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Abstract— Thermal processing is a technique for sterilizing
foods through heating at high temperatures. Thermal
processing plays a significant role in preserving foods
economically, efficiently, reliably, and safely. Control in thermal
processing of foods is necessary to avoid any decrease in food
quality, i.e., color change, reduced content, sensory quality, and
nutrition. Artificial Neural Network (ANN) has been developed
as a computing method in research and developments on
thermal processing methods to discover one suitable for food
processing without damaging food quality. To this date, ANN
has been used in food industries for modeling many processes.
The paper aims to identify the latest trend in intelligent neural
network control for the thermal processing of foods. The paper
conducted a systematic literature review with five research
questions using Preferred Reporting Items for Systematic
Review (PRISMA). According to screening results and article
selection, 240 potential articles have fulfilled the inclusion
criteria. Then, each article was explored to identify the
advantage and the advance of intelligent network control in
thermal food processing. It can be concluded that the technology
in information and computations of food processing has rapidly
developed and advanced through the utilization of a
combination of ANN with fuzzy logic and/or genetic algorithms.

Keywords— Artificial intelligence; Neural network; Artificial
Neural network; Thermal processing; Food processing

I. INTRODUCTION

Thermal processing has been used in many food
industries. It aims to reduce and destroy microbes or enzymes
contained in foods. Thermal processing is a food sterilization
technique that uses heat at high temperatures. The time
needed for thermal processing depends on foods' microbial or
enzyme activities [1]. Thermal processing in food industries
can be done using pasteurization, heat sterilization, and
blanching. The selection of the technique used in thermal
processing depends on the objective and the variety of the
resulting food products. Foods made of plants and animals
contain humidity, protein, fat, and organic substances. Food
deterioration occurs due to microbial activity, chemical
substances, or physical actions. Consequently, its nutritional
value, color, texture, and eligibility may change, making the
food wvulnerable to decomposition [2], foods need to be
preserved so that the food quality will last longer. Thermal
processing plays a role in food preservation that is

economical, efficient, reliable, and safe. Food preservation is
defined as a process or technique carried out in order to
maintain internal and external factors that may cause food
decomposition [3], [4], [5].

In thermal processing, control is necessary to avoid any
decrease in food quality, such as changes in food color,
decreased food content, sensory quality, and nutrition.
Excessive thermal processing negatively impacts food
qualities, especially foods' nutrition and sensory quality [6],
[7]. Moreover, overheating can reduce food quality, is
considered energy waste, and can damage factory capacity.
The compatibility of time and temperature during the thermal
processing must be controlled to destroy microbes that role in
food decomposition and the target microbes [8], [9]. Thermal
processing in foods is best to be carried out within 12 log
cycles from the microbes' initial growth cycle or at least at
121.1°C for 3 min [10]. Some calculations in thermal
processing are necessary to be done, including the processing
time. The processing time at a specific retort temperature
must be carefully calculated to reach a safe level of microbial
activity inactivation, ensuring public safety and health. For
these objectives, the accuracy in the calculation method is
essential for the development of food science and its
professional technical practitioners [11], [12], [13].

Research on thermal processing continues to develop. A
new methodology was studied in [14] for thermostatic room
temperature measurement used in food-meat industries. A
study in [15] showed that an improved psychrometer was
developed to solve practical problems in measuring the
relative humidity of drying environments, which are
challenging for meat production. Besides, research on the
boiling point and specific heat of meat extract was done [16].
Meanwhile, the effect of thermal processing on nutrition,
anti-nutritional and antioxidant properties of Tetracarpidium
conophorum (African walnut) was studied in [17]. Primarily,
research on the thermal processing of foods continues to be
developed to discover thermal processing methods suitable
for food processing without damaging the food qualities such
as food color, food content, sensory quality, and nutrition
[18], [19]. Research developments on sterilization systems
and heating equipment, such as microwave heating and
ohmic heating, continued to be conducted. Along with
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technological advances, especially in artificial intelligence,
Neural Network has currently developed as a computing
method in food thermal processing.

Neural Network is a parallel information processing
system consisting of a number of neurons (nodes or units),
which are arranged in layers and connected by links. Neural
Network mimics the highly interconnected structure of the
human brain and nerves [13], [20]. According to [21], Neural
Network is a computational method that builds multiple
processing units based on interconnected connections. A
network consists of an arbitrary number of cells, nodes, units,
or neurons that connect sets of inputs with outputs. Neural
Network is part of a computer system that mimics how the
human brain analyzes and processes data. The Neural
Network requires all the complexity and daily-based
algorithm analysis and calculations on how the human brain
evaluates knowledge [22], [23], [24], [25].

In many applications of Neural Network, Neural Network
has some advantages compared to other similar computation
or optimization methods: 1) In some cases, the solution
resulting from other algorithms can be costly or maybe is
inexistent in reality; Neural Network works by mimicking
how the human brain analyzes a problem so this issue can be
disregarded, 2) Neural Network learns using samples, so a
complex programming code that accentuates every detailed
aspect is unnecessary, (3) Neural Network has good accuracy
[26], [27]. Moreover, it has a broad scope in developing
artificial intelligence and future technology developments.
Therefore, an Artificial Neural Network (ANN), which is a
part of soft computing methods, can be developed and applied
in many areas of food processing [28], [29], [30], [31], [32].
ANN has been used in food industries for many process
modeling, such as estimation model of food antioxidant
property, modeling food drying process, prediction model of
products indicators (water content, crumb temperature, food
color, relative volume) using several inputs (drying
parameter, temperature of jet, speed of jet, and grilling time)
[33].

Based on the aforementioned introduction, the paper was
written with the aim of identifying current trends in
intelligent neural network control for the thermal processing
of foods.

IL METHOD

The research applied a systematic literature review
method using the Preferred Reporting Items for Systematic
Review (PRISMA). The research was done systematically
using proper methodological steps. Comprehensive and
balanced data was provided to synthesize relevant study
results. Steps in the systematic literature review method used
in the paper include: formulating the research problems,
collecting literature, screening and selecting relevant articles,
then analyzing the data, synthesizing the qualitative results,
and writing the research report [34]. Procedures used in the
systematic literature review are: writing the research
background and objectives, formulating the research
problems, collecting the literature, selecting the articles,
extracting the articles, assessing the original study quality,
and data synthesis [35].

I1I. RESULTS

A systematic literature review is one of the research
methods that aims to identify, analyze, and evaluate all the
results of previous studies. The research results that have
been obtained follow the methodological steps.

Research questions formulation

The formulated research questions related to the research

theme are listed in Table 1.

TABLE I. RESEARCH QUESTIONS USED IN THE SYSTEMATIC LITERATURE

REVIEW

Code Research questions Background motives

RQ1 What are the developments | Identifying articles related to
of thermal processing | thermal processing in food
methods in food | processing
processing?

RQ2 How is the temperature | Identifying articles related to
controlled in food thermal | temperature  control in
processing? thermal processing of foods

RQ3 What are the developments | Identifying articles related to
of intelligent temperature | the development of
control  using  neural | temperature control using
networks in food | neural networks in food
processing? processing

RQ4 What are the developments | Identifying articles related to
of intelligent  neural | the development of
network control in food | intelligent neural network
processing? control in food processing

RQS5 What are the developments | Identifying articles related to
of neural network control | the development of neural
methods in food | network control in food
processing? processing

Collecting related literature

Data collection was conducted to relevant articles using
keywords: artificial intelligence, neural network, thermal
process, temperature control, neural network control, and
food. Articles were collected from various databases, such as
Scopus, Web of Science, and Researchgate. Only articles in
English were included in the data collection process.

Articles' screening and selection

Screening and selection of collected articles were
conducted to get articles with the highest relevancy to
research questions. Inclusion and exclusion criteria
determined previously by researchers were applied as a
strategy in the screening and selection process. The inclusion
criteria used for the research are: articles written fully in
English, fully published in one of the international journals in
2000-2022, indexed in a database, and related to topics in
intelligent neural network control for food thermal
processing. Meanwhile, the exclusion criteria used in the
research can be seen in Fig. 1, along with the results of each
criteria's screening and selection process.

The collected samples were then analyzed to obtain
relevant information regarding the themes and research
questions. The extracted articles were then re-analyzed and
synthesized to observe, describe, and classify the obtained
data. Then, the data obtained was used to collect knowledge
and information on the defined theme and were meta-
synthesized. A new concept can be obtained through meta-
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analysis to alter qualitative studies into new knowledge, and
scientific knowledge can be disseminated.
Literature findings

Database: Scopus, Web of Science, Researchgate
Search criteria: articles written in English

l

Search results n = 478

1—’ Automated duplicate removal (n = 17)

Screening and selection based on titles and
abstracts (n =461)

N\

Non-english titles (n = 43)

Non-english abstracts (n = 52)
Review (n=12) Review (n = 6)
Irrelevant topics (n = 47) Irrelevant topics (n = 46)
Duplicate titles (n = 4)
| I
I
Potential articles (n =251}
Exclusion criteria:

No information regarding development of neural network
control in food processing (n = 16)

Critically-reviewed studies (n = 240)

Fig. . Flow diagram of a systematic literature review conducted in
PRISMA

Data extraction, original study quality evaluation, and
synthesis

Data extraction aims to collect data in order to answer the
research questions that have been set. The research quality
evaluation plays a role in determining the interpretation of the
synthesis of the findings and forming the conclusions. Data
synthesis aims to collect evidence from selected research to
answer research questions.

Discussions

The search for articles in three databases resulted in 478
articles. After conducting the screening and selection process,
240 potential articles that fulfilled the inclusion and exclusion
criteria were obtained. The theme "current trends in
intelligent neural network control for thermal processing
(foods)" was set as a new statement theme in the meta-
analysis of the 240 articles. The defined theme discusses
thermal processing, neural network, intelligent neural
network control, and intelligent neural network control for
thermal processing, along with its various developments.

Food thermal processing was conducted to reduce or
destroy microbial and enzyme activities. Besides, thermal
processing can also be conducted to create physical or
chemical changes to fulfill a certain desired quality. For
example, in starch gelatinization and protein denaturation,
foods can be safely consumed due to the foods' physical or
chemical changes. Thermal processing can also be done by
pasteurization and sterilization [36], [37], [38].

Some heat processing methods that are used in food
industries can be categorized as mild processes (blanching

and pasteurization) and more severe processes canning,
baking, roasting, and drying) [10]. According to [39], thermal
processing can be classified based on the intensity of the heat
treatment, which are pasteurization (ranging at 70-800C),
sterilization (ranging at 110-1200C), and ultra-high
temperature care (ranging at 140-1600C).

Pasteurization is a heat treatment where foods are heated
at temperatures lower than 1000C. The method is generally
used to preserve liquid and semi-solid foods. In foods with
low acidity (pH>4,5), such as milk, pasteurization is used to
minimize pathogenic microorganisms and extend storage life
from several days to a week. Whereas, in acidic foods (pH
<4,5), such as fruit juice, storage life is extended to several
weeks by destroying microorganisms that cause
decomposition and inactivating enzymes [40].

Heat sterilization is an operation of heating foods at a
sufficiently high temperature for a sufficiently long time to
destroy vegetative microbial cells and spores, and suppress
enzyme activities [41], [42]. Consequently, packaged foods
that have been sterilized have more than 6 months of storage
life at room temperature. Foods are also cooked and need
minimum heat prior to consumption to improve
practicability. However, overheating during sterilization in
the packaging (in cans or bottles) may result in substantial
changes in foods' nutritional and organoleptic qualities. The
development of processing technologies aims to minimize
nutrient damage. The latest development in food sterilization
includes ohmic heating. Ultra-high treatment is effective due
to the nature of the reaction that increases the reaction rate
with the increased temperature. Chemical reactions are
always increased with high temperatures, but enzymes and
microorganisms will be inactive at a particular temperature.
The thermal process in food preservation is conducted so that
foods will have a long storage life.

The selection of the heating system is defined based on
several criteria, including characteristics of the product (pH,
water activity, and composition), thermal properties of the
product (density, viscosity, specific heat, thermal
conductivity, thermal diffusivity, electrical conductivity for
ohmic heating, and dielectric properties for microwaves),
quality of the product, cooling necessities, acceptance criteria
for addition/removal of moisture, and cost [43]. The heat
transfer mechanism in the thermal processing of foods occurs
by convection and conduction. The advance in thermal
processing of foods, especially ones related to introducing
new tools, packaging materials, and formats, can be re-
analyzed, reviewed, and reassessed to improve quality and
reduce time and energy consumed during the operation
process of the thermal-sterilized products [44]. Several
optimization studies have been developed [29], [45], [46].
Optimization aims at maximizing quality retention without
major consideration of reducing process operating time and
energy consumption or its implications for the production
capacity/productivity of the process plant [47].

Thermal processing uses a combination of temperature
and time to reduce microorganisms in food products [48].
Thermal processing is necessary to assess several levels of
preservation by heating. Thermal processing can give mild or
severe heat treatment depending on the heat intensity and
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application time. Several factors for consideration in
selecting thermal processing methods are (1) heat resistance
of target microbes, spores, and enzymes, (2) food pH, (3)
heating conditions, (4) thermophysical properties of food, (5)
container size, and (6) storage conditions following the
process [48], [49].

Technology in food preservation continues to develop and
starts to replace traditional methods. Electrical heating
technology in food processing attracts industrial interests and
potentially replaces traditional processes [50]. Electrical
heating can be divided into direct electrical heating and
indirect electrical heating. In direct electrical heating, an
electrical current is applied directly to food products (such as
in ohmic heating). Meanwhile, indirect electrical heating
(such as heating with radio frequency wave or microwave)
first transforms electrical energy into electromagnetic
radiation that will produce heat in the product. The recent
technology in electrical heating is considered a form of
volumetric heating where heat energy is produced directly in
foods [51], [52]. A general pattern in heat generation allows
for solving overtime cooking time that may result in direct
implications for heat and energy efficiency. The main
applications of this new heating technology are cooking,
pasteurization, sterilization, defrosting and drying. In
industry, some of these electrical heating processes (e.g.,
ohmic heating and radio frequency heating) are used only in
temporary situations.

Heat transfer processes can be used to build mathematical
relations between the staged heating of foods and the coolest
temperature of foods. Some models have been developed for
various food processing systems. Similarly, mathematical
relation has been developed to describe the thermal
inactivation kinetics of microorganisms [53]. Thermal
processing that is safe for foods is designed based on two
main factors: (i) knowledge of the time-temperature
combination needed to inactivate most heat-resistant
pathogens, the concern in a particular food product, and (ii)
the determination of the heat-penetrating characteristics of a
food system, commonly determined by the rate of heat [54].
This information is needed to determine the process schedule,
so that pathogen inactivation in food products can be ensured.

Process control is defined as measuring and controlling
process variables to achieve desired product attributes. The
most important process attribute in many thermal processes
is food safety. A suitable system design, implementation, and
validation are the key to achieving the result. Automatic
control provides better operation consistency, reduced
production cost, and improved safety. A process vulnerable
to disturbance will have better consistency if the process
variable is constantly suited with an automatic control [55],
[56].

Improvement in operation consistency can result in
products with attributes closer to targeted specifications so
that quality can be fully improved. A strict control may also
result in fewer products with undesired specifications and
help ensure critical safety limits, thereby increasing
productivity [57]. Process control presents in two formats,
discrete or digital, and continuous or analog. Both modes are
commonly operated in a full system. Combining the two

forms is usually vital in ensuring that only safe and acceptable
products reach consumers. Human variability can be drawn
from operations with properly implemented automated
control systems [55], [58]. A recent thermal processing
technology keeps attracting food manufacturers due to its
potential to produce products with better quality, added
value, and environmental safety.

Some latest thermal processing technologies are
developed to fulfill food health and safety regulations or
storage life, minimize temperature's negative effects on
organoleptic and nutritional qualities, and combine mild
temperature with technology. Recent thermal processing
technologies have gained industrial interest and have the
potential to replace, or partially replace, traditional
preservation methods [59]. Thermal processing technologies
with artificial intelligence are rapidly developing. Artificial
Neural Network (ANN) in food thermal processing plays a
role in controlling temperatures in workstations and locally
limited spaces [60], [61], [62]. ANN is a developed
mathematical algorithm that allows learning by imitating how
the human brain gains and processing knowledge. ANN
models contain a superficial computational layer of nodes
operating as nonlinear summing tools. These nodes are
interconnected with line-weighed connections; weights are
adjusted as data is presented to the network [63], [64], [65],
[66]. ANN can produce artificial neurons that perform tasks
such as predicting output values, classifying objects,
approximating  functions, recognizing patterns in
multifactorial data, and solving known problems (Fig. 2).

Linear
thresheld
e

. The Perceptron
T W Threshold

Fig. 2. Similarity and differences between biological neurons and artificial
neurons.

As can be seen in Fig. 2, processing units (artificial
neurons) consist of a series of x; entries (x4, X5, ..., X, ), Which
are equivalent to dendrites, where information is obtained in
the form of an impulse. Meanwhile, weights in w; synapse
are equivalent to delivery mechanisms in biological neurons.
The union of these values (x; and w) is similar to the
synapse's inhibitory and excitatory chemical signals,
inducing neurons to change their behavior. These values are
the gates of the network weighting function that converts
values into potential differences. Whereas, the potential
difference equals the total signal arriving at dendrites in
biological neurons. The weighting function is the sum of the
input and synaptic weights. The output of the weighting
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function comes from the activation function, which converts
this value into another form that the output neuron can
perform. The output of the network is evaluated in an
activation function that triggers an output signal from this
neuron to other neighbors [67], [68].

ANN is a computation technology that can be used
massively in many applications: control, monitoring,
modeling, recognition, detection, pattern analysis, online
prediction, image processing, optimization, and signal
processing. It can be applied in various aspects, such as
manufacturing, agriculture, business management, marketing
strategies, pharmaceutical industries, transportation, energy
management, economic trading, and food industries [67].
When applied to food thermal processing, ANN can improve
product quality, reduce waste, eliminate toxic substances, and
control temperatures. Research on the application of ANN in
food industries had been conducted by many researchers [69],
[701, [71], [72], [73], [74].

Generally, the development of ANN can be divided into
four stages: 1) beginning stage, 2) regression stage, 3)
resurrection stage, and 4) developed stage. The beginning
stage started in the 1940s when the neural network was
learned for the first time. In 1943, an American psychologist
named McCulloch and a mathematician named Pitts
proposed a model called the McCulloch-Pitts model (MP
model), which is simple but significant. In the model, the
algorithm is realized by considering neurons as functional
logic devices, which initiated theoretical research on neural
network models. In 1949, Hebb, a psychologist, published
"The Organization of Behavior," which contained a
hypothesis stating that an intensity of a synaptic connection
is a variable. According to the hypothesis, the learning
process eventually would happen in the synaptic interface
between neurons. The intensity of the synaptic connection
varies based on the neuron's activity before and after the
synapse. The hypothesis was then developed into Hebb's law,
widely known as a common rule in the neural network.
Hebb's law tells that the strength of synaptic connections
between neurons is a variable and that variability is the basis
of learning and memory. Hebb's law is the basis for building
a neural network model by learning functions. In 1957,
Rosenblatt proposed the Perceptron model based on the MP
model. The perceptron model had the basic principle of
modern neural networks, and its structure was in harmony
with neuropsychology. It was an MP-based neural network
model with continuously adjusted weights. After training, it
can achieve the purpose of classifying and recognizing
certain input vector modes. Although relatively simple, it was
the first true neural network. Rosenblatt proved that two-layer
sensors could classify inputs and proposed important research
directions for three-layer sensors with hidden layer
processing elements. Rosenblatt's neural network model
contained some of the basic principles of modern neural
computing, a major breakthrough in neural network methods
and technology. In 1959, some popular American engineers,
B. Widrow and M. Hoff et al., proposed the training method
of adaptive linear element neural network (Adaline) and
Widrow—Hoff learning rule (also known as least-squares
deviation algorithm or rule). The proposed method was also
applied to an actual project. The result became the first

artificial neural network to solve practical problems and
promoted the application and development of research on
neural networks. The ADALINE network model is a
continuous-valued adaptive linear neuron network model that
can be used for adaptive systems.

The regression stage was initiated by Minsky and Papert,
widely known as founders of artificial intelligence. They
conducted learning of mathematical functions and limitations
of network systems which were represented by perceptron. In
1969, they showed that the simple linear perceptual function
is finite. It could not solve the classification problem of two
types of inseparable linear samples. For example, a simple
linear sensor could not realize the logical relationship of
XOR. This conclusion dealt a heavy blow to artificial neural
network research at the time. This started the history of neural
networks to 10 years of regression stage. Then, in 1972,
Professor Kohonen T. from Finland proposed the Self-
Organizing Feature Map (SOM), which became the
fundamental principle of developing ANN. SOM network is
a tutor-like learning network, mainly used for pattern
recognition, speech recognition, and classification problems.
It adopted the "winner is king" competitive learning
algorithm, which was distinctive from the previously
proposed perceptron model. At the same time, the learning
and training method is a self-regulating network without
training instructions. This learning and training method was
often used as training to extract classified information
without knowing the existing types of classification. In 1976,
Professor Grossberg proposed the famous Adaptive
Resonance Theory (ART), which has the characteristics of
self-organization and self-stability.

The resurrection stage was started in 1982. Hopfield, an
American physicist, proposed a discrete neural network, the
Hopfield network, which effectively described neural
network research. In this network, the Lyapunov function
was introduced for the first time. Researchers later also called
the Lyapunov function an energy function. In 1984, Hopfield
then proposed an advanced neural network to convert the
activation function of neurons from discrete to continuous
networks. The Hopfield neural network was a set of nonlinear
differential equations. The Hopfield model not only
performed a nonlinear mathematical summary of the
information storage and retrieval functions of the artificial
neural network, but also provided dynamic equations and
learning equations. In the Hopfield model, formulas and
critical parameters for the network algorithm were
introduced, which made the construction and learning of
artificial neural networks theoretical under the influence of
the Hopfield Model. In 1983, Kirkpatrick realized that
annealing simulation algorithms could be used to solve NP-
complete combinatorial optimization problems. Hinton and
Sejnowsky utilized statistical physics concepts and methods,
and firstly proposed a multi-layer network learning algorithm
known as the Boltzmann machine model. In 1986, based on
the multi-layer neural network model, D.E. Rumelhart et al.
proposed the backpropagation algorithm called BP (Error
Back Propagation) to solve the weight correction problem of
multi-layer neural networks.

The advanced neural network proves that the multi-layer
neural network has strong learning ability, and can solve
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many learning tasks and practical problems. In 1988, Chua
and Yang proposed a cellular neural network (CNN) model,
a large-scale nonlinear computer simulation system for
cellular automata. Kosko had established a two-way
associative storage model (BAM) that could learn without
supervision. In 1991, Haken introduced synergy to neural
networks. In his theoretical framework, Haken believed that
cognitive processes were spontaneous and asserted that the
process of pattern recognition was a process of pattern
formation. In 1994, Liao Xiaoxin expressed the mathematical
theory and foundation of cellular neural networks, bringing
new advances in this field. By extending the activation
function class of neural networks, the more common delayed
cellular neural networks (DCNN), Hopfield neural networks
(HNN), and bidirectional associative memory networks
(BAM) were provided.

After years of development, hundreds of neural network
models have been proposed, which denoted the initiation of
the developed stage. More precisely, the developed stage was
initiated when Deep Learning was first introduced by Hinton
et al. in 2006 as a new field in machine learning. Machine
learning architecture models with multiple hidden layers
were developed at this stage, and more representative
characteristic information was obtained through large-scale
data training. Deep learning algorithms were used to solve
problems in traditional neural networks to limit the number
of layers based on the task purpose. ANNs had been used well
in many fields, but many aspects still need to be studied. The
combination of neural networks with other technologies, such
as in distributed memory, parallel processing, self-learning,
self-organizing, nonlinear mapping, hybrid methods, and
hybrid systems, has recently become a research trend. In food
processing, a neural network has been combined with other
methods, as seen in Table 2.

TABLE II. COMBINATION OF NEURAL NETWORKS WITH OTHER

METHODS IN FOOD PROCESSING

Articles' references
[75], [76] [77-81]
[82-88]

[22] [89-92]

Soft computing combination
Neuro-fuzzy logic
Neuro-Genetic algorithm
Genetic-Neuro-Fuzzy

The combination of neural networks with other methods
such as fuzzy logic, expert systems, genetic algorithms,
wavelet analysis, chaos, coarse set theory, fractal theory,
proof theory, and gray systems have been developed [75],
[76]. Other techniques that adopted a combination of neuro-
fuzzy algorithms have been successfully developed [77],
[78], [79], [80], [81]. Aside of the neuro-fuzzy algorithms,
neuro-genetic algorithm was also popularly used [82], [83],
[84], [85], [86], [87], [88]. Research even combined the
neural networks with GA, such as in a five-layer neural
network with GA, used as a learning algorithm. Moreover,
comprehensive research discussed fuzzy, Neuro-fuzzy, and
Fuzzy-GA and evaluated the reusability of the software
component. The results of the Fuzzy-GA outperformed the
others when applied as an approximation method.
Meanwhile, among various combinations in soft computation
methods, the one with the highest visibility at the intersection
was fuzzy logic combined with neurocomputing, called
neuro-fuzzy systems. A new technique in artificial

intelligence has been further developed named neuro-fuzzy
genetics (GNF) which is based on the fusion between fuzzy
logic, neural networks, and GA [22], [89], [90], [91], [92].

The application of modern soft computing techniques has
the potential to enter the development stage of contemporary
food products. Recently, soft computing has been studied
extensively and applied for scientific research and
engineering purposes. Researchers in biology and food
engineering have developed several methods (fuzzy logic
methods, artificial neural networks, genetic algorithms,
decision trees, and supporting vector machines) to study the
complex characteristics of many products while adopting
cost-effective measures and satisfying production constraints
and consumer expectations [93]. Research on the
combination of neural networks with other methods in food
processing and preservation is rapidly developed [94], [95],
[96], [97], [98].

Drying is an important food processing procedure
involving simultaneous heat and mass transfer [99]. In order
to obtain optimum operating conditions in the online drying
process, a mathematical description of heat and mass transfer
during the drying process is required. Several studies can be
used to calculate the optimal operating conditions using
different mathematical models. For instance, the optimum
operating conditions in superheated steam drying were
evaluated [100]. The researchers solved the mass and energy
balance equations and converted them into a generalized
initial drying rate equation, in which all characteristics of the
dryer were grouped into one dimensionless parameter.
However, calculating optimal parameters is sometimes
difficult and requires special software, especially when the
complexity of the drying process is considered. An empirical
model was used for online control of the drying process. For
example, an artificial neural network model was developed to
rapidly calculate the drying rate [101]. In food industry,
researchers have applied the method in many occasions
[102], [103], [104], [105]. The advantage of this model class
lies in the simple arithmetic operations with well-known
input parameters.

However, in many cases, optimal input parameters were
unknown when obtaining optimal output. Therefore, this
highly relevant work aimed to develop an online strategy for
obtaining the optimal operating conditions of the drying
process using an artificial neural network. The proposed
model optimized operational parameters precisely and
quickly with satisfactory performance. The neural network
model then can be considered a suitable approach for
modeling food preservation [106]. In contrast to conventional
(prescriptive) models, which may fail due to the complexity
of dynamic processes, neural network-based descriptive
models provide an integrated approach that could be applied
to the design or optimization of food processing.

IVv. CONCLUSIONS

The latest development of research on finding suitable
thermal processing without damaging the food quality using
artificial intelligence was the utilization of Artificial Neural
Network computing technology. ANN provided an integrated
approach that could be applied to the design or optimization
of food processing. The most developed combination of soft
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combination methods in food processing is the combination
of ANN with fuzzy logic and GA.

(1]

[10]

(1]

[12]

[13]

[14]

[15]

[16]

[17]

REFERENCES.

S. K. Amit, M. M. Uddin, R. Rahman, S. M. R. Islam, and M. S. Khan,
"A review on mechanisms and commercial aspects of food
preservation and processing," Agric. Food Secur., vol. 6, no. 1, pp. 1—-
22,2017, doi: 10.1186/s40066-017-0130-8.

A. Studer, I. Blank, and R. H Stadler, "Thermal processing
contaminants in foodstuffs and potential strategies of control," Czech
J. Food Sci., vol. 22, no. SI-Chem. Reactions in Foods V, pp. S1-S10,
2018, doi: 10.17221/10600-cjfs.

F. Dewan, "Thermal Treatment of Food Preservation," Bangabandhu
Sheikh Mujibur Rahman Agric. Univ., no. August, pp. 1-15, 2020,
doi: 10.13140/RG.2.2.16633.49761/1.

S. Y. Leong and 1. Oey, "Application of Novel Thermal Technology
in Foods Processing," Foods, vol. 11, no. 1, pp. 1-5, 2022, doi:
10.3390/foods11010125.

F. Coskun and F. Pazir, "Impact of non-thermal processing
technologies on quality of some fruit juices," J. Hyg. Eng. Des., pp.
18-24,2014.

A. M. Sharoba, H. E. M. Bahlol, and A. 1. El-Desouky " Establishing
a schedule to determine the optimal thermal process time for some
canned fruit products," Annals Of Agric. Sc., Moshtohor, vol. 45, no.
1,2007.

C. O. Mohan, C. N. Ravishankar, J. Bindu, V. Geethalakshmi, and T.
K. Srinivasa Gopal, "Effect of thermal process time on quality of
'Shrimp Kuruma' in retortable pouches and aluminum cans," J. Food
Sci., vol. 71, no. 6, 2006, doi: 10.1111/j.1750-3841.2006.00099.x.

B. Ling, J. Tang, F. Kong, E. J. Mitcham, and S. Wang, "Kinetics of
Food Quality Changes During Thermal Processing: a Review," Food
Bioprocess Technol., vol. 8, no. 2, pp. 343-358, 2015, doi:
10.1007/s11947-014-1398-3.

Z. Escobedo-Avellaneda, M. Pateiro-Moure, N. Chotyakul, J. A.
Torres, J. Welti-Chanes, and C. Pérez-Lamela, "Benefits and
limitations of food processing by high-pressure technologies: Effects
on functional compounds and abiotic contaminants," CYTA - J. Food,
vol. 9, no. 4, pp- 351-364, 2011, doi:
10.1080/19476337.2011.616959.

S. K. Pankaj, "Thermal processing of food," Adv. Food Biotechnol.,
pp- 681-692, 2015, doi: 10.1002/9781118864463.ch40.

R. Simpson and C. Ramirez, "Principles of Thermal Processing of
Packaged Foods," Princ. Therm. Process. Packag. Foods, 2020, doi:
10.21061/introbiosystemsengineering/food_thermal processing.

A. Dimou, N. G. Stoforos, and S. Yanniotis, "Effect of particle
orientation during thermal processing of canned peach halves: A cfd
simulation," Foods, vol. 3, no. 2, pp. 304-317, 2014, doi:
10.3390/foods3020304.

E. M. Gongalves, 1. Raposo, J. Pinheiro, C. Alegria, M. Moldao, and
M. Abreu, “Quality changes during thermal processing of two mixed
formulas of fruits and vegetables pulps,” Emirates J. Food Agric., vol.
32, no. 4, pp. 271-280, 2020, doi: 10.9755/ejfa.2020.v32.i4.2093.

D. Jankovich, K. Osman, and V. Milkovi¢, "A new methodology for
the temperature testing of thermostatic chambers used in the food-
meat industry," Teh. Vjesn., vol. 25, pp. 319-325, 2018, doi:
10.17559/TV-20161117070318.

W. Zhang, H. Ma, and S. X. Yang, "An inexpensive, stable, and
accurate relative humidity measurement method for challenging
environments," Sensors (Switzerland), vol. 16, no. 3, pp. 1-15, 2016,
doi: 10.3390/s16030398.

T. C. Polachini, L. F. L. Betiol, M. G. Bastos, V. R. N. Telis, and J.
Telis-Romero, "Boiling point and specific heat of meat extract," Int.
J. Food Prop., vol. 20, no. 2, pp. 1392-1402, 2017, doi:
10.1080/10942912.2017.1343350.

S. O. Arinola and K. Adesina, "Effect of Thermal Processing on the
Nutritional, Antinutritional, and Antioxidant Properties of
Tetracarpidium conophorum (African Walnut) ," J. Food Process.,
vol. 2014, pp. 14, 2014, doi: 10.1155/2014/418380.

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

31]

[32]

[33]

[34]

[33]

[36]

[37]

[38]

F. Kong, J. Tang, B. Rasco, and C. Crapo, "Kinetics of salmon quality
changes during thermal processing," J. Food Eng., vol. 83, no. 4, pp.
510-520, 2007, doi: 10.1016/j.jfoodeng.2007.04.002.

D. S. Lee, K. L. Yam, and L. Piergiovanni, "Food packaging science
and technology," Food Packag. Sci. Technol., vol. 63, no. 1, pp. 1-
632, 2008, doi: 10.1111/j.1471-0307.2009.00544.x.

M. Pestori¢ et al., "Artificial neural network model in predicting the
quality of fresh tomato genotypes," Food Feed Res., vol. 48, no. 1, pp.
9-21, 2021, doi: 10.5937/ffr48-29661.

R. Dastres and M. Soori, "Artificial Neural Network Systems," Int. J.
Imaging Robot., vol. 2021, no. 2, pp. 13-25, 2021.

A.N. H. Raid R. Al-Nima, Fawaz S. Abdullah, "Design a Technology
Based on the Fusion of Genetic Algorithm, Neural network and Fuzzy
logic," arXiv, vol. 2102.08035, 2021.

S. S. Mahmood and G. Tezel, "Solve Complex Problems using
Artificial Neural Network Learned by PSO," International Conference
on Engineering Technologies (ICENTE’17), December 2017.

S. Avramidis and H. Wu, "Artificial neural network and mathematical
modeling comparative analysis of nonisothermal diffusion of
moisture in wood," Holz als Roh - und Werkst., vol. 65, no. 2, pp. 89—
93,2007, doi: 10.1007/s00107-006-0113-0.

S. Karlovic et al., "Comparison of artificial neural network and
mathematical models for drying of apple slices pretreated with high
intensity ultrasound," Bulg. J. Agric. Sci., vol. 19, no. 6, pp. 1372—
1377,2013.

D. Panigrahi and M. Karuna, "International Journal of Research
Publication and Reviews A Review on Leveraging Artificial
Intelligence to Enhance Business Engagement in Ecommerce," Int. J.
Res. Publ. Rev., vol. 2, no. 6, pp. 239-250, 2021.

K. Ishhaq, S. Akthar, "A Study on Neural Network Architectures,"
Computer Engineering and Intelligent Systems, vol. 7, no. 9, pp. 1-7,
2016.

M. Afaghi, H. S. Ramaswamy, and S. O. Prasher, "Thermal process
calculations using artificial neural network models," Food Res. Int.,
vol. 34, no. 1, pp. 55-65, 2001, doi: 10.1016/S0963-9969(00)00132-
0.

C. R. Chen, H. S. Ramaswamy, and S. O. Prasher, "Dynamic
modeling of retort processing using neural networks," J. Food Process.
Preserv., vol. 26, no. 2, pp. 91-111, 2002, doi: 10.1111/j.1745-
4549.2002.tb00855.x.

M. Shahidi Noghabi, M. Kaviani, and R. Niazmdand, "Modeling of
Oxidation Stability of Canola Oil Using Artificial Neural Networks
during Deep Fat Frying of Potatoes," J. Food Process. Preserv., vol.
39, no. 6, pp. 1006-1015, 2015, doi: 10.1111/jfpp.12314.

X. Meng, M. Zhang, and B. Adhikari, "Prediction of storage quality
of fresh-cut green peppers using artificial neural network," Int. J. Food
Sci. Technol.,, vol. 47, no. 8, pp. 1586-1592, 2012, doi:
10.1111/j.1365-2621.2012.03007 x.

J. S. Torrecilla, L. Otero, and P. D. Sanz, "A neural network approach
for thermal/pressure food processing," J. Food Eng., vol. 62, no. 1, pp.
89-95, 2004, doi: 10.1016/S0260-8774(03)00174-2.

P. Jiang et al., "Application of Artificial Neural Network in the Baking
Process of Salmon," J. Food Qual., vol. 2022, 2022, doi:
10.1155/2022/3226892.

A. Perry and N. Hammond, "Systematic Reviews: The Experiences of
a PhD Student," Psychol. Learn. Teach., vol. 2, no. 1, pp. 32-35, 2002,
doi: 10.2304/plat.2002.2.1.32.

S. C. Vasconcelos, 1. da S. Frazao, E. M. L. M. Monteiro, M. D. da C.
Lima, J. F. de Albuquerque, and V. P. Ramos, “Nursing Interventions
for Drug Users: Qualitative Meta-Synthesis,” Am. J. Nurs. Res., vol.
1, no. 1, pp. 24-27, 2013, doi: 10.12691/ajnr-1-1-4.

F. Breidt, K. P. Sandeep, F. M. Arritt, U. Ars, S. Hall, and N. Carolina,
"Use of Linear Models for Thermal Processing of Acidified Foods,"
Food Prot. Trends, vol. 30, no. 5, pp. 268-272, 2010.

F. V.M. Silva, P. A. Gibbs, H. Nuiiez, S. Almonacid, and R. Simpson,
"Thermal Processes: Pasteurization," Encycl. Food Microbiol. Second
Ed., vol. 3, pp. 577-595, 2014, doi: 10.1016/B978-0-12-384730-
0.00404-3.

N. G. Stoforos, “Thermal processing,” Handb. Food Process. Food
Preserv., pp. 27-56, 2015, doi: 10.1201/b19397.

Dewi Marfuah, Current Trends in Intelligent Control Neural Networks for Thermal Processing (Foods): Systematic Literature
Review



Journal of Robotics and Control (JRC)

ISSN: 2715-5072

526

[39]

[43]

[45]

[46]

[47]

(48]

[49]

[50]

[51]

[52]

[53]

[54]

M. van Boekel et al., "A review on the beneficial aspects of food
processing," Mol. Nutr. Food Res., vol. 54, no. 9, pp. 1215-1247,
2010, doi: 10.1002/mnfr.200900608.

P. J. Fellows, Heat sterilisation, Food Processing Technology (Third
edition), 2009.

G. Albaali and M. M. Farid, "Sterilization Of Food In Retort
Pouches," Steriliz. Food Retort Pouches, no. December 2015, pp. 0—
16, 2006, doi: 10.1007/0-387-31129-7.

F. Tang, W. Xia, Y. Xu, Q. Jiang, W. Zhang, and L. Zhang, "Effect of
thermal sterilization on the selected quality attributes of sweet and
sour carp," Int. J. Food Prop., vol. 17, no. 8, pp. 1828—-1840, 2014, doi:
10.1080/10942912.2012.745130.

C. Hanson, E. Lyden, J. Furtado, M. Van Ormer, and A. Anderson-
Berry, "A comparison of nutritional antioxidant content in breast milk,
donor milk, and infant formulas," Nutrients, vol. 8, no. 11, pp. 1-9,
2016, doi: 10.3390/nu8110681.

R. Simpson et al., Assessment and outlook of variable retort
temperature profiles for the thermal processing of packaged foods:
Plant productivity, product quality, and energy consumption, vol. 275.
2020.

A. Abakarov, Y. Sushkov, and R. H. Mascheroni, "A multi-criteria
optimization and decision-making approach for improvement of food
engineering processes," Int. J. Food Stud., vol. 2, no. 1, pp. 1-21,
2013, doi: 10.7455/ijfs/2.1.2013.al.

F. Erdogdu, D. A. Luzuriaga, M. O. Balaban, and K. V. Chau, "A
predictive model on moisture and yield loss in phosphate-treated,
cooked tiger shrimp (penaeus monodon)," J. Aquat. Food Prod.
Technol., vol. 10, mno. 2, pp. 3145, 2001, doi:
10.1300/J030v10n02_04.

R. J. Simpson, S. F. Almonacid, and A. A. Teixeira, "Automatic
control of batch thermal processing of canned foods," Robot. Autom.
Food Ind. Curr. Futur. Technol., no. October 2020, pp. 420-440,
2012, doi: 10.1533/9780857095763.2.420.

P. Dumalisile, R. C. Witthuhn, and T. J. Britz, "Impact of different
pasteurization temperatures on the survival of microbial contaminants
isolated from pasteurized milk," Int. J. Dairy Technol., vol. 58, no. 2,
pp. 74-82, 2005, doi: 10.1111/j.1471-0307.2005.00189.x.

M. F. Atia, M. M. Mostafa, M. A. El-Nono, and M. F. Abdel-Salam,
"Milk Pasteurization Using Solar Concentrator With Tracking
Device," Misr J. Agric. Eng., vol. 33, no. 3, pp. 915-932, 2016, doi:
10.21608/mjae.2016.97753.

H. Zhang, A. Mohamed, T. Breikin, and M. Howarth, "Modelling and
Simulation of an Ohmic Heating Process," Open J. Model. Simul., vol.
09, no. 01, pp. 2642, 2021, doi: 10.4236/0jmsi.2021.91002.

K. S. Varghese, M. C. Pandey, K. Radhakrishna, and A. S. Bawa,
"Technology, applications and modelling of ohmic heating: a review,"
J. Food Sci. Technol., vol. 51, no. 10, pp. 2304-2317, 2014, doi:
10.1007/s13197-012-0710-3.

Z.T. Alkanan, A. B. Altemimi, A. R. S. Al-Hilphy, D. G. Watson, and
A. Pratap-Singh, "Ohmic heating in the food industry: Developments
in concepts and applications during 2013-2020," Appl. Sci., vol. 11,
no. 6, 2021, doi: 10.3390/app11062507.

T. M. Osaili, "Developments in the Thermal Processing of Food,"
Prog. Food Preserv., Pp- 211-230, 2012, doi:
10.1002/9781119962045.ch10.

G. B. Awuah, H. S. Ramaswamy, A. Economides, and K.
Mallikarjunan, "Inactivation of Escherichia coli K-12 and Listeria
innocua in milk using radio frequency (RF) heating," Innov. Food Sci.
Emerg. Technol.,, vol. 6, no. 4, pp. 396-402, 2005, doi:
10.1016/j.ifset.2005.06.002.

C. Anandharamakrishnan and S. P. Ishwarya, Thermal Processing of
Foods. 2019.

R. Kaur, K. Gul, and A. K. Singh, "Nutritional impact of ohmic
heating on fruits and vegetables—A review," Cogent Food Agric.,
vol. 2, no. 1, pp. 1-41, 2016, doi: 10.1080/23311932.2016.1159000.
B. Jan, R. Shams, Q. E. H. Rizvi, and A. Manzoor, "Ohmic heating
technology for food processing: a review of recent developments," J.
Postharvest Technol., vol. 9, no. 1, pp. 20-34, 2021.

[58]

[59]

[60]

[61]

[62]

[63]

[64]

[65]

[66]

[67]

[68]

[69]

[70]

[71]

[72]

(731

[74]

[75]

[76]

R. Richa et al., "Ohmic Heating Technology and Its Application in
Meaty Food: A Review," Adv. Res., vol. 10, no. 4, pp. 1-10, 2017,
doi: 10.9734/air/2017/33799.

T. Lafarga, A. V. Queralt, G. Bobo, M. Abadias, and 1. Aguilo-
Aguayo, "Thermal Processing Technologies," Food Formul., no.
Richardson 2001, pp- 165-181, 2021, doi:
10.1002/9781119614760.ch9.

M. S. Rahman, M. M. Rashid, and M. A. Hussain, "Thermal
conductivity prediction of foods by Neural Network and Fuzzy
(ANFIS) modeling techniques," Food Bioprod. Process., vol. 90, no.
2, pp- 333-340, 2012, doi: 10.1016/j.fbp.2011.07.001.

J. Nayak, K. Vakula, P. Dinesh, B. Naik, and D. Pelusi, "Intelligent
food processing: Journey from artificial neural network to deep
learning," Comput. Sci. Rev., vol. 38, p. 100297, 2020, doi:
10.1016/j.cosrev.2020.100297.

G. V. S. Bhagya Raj and K. K. Dash, "Comprehensive study on
applications of artificial neural network in food process modeling,"
Crit. Rev. Food Sci. Nutr., vol. 62, no. 10, pp. 27562783, 2022, doi:
10.1080/10408398.2020.1858398.

H. Technology, "Local Temperature Using Control a Neural within
Network a Confined Model Space by Noriko 1Graduate School of
Agricultural and Life Sciences , The University of Tbkyo , 1-1-1
Yayoi Bunkyo-ku , Tokyo 113-8657 , Japan 2Graduate School of
Agriculture and Biol," 2002.

R. P. F. Guiné, "The Use of Artificial Neural Networks (ANN) in
Food Process Engineering," ETP Int. J. Food Eng., vol. 5, no. 1, pp.
15-21, 2019, doi: 10.18178/ijfe.5.1.15-21.

D. A. Correa, P. M. Montero Castillo, and R. J. Martelo, "Neural
networks in food industry," Contemp. Eng. Sci., vol. 11, no. 37, pp.
1807-1826, 2018, doi: 10.12988/ces.2018.84141.

P. Kongwong, D. Boonyakiat, 1. Pongsirikul, and P. Poonlarp,
"Application of artificial neural networks for predicting parameters of
commercial vacuum cooling process of baby cos lettuce,”" J. Food
Process Eng., vol. 44, no. 5, pp. 1-12, 2021, doi: 10.1111/jfpe.13674.

E. Funes, Y. Allouche, G. Beltran, and A. Jiménez, “A Review:
Artificial Neural Networks as Tool for Control Food Industry
Process,” J. Sens. Technol., vol. 05, no. 01, pp. 28-43, 2015, doi:
10.4236/jst.2015.51004.

A. Duykuluoglu, "The Significance of Artificial Neural Networks in
Educational Research : A Summary of Research and Literature," vol.
2,no. 2, pp. 107-116, 2021.

P. P. Tripathy and S. Kumar, "Neural network approach for food
temperature prediction during solar drying," Int. J. Therm. Sci., vol.
48, no. 7, pp- 1452-1459, 2009, doi:
10.1016/j.ijthermalsci.2008.11.014.

Y. Huang, L. J. Kangas, and B. A. Rasco, "Applications of Artificial
Neural Networks (ANNSs) in food science," Crit. Rev. Food Sci. Nutr.,
vol. 47, no. 2, pp. 113-126, 2007, doi: 10.1080/10408390600626453.

N. Behroozi Khazaei, T. Tavakoli, H. Ghassemian, M. H.
Khoshtaghaza, and A. Banakar, "Applied machine vision and artificial
neural network for modeling and controlling of the grape drying
process," Comput. Electron. Agric., vol. 98, pp. 205-213, 2013, doi:
10.1016/j.compag.2013.08.010.

M. Aktas, I. Ceylan, and S. Yilmaz, "Determination of drying
characteristics of apples in a heat pump and solar dryer," Desalination,
vol. 239, no. 1-3, pp- 266-275, 2009, doi:
10.1016/j.desal.2008.03.023.

R. P. F. Guiné, "The Use of Artificial Neural Networks (ANN) in
Food Process Engineering," ETP Int. J. Food Eng., no. March, pp. 15—
21,2019, doi: 10.18178/ijfe.5.1.15-21.

U. E. Inyang, "Artificial Neural Network and Their Applications in
Food Materials: A Review," Eng. Technol. J., vol. 07, no. 04, 2022,
doi: 10.47191/etj/v7i4.06.

Y. chen Wu and J. wen Feng, "Development and Application of
Artificial Neural Network," Wirel. Pers. Commun., vol. 102, no. 2,
pp. 1645-1656, 2018, doi: 10.1007/s11277-017-5224-x.

M. M. Raju, R. K. Srivastava, D. C. S. Bisht, H. C. Sharma, and A.
Kumar, "Development of Artificial Neural-Network-Based Models
for the Simulation of Spring Discharge," Adv. Artif. Intell., vol. 2011,
pp. 1-11,2011, doi: 10.1155/2011/686258.

Dewi Marfuah, Current Trends in Intelligent Control Neural Networks for Thermal Processing (Foods): Systematic Literature
Review



Journal of Robotics and Control (JRC)

ISSN: 2715-5072

527

[77]

(78]

[79]

[80]

[81]

(82]

[83]

[84]

[85]

[86]

[87]

[88]

(89]

[90]

[91]

[92]

M. Safa et al., "Development of neuro-fuzzy and neuro-bee predictive
models for prediction of the safety factor of eco-protection slopes,"
Phys. A Stat. Mech. its Appl., vol. 550, p. 124046, 2020, doi:
10.1016/j.physa.2019.124046.

F. Stieler, H. Yan, F. Lohr, F. Wenz, and F. F. Yin, "Development of
a neuro-fuzzy technique for automated parameter optimization of
inverse treatment planning," Radiat. Oncol., vol. 4, p. 39, 2009, doi:
10.1186/1748-717X-4-39.

S. Kar, S. Das, and P. K. Ghosh, "Applications of neuro fuzzy
systems: A brief review and future outline," Appl. Soft Comput. J.,
vol. 15, pp. 243-259, 2014, doi: 10.1016/j.as0c.2013.10.014.

K. gaelle Mohamod, "Council for Innovative Research," J. Adv.
Chem., vol. 10, no. 1, pp. 2146-2161, 2014.

E. D. S. Drigo, J. L. M. Rodriguez, M. Embirucu, and S. A. Filho,
"Development of a Neuro-Fuzzy System for Assessing Information
Management on the Shop Floor," IEEE Access, vol. 8, pp. 207063—
207075, 2020, doi: 10.1109/ACCESS.2020.3038061.

C. D. M. van Kamebeek, K. Bowden, and E. Berry-Kravis,
"Treatment of Neurogenetic Developmental Conditions: From 2016
into the Future," Pediatr. Neurol., vol. 65, pp. 1-13, 2016, doi:
10.1016/j.pediatrneurol.2016.07.010.

I. Parenti, L. G. Rabaneda, H. Schoen, and G. Novarino,
"Neurodevelopmental Disorders: From Genetics to Functional
Pathways," Trends Neurosci., vol. 43, no. 8, pp. 608-621, 2020, doi:
10.1016/j.tins.2020.05.004.

P. Jones and R. M. Murray, "The genetics of schizophrenia is the
genetics of neurodevelopment," Br. J. Psychiatry, vol. 158, no. MAY,
pp. 615-623, 1991, doi: 10.1192/bjp.158.5.615.

K. K. Shukla, "Neuro-genetic prediction of software development
effort," Inf. Softw. Technol., vol. 42, no. 10, pp. 701-713, 2000, doi:
10.1016/S0950-5849(00)00114-2.

E. J. G. D. Karthikeyan, C.G. Saravanan, "P Erformance a Nalysis of
T Errestrial," Int. J. Adv. Eng., vol. 5, no. 6, pp. 5564, 2013.

S. Olena and V. Tetyana, "Neuro-genetic hybrid system for
management of organizational development measures," CEUR
Workshop Proc., vol. 2732, pp. 411422, 2020.

Z. Zhange, Liwei Wang, R. Liu, and J. Fan, "Development of Cloud
Computing Platform Based on Neural Network," Math. Probl. Eng.,
vol. 2022, 2022, doi: 10.1155/2022/1513081.

D. A. Korzhakin and E. Sugiharti, "Implementation of Genetic
Algorithm and Adaptive Neuro Fuzzy Inference System in Predicting
Survival of Patients with Heart Failure," Sci. J. Informatics, vol. 8, no.
2, pp. 251-257, 2021, doi: 10.15294/sji.v8i2.32803.

N. Igbal and P. Kumar, "I-NFG: An integrated neuro-fuzzy-genetic
based soft computing techniques for feature selection and disease
prediction using gene expression," vol. 4, no. 1, pp. 1-8,2019.

M. O. Omisore, O. W. Samuel, and E. J. Atajeromavwo, “A Genetic-
Neuro-Fuzzy inferential model for diagnosis of tuberculosis,” Appl.
Comput. Informatics, vol. 13, no. 1, pp. 27-37, 2017, doi:
10.1016/.aci.2015.06.001.

M. Sarosa, A. S. Ahmad, B. Riyanto, and A. S. Noer, "Optimization
of Neuro-Fuzzy System Using Genetic Algorithm for Chromosome
Classification," J. ICT Res. Apl., vol. 1, no. 1, pp. 5669, 2007.

[93]

[94]

[95]

[96]

[97]

[98]

[99]

[100]

[101]

[102]

[103]

[104]

[105]

[106]

M. Blaga, "Soft computing applications in knitting technology," Soft
Comput. Text. Eng., vol. 19, no. 3, pp. 217-245, 2010, doi:
10.1533/9780857090812.3.217.

V. R. Sharabiani et al., "Application of Artificial Neural Networks,
Support Vector, Adaptive Neuro-Fuzzy Inference Systems for the
Moisture Ratio of Parboiled Hulls," Appl. Sci., vol. 12, no. 4, pp. 1—
18,2022, doi: 10.3390/app12041771.

N. R. Mavani, J. M. Ali, S. Othman, M. A. Hussain, H. Hashim, and
N. A. Rahman, "Application of Artificial Intelligence in Food
Industry—a Guideline," Food Eng. Rev., pp. 134-175, 2021, doi:
10.1007/s12393-021-09290-z.

M. Al-Mahasneh, M. Aljarrah, T. Rababah, and M. Alu'datt,
"Application of Hybrid Neural Fuzzy System (ANFIS) in Food
Processing and Technology," Food Eng. Rev., vol. 8, no. 3, pp. 351-
366, 2016, doi: 10.1007/s12393-016-9141-7.

T. Titova, V. Nachev, C. Damyanov, and N. Bozukov, "Neuro-
Genetic Algorithm for Non-Destructive Food Quality Determination,"
no. June, 2013.

A. Yousefi, "Estimation of papaw (Carica papaw L.) moisture content
using adaptive neuro-fuzzy inference system (ANFIS) and genetic
algorithm-artificial neural network (GA-ANN)," Iran. Food Sci.
Technol. Res. J., vol. 12, no. 6, pp. 767-779, 2017, doi:
10.22067/ifstrj.v12i6.62521.

J. A. Hernandez-Pérez, M. A. Garcia-Alvarado, G. Trystram, and B.
Heyd, “Neural networks for the heat and mass transfer prediction
during drying of cassava and mango,” Innov. Food Sci. Emerg.
Technol., vol. 5, mno. 1, pp. 57-64, 2004, doi:
10.1016/j.ifset.2003.10.004.

D. M. Elustondo, A. S. Mujumdar, and M. J. Urbicain, "Optimum
operating conditions in drying foodstuffs with superheated steam,"
Dry. Technol., vol. 20, no. 2, pp. 381-402, 2002, doi: 10.1081/DRT-
120002548.

R. Islam, S. S. Sablani, and A. S. Mujumdar, "An artificial neural
network model for prediction of drying rates," Dry. Technol., vol. 21,
no. 9, pp. 1867-1884, 2003, doi: 10.1081/DRT-120025512.

A. Jahani, "Forest landscape aesthetic quality model (FLAQM): A
comparative study on landscape modelling using regression analysis
and artificial neural networks," J. For. Sci., vol. 65, no. 2, pp. 61-69,
2019, doi: 10.17221/86/2018-JFS.

J. A. Hernandez, B. Heyd, C. Irles, and G. Trystram, “Color ( gray-
level ) estimation during coffee roasting,” Proc. Eur. Congr. Chem.
Eng., no. September, pp. 16-20, 2007.

J. Qiao, M. O. Ngadi, N. Wang, C. Gariépy, and S. O. Prasher, "Pork
quality and marbling level assessment using a hyperspectral imaging
system," J. Food Eng., vol. 83, no. 1, pp. 10-16, 2007, doi:
10.1016/j.jfoodeng.2007.02.038.

S. Lertworasirikul and Y. Tipsuwan, "Moisture content and water
activity prediction of semi-finished cassava crackers from drying
process with artificial neural network," J. Food Eng., vol. 84, no. 1,
pp. 65-74, 2008, doi: 10.1016/j.jfoodeng.2007.04.019.

M. Mohebbi, M. R. Akbarzadeh-T, F. Shahidi, and S. M. Zabihi,
"Modeling and optimization of mass transfer during osmosis
dehydration of carrot slices by neural networks and genetic
algorithms," Int. J. Food Eng., vol. 7, no. 2, 2011, doi: 10.2202/1556-
3758.1670.

Dewi Marfuah, Current Trends in Intelligent Control Neural Networks for Thermal Processing (Foods): Systematic Literature
Review



