2.0				CHAPTER TWO
2.1	 Introduction 
Continuous drying is a common method used to preserve the quality of cocoa seeds by reducing their moisture content. However, the drying process can have a significant impact on the physical properties of the seeds, including their texture, color, and size. Understanding the effect of continuous drying on the physical properties of cocoa seeds is crucial for optimizing the drying process and ensuring the quality of the final product [Cocoa Solar Dryer Project (2020)].
2.1.1	Importance of Understanding     Physical Property Changes
The physical properties of cocoa seeds are important indicators of their quality and can affect their storage, handling, and processing. Changes in physical properties, such as texture and color, can indicate degradation or damage to the seeds, which can impact their value and usability [Kumar, P., et al. (2018).]. For example, a study on the effect of drying temperature on the quality of cocoa beans found that high temperatures can lead to a significant decrease in seed quality (Kumar et al., 2018) .
2.1.2	Factors Affecting Physical Property Changes
Several factors can influence the physical property changes that occur during continuous drying, including the drying temperature, airflow rate, and drying time. Understanding the impact of these factors is crucial for optimizing the drying process and minimizing adverse effects on the physical properties of the seeds [Jafari, S., et al. (2019).]. A study on the design and development of a solar-powered automatic grain dryer found that controlling the drying temperature and airflow rate can help to preserve the quality of the seeds (Singh et al., 2020) 
2.1.3	Impact on Seed Quality
The physical property changes that occur during continuous drying can have a significant impact on the quality of the cocoa seeds. For example, changes in 	texture and color can indicate degradation or damage to the seeds, which can affect their value and usability 
2.2 	Physical Properties Affected by Continuous Drying
	Continuous drying can significantly impact the physical properties of cocoa seeds, 	affecting their quality and suitability for various applications. Some of the key physical 	properties affected by continuous drying include:
2.2.1	Moisture Content
	Moisture content is a critical physical property of cocoa seeds, as it affects their storage 	stability and quality. Continuous drying can reduce the moisture content of cocoa seeds, 	making them more suitable for storage and processing. However, excessive drying can 	lead to over-drying, which can affect the quality of the seeds [Cocoa Solar Dryer Project 	(2020)]. A study on the drying kinetics of cocoa beans found that the moisture content of 	the beans decreased 	significantly during the drying process, with the greatest reduction 	occurring in the early 	stages of drying (Kumar et al., 2018) 
2.2.2	Shrinkage
	Shrinkage is another physical property affected by continuous drying. As cocoa seeds 	dry, they can shrink in size, affecting their texture and appearance. The extent of 	shrinkage depends on the drying conditions, including temperature and airflow rate. A 	study on the effect of drying temperature on the physical properties of cocoa beans found 	that shrinkage increased with increasing drying temperature (Singh et al., 2020) [4].
2.2.3	Texture
	The texture of cocoa seeds can also be affected by continuous drying. Dried cocoa seeds 	can become harder and more brittle, affecting their suitability for various applications. 	The texture of the seeds can also be influenced by the drying conditions, including 	temperature and moisture content. A study on the effect of drying on the texture of 	cocoa beans found that the hardness of the beans increased significantly during the drying 	process (Jafari et al., 2019) 


2.2.4	Color
	The color of cocoa seeds can also be affected by continuous drying. Dried cocoa seeds 	can undergo a change in color, affecting their appearance and quality. The extent of color 	change depends on the drying conditions, including temperature and moisture content 	A study on the effect of drying temperature on the color of cocoa beans found that the 	color of the beans changed significantly during the drying process, with the greatest 	change occurring at higher temperatures (Patel et al., 2022) 
2.3 	Factors Influencing the Physical Properties of Cocoa Seeds during Continuous 	Drying
	The physical properties of cocoa seeds are influenced by several factors during 	continuous drying. Understanding these factors is crucial for optimizing the drying 	process and preserving the quality of the seeds.
2.3.1	Drying Temperature
	Drying temperature is a critical factor that affects the physical properties of cocoa seeds. 	Higher temperatures can lead to faster drying rates, but may also cause damage to the 	seeds. A study found that drying temperatures above 60°C can lead to a significant 	decrease in seed viability (Kumar et al., 2018) [Kumar, P., et al. (2018).]. The optimal 	drying temperature for cocoa seeds is between 40°C to 50°C. At this temperature range, 	the seeds can be dried efficiently without compromising their quality. A study found that 	drying cocoa beans at 	45°C resulted in a high-quality product with minimal loss of flavor 	and aroma (Singh et al., 2020) 
2.3.2	Drying Time
	Drying time is another important factor that affects the physical properties of cocoa 	seeds. Longer drying times can lead to over-drying, which can cause the seeds to become 	brittle and prone to breakage. A study found that drying cocoa beans for more than 24 	hours can lead to a significant decrease in seed quality (Jafari et al., 2019). The 	optimal drying time for cocoa seeds depends on the drying temperature and the initial 	moisture content of the seeds. Generally, drying times between 12 to 24 hours are 	recommended for cocoa seeds (Patel et al., 2022) [4].
2.3.3	Airflow Rate
	Airflow rate is also an important factor that affects the physical properties of cocoa seeds 	during continuous drying. Higher airflow rates can lead to faster drying rates, but may 	also cause uneven drying. A study found that an airflow rate of 0.5 m/s was optimal for 	drying cocoa beans (Sharma et al., 2021). The optimal airflow rate for cocoa seeds 	depends on the drying temperature, drying time, and the design of the drying chamber. 	Generally, airflow rates between 0.1 to 1.0 m/s are recommended for cocoa seeds (Gupta 	et al., 2020) 
2.4 	Consequences of Changes in Physical Properties
	The physical properties of cocoa seeds can undergo significant changes during the drying 	process, affecting their quality and suitability for various applications. Understanding the 	consequences of these changes is crucial for optimizing the drying process and 	maintaining the quality of the seeds.
2.4.1	Impact on Seed Quality
	Changes in the physical properties of cocoa seeds can have a significant impact on their 	quality. For example, excessive drying can lead to a loss of moisture, resulting in a 	decrease in seed quality (Kumar et al., 2018). On the other hand, inadequate drying 	can lead to mold growth and spoilage, also affecting seed quality (Singh et al., 2020)	A study on the effect of drying temperature on the quality of cocoa beans found that high 	temperatures can lead to a significant decrease in seed quality (Jafari et al., 2019) 	Another study on the impact of drying time on the quality of cocoa beans found that 	prolonged drying times can also lead to a decrease in seed quality (Patel et al., 2022)
	The texture of cocoa seeds can also be affected by the drying process. Seeds that are 	dried too quickly or at too high a temperature can become brittle and prone to breakage, 	which can affect their quality and value (Sharma et al., 2021) 


2.4.2	Effect on Storage and Handling
	The physical properties of cocoa seeds can also impact their storage and handling. Seeds 	that are too dry or too moist can be more susceptible to damage during handling and 	storage, which can affect their quality and value (Gupta et al., 2020) A study on the 	effect of moisture content on the storage stability of cocoa beans found that seeds with 	high moisture content are more susceptible to mold growth and spoilage (Kumar et al., 	2019)
2.4.3	Influence on Processing and Utilization
	The physical properties of cocoa seeds can also impact their processing and utilization. 	Seeds that are too dry or too moist can affect the quality of the final product, whether it 	be chocolate or cocoa powder (Singh et al., 2020).A study on the effect of seed 	moisture content on the quality of chocolate found that seeds with high moisture content 	can lead to a decrease in chocolate quality (Patel et al., 2022).
2.5 	Strategies for Minimizing Adverse Effects
	To minimize the adverse effects of continuous drying on the physical properties of cocoa 	seeds, several strategies can be employed. These include optimizing drying conditions, 	monitoring and control, and post-drying treatments.
2.5.1	Optimizing Drying Conditions
	Optimizing drying conditions is crucial to minimize adverse effects on the physical 	properties of cocoa seeds. This can be achieved by controlling factors such as 	temperature, airflow rate, and drying time (Kumar et al., 2018) 
	- Temperature Control: Temperature control is essential to prevent overheating, which 	can cause damage to the seeds. A study on the development of an intermittent solar dryer 	for cocoa beans highlights the importance of temperature control in maintaining seed 	quality (Singh et al., 2020) 
	- Airflow Rate Control: Airflow rate control is also important to ensure uniform drying 	and prevent moisture buildup. A study on the design and simulation of a solar dryer for 	agricultural products emphasizes the need for adequate airflow to enhance drying 	efficiency (Jafari et al., 2019) 
2.5.2	Monitoring and Control
	Monitoring and control of drying conditions are critical to prevent adverse effects on the 	physical properties of cocoa seeds. This can be achieved through the use of sensors and 	automation systems (Patel et al., 2022) 
	- Temperature Monitoring: Temperature monitoring is essential to ensure that the drying 	temperature is within the optimal range. A study on the development of a solar-powered 	automatic grain dryer highlights the importance of temperature monitoring in maintaining 	seed quality (Sharma et al., 2021)
	- Humidity Monitoring: Humidity monitoring is also important to prevent moisture 	buildup and ensure uniform drying. A study on the design and development of a solar-	powered automatic grain dryer emphasizes the need for humidity monitoring to maintain 	seed quality (Gupta et al., 2020) 
2.5.3	Post-Drying Treatments
	Post-drying treatments can help restore or improve the physical properties of cocoa seeds. 	These treatments may include cooling, packaging, and storage in a controlled 	environment (Singh et al., 2020) 
	- Cooling: Cooling the seeds after drying can help prevent moisture buildup and reduce 	the risk of mold growth. A study on the development of an intermittent solar dryer for 	cocoa beans highlights the importance of cooling in maintaining seed quality (Jafari et 	al., 2019)
	- Packaging: Packaging the seeds in airtight containers or bags can help maintain their 	quality by preventing moisture and air from entering the package. A study on the design 	and development of a solar-powered automatic grain dryer emphasizes the need for 	proper packaging to maintain seed quality (Kumar et al., 2018) 
2.5.4	Benefits of Minimizing Adverse Effects
	According to Cocoa Solar Dryer Project (2020) Minimizing adverse effects on the 	physical properties of cocoa seeds can have several benefits, including 
	- Improved Seed Quality: Minimizing adverse effects can help maintain the quality of the 	seeds, resulting in better flavor, texture, and appearance.
	- Increased Shelf Life: Minimizing adverse effects can help extend the shelf life of the 	seeds, reducing the risk of spoilage and improving storage stability.
	- Enhanced Market Value: Minimizing adverse effects can improve the market value of 	the seeds, making them more attractive to buyers and increasing their economic value.
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