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ice processing has advanced significantly in recent decades; however, modernization has 

introduced engineering challenges that affect efficiency, product quality, sustainability, 

and food safety. Major issues include uneven heat and moisture transfer during parboiling, 

kernel fissuring in drying, high milling breakage, storage losses, and limited automation. 

Environmental sustainability, by-product utilization, and adaptation to climate-resilient or bio 

fortified varieties further complicate processing. Addressing these challenges requires process 

re-engineering, intelligent drying, sensor-based monitoring, sustainable energy integration, 

and real-time quality assessment, offering opportunities for innovation to improve yield, 

quality, and safety. 
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Introduction 
Rice processing has undergone substantial technological advancement over the past decades, 

significantly improving production efficiency and product quality. However, modernization 

has also introduced several engineering challenges that limit the full potential of processing 

systems. One major challenge is non-uniform heat and moisture transfer during 

parboiling, which can lead to uneven starch gelatinization and variable kernel hardness, 

thereby reducing milling yield and compromising grain quality. Drying operations are 

similarly constrained, as rapid moisture removal at high temperatures induces thermal stress 

and fissuring, increasing breakage rates during milling and affecting overall head rice 

recovery. (Sarfaraz, 2023) 

 Milling processes face additional challenges due to variability in grain size, moisture 

content, and mechanical properties, often resulting in excessive broken rice and energy-

intensive operations. Post-harvest storage introduces further complications, including losses 

due to insect infestation, fungal growth, and moisture migration, which can degrade quality 

and safety. Despite advances in digital technologies, the sector demonstrates limited 

adoption of automation, sensor-based monitoring, and predictive control systems, 

restricting real-time quality management and process optimization. Environmental and 

sustainability concerns also pose significant engineering challenges. The underutilization of 

by-products such as husk, bran, and broken rice contributes to waste, while reliance on fossil-

fuel-based boilers increases the carbon footprint of rice processing. Additionally, the 

introduction of climate-resilient and bio fortified rice varieties with altered 

physicochemical properties requires equipment redesign and process adaptation, as 

conventional machinery is often unsuitable for these new cultivars. (Mohidem et al., 2022) 

Addressing these multifaceted challenges requires an integrated approach, including 

process re-engineering, intelligent and adaptive drying systems, sensor-based monitoring, 

renewable energy integration, and inline quality assessment tools. Implementing such 

strategies not only enhances milling yield and product quality but also ensures environmental 
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sustainability and food safety, highlighting significant opportunities for innovation and 

research in rice processing technologies (Yi et al., 2024). 

Methodology 
Rice processing has experienced significant technological advancement in recent decades. 

However, modernization has introduced several engineering challenges across parboiling, 

drying, milling, and storage, automation, and sustainability domains. These challenges 

directly affect processing efficiency, product quality, energy utilization, and environmental 

impact. 

Challenges in parboiling operations 
Parboiling, a critical hydrothermal treatment that enhances milling yield and nutritional 

quality, presents several engineering constraints. A major limitation is the non-uniform heat 

and moisture transfer during soaking and steaming, particularly in large-scale batch and 

continuous systems. This leads to heterogeneous starch gelatinization and variable grain 

hardness, adversely affecting milling efficiency. Conventional parboiling processes are also 

associated with high water and energy consumption and limited heat recovery. Inadequate 

control of soaking temperature and duration often induces microbial fermentation, resulting 

in off-odors and discoloration. The industrial-scale adoption of advanced techniques such as 

microwave, infrared, ultrasound-assisted, and ohmic heating is constrained by field non-

uniformity and substantial capital requirements (Singh et al., 2024). 

Challenges in drying operations 
Drying is a critical operation influencing kernel integrity and overall rice quality. Rapid 

moisture removal at elevated temperatures induces thermal stress and fissuring, increasing 

kernel breakage during milling. Most industrial dryers lack real-time moisture sensing and 

adaptive control mechanisms, resulting in over- or under-dried grains. In developing regions, 

sun drying remains common, introducing weather dependency, contamination risks, and 

inconsistent drying rates. These challenges underscore the need for intelligent and climate-

resilient drying technologies. 

Challenges in milling and size reduction operations 
Milling efficiency is affected by variability in grain size, moisture content, and hardness. 

Improper pressure regulation in rubber roll shellers and abrasive whitening machines 

increases the proportion of broken rice and energy consumption. Equipment wear during 

polishing further elevates operational costs. Conventional milling systems are often 

inadequate for aromatic and fine-grain rice varieties, causing loss of volatile aroma 

compounds and reduced head rice yield. Limitations in existing equipment restrict 

adaptability to newly developed cultivars with diverse physical and biochemical properties 

(Archana et al., 2022). 

Challenges in Storage and Post-Harvest Loss determinations 
Post-harvest losses arising from insect infestation, fungal growth, and moisture migration 

remain significant engineering concerns. Temperature gradients within bulk storage can 

cause condensation and localized moisture accumulation, promoting spoilage and mycotoxin 

formation. Designing cost-effective, chemical-free storage solutions, including hermetic 

and controlled-atmosphere systems, remains technically challenging, particularly for small- 

and medium-scale operations. 

Challenges in Automation and Digitalization adoption 
Despite advances in digital technology, rice processing exhibits limited adoption of 

automation and sensor-based systems. Real-time monitoring of moisture, grain flow, and 

milling performance is largely absent in small- and medium-scale mills. Moreover, the lack 

of robust predictive models capable of accommodating raw material variability constrains the 

implementation of artificial intelligence and machine learning for process optimization (Shi 

et al., 2023). 
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Challenges in Food Safety and Quality Control Issues 
Ensuring food safety in rice processing is increasingly complex due to pesticide residues, 

heavy metal contamination, and lipid oxidation in rice bran. The absence of inline, non-

destructive quality assessment tools such as near-infrared spectroscopy and hyperspectral 

imaging limits real-time quality control and traceability. 

Emerging Engineering Challenges 

The introduction of climate-resilient and bio fortified rice varieties, which exhibit altered 

amylose content and kernel hardness, introduces additional processing challenges. Existing 

equipment is often unsuitable for these varieties, necessitating process re-engineering and 

equipment redesign. Furthermore, scaling advanced thermal and non-thermal technologies 

from laboratory to industrial scale remains a significant technical challenge (Vinci et al., 

2023). 

Conclusion 
Modern rice processing faces multiple engineering challenges, including non-uniform 

parboiling, kernel fissuring during drying, and high breakage in milling, storage losses, and 

limited automation. Environmental sustainability and food safety further complicate 

operations. Addressing these issues requires integrated solutions such as process re-

engineering, intelligent drying, sensor-based monitoring, and sustainable energy utilization. 

Implementing these strategies will enhance efficiency, product quality, and safety, ensuring 

the rice processing industry meets current and future demands. 
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