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Abstract: The consumption of wine these days is becoming more common in social gatherings and to monitor the health 

of individuals it's very important to maintain the quality of the wine. For the assessment of wine quality many methods 

have been proposed. We have described a technique to pre-process the “Vinho Verde” wine dataset. The dataset consists 

of red and white wine samples. The wine dataset size has been reduced from a total of 13 attributes to 9 attributes without 

any loss of performance. This has been validated through various classification techniques like Random Forest Classifier, 

Decision tree Classifiers, K-Nearest Neighbor Classifier and Artificial Neural Network Classifier. These classifiers have 

been compared based on two performance metrics of accuracy and RMSE values. Among the three classifiers Random 

Forest tends to outperform the other two classifiers in various measures for predicting the quality of the wine. 

 

Index Terms: Machine Learning, Optimisation, Data Analytics, Wine dataset. 

 

1.  Introduction 

In the current era of modernization and digitization, the amount of data generated is unbelievably high. Data has 

always been the source of information, when processed in numerous ways and the information so generated can be used 

for making future predictions [1]. With the Internet of Things (IoT) taking over the world, the future of automation is 

going to increase. As in 2012, every day 2.5 exabytes of data had been created [2]. The amount of data processed on a 

day-to-day basis has also increased resulting in reduced efficiency of software’s and automation due to lack of proper 

data management techniques. Thus, data management tools are required for processing large amounts of data and 

extracting the relevant information efficiently [3]. 

Artificial intelligence (AI) and machine learning (ML) has shown rapid growth in recent years in the context of data 

analysis. The new optimized computing techniques typically allow the applications to function efficiently in the real world 

[4]. Machine learning [5], a branch of Artificial intelligence, deals with training a machine according to a particular 

dataset, to use its learning for future decision making.  The trained system can imitate the way human beings learn and 

analyse, gradually increasing their predictive accuracy.  

In the current age of the fourth revolution, the use of machine learning tools has spread across various industries, 

providing accurate decision making and lower processing time [6,7]. There are various applications around the globe that 

use data-driven decision-making such as facial recognition, e-commerce, business intelligence etc. Facial recognition 

means identifying the facial features of a particular person. It helps in identifying a criminal in an offense using CCTV 

cameras [8]. Another application is E-commerce product recommendation where the system recommends a product to 

the customer based on his earlier shopping experience [9]. 

Data analytics [1] can either be predictive, descriptive, diagnosis or prescriptive. Descriptive analysis determines the 

current system state and provides current and previous data in the form of graphical or statistical output [1,10]. To find 

out “Why something is happening” [11] or “Why did it happen”, we need Diagnostic analysis for going  deep  in  data  to 
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search for valuable insights [1,10]. Predictive analysis is invoked when a certain prediction is needed. It can be defined 

as “what will happen?” [11]. Actions recommended on the basis of diagnosis or a prediction [1,10] refers to Prescriptive 

analysis. It says “What action should we take” [11]. It often recommends how to fix or optimize something or how to 

achieve objectives like customer satisfaction, profits, and cost saving. 

Organizations across industries use prescriptive analytics for a range of use cases spanning strategic planning, 

operational and tactical activities. Various OTT platforms use predictive modelling techniques based on machine learning 

to determine what users will love to watch and suggest their choice. It also helps in making customized suggestions for a 

business model.[5]  

Machine learning techniques have been further categorized as Supervised machine learning, Unsupervised machine 

learning, semi supervised machine learning and Reinforcement machine learning. Supervised algorithms such as 

Classification and regression use labelled datasets to train the algorithms that classify data and predict outcome accurately. 

Unsupervised Algorithms use unlabelled data to discover patterns that help in clustering or association problems and have 

Data-Driven Approach. Semi-supervised Models are built using a small amount of labelled data and large amounts of 

unlabelled data. In Reinforcement learning, agents are trained on a reward and punishment mechanism, they are rewarded 

for each correct prediction and move and punished for wrong moves.  

In our paper, we have performed comparative analysis of various classification algorithms using Wine dataset based 

on various performance metrics such as accuracy and RMSE. Our objective was to optimize the size of the dataset without 

affecting the performance metrics. We have used a dataset which consists of two types of wine that is red and white wine 

of Portuguese "Vinho Verde", for predicting the wine quality. We have removed various attributes on the basis of 

correlation, Ranking etc.  

Our paper provides a step-by-step procedure of data pre-processing and we have also applied ANN based model for 

wine quality assessment and comparative analysis which in comparison with other related work is more helpful for a 

beginner level programmer as we have defined a procedure to help them understand pre-processing in a better way 

whereas the current related paperwork does not completely specify data pre-processing techniques.    

 In the next Section, we are giving a brief description about the Wine dataset. Section 3 shares the related work. In 

Section 4, we have identified the various research objectives that we tend to answer through our work. Section 5 gives 

the conclusion and the future work. 

2.  Dataset Description  

Our paper focuses on performing supervised machine learning on the Portuguese "Vinho Verde" wine dataset [Cortez 

et al., 2009]. The dataset can be viewed as a classification or regression task. It contains 6,497 instances with 13 attributes 

each. The Wine quality dataset uses the 12 different attributes of wine to predict wine of a certain “quality “on a scale of 

(3-9) in ascending order. In this dataset there is no data about grape types, wine brand or selling price of the wine due to 

logistic issues. There are only one sensory feature and 11 psycho chemical features present. The various attributes in the 

Wine dataset are float type except the quality attribute that represents an integer data.   

We have done data pre-processing wherein the shape of the dataset came out as (6497, 13), where 6497 are the 

number of rows and 13 are the number of columns. The description of our dataset in terms of count, mean, standard 

deviation, minimum value,1st quartile, median value, 3rd Quartile and maximum value can be seen in Fig.1. It was 

observed that fixed acidity has a minimum value of 3.80 and 75% value of fixed acidity is 7.70 and the maximum value 

came out to be 15.90 which was very high as compared to other values ranging from 3.80 to 7.70. Further, residual sugar 

has a minimum value of 0.60 and 3rd Quartile value as 8.100 and the maximum value was 26.05. The minimum and Q3 

values of free sulfur dioxide are 1.0 and 41.0, respectively and the maximum value being 289.0, which is relatively higher 

as compared to the other observed values. It has been observed that the minimum value of total sulfur dioxide is 6.0 and 

the Q3 value is 156.0, the maximum value being 440.0. Hence, there seems to be some outliers in the dataset. The detailed 

description about the Wine dataset is as shown in Table 1. 

Table 1. Description of Wine dataset 

 
 

To get these attributes within range, we applied outlier detection techniques to help remove the outliers and noisy 

data which then helped the attributes to come within reasonable range as their values would show a large difference 

between minimum value and 3rd Quartile value present in the  dataset.  We have not  considered  remaining  attributes as  



Detailed Study of Wine Dataset and its Optimization 

Volume 14 (2022), Issue 5                                                                                                                                                                       37 

they were within range. Further we have plotted a graph of wine quality vs count through which it is clearly visible that 

that wine quality which is equal to 6 resides in more numbers in the dataset than the rest. 

Next, we discovered that there are some null values in the dataset in the form of noisy data which were then filled 

by mode values of respective attributes. Further in the program we tend to scale the values of all 12 attributes to help 

make the classification and prediction of quality faster and easier, so we applied normalization technique which helped 

to scale the values from 0 to 1 for the columns color, fixed acidity, volatile acidity, citric acid, residual sugar, chlorides, 

free sulfur dioxide, total sulfur dioxide, density, pH, sulphates, and alcohol. Only the attribute quality was not scaled from 

0 to 1 as it had the wine quality ranging from 3 to 9 which is to be considered as constant. 

3.  Related Work 

The wine quality [3] was predicted from physicochemical properties data which was provided by UC Irvine machine 

learning repository. The dataset contains 1599 instances for red wine and 4898 instances of white wine respectively, 

Including 11 features of physicochemical data. The best accuracy attained was 99.5229% from Random Forest classifier. 

Overall, three classifiers were used to classify both red and white quality wine including random forest, k-nearest-

neighbor, and support vector machine. It was also observed that by performing principal component analysis in feature 

selection the accuracy rate of random forest algorithm increased.  

In this paper [12] the author has explained the use of product quality certification by industries to boost their product. 

This is a time-consuming task if done by human beings, so the help of machine learning is taken into consideration. Also, 

it states that better prediction can be achieved if selected attributes are used for classification. The dependency of target 

variable on independent variable is determined and value of targeted value is predicted. For prediction of dependent 

variable linear regression, neural network and support vector machine are used.  

The author [5] presents a comprehensive view on various machine learning techniques such as supervised, 

unsupervised, reinforcement and semi-supervised learning. Various machine learning algorithms from above techniques 

have been used such as Random Forest, Decision Tree, and K- Nearest-Neighbour. In the paper [13], the importance of 

quality of wine for consumption to preserve human health was discussed. Red wine dataset is used as it is observed that 

consumption of red wine has increased. The results are compared among training set and testing set and the best out of 

the three techniques (Random Forest, Support vector machine, Naive bayes) according to the training set results are 

predicted. All the best features from other techniques are merged together for better accuracy and efficiency.  An online 

ensemble approach DDWM (Diversified dynamic weighted majority) [14] to classify new data instances has been 

discussed. An expert in either of the ensembles is updated or removed asper its classification accuracy and a new expert 

is added based on the final global prediction of the algorithm and the global prediction of the ensemble for any data 

instance.  

The author [15] used a wine dataset and a data mining approach to predict human wine taste preferences. Three 

regression techniques such as multiple\linear regression, neural network and Support Vector Machine were used for 

analysis. It was observed that SVM (Support Vector Machine) got the best results, outperforming the various regression 

and classification models. Comparison of various machine learning models [16] such as support vector machine, rigid 

regression and other machine learning models have been done. After comparing their R, MSE and MAPE values, it was 

found that the gradient boosting regressor proved to be the best model with values of 0.6057,0.3741 and 0.0873 

respectively.  

Wine Quality was predicted [17] using a dataset of red wine and white wine using machine learning algorithms like 

naive bayes and decision tree algorithms. The comparative analysis led to the conclusion that classification can help in 

improving the quality of wine during production. The proposed decision-tree based method [18] proved to be better than 

other machine learning models such as LibSVM (Support vector machine), Bayes Net, MultIPerceptron (Multi-layer 

perceptron). The various performance metrics used were Precision, Recall, F-measure, and Accuracy and found that the 

proposed method had the best performance with the values of 60.10, 60.70, 60.30 ,60.66 respectively. A clear roadmap 

[19] was provided about the importance of feature selection for predicting the quality of wine. The author also concluded 

that SA based feature sets performed better than GA based feature sets (Genetic algorithm sets). The best classifier that 

worked best for the feature selection technique was SVM (Support vector machine) compared to other various machine 

learning classifiers with an accuracy range from 95.23% to 98.81%. 

In Random Forest Classifier many decision trees operate as a group. Each individual tree in random forest gives its 

prediction and the class with most no of votes becomes our model’s prediction [20]. This classifier works on parallel 

ensembling [5] and uses the best decision tree classifier from multiple ones, for achieving the best accuracy and minimizes 

over-fitting [21]. It is compatible with classification and regression problems [5]and can be implemented for linear and 

non-linear datasets. 

4.  Research Objectives  

In this section, we have listed various research objectives that have been identified and answered.  

 

Q1. What would be the minimum size of the Wine dataset that needs to be maintained, without affecting its predictive 



Detailed Study of Wine Dataset and its Optimization 

38                                                                                                                                                                       Volume 14 (2022), Issue 5 

performance?  

Q2. Measure the average value of the various attributes that clearly classify the wine as a good quality wine.  

Q3. Measure the Concentration of various attributes in good red and white wine.  

Q4. Which is the best classifier for predicting the Wine quality?  

 

To answer the first research objective, we have generated a heat map which gives us the Pearson correlation 

coefficient value among the various attributes as shown in Fig. 1 (a). As per the literature, the value of Pearson’s 

coefficient determines the type and level of correlation between the various attributes as seen in Table 2. It has been found 

in the heat map that the coefficient value between the attributes- density and alcohol is -0.79 and density and residual 

sugar is 0.71. These values of density-alcohol and density- residual sugar to be more than 0.7, so the density attribute was 

dropped from the dataset. After dropping the density attribute the coefficient value of each attribute was observed to be 

below 0.7 as seen in Fig. 1(b). 

 

 
(a) 

 

(b) 

Fig.1. (a) Heat Map for Wine Dataset before removing Density attribute. b). Heat map for Wine dataset after removing the density attribute
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Table 2. Pearson’s Coefficient value and its interpretation 

Size of Correlation Interpretation 

.90 to 1.00 (-.90 to -1.00) Very high positive (negative) correlation 

.70 to .90 (-0.70 to -.90) High positive (negative) correlation 

.50 to .70 (-.50 to -.70) Moderate positive (negative) correlation 

.30 to .50 (-.30 to -.50) Low positive (negative) correlation 

.00 to .30 (.00 to -.30) negligible correlation 

 

After performing bivariate analysis, we observed that there is some strong relationship between the attributes 

(numeric) and the target variable quality as shown in Fig. 2. We found that some attributes showcase a very strong 

relationship with the target variable. The bivariate analysis showed a sharp decline and incline variation of numeric 

variables. However, it was observed that the attribute “total_sulphur_dioxide” had almost a consistent value with the 

change in quality. Hence, total_sulphur_dioxide can be removed from the dataset.  

We have calculated the p-value for all the attributes considering wine quality as target variable. All the attributes i.e.  

color, volatile acidity, residual sugar, chlorides, free sulfur dioxide, total sulfur dioxide, density, pH and sulphates had p-

value lower than 0.05 as seen in Table 3, proving them to be highly significant. However, citric acid had a p-value of 

0.3478 and fixed acidity had a p-value of 0.3434 that was more than 0.05. Hence, citric acid and fixed acidity proved to 

be highly insignificant to the model and could be removed from the dataset. 

 

 

Fig.2. Bivariate analysis of total sulfur dioxide  

Table 3. P-value of various attributes 

Attributes pvalue 

color 0 

fixed_acidity 0.3434 

volatile_acidity 0 

citric_acid 0.3478 

residual_sugar 0 

chlorides 0 

free_sulfur_dioxide 0 

pH 0.0448 

sulphates 0 

alcohol 0 

 

Finally, we conclude that the most optimum size of the Wine dataset without affecting the actual performance of the 

model is 9 attributes as compared to the original dataset with 12 attributes in total, without comprising the performance 

of the system.  

Further validating our results, we rank the various attributes in our dataset by performing feature importance using 

Extra Trees Classifier [22,23] as shown in Fig. 3. Feature importance [23] calculates the scores of each feature present in 

the dataset. It has been observed that higher the score more relevant is the feature towards the target variable. As seen in 

Fig. 3, the score of color is the least as compared to the other features. However, the color feature is not removed from 

the dataset as it distinguishes the type of wine, either to be red wine or white wine. 

We have tried to optimize the size of the dataset by analysing the performance of Random Forest Classifier (RFC), 

k-NN and Decision Tree classifiers in terms of accuracy [24] and RMSE performance metrics, with variations in the 

number of attributes. As seen in Table 3, fixed acidity has the score of 0.098, so first we check the performance of various 
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classifiers by removing the low scored fixed acidity feature as it has very low relevance in predicting the quality of the 

wine. As shown in Table 4, RMSE [25] value increased from 0.38 to 0.40 for the Random Forest classifier,0.49 to 0.54 

of k-NN, RMSE value of Decision Tree classifier remained unchanged and for Seq_ANN (Sequential model Artificial 

Neural Network) the RMSE value increased from 0.42 to 0.45 which is acceptable. 

 

 

Fig.3. Graphical Representation of scores of each attribute with respect to quality (Target variable).X-axis represents the score 

Apart from the three classifier (Random Forest classifier, K-Nearest Neighbor classifier and Decision Tree Classifier) 

we have also applied Artificial neural network Sequential model on our dataset for a better comparative analysis. We 

have used 3 layers of neural network, The first dense layer had 84 units of neurons and activation function ‘relu’, Second 

dense layer had 14 units of neurons and activation function ‘relu’, and the third layer was output layer with 7 units of 

neurons with activation function ‘sigmoid’. The third output layer had 7 units of neurons because the ‘quality’ attribute 

was divided into 7 categories (ranging from 3 to 9). The input layer parameter was changed subsequently as the number 

of input features changed according to feature selection. For our Sequential model we have used ‘adam’ optimizer and 

loss function ‘categorical_crossentropy’, further we will move towards feature selection and comparative analysis of 

different classifiers and Sequential model (ANN)[26]. 

The removal of fixed acidity resulted in an accuracy change of RFC from 90.08% to 89.79%; and k-NN accuracy 

slightly changed from 86.69% to 86.66%, however accuracy of DT remained unchanged, which is 83.54%, Next for 

Seq_ANN (Sequential model Artificial Neural Network) we saw a slight dip in accuracy from 81.00% to 77.19% which 

is acceptable as seen in Table 5. A decrease of 0.29% in accuracy was observed for Random Forest Classifier and for 

Seq_ANN decrease of 3.81% was observed whereas negligible change was observed in KNN classifier of 0.03%. (9 

attributes).  

Further, the next least relevant attribute was citric acid with a score of 0.099. The removal of citric acid resulted in 

a decrease in accuracy of K-NN, DT, RFC and Seq_ANN as seen in Table 5. The accuracy of DT decreased more 

drastically by 1.44% (from 83.54% to 82.10%). As shown in Table 4, RMSE values for KNN and DT remained the same 

however RFC observed a very minimal decrease of 0.01 (from 0.40 to 0.39) whereas for Seq_ANN the accuracy 

drastically decreased by 1.73% (from 77.19 to 75.56%) also the RMSE value showcased a similar trend of drastic decrease 

from 0.45 to 0.54. Hence, it was better to maintain this attribute in the Wine dataset. So, the conclusion came that the 

features like total sulfur dioxide, fixed acidity and density were less relevant for the target variable(quality). These 3 

features didn't impact accuracy of the classifiers to a very large extent, without a huge increase in their RMSE values.  

Table 4. RMSE Values after removing attributes.  

S.no Classifiers RMSE(All,12) 
RMSE(10)Removed-Density, Total Sulfur 

Dioxide 

RMSE(9)Removed-Fixed 

Acidity 

RMSE(8)Removed-Citric 

acid 

1 RFC 0.38 0.37 0.40 0.39 

2 KNN 0.49 0.49 0.54 0.54 

3 DT 0.60 0.58 0.60 0.60 

4 Seq_ANN 0.42 0.50 0.45 0.54 

Table 5. Accuracy of the classifiers 

S.no Classifiers Accuracy(All,12) 
Accuracy(10) Removed- Density, 

Total Sulfur Dioxide 

Accuracy(9) Removed-

Fixed Acidity 

Accuracy(8)Removed- 

Citric acid 

1 RFC 90.08 90.14 89.79 89.91 

2 KNN 86.69 87.31 86.66 86.30 

3 DT 83.54 83.61 83.54 82.10 

4 Seq_ANN 81.00 79.52 77.19 75.46 



Detailed Study of Wine Dataset and its Optimization 

Volume 14 (2022), Issue 5                                                                                                                                                                       41 

We have taken 9 attributes in consideration because the accuracy of Random Forest classifier decreased by 0.17%, 

Decision Tree classifier decreased by 1.44% and for k-NN classifier depleted by 0.39% and Seq_ANN depleted by 1.73% 

after removal of the next relevant attribute i.e., citric acid. Whereas for the selected 9 attributes compared with all the 12 

attributes the accuracy of Decision tree classifier remained the same, for k-NN classifier depleted by 0.03%, for Random 

Forest Classifier it depleted by 0.29% and for Seq_ANN it depleted by 3.81%. Hence, we concluded that KNN, DT and 

RFC perform better with 9 attributes, and further removal of more attributes results in decrease in the accuracy of all three 

classifiers and Seq_ANN (Sequential model Artificial Neural network). 

Next, we answer the second research objective here. The quality of wine above 6 is considered as good quality wine. 

We eliminated all the tuples having wine quality value less than 7 and calculated the descriptive statistics of all the 

attributes. The mean value, standard deviation, minimum and maximum value for the selected 9 best attributes is shown 

in Table 6. 

Table 6. The descriptive statistics for the selected 9 attributes  

 
 

Next, we answer the third research objective hereto get the measure of the concentration of the various attributes in 

red and white wine, we generate 3D visualization of a Violin Plot [27] as seen in Fig. 4. A violin plot describes the kernel 

density estimation [27,28] of each attribute with respect to the quality of red and white wine. A violin plot is a combination 

of a box plot and kernel density plot [28], which shows peaks in the data. It is used to visualize the distribution of 

numerical data. In fig. 4, we observe that the concentration of white wine is more for quality 3 to 6 as compared to red 

wine. Moreover, the frequency of red wine of quality 9 is zero that is why in each violin plot where the quality is 9 there 

is no red wine concentration. The concentration of each attribute in white wine and red wine is determined by using the 

kernel density estimation. Further a comparison of both (red and white wine) concentrations is represented in the form of 

a violin plot for wine qualities (ranging from 3 to 9). These graphs clearly depict the concentration of selected 9 attributes 

with respect to wine quality, that are required to make a wine quality good. Further, wine quality which is greater than 6 

is considered to be good quality wine and wine quality between 3-6 is considered as low quality or poor-quality wine. 

As seen in Fig. 4. (b), concentration of pH in red wine is more as compared to white wine, between wine quality 3 

to 6. Moreover, the concentration of red wine was more than that of white wine. Similarly, in the wine quality between 7 

to 9(considered as good quality wine) the red wine still dominated. For Wine quality 9 red wine does not exist in the 

violin plot because of the absence of red wine in wine quality number 9 as shown in Fig. 4(a). As shown in Fig. 4(c), 

concentration of free sulfur Dioxide in low quality red wine (3 to 6) is less as compared to low quality white wine (3 to 

6). For Quality between 7-9 (considered as good quality wine) the concentration in white wine dominates red wine. The 

concentration of residual sugar is much higher in both low-quality white wine (3 to 6) and good quality white wine (7 to 

9) as compared to red wine as shown in Fig. 4(d). As seen in Fig. 4(e), the concentration of Sulphates in low quality red 

wine (3 to 6 wine quality) is more than the concentration low quality white wine but as we move further towards good 

quality wine (7 to 9 quality) the concentration in red wine increases and the white wine remains the same. 

The concentration of chlorides in quality 3 to 6 (considered as low quality wine) white wine is less than red wine 

(quality 3-6) and  as we see when the quality improves( quality 7-9) concentration  of red wine is dominated in good 

quality red wine(7 to 8) as shown in Fig. 4 (f).The concentration of Volatile acidity in low quality red wine  (quality 3 to 

6) is much higher than the volatile acidity in low quality white wine(3 to 6) and as the quality improves that is in quality 

7 to 9 the concentration of volatile acidity is still dominated by red wine as seen in Fig. 4(g). A seen in Fig. 4(h), the 

concentration of alcohol in low quality white wine (quality 3 to 6) is more than low quality red wine (quality 3 to 6) but 

as quality improves (quality 7 to 9) the concentration of alcohol increases in both red and white wine and alcohol 

concentration becomes higher in good quality red wine (quality 7-9). As seen in Fig. 4(h), the concentration of alcohol in 

low quality white wine (quality 3 to 6) is more than low quality red wine (quality 3 to 6) but as quality improves (quality 

7 to 9) the concentration of alcohol increases in both red and white wine and alcohol concentration becomes higher in 

good quality red wine (quality 7-9). The concentration of citric acid as seen in Fig.4(i) for wine quality between 3 to 6 

(considered as low-quality wine) is observed higher in white wine as compared to red wine but as we move further towards 

good quality wine (quality 7-9) we can see that concentration of red wine is dominated over white wine.
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Fig.4. (a) The following figure depicts the number of each quality wine present in the dataset, yellow bar depicts white wine and red bar depicts red 

wine. It is clearly evident that in Quality 9 red wine is not present in our dataset 

 

Fig.4. (b) Concentration of pH 

 

Fig.4. (c) Concentration of free sulfur dioxide 

 

Fig.4. (d) Concentration of residual sugar
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Fig.4. (e) Concentration of sulphates 

 

Fig.4. (f) Concentration of chlorides 

 

Fig.4. (g) Concentration of volatile acidity 

 

Fig.4. (h) Concentration of alcohol
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Fig.4. (i) Concentration of citric acid. 

Table 7. Descriptive analysis of figure 4 representing the concentration of attributes in wine quality ranging from 3 to 9. High quality white wine ranges 

from 7 to 9 because the white wine falls in quality 9 and good quality red wine ranges from 7 to 8. 

Attributes 
Concentration in low 

quality red wine (3 to 6) 

Concentration in low 

quality white wine (3 to 6) 

Concentration in high 

quality red wine (7 to 8) 

Concentration in high 

quality white wine (7 to 9) 

pH high low similar similar 

free_sulfur_dioxide low high low high 

residual_sugar low high low high 

sulphates high low high low 

chlorides high low high low 

volatile_acidity high low high low 

alcohol low high high low 

citric_acid low high high low 

 

Hence, we conclude that the concentration of Ph, Sulphates, Chlorides, Volatile acidity, Alcohol and Citric Acid is 

more in good quality red wine whereas the concentration of Free sulfur Dioxide and Residual Sugar is more in good 

quality white wine as compared to red wine 

Now answering the last research objective. According to the results depicted in Table 8, we can clearly see that 

“RFC” (Random Forest Classifier) shows the best performance with the highest accuracy i.e., 89.79% (for selected 9 

attributes) as compared to the other three classifiers i.e., Decision tree classifier, k-nearest neighbor classifier and 

Sequential Model (ANN classifier). RFC shows a lower RMSE value than the other three classifiers, 0.40. Decision tree 

classifier has an accuracy of 83.54% and RMSE value of 0.60 whereas Sequential Model has accuracy of 77.19% and 

RMSE value of 0.45. Similarly, k-nearest neighbor classifier has an accuracy of 86.66% and RMSE value 0.54 which 

was showing lower performance as compared to Random Forest classifier. 

Table 8. Accuracy performance for various classifiers  

S.no Classifiers Accuracy for selected 9 attributes RMSE for selected 9 attributes 

1 RFC 89.79 0.40 

2 Knn 86.66 0.54 

3 DT 83.54 0.60 

5.  Conclusion 

We have used a dataset which consists of data of two types of wine that is red and white wine of Portuguese "Vinho 

Verde", for predicting the wine quality. Pre-processing on the dataset was done using heatmap for observing Pearson 

coefficient value of each attribute with others. It was observed that “density” had a coefficient value of more than 0.7, 

with attributes “residual sugar” and “alcohol” which is considered as insignificant, so we removed the attribute “density”. 

Next, we applied Bivariate analysis after which we found that there exists a strong bond between our dataset numeric 

variable(attributes) and target variable(quality), Hence we eliminated one feature that had a minimum deviation 0.05% 

with our target variable(quality) the selected attribute was “total sulfur dioxide”. Further, using feature selection and extra 

trees classifier was used for ranking our attributes from least to most significant according to their ranking scores. The 

first least significant variable was “Fixed acidity”. The dataset size was reduced and optimized the performance of our 

model. For the selected final 9 attributes along-with quality being the predicted attribute, the accuracy of KNN classifier 

is 86.66% and RMSE value is 0.54, whereas the accuracy of Decision Tree Classifier is 83.54% and RMSE value is 0.60, 

Sequential model (ANN) has accuracy of 77.19% and RMSE value of 0.45. The best classifier turned out to be Random 
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Forest Classifier with accuracy of 89.76% and RMSE value of 0.40.  

Looking towards the future, our methodology and techniques can be used to shorten wine datasets of similar type. 

Moreover, we can use our method for pre-processing any dataset using the combination of our technique by implementing 

bivariate analysis, correlation, and ranking. 
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