestock production systems. 
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