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Abstract - The quality of dairy is of great importance in the
food industry, as dairy is one of the main sources of
proteins, calcium, vitamins and minerals that the human
body needs. Dairy is found in many products, including
milk, cream, and cheese, the most important of which is
milk. It represents the basic and important element in
people's lives, especially children, because it is an
indispensable source for their growth, building their
bones, and strengthening their bodies. Milk is a perishable
product. Every gram of milk of poor quality or structure
can cause tons of milk to spoil, causing significant financial
losses and can lead to poisoning. Therefore, the quality and
safety standards of this product are essential to ensure the
provision of healthy and safe products to consumers.
Determining the quality of the milk product is crucial for
the purpose of monitoring to reduce potential losses and
damages. The aim of this research is to provide a brief
survey of the methods used in classifying milk quality
using artificial intelligence methods, which include the use
of machine learning algorithms through Identifying the
most important and accurate methods and displaying the
results reached using the known metrics: Accuracy,
Precision, Recall, and F1_score.

Keywords: Dairy Quality, Milk Quality, Artificial Intelligence,
Machine learning.

I. INTRODUCTION

The quality of dairy is of great importance in the food
and nutrition industry, as dairy is one of the main sources of
proteins, calcium, vitamins and minerals that the human body
needs. Dairy is found in a variety of products such as milk,
yogurt, cheese, and their derivatives [1]. Milk plays an
important role in diets around the world, as it is an animal
product that is sold at reasonable prices in most low- and
middle-income countries [2]. Milk production is an important
source of livelihood for small farm owners [3]. The demand
for milk production is increasing to meet the needs of
population growth and in accordance with food safety
standards [4]. Individuals engaged in informal sector
enterprises seek avenues to enhance their businesses by
improving milk quality, ensuring safety, and minimizing
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spoilage. The imperative is to facilitate the delivery of safer
and superior quality milk to markets [5]. Given its perishable
nature, milk poses a unique challenge. Even a small quantity
of subpar or compromised milk can lead to significant
volumes spoiling, resulting in substantial financial setbacks.
The rapid proliferation of millions of bacteria in spoiled milk
exacerbates this issue. Consequently, consumption of such
compromised milk or dairy products may give rise to
situations jeopardizing human health. Dairy quality affects the
nutritional value of dairy products and public health, so
quality and safety standards are essential to ensure healthy and
safe products for consumers [6][7]. With the widespread
developments in technology, there has been a need to use
Acrtificial Intelligent (Al) in the processes of detecting and
classifying the quality of dairy products, as they have an
important role in their usefulness. Therefore, it is very
necessary to monitor the quality of these products produced
and determine them in a short time using these techniques.

The inception of artificial intelligence (Al) dates back to
the mid-twentieth century when Alan Turing envisioned the
possibility of machines exhibiting cognitive capabilities. Since
that time, the field of Al, within the realm of computer
science, has experienced rapid growth. The aspiration to
develop machines with human-level intelligence gained
momentum, guided by the implementation of programs
simulating intelligent behavior [8]. The primary objective was
to design computer systems capable of learning, interacting,
and making decisions within intricate and dynamic
environments. Presently, artificial intelligence has become an
indispensable component of our contemporary daily lives,
contributing significantly across various sectors such as the
economy, industry, banking, homeland security, government,
and more [9]. The field of artificial intelligence includes many
sub-fields including natural language processing, machine
learning, data mining, expert systems, vision systems,
planning and scheduling, robotics, etc. Al continues to evolve
over time and in this field a lot of innovations are being made.
It includes some of the latest inventions and discoveries in the
dairy industry to improve product quality and increase
production efficiency using smart robots, drones, and self-
driving cars [10].
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Figure 1: Fields of Al [10]

Machine learning (ML) is a subset of artificial
intelligence [11]. In machine learning, the required issue is
determined, then a data set is given to investigate and solve
that issue, followed by extracting information that can be used
in making decisions and discovering patterns [12]. The
primary goal of ML is to support intelligent systems to learn a
function by using a set of learning data [9]. ML algorithms are
successfully used in many fields for the purpose of performing
estimation, classification, clustering, etc. operations [13]. The
use of machine learning algorithms in detecting and
classifying food products and knowing the quality of these
products, and this is what attracted researchers’ interest in this
field.

Il. RELATED WORKS

Various studies have been presented recently in the field
of dairy product quality based on machine learning methods.
The researchers presented. The researchers (Xiao et al. 2019)
used three models: the Random Forest (RF) model, the
Logistic Regression (LR) model, and the Adaptive Boosting
(AB) model and conducted tests to find the most appropriate
model to classify the milk data. They used three characteristics
to classify the quality of milk: milk color and its smell and
taste. They showed that these characteristics have the ability to
identify the quality of milk. According to the results they
obtained, the highest success rate was 96.8% using the random
forest algorithm [14].

The researchers (Sambasivam et al., 2020) estimated the
rate of vitamin D deficiency (VDD) by using several machine
learning algorithms: k-nearest neighbor algorithm (KNN),
decision tree (DT), random forest (RF), AdaBoost adaptive
boosting (AB), classifier. Bagging (BC), Extra Trees (ET),
Stochastic Gradient Descent (SGD), Gradient Boosting (GB),
Support Vector Machine (SVM), and Multilayer Perceptron
(MLP) algorithm. These algorithms were applied to data
collected for 3,044 university students between the ages of 18
and 21. According to the results they obtained, the highest
percentage was 96% using the random forest algorithm [15].
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The researchers (Kavitha and Deepa, 2021) presented a
comparative analysis for detecting pure milk from adulterated
milk using several ML algorithms: LR, Naive Bayes, RF,
SVM, and gradient boosting (GB) [16].

The researchers (Frizzarinet al., 2021) used several
statistical machine learning methods to predict the
characteristics of raw cow's milk based on chemical analyses.
It was found that the Model Average (MA) approach was the
best in its ability to predict 6 of the 14 traits examined [17].

The researcher (CELIK, 2022) used a neural network
(NN) and adaptive boosting (AB) to classify milk quality into
three levels (high, medium, low) and used the orange
platform, which is open source and written in Python, as the
platform for the application. According to the results obtained;
The highest classification accuracy was 99.9% using the
AdaBoost algorithm and 95.4% using the neural network
algorithm [18].

Researchers (Zhang et al., 2022) developed an electronic
nose model to distinguish the source of milk, estimate the fat
and protein content of milk, recognize the authenticity and
accuracy of milk and evaluate milk quality. And using three
machine learning algorithms such as LR, SVM, and RF to
build the milk source (cow farm) and evaluate and compare
the classification effects. The results show that the
classification effect of the SVM-LDA fusion model based on
LDA is better than other individual models, as the accuracy of
the test set reached 91.5% [19].

Through studying previous works, it was found that the
quality of milk was not determined as either high-quality or
low-quality milk. We also find that most previous works use
only one, two, or three features in the classification process.
Table 1 presents a summary of previous.

I11. MACHINE LEARNING ALGORITHMS

The aim of this study is to conduct a survey to determine
and classify dairy products using ML algorithms for training
and testing. This research was created to help speed up and
facilitate the process of automatically detecting the quality of
dairy products and knowing whether this quality is good or
bad by building an intelligent system that facilitates the
process of detecting milk quality by creating models based on
ML algorithms. Using ML algorithms to make important
decisions will save effort, time and money, as well as business
efficiency. Below is an explanation of the most important
types of machine learning algorithms that are used to classify
milk quality and estimate the rate of vitamin D deficiency.
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Table 1: Results of previous studies in the field of milk quality assessment

10 farms in
different places

than other
individual models,
as the accuracy of
the test set reached
91.5%.

No. | Researcher Data set Algorithms Metrics Results Notes

1 Xiao et al., | Milk data set 1.Random Forest (RF) Accuracy The highest success | Using three
2019[14] 2.Linear Regression (LR) rate obtained using | characteristics: color,

3.AdaBoost (AB) random forest was | odor and taste of milk
96.8%. to classify  milk
quality

2 Sambasivam | Primary  data | 1.K-nearest Neighbor (KNN) | Accuracy According to the 11parameters were
et al., | containing 2.Decision tree (DT) Precision results they | used to predict the
2020[15] blood vitamin | 3. RF Recall obtained, the | risk of vitamin D

D levels were | 4.AB F1-score highest percentage | deficiency with
collected froma | 5.Bagging Classifier (BC) was 96% using the | specific age groups
total of 3,044 | 6. Extra Tree (ET) RF Random Forest
university 7.Stochastic Gradient Descent algorithm
students aged | (SGD)
18-21 years. 8.Gradient Boosting (GB)

9. Support Vector Machine

(SVM)

10.Multi-Layer  Perceptron

(MLP)

3 Kavitha and | The 1LR Accuracy It turned out that the | Comparative analysis
Deepa, researcher 2. Naive Bayes Precision random forest was | to detect pure milk
2021[16] collected 3.RF the most efficient from adulterated milk

samples of pure | 4.SVM
and adulterated | 5.Gradient Boosting (GB)
milk

4 Frizzarin et | Milk samples | 1.Partial least squares | Accuracy It was found that the | In chemical analyses,
al., 2021[17] | taken from 622 | Regression (PLSR) customized statistical ~ methods

COWs 2. ridge regression (RR) Root mean | approach Model | are considered better
3.least absolute shrinkage and | square error | Averaging  (MA) | than others because
selection operator (LASSO) (RMSE) was the best in its | their results are more
4. Model Averaging (MA) ability to predict the | interpretable and their
5. Neural Network (NN) quality of raw cow's | parameters are less
6.Partial least squares milk for 6 of the 14 | adjustable than other
discriminant analysis attributes. methods.
(PLSDA)
7.RF
8.Boosting Decision trees
9.SVM

5 CELIK, Milk data set 1.NN Accuracy The highest | Using the Orange

2022[18] 2.AB Precision classification platform, which is
Recall accuracy was 99.9% | open  source and
F1-score using the  AB | written in Python, to
algorithm, while it | classify the quality of
was 95.4% using | milk into  three
the NN categories using two
attributes: the pH and
temperature of the
milk.

6 Zhang et al., 1000sets of | 1.LR Accuracy The SVM-LDA | Develop an electronic
2022[19] milk data were | 2. RF fusion model based | nose model to

collected from | 3. SVM on LDA is better | distinguish the source

of milk, estimate the

fat and  protein
content of  milk,
recognize the
authenticity and

accuracy of milk and
evaluate milk quality.
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1) Support Vector Machine (SVM)

The SVM algorithm was designed by Vladimir Vatnik
and his colleagues in the early 1990s [20]. This algorithm is a
directed ML method used in classification, which is based on
statistical learning theory and is used to solve the problem of
data classification and regression control [21]. This algorithm
finds lines or surfaces that separate different classes in a data
set. It seeks an optimal separator level that matches the data's
dimensions for binary classification, categorizing training into
two classes. In the case of more than two classes, the
algorithm employs multiclass SVM [22]. The fundamental
concept of SVM involves constructing an optimal level in a
space to address classification challenges and distinguish
between models. A larger optimal level size enhances
algorithm efficiency and classification accuracy. To establish
the maximum margin, the SVM algorithm creates two parallel
levels on either side of the margin, representing the distance
between them. Consequently, SVM's machine learning
approach is grounded in decision levels, defining decision
boundaries. The decision level acts as a boundary separating
entities with distinct classification affiliations. The SVM
algorithm identifies the optimal level with the largest margin
to separate categories, preventing local disruptions and
ensuring optimal performance [23] [24].
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Figure 2: The ideal level for binary and multiple classification operations
based on the SVM [25]

2) Decision Tree (DT) algorithm

Decision tree is a machine learning technique used to
solve classification and prediction problems. A decision tree is
based on dividing data into different categories or
classifications using a series of binary decisions. The decision
tree operates on a series of if-else statements, organized based
on specific conditions. Illustrated in Figure (3), it comprises
multiple nodes, referred to as leaves. Each leaf undergoes a
test, directing a query through the node's branches. This
process iterates until reaching the terminal leaf, associating a
value with each leaf node in the tree. Emphasis is placed on
constructing the smallest tree by prioritizing key features, such
as organizing samples into groups. Following the initial
attribute's sample splits, the remaining samples yield similar
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decision tree (DT) problems but with fewer samples and one
fewer attribute. These subtrees, with less critical attributes, aid
in managing complexity. A node with a higher sample count
indicates greater complexity, while a homogeneous node
containing samples of one class reduces complexity. Node
objectives include growing trees by consistently striving to
achieve clearer leaf nodes, thereby reducing sample class
complexity [26][27].

___________ [ — )

| Decision Node ~ Sub- Decision Node

: Tree |

: : 7 ' ]

' LeafNode leafNode ' Decision Node Leaf Node
Leaf Node Leaf Node

Figure 3: Decision Tree Flowchart [28]
3) K-Nearest Neighbors (KNN) algorithm

The KNN classifier stands out as one of the most
straightforward and extensively utilized classifiers within
classification algorithms. Originally introduced in 1951 by Fix
and Hodges and subsequently modified by Cover and Hart,
KNN functions effectively for both classification and
regression purposes. The fundamental principle of KNN
revolves around computing distances between tested samples
and training data samples to identify their nearest neighbors.
Subsequently, the tested sample is straightforwardly assigned
to the class of its closest neighbor [29].

In the context of KNN, the variable K signifies the
number of nearest neighbors, playing a pivotal role in this
classifier. The chosen value of K dictates the number of
neighbors influencing the classification outcome. For instance,
when K equals 1, the new data object is assigned to the class
of its nearest neighbor. These neighboring objects are derived
from a set of training data objects with known classifications.
The KNN algorithm seamlessly handles numerical data,
employing distance concepts like Euclidean and Manhattan
distances to classify data objects. Among these, Euclidean
distance is the most commonly used with KNN [30]. The
algorithm'’s flow chart is depicted in Figure (4) [31].
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Figure 4: Flowchart of the KNN algorithm [31]
4) Adaptive Boosting

Adaptive Boosting, commonly known as AdaBoost,
stands as an ensemble learning algorithm crafted to enhance
the performance of weak learners and construct a potent,
precise predictive model. Yoav Freund and Robert Schapire
pioneered its development in 1996. The operational
mechanism of AdaBoost involves the iterative training of a
sequence of weak classifiers on data subsets. In each iteration,
it assigns elevated weights to misclassified instances, guiding
subsequent weak classifiers to prioritize previously
misclassified samples. This iterative procedure persists,
culminating in a final model that amalgamates the individual
weak classifiers into a resilient and accurate ensemble [32].

Salient attributes of AdaBoost encompass its capacity to
adapt to intricate datasets through the assignment of varied
weights to instances based on their difficulty in classification.
Notably effective in handling noisy data and outliers,
AdaBoost finds widespread application in diverse machine
learning domains such as face detection, object recognition,
and bioinformatics. Although AdaBoost may exhibit
sensitivity to noisy data, its overall efficacy lies in its ability to
construct a robust classifier by systematically accentuating the
shortcomings of earlier classifiers, ultimately leading to an
enhanced and more precise model [33].
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IV. CONCLUSION

The importance of milk quality in the food and nutrition
industry makes it important to monitor this quality of milk to
ensure its safety and reduce spoilage in order to contribute to
obtaining safer and higher quality milk in the markets. The
researchers have conducted several studies on multiple models
of milk data and using several intelligent algorithms, including
machine learning algorithms to classify milk quality It was
found that the adaptive boosting algorithm obtained the
highest classification accuracy of 99.9% using the open-source
orange platform written in Python, to classify milk quality into
three categories using two attributes (pH and temperature)
using milk data from Kaggle warehouse. Therefore, we
propose to use other machine learning algorithms on the milk
dataset in order to obtain the highest accuracy in detecting
milk product quality.
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