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Abstract

In this study, a first attempt is made to investigate the performance of predicted response
surface methodology with support vector regression (PRSM-SVR) and Random Forest
Ensemble (ERF) models when used to predict the yields of biologically active compounds
from red grapes utilizing natural deep eutectic solvents (NADES) based on sugar. The Monte
Carlo simulation was utilized to generate two comprehensive datasets containing large data
points as a result of 40 experimental runs with systematic variations in five operational
parameters including microwave power (700-900 W), temperature (50-70°C), extraction time
(10-30 min), sample mass (0.5-1.0 g), and ramping rate (0.5-2.5°C/min). As a result of these
datasets, we simulated the extraction outcomes for total anthocyanins content (TAC) and total
phenolics content (TPC). In the larger dataset, the PRSM-SVR model showed superior
predictive accuracy, with an RMSE of 0.15 mg/g and a RPD of 2.82 for TAC, and an RMSE
of 0.76 mg/g and a RPD of 1.88 for TPC. Moreover, kernel density estimation showed a better
alignment between the model and actual distribution patterns in the 5000-point dataset,
demonstrating the model's reliability. The study provides a robust foundation for the
development and validation of green extraction technologies and advances sustainable

processing methods in the future by integrating experimental and simulated data.

Keywords: Machine learning, Monte Carlo simulation, Natural deep eutectic solvents,

Microwave-assisted extraction, Green extraction
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