2.0					CHAPTER TWO
2.1. 	Cocoa Material
The analyses and experiments for this study were conducted on samples of fermented cocoa beans (Theobroma cacao L.) obtained from the “Finca Las Delias” farm located in Rancheria Sur, Primera Seccion, Comalcalco, Tabasco, Mexico, with the following coordinates: 18°13′07″ N 93°14′35″ W, at an altitude of 16.81 m above mean sea level. The plantation farm was mostly planted with the Criollo cocoa variety called “Almendra Blanca”. The cocoa pods were hand-harvested from the trees 24 h before they were split open for the extraction of 600 kg of the wet beans, and the wet beans were then selected by eliminating any type of diseased-like and/or undesired state of physiological maturity. The bean size was not selected under any criteria. The wet beans were placed in three wood fermentation boxes (Cedrela odorata L.) covered with henequen sacks at the farm.
Fermentation was carried out for seven days with mixing starting after 48 h and then every 24 h until the last day of the fermentation process. The temperature in the central part of the fermentation boxes was recorded and reached an average temperature of 48 °C. The drop in temperature levels and a cutting test were considered as final fermentation criteria. The cocoa materials used for drying were randomly collected from the wooden boxes on the last day of the fermentation stage, and two kilograms was used for each test of the drying process.
2.2. 	Drying Experiments and Sample Conditioning
Fermented cocoa beans were convectively dried in a forced air flow oven (Felisa, FE-292ADU, Guadalajara, Mexico) with temperature and air flow control, with the tempered material placed in a thin layer on a metal mesh. Since the morphology of cocoa beans is very irregular, only broken or very small grains were discarded. Drying experiments were performed at temperatures of 50 °C, 60 °C, and 70 °C at an air flow velocity of 2.3 m/s for 24 h. Temperatures between 50 and 70 °C were selected according to other studies [Kyi, T.M.et al, 2005, Teh, Q. et al, 2015, Alean, J.et al, 2016, Páramo, D.et al, 2010, Abhay, S.M. et al, 2016] where these conditions were established as adequate to eliminate volatile compounds, mainly acetic acid, and thus avoid the production of acidic cocoa beans with undesired sensory quality properties. In the present study, the independent variable was the drying temperature; this condition is similar in commercial dryers where only temperature is available as a control parameter. Air flow velocity and ambient air temperature were also controlled in order to remain constant. The relative humidity was not controlled as in most drying studies. Samples were taken at time intervals (0–1400 min) for a total of 15 samples per temperature and were heated to 103 °C for 24 h to a constant weight, and their moisture content was determined by the gravimetric method [AOAC 1980]. Samples were taken starting with the “zero” time, and successive samples were taken at fixed time intervals (30 min, 1 h and 2 h) to cover up to 24 h of drying. Once the drying process reached the final time, the beans were immediately cooled to approximately 20 °C for 10 min. The dried cocoa bean samples were stored in hermetically sealed plastic containers (500 g) at −20 °C for subsequent analyses. Samples were analyzed within 6 to 12 h of storage, and all experiments were performed in duplicate for each drying temperature. Due to the variation in the initial moisture content of the different samples, the drying curves were also expressed in terms of dimensionless moisture (X) for comparison, which was obtained by dividing each value of the dry base moisture by the initial dry base moisture.
The drying rate was estimated from experimental data by fitting an exponential equation represented as Equation (1). These types of models are frequently used to describe drying in fruits and vegetables and have proven to be efficient at the level of dryer engineering and design [Onwude, D.I.et al, 2016] but have limitations in application under the experimental conditions of studies. where Xo, A, and R are the model constants and t is time.
2.3.	 Energy Parameters
The oven used for the drying was started before the experiments until it reached stable conditions, and the energy consumption was continuously recorded using a power quality analyzer (AEMC instruments, Powerpad 8335, Dover, NH, USA). The velocity and temperature of the air flow were recorded using a thermo-anemometer (CEM, DT618, Shenzhen, China), and the ambient temperature was measured with a thermo-hygrometer (CEM, DT321S, Shenzhen, China).
Specific energy consumption (SEC) expresses the ratio of total energy consumption (Ec total) per kilogram of water evaporated from the product. The SEC of cocoa beans processed in a convective dryer can be determined by Equation (2) [Kaveh, M. et al, 2021]:
(2) Mw represents the weight loss (kg), which can be obtained from Equation (3):
(3) where expresses the initial mass and the final mass of the product.
The energy efficiency can be determined by Equation (4) [Ghanbarian, D. et al, 2020]:
The energy required to evaporate moisture ( ) can be calculated by Equation (5)
where is the energy efficiency (%), is the energy (consumed energy) required to evaporate moisture (kJ), is the latent heat of vaporization (kJ/kg), and represents the weight loss (kg). is calculated as a function of absolute temperature (K) and was obtained from thermodynamic tables of saturated water [Cengel, Y.A. et al, 2009].
2.4. 	Preparation of Extracts
For this purpose, dried cocoa beans were manually deshelled before the grinding, sifting, and defatting of the cotyledons; then, 100 mg of defatted cotyledon powder with a particle size of 420 microns was extracted with 10 mL of a hydroalcoholic mixture of 70% ethanol at room temperature for 2 h using an orbital shaker at 200 rpm (Thermo Fisher Scientific, 2346, Waltham, MA, USA). The mixture was centrifuged at 7280× g for 15 min (HERMLE, Z236K, Wehingen, Germany) and filtered. The extracts were kept refrigerated at 4 °C until further use.
2.5. 	Determination of Total Phenolics
The TPs were determined by the Folin–Ciocalteu colorimetric method for hydroalcoholic extracts [12] with slight modifications. An aliquot of 0.20 mL of the extract was mixed with 1.5 mL of Folin–Ciocalteu’s, the solution was allowed to settle for 5 min at room temperature, and then 1.5 mL of 0.55 M sodium bicarbonate was added. After 90 min in the dark, the absorbance of the samples was measured at 725 nm using a spectrophotometer (Thermo Fisher Scientific, UV-Vis Genesys 10S, Waltham, MA, USA). The calibration curve was plotted in the range of 0–0.3 mg GAE mL−1 (gallic acid equivalents).
2.6. 	Determination of Total Flavonoids
The TFs were determined according to the method described by Zhishen, Mengcheng, and Jianming [Jia, Z. et al, 1999] with slight modifications. In a test tube, a 0.20 mL aliquot of the extract was mixed with 0.80 mL of distilled water and 0.15 mL of 5% sodium nitrite solution. After 5 min, 0.15 mL of aluminum chloride solution (10%) was added. At 6 min, 2.0 mL of sodium hydroxide (4%) was added. The solution was supplemented up to 5 mL with distilled water. The absorbance of the final mixture was measured at 410 nm against a target on a spectrophotometer (Thermo Fisher Scientific, UV-Vis Genesys 10S, Waltham, MA, USA). A calibration curve was generated with quercetin from a working solution of 100 μg mL−1 in a range of 0.2–1.0 mg mL−1. The TFs of the extracts were expressed as quercetin-equivalent mg/g sample (mg EQ g−1).
2.7. Determination of Antioxidant Activity
The method proposed by [Shimada et al. 1992] based on the 1,1-diphenyl-2-picryl-hydrazil (DPPH) radical was used to determine the free radical scavenging ability of the extracts. The samples were measured at 517 nm against a blank. Then, 150 µL of the extract was mixed with 1350 µL of DPPH (0.1 mM) in 95% ethanol. An equal amount of ethanol and DPPH were used as a blank (control). The mixture was kept in the dark at room temperature for 30 min. The absorbance of the samples was measured at 517 nm against a blank using a spectrophotometer (Thermo Fisher Scientific, UV-Vis Genesys 10S, Waltham, MA, USA). The DPPH radical scavenging activity was calculated using Equation (6).
2.8. 	Characterization by Vibrational Analysis
Samples of 10 grains per time were used, and they were dried under vacuum (lyophilization) using a Sentry 2.0 freeze dryer (−52 °C for 48 h); subsequently, they were deshelled, ground, and sifted with 20 and 40 meshes to obtain 420-micron powdered cotyledon samples. Vibrational analysis was performed using an FT-IR spectrometer (Perkin Elmer, Frontier, Waltham, MA, USA), coupled with a diamond-tipped attenuated total reflection (ATR) unit, using a 32-scan configuration with a resolution of 4 cm−1 in the spectral region of the range between 4000 and 400 cm−1. Background spectra were obtained from the air after every sample measurement according to the modified method of [Meza-Márquez et al. 2010]. A powdered sample was placed on the glass of the ATR for each sampling time, and a background was executed after each sample measurement. A baseline correction and smoothing pretreatment was performed on all the spectra obtained, using the Spectrum 10.6.2 software of the FT-IR spectrometer (Perkin Elmer, Frontier, Waltham, MA, USA). The generated data were then processed in the Origin 8.5.1 software to assign the main signals. From the kinetics spectral data obtained in triplicate, a matrix was constructed, and a multivariate analysis was performed using the MetaboAnalyst 6.0 software.
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