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 SciProfiles (https://sciprofiles.com/profile/327356)


Editor-in-Chief

Department of Drug Science and Technology, University of Turin, Via P. Giuria 9, 10125 Turin, Italy

Interests: green chemistry; process intensification; green extraction; enabling technologies (ultrasound, microwaves, hydrodynamic cavitation, ball milling, flow chemistry);
sustainable chemical processes
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Section Editor-in-Chief
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Interests: process design and intensification; membranes and membrane reactors; separation technologies
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Section Editor-in-Chief

Department of Chemical and Biochemical Engineering, Technical University of Denmark, Søltofts Plads, Building 228 A, 2800 Kgs. Lyngby, Denmark

Interests: industrial fermentation technology; scale-up/scale-down; resource recovery; continuous production processes; mathematical modeling; process analytical technology
(PAT)

* Section: Biological Processes and Systems 
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Prof. Dr. Evangelos Tsotsas * 
Website (https://www.ovgu.de/Tsotsas-path-2,9459,14965,15761,15763.html)
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Section Editor-in-Chief

Thermal Process Engineering, Otto-von-Guericke University Magdeburg, Universitaetsplatz 2, 39106 Magdeburg, Germany

Interests: particle technology (granulation, agglomeration, and coating); drying; porous media; fluidization; discrete modeling

* Section: Particle Processes 

Special Issues, Collections and Topics in MDPI journals

Prof. Dr. Antoni Sanchez * 
Website (https://www.uab.cat/web/el-departament/personal-del-departament/directori-personal-docent/pqrst-1345679455494.html?

param1=pqrst¶m2=1345681772904)


Section Editor-in-Chief

Department of Chemical, Biological and Environmental Engineering, Universitat Autònoma de Barcelona, 08193-Bellaterra, Spain

Interests: design and use of biological systems for the treatment of organic waste (composting and anaerobic digestion); nanotechnology for environmental remediation; solid-
state fermentation to convert wastes into bio-products

* Section: Environmental and Green Processes 

Special Issues, Collections and Topics in MDPI journals

Prof. Dr. Blaž Likozar * 
Website (https://www.ki.si/)
 SciProfiles (https://sciprofiles.com/profile/636031)


Section Editor-in-Chief

Department of Catalysis and Chemical Reaction Engineering, National Institute of Chemistry, Hajdrihova 19, SI-1001 Ljubljana, Slovenia

Interests: reaction engineering; reactor engineering; heterogeneous catalysis; process optimization; process intensification; valorization; multiscale modeling; density functional
theory; kinetic Monte Carlo; computational fluid dynamics; thermodynamics; reaction kinetics; microkinetics; transport phenomena; heat transfer; mass transfer; fluid mechanics;
unit operations; separations

* Section: Chemical Processes and Systems 
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Prof. Dr. Vicenç Puig * 
Website (https://www.iri.upc.edu/staff/vpuig)
 SciProfiles (https://sciprofiles.com/profile/54708)


Section Editor-in-Chief

Institute of Robotics and Industrial Informatics, Technical University of Catalonia, Barcelona 08028, Spain

Interests: process modeling, simulation, optimization and control; diagnosis and fault tolerant control; sensor data validation and reconstruction; sensor placement

* Section: Process Control and Supervision 

Special Issues, Collections and Topics in MDPI journals

Prof. Dr. Matti Lehtonen * 
Website (https://www.aalto.fi/en/people/matti-lehtonen)
 SciProfiles (https://sciprofiles.com/profile/317147)


Section Editor-in-Chief

Department of Electrical Engineering and Automation, Aalto University, 02150 Espoo, Finland

Interests: power and energy systems; demand response; power grids; renewable energy sources; power system economics; electrical load modeling; electric vehicle charging;
energy storages; heating system electrification

* Section: Energy Systems 

Special Issues, Collections and Topics in MDPI journals

Prof. Dr. Dariusz Dziki * 
Website (https://www.researchgate.net/profile/Dariusz_Dziki)
 SciProfiles (https://sciprofiles.com/profile/407434)


Section Editor-in-Chief
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Department of Thermal Technology and Food Process Engineering, University of Life Sciences in Lublin, 31 Głęboka St., 20-612 Lublin, Poland

Interests: food processing; milling; grinding; drying; baking; extrusion; bioactive compounds of food

* Section: Food Processes 

Special Issues, Collections and Topics in MDPI journals

Prof. Dr. Hoon Kim * 
Website (https://orcid.org/0000-0002-7203-3712)
 SciProfiles (https://sciprofiles.com/profile/494020)


Associate Section Editor-in-Chief

College of Pharmacy and Research Institute of Life and Pharmaceutical Sciences, Sunchon National University, Suncheon 57922, Korea

Interests: monoamine oxidase inhibitors; acetylcholinesterase inhibitors; pharmaceutical biochemistry; cell wall lytic enzyme; laccase enzyme; rumen microbial metagenome;
microorganism with host

* Section: Pharmaceutical Processes 

Special Issues, Collections and Topics in MDPI journals

Prof. Dr. Orazio Nicolotti * 
Website (https://scholar.google.com/citations?user=0mCVFUsAAAAJ&hl=it)
 SciProfiles (https://sciprofiles.com/profile/161288)


Associate Section Editor-in-Chief

Dipartimento di Farmacia-Scienze del Farmaco, Università degli Studi di Bari “Aldo Moro”, Bari, Italy

Interests: drug design; QSAR; predictive toxicology; combinatorial library design; evolutionary algorithms; docking and molecular dynamics

* Section: Pharmaceutical Processes 

Special Issues, Collections and Topics in MDPI journals

Filter

Prof. Dr. Luqman Chuah Abdullah


Website (https://profile.upm.edu.my/chuah/profile.html)
 SciProfiles (https://sciprofiles.com/profile/257440)


Department of Chemical and Environmental Engineering, Faculty of Engineering, Universiti Putra Malaysia, Serdang 43400, Selangor, Malaysia

Interests: enzymatic technology; biofuels; wastewater treatment

Special Issues, Collections and Topics in MDPI journals
Special Issue in
Sustainability: Biofuels Production and Sustainability (/journal/sustainability/special_issues/biofuels_production_sustainability)

Dr. Ibrahim M. Abu-Reidah


Website (https://orcid.org/0000-0002-7477-7854)
 SciProfiles (https://sciprofiles.com/profile/178112)


1. Analytical Chemistry Department, Faculty of Sciences, University of Granada, Avenida, Fuentenueva s/n, 18071 Granada, Spain

2. Memorial University of Newfoundland, St. John’s, NL A1B 3X5, Canada

Interests: phytochemicals; functional foods; natural products; plant biodiversity; medicinal plants; food plants; bioactivity; polyphenols; flavonoids; functional foods; secondary
metabolite profiling

Special Issues, Collections and Topics in MDPI journals
Special Issue in
Processes: Phenolic Compounds: Extraction, Optimization, Identification and Applications in Food Industry
(/journal/processes/special_issues/Phenolic_Compounds_Industry)

Special Issue in
Processes: Secondary Metabolites: Extraction, Optimization, Identification and Applications in Food, Nutraceutical, and Pharmaceutical Industries
(/journal/processes/special_issues/Secondary_Metabolites_Applications)


Dr. Gitana Maria Aceto


Website (https://www.unich.it/ugov/person/909?__cf_chl_captcha_tk__=K0KQktARdYHSkwD.1s.qlC68WIC6uuX1LFtkER7n.ZE-1637130509-0-gaNycGzNCj0)
SciProfiles (https://sciprofiles.com/profile/646454)


Department of Medical and Oral Sciences and Biotechnologies, University G. d'Annunzio of Chieti-Pescara, 66100 Chieti, Italy

Interests: molecular biology of cancer; germline predisposition; gene expression

Special Issues, Collections and Topics in MDPI journals
Special Issue in
Processes: State-of-the-Art Gene Expression of Molecular Markers Useful in Cancer Disease Monitoring and Novel Therapeutic Approaches
(/journal/processes/special_issues/Molecular_Markers)

Special Issue in
Biomedicines: Molecular Research on Colorectal Cancer (/journal/biomedicines/special_issues/W5IC4MB31Q)
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Cover Story (view full-size image (/files/uploaded/covers/processes/big_cover-processes-v10-i7.png)):
Little information is available in the literature
about the effect of oxidation during the production of herbal medicines. In this article, the impact of oxidation during herbal mother tinctures (MT)
manufacturing was investigated by performing an oxidative stress test on fresh plant raw material before extraction. The effect of oxidation on the resulting
extracts was evaluated using UV–Vis spectroscopy and potassium permanganate antioxidant assay and subsequently was compared with several
commercially available MT. The results have shown that oxidation during MT manufacturing is a serious issue and could be monitored by means of simple
UV–Vis spectra recording. View this paper (https://www.mdpi.com/2227-9717/10/7/1335)
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Abstract A new model of particle entrapment during continuous casting of steel is presented, which includes the effects of multiphase flow from argon gas injection and thermal
buoyancy from superheat in the strand. The model simulates three different capture mechanisms, including capture by solidified
[...] Read more.
(This article belongs to the Special Issue High-Efficiency and High-Quality Continuous Casting Processes (
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Abstract The fractionation of Crotalus durissus collilineatus whole venom through an HPLC chromatographic method enabled the purification of a new V-1 neurotoxin. Inter-CRO
(V-1) presents similarity in its primary structure to crotoxin B (CB), suggesting another isoform of this toxin. The aim of this
[...] Read more.
(This article belongs to the Special Issue Analysis, Determination and Pharmacokinetics of Active Substances in Drug Development (
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Abstract In the world of chaos, the pandemic has driven individuals around the globe to wear face masks for preventing the virus’s transmission, however, this has made it
difficult to determine the gender of the person wearing a mask. Gender information is part of
[...] Read more.
(This article belongs to the Special Issue Recent Advances in Machine Learning and Applications ( /journal/processes/special_issues/machine_machine_applications
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Abstract With the development of information technology, it has become increasingly important to use intelligent algorithms to diagnose mechanical equipment faults based on
vibration signals of rolling bearings. However, with the application of high-performance sensors in the Internet of Things, the complexity of real-time
[...] Read more.
(This article belongs to the Special Issue Predictive Maintenance for Manufacturing System ( /journal/processes/special_issues/Manufacturing_Machine
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Abstract Diet plays an unquestionable role in the growth, development, and maintenance of all body functions [...]
Full article (/2227-9717/10/7/1425)
(This article belongs to the Special Issue Extraction and Fractionation Processes of Functional Components in Food Engineering (
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Abstract A mixture of hydraulic lime and pozzolanic material can be used as a binder in making concrete and mortar for energy-efficient construction purposes. Generally, lime
possesses lower strength and higher setting time. By introducing pozzolans in the lime mortar, their cementitious properties could
[...] Read more.
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Abstract The ever-worsening environmental situation brought on by the huge use of fossil fuels has ramped up biodiesel production. Several studies have shown that a 20%
biodiesel-diesel blend (B20) could be the best for utility in a compression ignition (CI) engine. The present study
[...] Read more.
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Abstract In an industrial joining process, exemplified by deep penetration laser beam welding, ensuring a high quality of welds requires a great effort. The quality cannot be fully
established by testing, but can only be produced. The fundamental requirements for a high weld seam
[...] Read more.
(This article belongs to the Special Issue Manufacturing Industry 4.0: Trends and Perspectives ( /journal/processes/special_issues/manufacturing_industry
))
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Abstract Large-diameter gas extraction borehole is considered an effective method by which to realize coal mine methane exploitation and outburst prevention. Efficient gas
extraction can be achieved by selecting the right borehole parameters. In this paper, by comparing several conventional objective weighting methods, the
[...] Read more.
(This article belongs to the Special Issue Fracking and Permeability Enhancement in Fractured Rock Masses for Underground Mining (
/journal/processes/special_issues/Fracking_Permeability_Enhancement_Fractured_Rock_Masses_Underground_Mining
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Abstract We propose a virtual screening method based on imbalanced data mining in this paper, which combines virtual screening techniques with imbalanced data classification
methods to improve the traditional virtual screening process. First, in the actual virtual screening process, we apply k-means and smote
[...] Read more.
(This article belongs to the Special Issue Systematic Design, Testing and Development of In Vitro Diagnostic Instruments (
/journal/processes/special_issues/Systematic_Design_Testing_Development_Vitro_Diagnostic_Instruments
))
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Abstract Coronavirus disease (COVID-19) has spread quickly around the globe. COVID-19 has affected the education sector due to partial or complete lockdowns that were
implemented throughout the world between 2019 and 2022. This pandemic severely affected the education sectors in developing countries such as
[...] Read more.
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Abstract Plastics are widely used and are part of modern life. Recycling of plastic waste can be achieved by pyrolysis. Conventional pyrolysis of plastic waste takes place at
temperatures higher than 450 °C, because the oil yield is higher. In this study, we examined
[...] Read more.
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Abstract This work aims to characterize the adsorption process of propranolol HCl, an emerging pollutant and a widely used β-blocker, onto kiwi peels, an agricultural waste. The
use of UV-vis spectroscopy was considered to obtain information about the pollutant removal working in the in-batch
[...] Read more.
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Abstract Gas–liquid separation at natural gas wellheads has always been a key technical problem in the fields of natural gas transportation and storage. Developing a gas–liquid
separation device that is both universal and highly efficient is the current challenge. A new type of combined
[...] Read more.
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Abstract Carbon Capture, Utilization and Storage (CCUS) is a method of burying the captured CO2 into the reservoir and displacement of crude oil from reservoirs, which
considers both economy and environmental protection. At present, it is considered as an important means to deal
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Abstract In order to reduce the energy consumption caused by the frequent braking of vehicles at signalized intersections, an optimized speed trajectory control method is
proposed, based on braking energy recovery efficiency (BERE) in connection with an automated system for vehicle real-time interaction with
[...] Read more.
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Viewed by 260

Abstract The antlion optimization algorithm (ALO) is one of the most effective algorithms to solve combinatorial optimization problems, but it has some disadvantages, such as a
long runtime. As a result, this problem impedes decision makers. In addition, due to the nature of the
[...] Read more.
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Abstract This paper introduces the theoretical basis and optimization method of diesel engine working process theory. By comparing two Miller cycle schemes of B20 biodiesel
under different load conditions of 1000 rpm (100%, 75%, and 50%), the best Miller cycle scheme and the best
[...] Read more.
(This article belongs to the Special Issue Clean Combustion and Emission in Vehicle Power System ( /journal/processes/special_issues/combustion_emission
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Abstract The P–U characteristic curve of the photovoltaic (PV) cell is a single peak curve with only one maximum power point (MPP). However, the fluctuation of the irradiance
level and ambient temperature will cause the drift of MPP. In the maximum power point tracking
[...] Read more.
(This article belongs to the Topic Sustainable Energy Technology (/topics/sustainable))
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Abstract The product’s manufacturing process has an evident influence on product quality. In order to control the quality and identify the critical procedure of the product
manufacturing process reasonably and effectively, a method combining genetic back-propagation (BP) neural network algorithm and grey relational analysis
[...] Read more.
(This article belongs to the Topic Modern Technologies and Manufacturing Systems, 2nd Volume (/topics/modern_technologies_manufacturing_II))
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Abstract CO2 displacement is an important technology to reduce emissions and improve crude oil recovery, as well as prevent CO2 escape. Effective storage is key to the
successful implementation of this technology, especially for medium and high permeability reservoirs. The current flow
[...] Read more.
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Abstract Kecombrang flowers have bioactive components that can be used as food additives. The development of the kecombrang functional food industry for the production of
food additives requires information on production parameters. The extraction process for kecombrang to obtain bioactive components, especially phenols and
[...] Read more.
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-Experimental, theoretical and computational research on process development and engineering
-Chemical and biochemical reaction processes
-Mass transfer, separation
and purification processes
-Mixing, fluid processing and heat transfer systems
-Integrated process design and scaleup
-Process modeling, simulation, optimization and
control
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SJR

The SJR is a size-independent prestige indicator that
ranks journals by their 'average prestige per article'. It is

based on the idea that 'all citations are not created
equal'. SJR is a measure of scientific influence of
journals that accounts for both the number of citations
received by a journal and the importance or prestige of

the journals where such citations come from
It

Total Documents

Evolution of the number of published documents. All
types of documents are considered, including citable

and non citable documents.

Year Documents
2013 17
2014 43

Citations per document

This indicator counts the number of citations received
by documents from a journal and divides them by the

total number of documents published in that journal.
The chart shows the evolution of the average number
of times documents published in a journal in the past
two, three and four years have been cited in the current
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measures the scientific influence of the average article Year Documents year. The two years line is equivalent to journal impact
factor ™ (Thomson Reuters) metric.

Cites per document Year Value
Cites / Doc. (4 years) 2013 0.000
Cites / Doc. (4 years) 2014 1.353
Cites / Doc. (4 years) 2015 2.083
Cites / Doc. (4 years) 2016 1.653
Cites / Doc. (4 years) 2017 1.961
Cites / Doc. (4 years) 2018 2.110
Cites / Doc. (4 years) 2019 2.835
Cites / Doc. (4 years) 2020 2.992

Total Cites  Self-Cites

Evolution of the total number of citations and journal's
self-citations received by a journal's published

documents during the three previous years.



Journal Self-citation is defined as the number of
citation from a journal citing article to articles
published by the same journal.

Cites Year Value

External Cites per Doc  Cites per Doc

Evolution of the number of total citation per document
and external citation per document (i.e. journal self-

citations removed) received by a journal's published
documents during the three previous years.
External
citations are calculated by subtracting the number of
self-citations from the total number of citations

received by the journal’s documents.

% International Collaboration

International Collaboration accounts for the articles
that have been produced by researchers from several

countries. The chart shows the ratio of a journal's
documents signed by researchers from more than one
country; that is including more than one country
address.

Year International Collaboration

Citable documents  Non-citable documents

Not every article in a journal is considered primary
research and therefore "citable", this chart shows the

ratio of a journal's articles including substantial
research (research articles, conference papers and
reviews) in three year windows vs. those documents
other than research articles, reviews and conference

papers.

Cited documents  Uncited documents

Ratio of a journal's items, grouped in three years
windows, that have been cited at least once vs. those

not cited during the following year.

Documents Year Value
Uncited documents 2013 0
Uncited documents 2014 5
Uncited documents 2015 8
Uncited documents 2016 41
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Article 

Machine Learning Model for Quality Parameters Prediction 
and Control System Design in the Kecombrang Flower  
(Etlingera elatior) Extraction Process 
Ardiansyah Ardiansyah 1,*, Rifda Naufalin 2, Poppy Arsil 1, Nurul Latifasari 3, Rumpoko Wicaksono 2,  
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Abstract: Kecombrang flowers have bioactive components that can be used as food additives. The 
development of the kecombrang functional food industry for the production of food additives re-
quires information on production parameters. The extraction process for kecombrang to obtain bi-
oactive components, especially phenols and flavonoids, requires maximum temperature treatment 
and extraction time. This study aims to determine the standard for the kecombrang flower extrac-
tion process, create a machine learning model to estimate the quality parameters of the extraction 
results (phenol, flavonoid, pH, color, and viscosity), and design a strategy for controlling the extrac-
tion machine work to maintain the quality of the extraction, especially of phenols and flavonoids. 
This research was conducted at extraction temperatures of 60 °C, 65 °C, 70 °C, and 75 °C. During 
the extraction process, the quality of the material was checked by measuring phenol and flavonoid 
contents, as well as color, pH, and viscosity. Sampling was carried out at 5 min intervals. The data 
on the quality parameters during the extraction process were analyzed for trends. A machine learn-
ing model, which is an artificial neural network, was developed using a 2–6–1 architecture for each 
quality parameter. The two inputs of ANN were temperature of extraction and extraction time (du-
ration). The output was the quality parameters of the products (phenols, flavonoids, pH, viscosity, 
and color), which were evaluated separately. The results show a good correlation between the 
model and the experimental data, with both the training dataset and the testing dataset. These re-
sults were then used to formulate a strategy for controlling the extraction process. A neuro-control 
system was used as a strategy. This control system was adaptive to changes that occurred during 
the extraction process so that phenols and flavonoids could be maintained. 

Keywords: kecombrang flower; extraction process; quality parameters; machine learning model; 
neuro-control system 
 

  

Citation: Ardiansyah, A.;  

Naufalin, R.; Arsil, P.; Latifasari, N.; 

Wicaksono, R.; Aliim, M.S.;  

Kartiko, C.; Waluyo, S. Machine 

Learning Model for Quality  

Parameters Prediction and Control 

System Design in the Kecombrang 

Flower (Etlingera elatior) Extraction 

Process.  

Processes 2022, 10, 1341. 

https://doi.org/10.3390/pr10071341 

Academic Editor: Zhiwei Gao 

Received: 6 June 2022 

Accepted: 7 July 2022 

Published: 9 July 2022 

Publisher’s Note: MDPI stays neu-

tral with regard to jurisdictional 

claims in published maps and institu-

tional affiliations. 

 

Copyright: © 2022 by the authors. Li-

censee MDPI, Basel, Switzerland. 

This article is an open access article 

distributed under the terms and con-

ditions of the Creative Commons At-

tribution (CC BY) license (https://cre-

ativecommons.org/licenses/by/4.0/). 



Processes 2022, 10, 1341 2 of 16 
 

 

1. Introduction 
Plant-based bioactive compounds have attracted great interest as viable alternatives 

to synthetic materials due to their antibacterial, anti-inflammatory, and antioxidant prop-
erties. The extraction and processing of several parts of kecombrang, or torch ginger 
(Etlingera elatior), such as the leaves, torches, stems, flowers, and rhizomes, have also been 
the subject of extensive investigation. The earliest stages of the study focused on identify-
ing the bioactive components found in the kecombrang plant and defining the function 
and application of each discovered compound [1–4]. Kecombrang is a plant that is native 
to Indonesia and Malaysia and is widespread in Southeast Asia. For generations, local 
people have used and exploited the plant for food, condiments, medicine, and food fla-
voring [5]. 

The active chemicals in the kecombrang plant are considered to be less effective and 
to have a shorter shelf life when the plant parts are used fresh. Thus, the contents of 
kecombrang plants need to be extracted, dried, modified, and further processed to pre-
serve their bioactive components [6]. While drying kecombrang powder increases its du-
rability by reducing its water content, it also damages the bioactive components found in 
fresh kecombrang flowers [7]. As a result, the ideal drying temperature and duration for 
powdering kecombrang must be determined to avoid the degradation of some of its bio-
active components, such as phenols, flavonoids, and vitamin C, which results in a loss of 
its antioxidant action. 

Extraction is critical for obtaining a desired bioactive component from kecombrang, 
as the chemicals are present in trace amounts in plants. According to [8], there are two 
primary approaches for extracting bioactive compounds from plants: traditional methods 
and nonconventional methods. Hydrodistillation [2], column chromatography [9], 
Soxhlet extraction, and maceration are all examples of classical extraction methods. Con-
ventional methods have disadvantages in terms of increased reliance on high-purity or-
ganic solvents, increased cost, decreased extraction efficiency, prolonged processing time, 
and increased temperature [10]. To address these issues, non-traditional technologies, 
such as microwave-assisted extraction and supercritical carbon dioxide (SC-CO2), are 
used [11]. According to [2], the leaves contain more volatile components (essential oils) 
than the stems, flowers, and rhizomes. The antioxidant component extracts from kecom-
brang flowers range from 61.61 to 83.17 percent, those from the stems range from 57.42 to 
84.65 percent, those from the leaves range from 40.64 to 60.40 percent, and those from the 
rhizomes range from 58.40 to 69.66 percent [12]. This shows that the flowers and stems 
contain a greater concentration of bioactive chemicals with antioxidant activity than the 
leaves and rhizomes. 

Of the various extraction methods, conventional or traditional methods are still at-
tractive for use in the industry. The industry and researchers still rely on traditional or 
solvent extraction techniques to generate high quantities of chemicals with relatively sim-
ple and inexpensive equipment [13]. For example, maceration, percolation, and reflux ex-
traction do not require expensive solvents and can be conducted at atmospheric pressure. 
When it comes to solvent extraction, the choice of solvent is critical. When choosing a 
solvent, selectivity, solubility, cost, and safety should be taken into account [14]. 

The extraction will be more efficient if the diffusivity and solubility of the solute is 
increased. Important factors that can influence the extraction are particle size, type of sol-
vent, ratio of solvent to solid, temperature, and extraction time (duration) [15–17]. 

Several studies on natural product extraction suggest temperatures ranging from 40 
°C to 100 °C and extraction times ranging between 10 min and more than 2 h [16,18,19]. 
These two factors can be controlled by applying automatic control to the extraction ma-
chine. Automatic control with electronic principles for processing machines is easy to im-
plement practically [20–22]. 

On an industrial scale, this powdered form typically preserves the natural flavor of 
the raw material, making it impractical. However, few studies have been conducted to 
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standardize the manufacturing process, which is a vital stage in the production of kecom-
brang powder or extract. Numerous studies have indicated that there is currently no way 
to standardize the manufacturing process, which is a vital stage in processing kecombrang 
plants. Before the powder enters the industrial process, a method of process control is 
required to produce kecombrang powder with the highest standardized bioactive compo-
nent. However, research on the quality parameter related to processing each kecombrang 
plant component is lacking, even in Indonesia.. Therefore, this study was conducted with 
the objective of standardizing process quality in kecombrang powder in order to achieve 
high-quality bioactive components. 

To date, there has been no standardization of the kecombrang plant’s processing to 
manufacture phenol and flavonoid components on an industrial scale. Because the flavo-
noid and phenol concentrations vary throughout processing, we applied a machine learn-
ing technique to model the temperature and time processing to standardize the procedure 
of the extraction process. Artificial neural networks (ANNs) were used to obtain the opti-
mal value by inputting previous research data in the learning process (training). 

Currently, the use of ANNs in food science as well as their practical application in 
food processing is common [23–26]. The objective of this study was to standardize the 
quality of the kecombrang flower extraction process before the extract enters industrial 
processes. Specifically, the purpose of this study was to determine the effect of tempera-
ture and extraction process time on the quality parameters of kecombrang flower extract 
preparations using an artificial neural network (ANN). Time and temperature were used 
as inputs for the ANN. The output to be produced was the quality parameters, namely 
the levels of phenols and flavonoids. This ANN modeling process is important for design-
ing control systems. The temperature and the extraction time can be used directly as set-
points for designing the control system, which is common. Moreover, to directly use phe-
nol and flavonoid levels as set-points, we need a control algorithm that includes machine 
learning. The work in this paper involves two stages. First, we create a machine learning 
model using an artificial neural network to estimate the quality parameters of the extrac-
tion process of kecombrang flowers. Second, the ANN model is used to formulate a strat-
egy for controlling the extraction process to produce the best-quality kecombrang extract. 

2. Materials and Methods 
The overall process in a kecombrang processing plant is shown in Figure 1. The pro-

cess of extraction occurs after the milling of dried samples (appears in the dashed red line 
box). The maceration method is used for extraction. It involves water, a temperature range 
of 60–75 °C, and mixing for 4 h (240 min). 
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Figure 1. Design of the kecombrang processing plant. 

Kecombrang flower extraction machines that are applied in industrial plants are 
batch extraction machines. Figure 2 shows the scheme of a conventional extraction ma-
chine modified from [27], which is the machine used in this study. This extraction does 
not require cooling in the same way as a common distillation process. Output substances 
are further processed via filtering without cooling. 

 
Figure 2. Industrial extraction machine. 

Making a kecombrang flower extract requires kecombrang flowers that have been 
dried and ground into powder. Kecombrang flower powder is placed in the extractor with 
water at a ratio of 1:14. In the extractor machine, the water is heated to a temperature 
above 50 °C. Extraction is carried out in the machine for 3 h or more. 

Extraction using four different temperatures was conducted in order gather data. The 
temperature treatments included 60 °C, 65 °C, 70 °C, and 75 °C. Four quality parameters, 
namely color, viscosity, and phenol and flavonoid contents, were measured every 5 min 
during extraction as a time series. Phenol and flavonoid contents were determined by la-
boratory measurement of the sample. Color was measured using Color Reader C10 from 
Minolta, and viscosity was measured using Brookfield’s Viscometer. 

Color reader outputs used the CIE L*a*b system. In the measuring unit, the higher 
the value of L, the greater the lightness of a color and vice versa. Color measurements took 
only L and a parameters. The higher the value of a, the higher the redness of the color. 
Conversely, the lower it is, the higher the greenness of the color. [28]. Viscosity data were 
presented in the form of cP and tor. 

Machine Learning Model and Control System Design 
The machine learning model was developed using an artificial neural network [29] . 

The model used the backpropagation method for data learning. A network structure of 2–
6–1 (2 nodes in input layer, 6 nodes in hidden layer, and 1 node in output layer) was cho-
sen. This structure was chosen after experiments using more complex structures did not 
show different result. A structure that uses 1 hidden layer only is good for simplicity (Figure 
3). The data were split into two sets: a training dataset and a testing dataset. The 70–30 
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rule of training–testing was applied. Each quality parameter dataset was trained sepa-
rately. The performance of the ANN model was evaluated for each quality parameter us-
ing correlations between observed and ANN model outputs. If the correlation between 
the training dataset and the testing dataset was medium or strong, then the model was 
used as a predictor for the quality parameter of kecombrang extraction. Furthermore, if 
the correlation between the training dataset and the testing dataset was weak, a new ANN 
architecture was used by adding nodes to the hidden layer or by increasing the number 
of hidden layers. 

 
Figure 3. The structure of the 2 (inputs)–6 (hidden layer nodes)–1 (output) ANN. 

The ANN model produced in the previous step was used to design the adaptive con-
trol system of the extraction machine [30]. 

3. Results and Discussion 
3.1. Quality Parameters 

The quality parameters that are discussed in this paper are flavonoid content, phenol 
content, color, viscosity, and pH. Antioxidants are the main focus in the content, as they 
are important components of functional ingredients. For the production of functional in-
gredients, the process must be able to maintain consistent maximal levels of phenols and 
flavonoids. The process settings that can be set on the extraction machine are time and 
temperature. However, time and temperature may also change other quality parameters, 
such as viscosity, color, and pH. Viscosity, color, and pH are parameters that are related 
to human preferences. 

Data on the dynamics of phenol, flavonoid, pH, viscosity, and color at various tem-
peratures (60 °C, 65 °C, 70 °C, and 75 °C) during the extraction process are described be-
low. 

3.1.1. Phenols 
From Figure 4, we can see that both the extraction time and the extraction tempera-

ture influenced the phenol content. The extraction time shows a rising trend after 100 min 
for all temperatures except 75 °C. An increase in temperature also increased the phenol 
content. The optimum operation for obtaining the highest phenol content involved using 
a temperature of 70 °C and an extraction time of 163 min (125 mg TAE/100 g). 
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Figure 4. Phenol content with different extraction times and at different temperatures. 

3.1.2. Flavonoids 
Figure 5 shows that the flavonoid content increases with the extraction time. Each 

temperature treatment shows the same trend. However, at 240 min, when the extraction 
ended, higher flavonoid levels were obtained at the lowest temperature (60 °C). At 110 
min, higher temperatures (70 and 75 °C) resulted in higher flavonoid levels. This creates 
a dilemma whereby the best results are obtained with low temperature–long time (LT–
LT) or high temperature–short time (HT–ST) processes. The process that results in the 
highest flavonoid content should be considered as the operating standard for extraction. 
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Figure 5. Flavonoid content with different extraction times and at different temperatures. 

3.1.3. pH 
There was no remarkable change in pH at different extraction temperatures or with 

different extraction times. The values ranged between 3.3 and 3.6, with both representing 
low pH values (acidic conditions) (Figure 6). A constant pH level was observed at an ex-
traction temperature of 60 °C. An increase in pH was observed over time at 65 °C until it 
was close to that of 60 °C. At 70 and 75 °C, the pH decreased as the extraction time in-
creased. Thus, we conclude that temperature treatment and extraction time do not have 
much of an effect on pH. However, extraction results with a pH close to neutral are pre-
ferred. 
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Figure 6. pH with different extraction times and at different temperatures. 

3.1.4. Viscosity 
Viscosity showed a trend of decreasing as the extraction time increased (Figure 7). 

The steepest decrease occurred at 75 °C, the highest temperature. The value ranged from 
3.5 to 7.0 cP. 

 
Figure 7. Viscosity cP with different extraction times and at different temperatures. 
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3.1.5. Color 
The value of L (lightness) is higher at 60 °C than at 65 °C. However, the value of L is 

even higher at 70 and 75 °C (Figure 8). Similarly, the value of a at the end of the extraction 
time is higher at 60 °C than at 65 °C. The value of a also increases with extraction time at 
70 and 75 °C, potentially exceeding the a value at 60 °C (Figure 9). 

 
Figure 8. Color (L) with different extraction times and at different temperatures. 

 
Figure 9. Color (a) with different extraction times and at different temperatures. 
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3.2. Training of the Machine Learning Model 
The ANN model used three layers (one input layer, one hidden layer, and one output 

layer) to maintain simplicity. The hidden layer consists of six nodes. Training for all qual-
ity parameter data was performed using 5000 iterations. Experiments with more than 5000 
iterations showed similar convergence results. The correlation between the ANN model’s 
output (prediction) and the data is shown in Figure 10. As can be seen, viscosity and color 
are the parameters with the largest correlation values. The value of pH varied in the ANN 
output, while the actual data showed only small variations. 

 
Figure 10. Correlation between output ANN prediction and output data for the training dataset (a) 
Phenols, (b) Flavonoids, (c) pH, (d) Viscosity, (e) Color. 

Phenols and flavonoids, as the main quality parameters, show relatively lower (but 
still strong) correlations (0.5 ≤ |r|< 1), of 0.71 and 0.82, respectively. Non-linearity with 
phenols is clearly seen compared to flavonoids. Figures 4 and 5 confirm this fact. Both 
flavonoid and phenol contents increase with an increase in extraction temperature and 
extraction time, while phenol shows an unclear pattern with changes in temperature and 
extraction time. 

3.3. Testing of the Machine Learning Model 
The generalization of the model was conducted using the testing dataset. The pur-

pose of the model is to predict the kecombrang plant processing extraction process. Thus, 
underfitting and overfitting must be avoided. The temperature and the extraction time 
should help accurately predict the phenol and flavonoid contents so precise decisions can 
be made regarding the extraction process control system. 

The prediction of quality parameters using the testing dataset and the model ob-
tained from training results shows a good correlation (Figure 11). Of all the parameters, 
the correlation value of phenol is still the lowest (but still strong), at 0.71. The correlation 
values obtained from the training data and testing data are not significantly different from 
each other, so it can be concluded that this model is accurate and feasible for use in control 
systems. 
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Figure 11. Correlation between output ANN prediction and output data for the testing dataset (a) 
Phenols, (b) Flavonoids, (c) pH, (d) Viscosity, (e) Color. 

3.4. Concept of Applying the Model into the Control System 
Applying the ANN model in a control system of the extraction process is useful for 

improving the performance of the control system. The ANN model can measure ongoing 
extraction process data for the self-learning process. The ANN has a good ability to adjust 
control parameters as variations occur in the system [31]. The ANN model can be applied 
to the control system structure to improve the quality parameters of the extraction results. 
As a functional food product, the purpose of the control system is to control the quality of 
antioxidants, namely phenols and flavonoids. Other quality parameters (pH, viscosity, 
and color) are relatively tolerable if phenols and flavonoids are at the highest levels pos-
sible. 

There are two control strategies for the extraction process. The first involves directly 
using the temperature and the extraction time as a set-point (Figure 12a). The extraction 
operation time is set, while the operating temperature becomes the set-point that is input 
as the control variable. In this way, the ANN model can be used to determine the values 
of phenols and flavonoids and to compare them to the output of the control system [32,33]. 
A comparison of the output of the control system and the ANN model can also be a strat-
egy for model improvement. This method can be classified as indirect neuro-control [32]. 
The new data obtained in the extraction process are used as additional training data so 
that the ANN model and the observation data (data measured from the extraction process) 
have similar values. The controller must maintain the temperature at the set-point value. 
This is a commonly used method. 
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(a) 

 
(b) 

Figure 12. Indirect (a) and direct (b) neuro-control design. 

The second method involves using the levels of phenols and flavonoids as a set-point 
(Figure 12b). The extraction operation time and temperature become a new set-point vari-
able that varies according to the values of phenols and flavonoids obtained from the con-
trol system. This method can be classified as direct neuro-control [34]. In this direct-neuro 
controller control method, the set-point, in the form of the phenol and flavonoid parame-
ters, is optimized using the ANN model and a genetic algorithm [31,35,36] to obtain new 
extraction temperature and time. The input in the form of temperature and extraction time 
is the new set-point that must be maintained by the extractor. Thus, the target values of 
phenols and flavonoids will be achieved. In this method, phenols and flavonoids in the 
extractor are approached by measuring the values of color, pH, and viscosity as an approxi-
mation model. The close relationship between the estimators (color, pH, and viscosity) and 
the predicted parameters (phenols–flavonoids) can be seen in the correlation matrix (Figure 
13). 
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Figure 13. Parameter pair correlations. 

The correlation shows how strongly one dataset is related to the other dataset. Alt-
hough it does not show a cause-and-effect relationship, the correlation is a useful indicator 
for making linear prediction models [37,38]. The correlation matrix shows that for phenol, 
a strong correlation value (0.5 ≤ |r|< 1) is given by pH and viscosity, which are −0.64 and 
0.69, respectively. In flavonoids, color (a) and color (L), also have strong correlations, of 
0.82 and 0.68, respectively. Phenol and flavonoid levels can be approximated (predicted) 
from the parameters that have a strong correlation with them. Multilinear regression is 
used for this. The equations obtained from the respective regressions are: Phenol ൌ  402.48 ൅  11.20 ∙  Viscሺtorሻ  െ  118 ∙  pH (1)Flavonoid ൌ  11.20 െ  0.66 ∙   Color ሺLሻ  ൅  3.26 ∙  Color ሺaሻ (2)

In the implementation of the two control strategies, pH, color (a), color (L), and vis-
cosity data are needed as inputs for Equations (1) and (2). Sampling or sensing using sen-
sors for pH, color (a), color (L), and viscosity is required during the extraction process. 

During the experimental operation of the extraction at various temperatures and ex-
traction times, data on the quality parameters of the extraction results were obtained. 
When applied to a production plant, the extraction process may differ due to scaling from 
the experiment. Neuro-control design allows for the updating of the training data from 
the experimental data to the production data. ANN model training with updated data can 
be conducted periodically. There is a possibility that there is a change in the temperature 
value and the optimum extraction time so that optimization continues to be carried out 
periodically with additional data. 

4. Conclusions 
To obtain kecombrang extracts with maximum phenol and flavonoid contents, the 

extraction process in an industrial plant needs to be controlled. The measurement of ex-
tract samples must always be carried out in an effort to maintain quality. It is necessary to 
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apply an adaptive control system to monitor changes in extract quality. An ANN model 
can subsequently be used in the extraction process control strategy, with both indirect and 
direct neuro-control schemes. 

From this research, it can be concluded that backpropagation ANN can well model 
the extraction process for kecombrang flowers. This can be seen from the correlation value 
between the observation data and the prediction model, in terms of both the training data 
and the testing data. The ANN model predicts phenols, flavonoids, pH, viscosity, and 
color using time and temperature as inputs. The ANN model can further be used as a tool 
for optimization. The combination of both inputs to produce the desired levels of phenols 
and flavonoids can be determined using a direct neuro-control strategy. 

Furthermore, from the correlation parameter pairs, it can be seen that phenols and 
flavonoids, as the main quality parameters, can be approximated by regression equations 
from other quality parameters. These parameters are pH, viscosity, and color. This finding 
is useful for predicting phenol and flavonoid levels in real time inside the control system. 
Phenol and flavonoid values can be directly fed back to the ANN model. 
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