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Abstract

In today’s world, new food safety concerns emerge and develop on a regular basis, and antimicrobial food resistance is challenged
by changes in the environment, food production, and transportation, as well as new and emerging diseases. As travel and trade
have grown, international pollution has become more prevalent. The Hazard Analysis Critical Control Points system is a globally
recognized food safety system. This technique allows potential dangers in the food manufacturing process to be identified and
controlled. By continuously monitoring and managing each of the essential control points when it comes to food production,
the program focuses on preventing possible dangers. According to an increasing number of papers and studies in the food
sciences addressing topics like authenticity, contamination, deception, nature, and record-keeping of foods, including the rising
use of instrumental methods, principal component analysis (PCA) is by far the most common approach in data analysis and
interpretation. In conclusion, the PCA program delivers two essential elements: loadings and scores. The loadings indicating
which factors are significant in explaining patterns in sample grouping, and the scores offer a sample location.
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Practical Application: In today’s world, new food safety concerns emerge and develop on a regular basis, and antimicrobial food
resistance is challenged by changes in the environment, food production, and transportation, as well as new and emerging diseases.
Astravel and trade have grown, international pollution has become more prevalent. The Hazard Analysis Critical Control Points
system is a globally recognized food safety system. This technique allows potential dangers in the food manufacturing process
to be identified and controlled. By continuously monitoring and managing each of the essential control points when it comes
to food production, the program focuses on preventing possible dangers. According to an increasing number of papers and
studies in the food sciences addressing topics like authenticity, contamination, deception, nature, and record-keeping of foods,
including the rising use of instrumental methods, principal component analysis (PCA) is by far the most common approach
in data analysis and interpretation. In conclusion, the PCA program delivers two essential elements: loadings and scores. The
loadings indicating which factors are significant in explaining patterns in sample grouping, and the scores offer a sample location.

1 Introduction

Food safety hazards refer to factors that may potentially
damage or endanger food safety and quality, including
biological, chemical, and physical hazards, which pose risks
to human health and life safety. Once the food contains these
hazard factors or is contaminated by these hazard factors, it
will become potentially hazardous foods, especially foods that
may have microbiological hazards (Bouzembrak & Marvin,
2019; Lehel etal., 2021; Omari et al., 2018; Molajou et al., 2021).
International pollution has become more likely as travel and
trade have expanded. Food safety is becoming increasingly
globalized, and the need to reinforce countries’ food safety
systems is more pressing than ever. Food that is safe to eat
contains no microbiological, chemical, or physical pollutants
during transportation, preparation, or storage and does not make
people sick. Food safety is ensuring that the food we eat is fully
safe and free of microbial, parasite, and chemical contamination
(Birawida et al., 2018; Flynn et al., 2019; Panghal et al., 2018; van
der Fels-Klerx et al., 2018; Pouladi et al., 2020). The importance
of food safety has been emphasized to the point where the World
Health Organization began a campaign in 2015 to encourage
better food safety from farm to fork. With the advancement

of technology, the use of chemicals, pesticides, antibiotics,
and hormones in food production has expanded substantially
in developing countries, resulting in irrefutable impacts on
human health and the prevalence of numerous diseases. Food
safety, according to activists, is achieved when all members of
a community have constant access to food, both physically and
financially, to ensure that they get the nourishment they need
to live a healthy and productive life. Food security is one of
the four dimensions of food safety: “availability, accessibility,
usability, and sustainability” The importance of food security is
demonstrated by the fact that 600 million people (or one out of
every ten people) get sick each year from eating contaminated
food, and the World Health Organization reports 420,000 fatalities
due to contaminated food each year (Fritsche, 2018; Jaffee et al.,
2018; Omari et al., 2018; World Health Organization, 2019;
Weinroth et al., 2018; Elsheikh, 2020; Singh et al., 2020). It turns
into. The World Bank research, on the other hand, estimates
that compensation costs for unhealthy food consumption in
low- and middle-income nations are around $95 billion per year.
This data emphasizes the growing importance of natural human
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rights in terms of food safety and the need for governments to
pay attention to these rights to protect them.

Food safety refers to the requirement that food be prepared
and consumed in accordance with current standards and
not be detrimental to human health in any way. Food safety
management system means an organization associated with the
food chain to sanitation standard operating procedures (SSOP),
hazard analysis and critical control point (HACCP) system,
good manufacturing practices (GMP), and Codex Alimentarius
Commission (CAC) integrated into the management elements
required by the organization, and the management system
and behavior that put consumer food safety as the focus. Food
safety management standards are guidelines for identifying
and monitoring food safety organizations. Other management
standards, such as ISO 9001, are used in conjunction with
these controls. Meanwhile, ISO 22000, which is applicable to
all producers, assists in the manufacture of dependable goods
by establishing a trustworthy layer in the global chain of food
production. The standards for a system to ensure food safety are
outlined in ISO 22000 (Panghal et al., 2018; Silva et al., 2016). ISO
22000 serves as a road map for demonstrating an organization’s
ability to control food safety threats and assure food safety. This
map can be used by any organization that participates in the
supply chain, regardless of its size or location. Although there
may be differences in the specific details of each system, each
system will have a lot of content that meets its own specific
purpose or scope of application. FSSC 22000, BRC, SQF, and
IFS are still the most comprehensive, and there will be a detailed
comparison and introduction below (Table 1) (Bomba & Susol,
2020; Sansawat & Muliyil, 2011; Soares et al., 2015).

The ideas of the Hazard Analysis and Critical Control Point
(HACCP) system, as well as application processes created by the

Table 1. Major global food safety standards.

Codex Alimentarius Commission, are incorporated into ISO
22000. Hazard analysis is an effective key to conduct a hazard
analysis food safety management system to aid the company
in establishing an effective control measures combination of
knowledge required, thanks to the auditable requirements, which
combine the HACCP plan and the preparatory program. All
hazards required by ISO 22000, including those linked to the
types of processes and equipment utilized, identification, and
assessment, are reasonably expected to arise in the food chain
(Figure 1) (Reilly & Kaferstein, 1997).

The HACCP system is an internationally recognized and
accepted food safety assurance system, mainly for the safety
control of microbial, chemical, and physical hazards in food. The
Food and Agriculture Organization of the United Nations and the
World Health Organization began to strongly recommend this
food safety management system in the late 1980s. The HACCP
system consists of the following seven principles:

1. Conduct hazard analysis and determine control measures;
2. Determine critical control points (CCPs);

3. Establish critical limits for CCP;

4. Establish a monitoring system for CCP;

5. Establish corrective measures to be adopted when monitoring
shows that a particular CCP is out of control;

6. Establish verification procedures to confirm the effectiveness
of the HACCP system;

7. Establish a file system related to the above principles and all
procedures and records in their application (National Advisory
Committee on Microbiological Criteria for Foods, 1999).

Requirements IFS SQF BRC FSSC 22000
Food safety Quality and Food Food safety management Food safety and quality Food safety management system
management system Safety Management system, document control, ~ management system

System and records
Responsibilities of

senior management

Resource management
training

Planning and

production process

Specification and product
development to achieve

Management commitment

Management responsibility,

Senior management
commitment and continuous

Management responsibility

improvement

Personnel Resource management
Food safety and quality Food safety planning and
management system, product realization

control

product safety
Food defense, Food defense, purchase, and
procurement, product  service, food safety plan
development

Verification, corrective
and preventive actions,
equipment calibration

Measurement, analysis,
and improvement

Supplier and raw material
approval and performance
monitoring, product design, safety
Internal audit, corrective and
preventive measures, calibration

Management of purchased
materials, product information,
food defense

FSMS approval, verification, and
improvement

Good operation Resource management,

Identity retention products,

Site standards, product control,

Product safety planning and

requirements planning, production  product ID, traceability and  process control, personnel realization, ISO/ TS22002-1
process withdrawal, basic principles prerequisite program requirements
of food safety
Hazard Analysis Product safe Specification and product Product safety planning and
and Critical Control ty development to achieve Food Safety Plan_HACCP implementation, FSMS approval,
. management P .
Point (HACCP) product safety verification, and improvement
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Figure 1. HACCP definition.

One of the most basic points in the HACCP standard can
be summarized as hazard risk assessment and identification
of critical control points, as well as preventive measures taken
against these hazards. The HACCP standard is a set of conditions
and systems used to assess the risks that may occur during the
food transportation process from the production and food use
stages. HACCP is essentially a risk management tool used to
manage food safety risks. The HACCP system allows you to
detect hazards and implement control measures, enabling you to
manage the entire supply chain during the production process.
The HACCP plan complies with the requirements of the Codex
Alimentarius Commission (CAC) established by the World
Health Organization and the Food and Agriculture Organization
of the United Nations, which brings together international food
standards, regulations, and guidelines to ensure fair trade. It
can also be used to support the requirements of management
standards, such as ISO 22000 food safety management.

HACCEP is a globally recognized food safety standard that
provides food safety against chemical, microbiological and physical
risks. In order to ensure the safety of food using HACCP, the
purpose is to ensure that critical control points and preventive
measures are applied in hazardous and high-risk areas and
prevent or maybe evaluate at various stages of production. The
HACCP system allows organizations to analyze the hazards that
affect food safety; it enables them to concentrate on the system
identification of critical control points and the implementation
of critical control limits in the food production process (Kohl,
2020; Trafialek & Kolanowski, 2017).

Its risk management activities include:

« Risk assessment;
o Risk management option assessment;
« Executive management decisions;

« Monitoring and review.

In the food field, HACCP has:

o Correctness: In the food and beverage industry, through
the use of HACCP, any food safety goals set by the
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(International) Food Code Committee or the National
Risk Prevention Manager can be ensured;

« Preventive: Hazard analysis can clearly identify and
control potential hazards to prevent harm to consumers
(Fayaz et al., 2020; Liu et al., 2021).

The HACCP system has huge potential advantages, the
most important of which is the obvious improvement in food
safety performance and a higher degree of assurance in terms
of legality. The ultimate goal of the HACCP system is to ensure
food safety by identifying and controlling food safety hazards
rather than through inefficient and negative quality control.
HACCEP certification allows companies to achieve the following:

« Provide customers with confidence and prove that food
is produced through safe processes;

o Prove that all reasonable precautions have been taken;

o Ifthe country where the customer is located has strict food
safety legislation, allow the customer to request certification
and evaluation of the supplier;

o Reduce the number of audits required by customers,
saving cost and time;

o Reduce waste and product recalls;
« Improve relations with food safety authorities;

« Improve efficiency.

This certification can help companies communicate more
effectively with stakeholders and other relevant parties. It can
also show the company’s food safety commitments under the
requirements of corporate governance, corporate responsibility,
and financial reporting (Zimon et al., 2020). ISO 22000 is an
internationally recognized standard that integrates the ISO
9001 approach to food safety management with HACCP to
assure food safety at all levels, as we previously stated. All
countries are concerned about food safety, which is why ISO
22000 certification provides a guarantee of food safety. As a
result, ISO 22000 is accepted in a wide range of countries. This
control union certification standard establishes a globally valid
certification for food chain categories such as food production,
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feed production, storage and distribution, and packaging and
packaging materials manufacture.

2 Material and methods

PCA is a statistical technique that allows you to look at so-
called multivariate data (data with several variables). Each variable
can be thought of as a distinct dimension. If your dataset has more
than three variables, it may be challenging to view the data in a
multidimensional “hyperspace” The principal component analysis
is a technique for extracting and visualizing relevant data from a
multivariate data table. PCA condenses this data into a few new
variables known as principal components. These new variables are
the result of a linear combination of the old ones. The number of
original variables is less than or equal to the number of primary
components. The overall variance or inertia included in a dataset
corresponds to the information contained in it. The goal of PCA is
to find the directions (i.e., principal axes or principal components)
where the data has the most variation. To put it another way, PCA
lowers the dimensions of multivariate data to two or three main
components that may be graphically represented while preserving
as much information as feasible (Granato et al., 2018; Lever et al.,
2017; Naik, 2017). Experience has shown that feature conversion
in the form of the PCA method often leads to increased learning
model accuracy. But this method also has limitations. The limitations
of the PCA method include the following (Stewart et al., 2014):

o The data set is assumed to be a linear combination of
specific bases;

o Assume that variance is the main characteristic;

o Assume that mean and covariance are probabilistically
reliable;

o Theresulting principal components have conceptually nothing
to do with the primary features that have replaced them.

The latter limitation prevents the use of PCA in some data
mining models, such as the decision tree, which can also lead
to analyzable rules. Because the main components extracted

original data space

Gene 3

Gene 2 Gene 1

from the data set are, in fact, extracts and summaries of all the
features of the original data set, it is not possible to say which
feature of the data each one is conceptually related to.

The basic component analysis is a method of extracting
relevant variables out of a wide range of variables in a collected
data. Baseline component analysis takes a high-dimensional
collection of characteristics and pulls a low-dimensional
feature set to help capture more data using fewer variables
(Eriksson et al., 2006; Glindogdu et al., 2019; Malla & Brewin,
2020; Corches et al., 2020; Schroeder et al., 2020; Kumar et al.,
2020; Anil & Bhat, 2020). In this way, data visualization also
becomes more meaningful. The essential component analysis
is more useful when dealing with data with three or more
dimensions. The essential component analysis is always applied
to the covariance or correlation matrix. This means that the data
must be numerical and standardized. It was due to the fact that
the major estimates could have varying scales. A data collection
with variables in light-years, kilometers, gallons, and other sorts
of units is an example. This is obvious that the variance of such
parameters would be significant. When PCA is performed on
non-normalized data, excessively significant loads are generated
for widely varying variables, which might lead to the underlying
component’s dependency on widely varying variables, which is
incredibly problematic.

Choosing a selection of predictions that include the most
information about the data could be a good technique. This makes
it possible to plot the data scatter diagram in smaller dimensions.
The principal component analysis approach is used to map
high-dimensional (3-dimensional) data to lower-dimensional
(2-dimensional) data, as seen in Figure 2. Each dimension in the
new space is a linear combination of the number of predictions
(predictor variables) key features.

3 Results and discussion

Sensory evaluation and consumer research have played an
important role in the development of food science and industry.
This is important to understand the relationship between food
characteristics on the one hand and consumer acceptance and

component space

Figure 2. Reduce data dimensions using the basic component analysis method.
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buyer behavior on the other. Sensory evaluation studies generate
extensive data. Therefore, without using data analysis methods,
it is not possible to fully understand these studies and achieve
practical results. Therefore, the analysis and interpretation of the
results of sensory evaluation of food with the help of statistical
software have become one of the most important topics in recent
years in the food industry and food industry research. Scientific
and technical support is needed to analyze and interpret sensory
data performed by experts, sensory evaluators, or consumers,
and this is important because of achieving reliable and repeatable
results. In sensory evaluation laboratories, in addition to training
sensory evaluators and monitoring and supervising their
activities (sensory judgments), training in the use of computer
skills should also be considered.

Over the past two decades, statistics and math experts have
developed a number of software tools for easier use by users.
For this purpose, statistical software has been used to ensure
product quality control and analysis and interpretation of sensory
evaluation results. The main advantage of this software is that
the outputs of different statistical calculations can be displayed
graphically. The principal component analysis (PCA) method
is one of the models studied in statistical software used to
analyze multiple indicators, measurement, and recognition of
complex structures, and data reduction. This method, especially
when the dimensions of the data and the composition of their
structure The purpose of this article is to introduce the principal
component analysis method as the most important statistical
method used in the analysis of sensory data and the basic criteria
for interpreting this data based on the author’s expertise and
scientific research published by him and with An in-depth look
at the authoritative scientific sources for the use of students and
researchers has been written. Providing practical examples, the
criteria for interpreting these diagrams are discussed in detail.

The correct interpretation of sensory data is the most
important challenge for the food industry and research sector.
Sensory data sets of their kind have tens/hundreds of columns
and rows that require statistically valid methods to interpret
them. These methods should be able to extract the most
important information and present the results in a way that
the user easily understands. The principal component analysis
is the most important of these methods. Multiple data analysis
plays an essential role in information analysis. Multiple datasets
contain many states or variables for each observation. If there
are n variables in each dataset, each variable can have several
dimensions. Due to the fact that multidimensional space is often
difficult to understand and visualize, the principal component
analysis (PCA) method reduces the dimensions of all observations
based on similar indicators and classifications. It is used in all
analytical forms, from neural network science to computer
diagrams. It is an easy and non-parametric method for extracting
relevant information from a complex data set. The obtained
non-correlated components are called principal components
(PC), which are obtained from special vectors of the covariance
matrix or correlation matrix of the main variables. For a better
understanding of this issue, see Figure 3. This diagram shows
points on the two coordinate axes X1 and X2. To determine the
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PC

Figure 3. Dimension of data in Principal Components.

general direction of the points, an ellipse is drawn to determine
the correlation between the variables.

Of course, the accumulation of a large number of them can
be seen on the main diameter of the ellipse. X1 and X2. The
second component (PC2) is an ellipse along the sub-diameter
that is exactly perpendicular to PC1 and describes the rest of
the changes in X1 and X2. PC1 and PC2 are two new axes to
describe X1 and X2. It can be said that X1 and X2 are linear
combinations of PC1 and PC2. The principal components can
be calculated using the main data set, the covariance matrix, or
the correlation matrix. In general, the main application of the
principal component analysis method is to reduce the number
of variables and find the structure of communication between
variables, which is, in fact, the classification of variables.

In the sensory evaluation of food, PCA provides a way to
visualize the relationship between the product/sample and its
sensory characteristics/traits. In fact, PCA is used to create
a simplified view of a multidimensional data set. The data
set becomes smaller data due to the correlation of the main
variables, and as a result, the main components are formed.
Each principal component is a linear combination of principal
variables. The maximum amount of variance of the data is in
the principal component 1 (PC1) and then in PC2 and PC3,
respectively. The principal components are not correlated. For
a better understanding of the subject, see Figure 4.

If we want to convert the left diagram drawn from certain
data such as product and taste to PCA; The diagram on the right
is a new graph that correlates with each point, and each point has
a new size/coordinate. Axes have no physical meaning in PCA.
They are a combination of indicators/variables (such as product
x taste), which, as mentioned, are called the main components.
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Figure 4. Changing data to PCA plot.

4 Conclusion

Food insecurity in a country or society has no clear explanation.
Political, economic, social, and environmental factors are all factors
that contribute to the problem. Poverty, conflicts, corruption,
national policies, environmental degradation, trade barriers,
insufficient agricultural development, population growth, low
levels of education, social and gender inequalities, insalubrity,
cultural insensitivity, and natural disasters are all factors that
can contribute to food insecurity in a country. More recently,
a global increase in the price of grains has pushed numerous
towns into this predicament, which was caused by a shortage of
finances to purchase essential meals rather than a fall in overall
food production. Food safety refers to the study, preparation,
and storage of food that has the least risk of diseases caused by
microbial, physical, and chemical contamination. The main goal
of food safety is to prevent food contamination and poisoning.
Food safety is a global concern that covers various areas of daily
life. Unsafe foods contain harmful bacteria, viruses, parasites, or
chemicals that cause more than 200 diseases, including cancers.
According to the World Health Organization (WHO) statistics
in 2017, about 600 million people (approximately one in ten
people worldwide) die after eating contaminated food. Diarrhoea
is the most common disease caused by the consumption of
contaminated food, with 230,000 people dying from the disease
each year. At any stage of production, packaging, transportation,
distribution, and even food consumption, there is a possibility
of contamination. One of the major and most common of these
contaminants is chemicals and pesticides, and herbicides used
on farms when crops are grown to control agricultural pests and
diseases. The most common contaminants that threaten food
safety are Pathogens such as bacteria, viruses, and parasites,
Fungal toxins such as aflatoxins, ochratoxins, etc. Heavy metals
such as lead, mercury, cadmium chemical pesticides used in
agriculture, organic residues in the environment, use of antibiotics,
hormones, and additives in food preparation.

Output from PCA
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4.1 Food safety and security challenges

The FAO said in a report that with a population increase to
9.7 billion by 2050, we need 70% more food available to ensure
global food security. Challenges facing food safety include:

Agricultural land restrictions;
o Weather changes;

o Lack of water resources;

« Rising energy prices;

« Increasing the volume of food waste;

Challenges facing food safety include:

« Contamination of food with heavy metals;
« The emergence of new pathogens and toxins;

o Prevalence of hormones and chemical preservatives;

The effect of pesticides on food;

o Lack ofa healthy diet and related diseases (such as obesity,
diabetes, heart disease, infertility, and cancer).

4.2 Solutions
Organic farming
Organic farming is one of the most important and optimal

answers to health, safety, and food security challenges.

Organic farming is a type of agricultural system in which,
without the use of chemical fertilizers, pesticides, chemical
pesticides, growth hormones, and environmental damage,
agricultural products are produced that are healthy and free
from pollution and common diseases.

Food Sci. Technol, Campinas, 42, 2022
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In addition, organic farming maintains the balance of the
ecosystem and provides food security by creating sustainability
and protecting natural resources.

Megatrends

Megatrends are products, technologies, and services that
will change the atmosphere of communities and businesses in
the future.

Here is a brief overview of some of the cloud trends:

Digital food and internet food

3D food printers are among the technological advances in
the food industry that will revolutionize the industry.

With these printers, anyone can be a food producer.

Also, online food sales, which are increasing in many
countries, will solve some of the problems related to food access.

Personalized regimes

In addition to paying attention to nutrients, it is programmed
based on each individual’s personal microbiome (each person’s
unique intestinal microbial flora) and allows it to be manipulated
to prevent or cure related diseases.

Use of nanotechnology

New food packaging methods that rid them of any bacterial
contaminants and toxins, viruses, and chemicals.

Application of whole-genome sequencing technology

In this method, reading the specific genetic information
of each creature leads to accurate identification and diagnosis
of pathogens and reduce and prevents food safety problems.

Advances in food chemical analysis tests

For example, using tests such as mass spectrometry,
specifically and with high sensitivity, can be accurately identified
in terms of quality and quantity, known and unknown toxins
or metabolites in food.

Big data development

Collect and analyze large data on food safety and quality
comprehensively. Everyone in the community can access real-time
information about disease outbreaks at any time and consumer
safety measures online. Also, the analysis of this data provides
good information to large companies active in the field of food
and its safety and security. Given the correlation between the
two concepts of food safety and security, we cannot have food
security and sustainable access to food without food safety. The
issue of food safety and security is a global challenge that is
increasingly affecting developing countries. It should be noted
that this area can provide a good opportunity for innovation
potential of young people and start-ups with the future research
of technologies and development of ideas in the fields of the
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production process, quality control, maintenance, packaging,
and ease of processes. Food access can be effective in solving
most of these challenges in our country.
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