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Abstract
There is a strong relationship between food poisoning and inadequate personal hygiene of staff in food production. Innovative

food hygiene control methods will be beneficial and effective tools for ensuring high food safety and quality. (Artificial intelligence is
one of the potential tool to control them.) This review summarizes and explain some uses and future potential use cases of artificial
intelligence in some food safety control measurements. Low cost, continuous , objective and real time control may be possible with

artificial intelligence uses in the food industry. Future studies should focus on new usage areas of artificial intelligence control tools

on food industry. However, in this respect we recommend to perform preventive control measurements rather than final product
quality control.
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Introduction
It was reported that approximately 600 million people (one in

ten people in the world) become ill after eating contaminated food
and 420,000 people die each year. Diarrheal diseases which were

hygiene and wrong practices are the most important causes of food
poisoning. It was also stated in the same studies that providing only
education is an inadequate tool in preventing these poisonings.

Often there was a relationship between food poisoning and in-

reported as the most common diseases caused by the consumption

adequate personal hygiene of food industry. In addition, author in-

ing was mostly associated with foods consumed in places such

safety [5]. This situation brings to mind the use of object detection,

of contaminated food result in the illness of 550 million people
and the death of 230 thousand people each year [1]. Food poisonas street food producer, restaurants, buffet, catering etc. It was

stated that poor personal hygiene in food production chain could

increase the risk of food poisoning. Inadequate personal hygiene

contributes food poisoning to 27-38% each year. Poisoning caused
by the consumption of food contaminated with pathogens from the

hands of food workers constitutes 89% of total food poisoning cas-

es [2-4]. In these studies, it has been seen that inadequate personal

dicated that objective evidence showing the hygiene level and food

safety precautions should be kept in food industry to ensure food
deep learning or other artificial intelligence technologies as control

tools to ensure food safety. In this context, controls to be made with
image analyzing by deep learning and artificial intelligence can pro-

vide both objective evidence/data (photos) and provide retrospec-

tive monitoring by reporting. Ensuring that food production under
hygienic conditions is the most important expectation of consum-

ers. It is not possible to use machines in the production of foods
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such as bread, pastry, pastry, dessert, cake, vegetable dishes, meat

appropriate fast, economical, consistent and objective evaluation

Although periodic hygiene and food safety trainings are provided,

controls are time consuming and labor intensive. It was also re-

dishes, salads and manual skills are required. Therefore, those food
handling personnel can play a first-degree contagious role [6,7].

it is important to keep the personnel under constant supervision.
In these cases, the use of artificial intelligence will be able to provide the desired continuous control system. This review is aimed
to present some uses and potential uses of artificial intelligence in
food production and similar areas to help control of food safety.
Artificial intelligence in food safety control

Machine vision is reported to be an automatic, non-destructive

and cost-effective technique for monitoring food quality and safety.
It is stated that the inspection and production approach based on

image processing can be used in a wide variety of food industry and

can be applied in different areas [8,9]. In studies, it has been reported that image processing has the potential to examine and classify

fruits and vegetables, to determine the quality of grain and other
food products such as bakery products, pizza, cheese and pasta,

and to evaluate their quality. Since image analysis provides a fast,

economical, consistent and objective inspection, its potential for
use in many different industries is mentioned. This system makes it
possible to develop fully automated processes. These systems can

fully respond to increasing production and quality requirements
thanks to their high speed and accuracy [8].

It is reported that having more than one hand washbasin in

restaurant kitchens and/or hand washbasins in the field of view

of the staff increases the frequency of hand washing. In addition,
as a result of the research, it is reported that more than food safety

[11]. Traditionally, quality control of agricultural and food products is carried out by people. However, in most cases these manual

ported that the accuracy of the control could not be guaranteed [8].

On the contrary, computer monitoring of food products has been
reported to be consistent, efficient and cheap [13].

Quality is a key factor for the modern food industry as high qual-

ity product is the foundation for success in today's highly competitive market. In the food industry, quality assessment is still largely
dependent on manual control, which is laborious and costly and

easily influenced by physiological factors, leading to subjective and
inconsistent assessment results [14]. Especially in quality manage-

ment systems such as ISO22000 and HACCP, and the internal control or hygiene control forms of the companies, the suitability of a

personnel or production area to hygiene is subjectively evaluated
by another personnel. Control results in this way are recorded in a

concrete and non-provocative way only by marking the forms with

a tick or a plus. Unfortunately, it is spoken in the sector that there

are control forms that do not reflect the truth or hygiene control

forms filled out with a past date. However, developing computer
vision and artificial intelligence systems have the potential to be

used in this regard. There are already systems that control the use
of masks, helmets and/or aprons in different industrial areas and
public areas. There are studies on technology and prototype development on the use of visual processing and artificial intelligence
for similar purposes.

In parallel with the increasing knowledge and awareness of

training is required to increase the hand hygiene of food workers

consumers, greater expectations are emerging on food quality and

aid of computer vision suggests that it may be beneficial for the

ficial intelligence studies aimed to make hygiene, cleanliness and

[2]. Similar to the results reported in the literature, the inspection of the personnel entrance and the production area with the

personnel to wash their hands more frequently and effectively. In

the early 2000s researchers stated that images could be detected
electronically, quickly, economically and objectively to evaluate
food safety and quality [10-12]. Optical sensing and machine vision

have potential to use for real time and automatically obtain information and/or to control and interpret machines or the production

processes [10]. Systems based on computer vision are reported to
be used more and more for inspection and valuation purposes in
the food industry and agricultural production, as they provide an

safety. To meet these expectations, new technological systems are
required to improve the quality control of foods [15]. Some arti-

order control in the production area, based on visual indicators.
Outputs of these studies could be provide fast, continuous and ob-

jective control, which is stated to be an important need for the food

industry in the literature [13,15,16]. The general configuration of
the artificial intelligence learning system to be used in the project

is given in figure 1. Automatic quality control not only provides
objective evaluation, but also contributes to production speed and
efficiency. In addition to these positive results, there are also decreases in production costs [16].
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Figure 1: General configuration of the artificial intelligence
learning system [14].

Continuous effective control measures are thought as an im-

portant need to ensure food safety. When the studies were evalu-

Figure 2: Checking the worn helmet on the construction site by
image analyzing [19].

ated in this field, it was seen that the cleanliness of the food pro-

duction area/personnel and the behavior of the personnel should
be constantly monitored. In today's conditions, these controls are
possible thanks to the use of deep learning and machine learning,

which are sub-branches of artificial intelligence. It is understood
that computer vision is used in order to meet the needs of different

work areas other than hygiene and cleaning prepaid. It has been reported that the success rate of correct detection is 91% in the con-

trol of employees wearing helmets with artificial intelligence [17].
The photographs of artificial intelligence control of wearing helmets in construction sites are given in Figure 2. In another study, it

was reported that a convolutional neural network-based approach
to real-time helmet detection will be successful in detecting work-

ers who do not wear helmets in the production/construction site

Figure 3: Checking whether a mask is worn or not by artificial
intelligence [20].

[18]. It is reported that busy and crowded environments reduce the

object detection models, YOLOv3 and R-CNN. The authors trained

cessing power and increase the success rate of accurate detection.

been reported that the software they developed can be used with

success rate. In fixed working environments, monitoring the wearing of masks, gowns and bonnets can help reduce the need for proControl of wearing masks in public areas due to corona has

gained speed with image processing (Figure 3). In this way, con-

tinuous and real-time inspections can be done without the need
for control personnel. Convolutional Neural Network (CNN) derivatives are used in the aforementioned studies and in the object

recognition stages as the algorithm that will serve as the basis for
this study.

Singh., et al. [20] investigated the identification of people wear-

ing masks and those not wearing masks using two state-of-the-art

artificial intelligence on both models on a dataset of images of peo-

ple in two categories with and without masks. As a result, it has
high accuracy and precision in any work environment or in any
public area such as station, corporate environment, streets, shop-

ping malls to identify unmasked persons [20]. In a similar research,
a hybrid model that uses deep and classical machine learning for

face mask detection was studied. In a study conducted on three
different data sets, it was reported that the correct detection rate
ranged from 99.49% to 100% [21]. In a study where deep learn-

ing techniques (224x224 pixel resolution and 25,000 images) were

used to distinguish whether the person was wearing a face mask in
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real time depending with alarm system, it was stated that the data

propriate situations) So that can be use as related to cleanliness

shown that the rate of correct identification is quite sufficient in

it is used as a preferred algorithm for images that were monitored

set was detected with 96% accuracy [22]. An algorithm based deep
learning study was developed for the detection of helmet use, it was

terms of sensitivity success and rapid decision-making. It has been
reported that the method developed can facilitate security auditing

and reporting [23]. In another study construction worker were de-

termined in image sequences through very deep residual networks

under different poses and in a changing background, the success of

accuracy, precision and sensitivity was reported as 94.3%, 96.03%
and 98.13%, respectively [24].

Images of worker protective equipment (safety helmet, safety

goggles, safety masks and safety headphones) were processed and

analyzed with the Convolutional Neural Network (CNN) method by
a study. In the real-time application of the test result of this study,

and order in the warehouse or work area. An example of this control system for this purpose was given in Figure 4. In the literature,

remotely and where change is followed. In addition, it is reported
that this algorithm is suitable for instant analysis because it works
fast [28].

Artificial intelligence in quality management system of food
industry
HACCP is the most widely used system for the control of food

safety. This system can be used effectively only if basic/general

hygiene conditions are under control with systems such as prerequisite programs and good manufacturing practices (GMP) [29].

From this point of view, hygiene/cleanliness/order controls to be
made with artificial intelligence had potential for increasing the ef-

it was reported that the accuracy percentage was 85.83% [25]. It

ficiency of the HACCP system as in the pre-requisite program and/

equipment in order to ensure occupational safety in the produc-

and the implementation of the HACCP system. Development of new

was reported that the application, developed in a study where deep

learning was used in real-time detection of personal protective
tion area, can be detected in the construction site with an accu-

racy of 72% [26]. Computer vision system-based neural networks
were used to determine whether personal protective equipment

was worn or not, it was reported that the system could distinguish
workers who do not wear protective equipment with an accuracy

of 80%, a warning can be generated in the presence of workers
who do not wear protective equipment and this system can be applied in production places [27].

or GMP. Artificial intelligence uses also make important contribu-

tions to the recording of the prerequisites of the HACCP system
control systems related to personal hygiene and production area

cleaning may help prevent food poisoning [30]. The two most important concepts in meeting the expectations of customers in the

food industry are the safety and quality of food. The most frequent-

ly used systems to meet these requirements in the food industry
are ISO 9001 for quality and HACCP for food safety. The applica-

tion of these two systems together increases the synergy between
them and positively affects the performance of the organization

[31]. In this regards, artificial intelligence-based control should
be integrated with quality management systems. In this way, it is
thought that the synergetic effect mentioned in the literature will

be similar and that it will create synergy with the current management systems.

It is reported that foot slipping/falling due to slippery floor, fall-

ing due to messy materials and falling materials from above are the
Figure 4: Perceiving the difference (s) between the two
pictures with the Siamese neural network [28].

In the light of the above mentioned literature, siamese neural

network have been seen to detect changes. (appropriate and inap-

most common work accidents in the food production area [32,33].

Artificial intelligence control was considered to be important in
preventing personnel slipping/tripping due to such lack of cleanli-

ness/order and not wearing appropriate workplace shoes. In this
context, making the floor cleaning and production place layout
control with artificial intelligence in the production area can also

contribute to the ISO 45001: 2018 Occupational Health and Safety
System.
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Conclusion
This review present possible future and current uses of artifi-

5.

cial intelligence in food industry. It also provides information about

basic methodology, working principle and applications of artificial

intelligence for food processing or similar areas. Results showed
that continues, objective and cost effective controls are possible
for both safety and quality control during processing with correct

indicators and artificial intelligence. Although these control possi-

bilities have the potential to be widely used for the food industry,
there are limited studies on pilot planning and scaling up. So that
the pilot planning of control with artificial intelligence and the real-

ization of scaling up in food production places in order to eliminate
this deficiency.

Food industry, which is considered as one of the industries with

the most important socioeconomic effects and stands out as an
activity which includes many sub-branches. It is thought that the

self-monitoring of the food sector which is important for economic

development. Developing new artificial intelligence technologies
is a need not only to prevent food poisoning but also to prevent

the waste of resources. If artificial intelligence control systems
will be integrated with ISO quality management systems, that will

be increase their uses and effectiveness extensively. Future studies should focus on new uses areas of artificial intelligence control

tools on food industry. However, in this respect we recommend to
perform preventive control measurements rather than final product quality control.
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