CHAPTER ONE
1.0	INTRODUCTION
1.1 	Background to the study
Cocoa tree beans (Theobroma cacao L.) are the main raw material for the manufacture of chocolate, cocoa powder, and other cocoa products [Oracz, J.; et al 2020]. Cocoa drying is one of the stages of the post-harvest process; it consists of reducing the water content of the beans from approximately 55% to a range of 6.5 to 7% moisture, which is the desired limit that the beans must contain to avoid the growth of fungi and unpleasant aromas that deteriorate the quality and also to maintain adequate storage conditions, transport, handling, and marketing [Dubón, A.,et al 2016 ]. However, during this process, some structural or chemical changes may occur, which may affect the nutritional or organoleptic properties of the product.
Convective drying is the most commonly used process, and some studies have reported cell destruction that is proportional to the amount of moisture removed. There are other methods such as microwave and freeze-drying, among others, that have been studied, but these methods have presented several disadvantages, such as longer drying time and high energy consumption [Rashid, M.T.;et al 2019]. Some studies have been carried out on different food-type products involving convective drying and parameters such as specific energy consumption (SEC) and energy efficiency [Motevali, A.; et al 2016, Abbaspour-Gilandeh, Y.; et al 2021]. 
A few studies reported these parameters for cocoa but only using solar drying. Simo-Tagne et al. [Simo-Tagne, M.;et al,2022] reported an SEC value between 7 and 15 kWh/kg, while the efficiency was between 9 and 17%. Vásquez-Uribe et al. [Vásquez-Uribe, J.F.; et al, 2024] reported an SEC value of 27,793.90 kJ/kg and an efficiency value of 12.94%.
Bioactive compounds in foods are often referred to as “phytochemicals” because they are naturally in products of plant origin, including carotenoids, phytosterols, polyphenols, and sulfur compounds such as glucosinolates, among others [Cienfuegos-Jovellanos,; et al, 2016]. The beneficial effects of cocoa polyphenols depend on the amount consumed, their bioavailability, and the biological activity of the conjugates formed [Roura, E.; Andrés-Lacueva, C.; et al, 2007]. Cocoa beans and their co-products are a very rich source of beneficial health-promoting compounds, including polyphenols and methylxanthines [Oracz, J.; et al 2020]. The health benefits that have been attributed to their consumption have been found to be attributed to the presence of polyphenols, mainly flavonoids, in cocoa beans and their by-products.
	Flavonoids are the most abundant class of phenolic compounds in cocoa beans and, 	according to the review by [Oracz, J.; et al 2020], include mainly flavan-3-ols, 	anthocyanins, and flavonols. It was also reported that cocoa beans and cocoa products can 	also contain significant amounts of another group of polyphenols, such as phenolic acids, 	stilbenes, and N-phenylpropenoyl-L-amino acids (NPAs), which belong to the family of 	polyphenol/amino acid conjugates. These bioactive compounds are secondary metabol	ites of cocoa that also contribute significantly to the organoleptic properties of cocoa beans 	and cocoa products [Oracz, J.; et al 2020].
	The antioxidant properties of cocoa can be influenced by factors such as genotype, 	agroclimatic conditions, fermentation, drying, and the industrialization process [Pallares-	Pallares, A.; et al 2016]. There are studies that include antioxidant effect assays such as 	DPPH (2,2-diphenyl-1-picrylhydrazyl) free radical scavenging and oxygen radical 	absorbance capacity (ORAC) to evaluate the antioxidant capacity of cocoa and chocolate 	[Othman, A. et al, 2007, Hu, Y. et al, 2016,  Deus, V.L.; et al, 2018]
	There are studies focused on food-type products that report the monitoring of the	 	degradation of bioactive compounds such as total phenolics (TPs) and total flavonoids 	(TFs) as well as antioxidant activity during the drying process of products other than cocoa 	[Rashid, M.T.;et al 2019, Castañeda-Pérez, E. et al, 2012]. The studies on cocoa drying 	were focused on moisture kinetics and the evaluation of TPs in short periods of time; 	however, they did not evaluate antioxidant activity through any method [Kyi, T.M. et al, 	2005 , Teh, Q. et al, 2015, Santhanam Menon, A. et al, 2017, Alean, J. et al, 2016].
	The kinetics of the oxidation reaction of polyphenols during cocoa drying have been 	studied using kinetic equations, working with temperatures between 40 °C and 60 °C and 	relative humidity between 50% and 80% [Kyi, T.M. et al, 2005 ]. It has been observed that 	higher temperature and relative humidity of the drying air can lead to changes in the 	polyphenol residues of cocoa beans due to enzymatic oxidation of polyphenols [Kyi, T.M. 	et al, 2005], but more studies are necessary to understand these changes since cacao bean 	properties are influenced by the variety and edaphic and geographic conditions
	Fourier transform infrared (FT-IR) spectroscopy is one of the most widely used methods 	for analyzing and detecting components of interest during food processing. FT-IR 	spectroscopy has been successfully applied for characterizing a variety of agricultural 	products [Castañeda-Pérez, E. et al, 2012, Amir, M.R. et al, 2016, Prado-Martínez, M. et 	al, 2012]. Furthermore, the use of FT-IR combined with attenuated total reflectance (ATR) 	is a spectroscopic technique that has been widely used as a tool for the study of products 	such as red pepper, coffee cherry pulp, and sugar cane [Castañeda-Pérez, E. et al, 2012, 	Barrios-Rodríguez, Y. et al, 2021, Zara, J. et al, 2017]; it is also a well-established 	analytical technique for rapid, high-throughput, non-destructive analysis of a wide range 	of products such as edible oil types [Socaciu, M.I. et al, 2020] . FT-IR has been used to 	quantify other quality parameters of interest in cocoa, such as fat, nitrogen, and moisture 	content, but for final drying times and for very diverse samples [Veselá, A. et al, 2007]; 	likewise, near- and mid-IR has been used to characterize dried cocoa beans according to 	their geographical origin [Teye, E. et al, 2013];
	 However, the behavior during the process has not been monitored as proposed in this 	study, previous studies have not addressed in detail whether temperature can affect the 	vibrational changes of the bioactive compounds present in Mexican cocoa beans during 	drying or if these changes can also be evaluated through FT-IR, along with their 	relationship with energy consumption during thin-layer cocoa drying. Therefore, the aim 	of this work was to characterize dried cocoa samples by FT-IR spectroscopy and study 	their energy parameters, bioactive compounds (TPs and TFs), and antioxidant activity. In 	this study, the effect of time and temperature was considered during the drying process at 	different temperatures (50, 60, and 70 °C). The data were also analyzed using 	MetaboAnalyst 6.0 software.  To the best of our knowledge, this is the first study developed 	in Mexico on the determination of energy consumption, TPs, TFs, and antioxidant activity, 	complemented with FT-IR-ATR vibrational analysis and multivariate analysis, for the 	cocoa bean drying process.
1.2	AIM & OBJECTIVES
The aim of this study is to investigate the effect of continuous drying on the physical properties of cocoa seeds. While:
 	Specific Objective
To investigate the effect of continuous drying on the moisture content of cocoa seeds
To evaluate the impact of continuous drying on the size and shape of cocoa seeds
To determine the effect of continuous drying on the color and texture of cocoa seeds
To compare the physical properties of cocoa seeds dried using different methods

1.3	PROBLEM OF STATEMENT
Cocoa seeds are a crucial component of the chocolate industry, and their quality is significantly affected by the drying process. Continuous drying is a common method used to reduce the moisture content of cocoa seeds, but its impact on the physical properties of the seeds is not well understood. There is a need to investigate the effect of continuous drying on the physical properties of cocoa seeds to optimize the drying process and preserve the quality of the seeds.
1.4	SCOPE OF THE STUDY
This study will focus on the effect of continuous drying on the physical properties of cocoa seeds. The study will investigate the impact of different drying conditions, including temperature, humidity, and airflow, on the physical properties of cocoa seeds. The study will also compare the effects of different drying methods, such as solar drying and mechanical drying, on the physical properties of cocoa seeds.



1.5	JUSTIFICATION
The study on the effect of continuous drying on the physical properties of cocoa seeds is crucial because it addresses a significant knowledge gap in cocoa processing. Understanding the impact of continuous drying on cocoa seeds' physical properties can improve cocoa quality, enhance shelf life, and increase the economic benefits for cocoa farmers and processors.
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