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Abstract. The extraction of essential oils in the world is widely used to combat various diseases, and also helps for giving a 

good taste to food (flavoring condiments) and cosmetics that do not pollute the environment or generate chemicals. Peru is in 

the top 10 countries with the greatest biological diversity in the world, having an approximate 10% of world flora and endless 

endemic species, also valuing the citrus fruits having productive of orange, lime, grapefruit, tangerine, and tangelo. Therefore, 

processes are analyzed and a model for the extraction of essential oil from citrus fruits is developed, through the design of an 

industrial-scale steam extractor, which establishes the automation of the filling and emptying of the distiller to obtain better 

results and also automates a closed-loop control for refrigeration, to help the operator to control and supervise the process of 

refrigeration and water filling using a control panel. The distillation process was analyzed where an average of 1% to 5% of 

essential oil of citrus fruits was obtained and the development of a control for the supervision of the filling and emptying of the 

water was analyzed. In this paper we introduce a Neutrosophic (Indeterminate) Control System model based on the well-known 

Fuzzy Control Systems models, especially Mamdani's. It is applied in the process of automating the extraction of essential oil 

from citrus fruits. An Indeterminate Control System, like its similar Fuzzy Control System, makes it possible to control the oil 

production process with the help of natural language. The advantage of the Indeterminate Control System is that it explicitly 

considers indeterminacy due to the non-homogeneity of the parameters within the system, thus it is more accurate. 
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1 Introduction 

Essential oils were first used in the home over 1000 years ago in the civilizations of India, Greece, Rome, and 

Mesopotamia. Essential oils contain a homogeneous mixture of organic compounds. All compounds have the ef-
fect of producing aromas that the human olfactory can smell, they are complex alloys of volatile organic com-

pounds with a pleasant aroma and can be found in different families of plants, fruits, stems, etc. Naturally, they 

are substances that provide a characteristic odour and are present in different parts of the plant, such as valerian 

root, leaves (mint, eucalyptus), fruits (fennel, cumin), flowers (chamomile, roses) or the skin of fruits (orange, 
mandarin, grapefruit, and tangelo). 

Generally, to obtain oil, plants must contain an average of 0.5% - 5% oil about the mass of the plant. A brief 

exploration of essential oils tells us that the consistency groups are low molecular weight aliphatic compounds 

consisting of phenylpropanoids, terpenes, monoterpenes, sesquiterpenes, etc. Industrial-scale extraction methods 
for essential oils are based on steam extraction [1]. There are different extraction methods such as pressing, super-

critical, enfleurage, expression, microwave liquid extraction, volatile solvent extraction, and vapour extraction, 

which have excellent product quality, but in most cases are extremely expensive to implement and operate. Steam 

entrainment distillation is based on the fact that the aroma of the plants can be entrained by the steam generated 
from the water, then cooled, and finally separated. The vapour produced from the water will be cooled, causing it 
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to condense and form two immiscible states, the mother liquor (hydrolyzed) and the essential oil. This type of 

distillation focuses on equal amounts of immiscible liquids used to separate organic substances that are insoluble 
in water. 

In this work an approximate amount of essential oil is extracted from the peel of mandarin, tangelo, grapefruit, 

and orange, the citrus fruit will be extracted to use the peel. The essential oil of citrus fruits is used in the pharma-

ceutical industry as a flavouring agent to mask unpleasant odours in medicines, as well as in perfumes, cleaning 
products, and citrus fruit essential oil is in high commercial demand. An essential oil extraction pilot plant allows 

us to see the productivity that can be achieved with an extraction machine, and then having a pilot extraction plant 

allows us to evaluate the performance that can be achieved and learn from practice. An industrial-scale essential 

oil extractor was designed focusing on the control of the machine, automation through a Programmable Logic 
Control (PLC), looking for the correct operation of the extraction plant in case of possible failures, having a result 

of automation in the part of filling and emptying of the tanks, it will also help to cool in an average of 8 to 13°C. 

The automation has a PLC, which is an industrial computer control system that continuously monitors the state of 

input devices and makes decisions based upon a custom program to control the state of output devices; a Human 
Machine Interface (HMI) screen (it can be programmed to display important status and control information to the 

operator), which seeks to automate industrial plants to regulate process parameters through automatic control sys-

tems, taking into account steam, temperature and pressure. This system will allow us to program and monitor the 

essential oil extractor. The extractor will have a manual control that can be operated from the plant through a 
control panel, allowing better management of the extractor machine, which will increase productivity and reduce 

operation time, which will benefit the user and operator. 

However, this automation process can be considered ambitious in the sense that different types of citrus peels 

are distilled, which means that the results will not always have the same quality when processing two different 
types of citrus. It is known that some of them perform more efficiently than others. Also, part of the process 

depends on manual work, which can lead to human errors, while other components depend on code, which can 

sometimes fail. That is, there are several factors in which automation can fail. 

Traditional automation methods try to minimize errors as much as possible, including staff training. The way 
to understand this problem by the authors of this article is that within the same system, we deal with elements of 

natural language and with IF-THEN rules that allow operators and software the most appropriate treatment of the 

processes that they proposed [2]. 

There is a similar theory of Fuzzy Inference Systems (FIS) models such as the Sugeno’s, Mamdani’s, and 
Tsukamoto’s models, which are the most popular, where the characteristics of Fuzzy Sets are combined with Ar-

tificial Neural Networks [2]. There are also Fuzzy Control Systems (FCS) that are applied in the control of indus-

trial processes that require automation with certain characteristics of approximate reasoning [2-9-18-19]. For their 

part, Neutrosophic Systems, coined by F. Smarandache, have a distant relationship with what we are dealing with 
in this article since Smarandache uses a definition more in line with Systems Theory and Dynamic Systems [10]. 

On the other hand, there are approaches to define Neutrosophic Control Systems that respond to linear control 

models used in electrical circuits, for example [11], and others like in [12, 13, 17]. 

The article is divided into sections, the first of which is Materials and Methods, where the fundamental concepts 
of Fuzzy Systems are explained, as well as the basic notions of citrus oil extraction. In the Results section, we 

expose the designed model and its application in the essential oil extraction plant of citrus fruits. Conclusions are 

given at the end of the paper. 

2. Materials and Methods 

2.1 The Essential Oil Extraction from Citrus Peel 

The use of the VDI 2221 methodology will help us to show detailed known levels, and the evaluation of com-

ponents and types of materials in the calculation memory for its adequate final design, the purpose of this method 

is to find the appropriate solution among multiple proposed alternatives, as shown in Figure 1. 
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Figure 1: Mechanical Design Standard VDI 2221. 

 
During the analysis, we will seek to determine the functions that must be satisfied to achieve the project objec-

tive. Starting with the elaboration of the black box to find the inputs and outputs of the essential oil distiller as 

shown in Figure 2. 
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Figure 2: Scheme of the Black Box. 

 

 
 

The next step was to define the functions to be performed based on the processes to be fulfilled by the system, 

in addition to other factors related to the distiller. To do so, a sequence of functions was made to better detail the 

idea of this section, as shown in Figure 3. 
 

Figure 3: Function structure. 

 

 
 

The figure shows the operating diagram of the mechatronic system for the distillation of essential oils according 

to the type of material, thus automatically shutting down for optimal operation of the machine, as shown in Figure 
4. 
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Figure 4: Mechatronic system diagram. 

 

 

2.2 Fuzzy Control System 

A Fuzzy Control System is a control system where some fuzzy IF-THEN rules are defined by experts [6]. Thus, 

the system responds to these rules dynamically. When the system is referred to as multi-input-multi-output 

(MIMO), there are two or more rules in the following form: 
𝑅1: IF 𝑥 is 𝐴1 AND 𝑦 is 𝐵1 THEN 𝑧 is 𝐶1, 
𝑅2: IF 𝑥 is 𝐴2 AND 𝑦 is 𝐵2 THEN 𝑧 is 𝐶2, 
⋮  
𝑅𝑛: IF 𝑥 is 𝐴𝑛 AND 𝑦 is 𝐵𝑛 THEN 𝑧 is 𝐶𝑛. 
 

An example of a Fuzzy Controller is Mamdani’s model, see Figure 5, where the represented rules in the figure 

are the following: 

𝑅1: IF 𝑥1 is MIDDLE AND 𝑥2 is LOW THEN 𝑦 is LOW, 
𝑅2: IF 𝑥1 is LOW AND 𝑥2 is MIDDLE THEN 𝑦 is MIDDLE. 
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Figure 5: Scheme of a Mamdani’s fuzzy control. 

 
 

 

 

 
 

 

 

 
 

 

 

 
 

 

 

 
 

 

 

 

 

 

 

3 Results 

In this section, we describe the Neutrosophic Model we designed and the results. First, we recall the following 

definition in Neutrosophic Theory [14-16]: 

A Neutrosophic Number can be represented in the form of 𝑁 = 𝑎 + 𝑏𝐼, where 𝑎, 𝑏 ∈ ℝ, and 𝐼 is a constant 

such that 𝐼2 = 𝐼, 0 ∙ 𝐼 = 0, 
𝐼 + 𝐼 +⋯+ 𝐼⏟        

𝑛 𝑡𝑖𝑚𝑒𝑠
= 𝑛𝐼. 𝑎 is called the determinate part and 𝑏 is the indeterminate part. 

Given 𝑁1 = 𝑎1 + 𝑏1𝐼 and 𝑁2 = 𝑎2 + 𝑏2𝐼 two neutrosophic numbers, some operations between them are de-

fined as follows: 

𝑁1 +𝑁2 = 𝑎1 + 𝑎2 + (𝑏1 + 𝑏2)𝐼 (Addition), 

𝑁1 −𝑁2 = 𝑎1 − 𝑎2 + (𝑏1 − 𝑏2)𝐼 (Difference), 

𝑁1 × 𝑁2 = 𝑎1𝑎2 + (𝑎1𝑏2 + 𝑏1𝑎2 + 𝑏1𝑏2)𝐼 (Product), 

𝑁1

𝑁2
=

𝑎1+𝑏1𝐼

𝑎2+𝑏2𝐼
=
𝑎1

𝑎2
+
𝑎2𝑏1−𝑎1𝑏2

𝑎2(𝑎2+𝑏2)
𝐼 (Division). 

Undoubtedly, the temperature, pressure, and other parameters are not constant in time or space. So, we want 
to take into account the indeterminacy of them in the space during a certain time. Thus, we use neutrosophic 

numbers in the form of 𝑁 = 𝑎 + 𝑏𝐼 to model the value measured for this parameter by the sensor and also the 

estimation of other values not directly captured by the sensor. E.g., when the sensor takes temperature is 20oC, 

maybe at a farther point we have 18o, then 𝑁 = 20 + 2𝐼 = [18,22] when 𝐼 = [−1, 1]. 
In this model it is necessary to control mainly two variables, Distillation Temperature (T) and Water Level 

used in cooling (W). The rules are simple but effective: 

𝑅1: IF 𝑇 is 𝐻𝑖𝑔ℎ AND 𝑊 is 𝐿𝑜𝑤 THEN 𝑆 is 𝐻𝑜𝑡, 
𝑅2: IF 𝑇 is 𝐿𝑜𝑤 AND 𝑊 is 𝐻𝑖𝑔ℎ THEN 𝑆 is 𝐶𝑜𝑙𝑑. 
Here, 𝑆 is the variable Temperature of the System. If 𝑆 is Hot, the pump is operated, while if 𝑆 is Cold, the 

temperature 𝑇 is increased and the solenoid valve is closed. 

The solenoid valve is one of the most important actuators for our distiller as they will be in charge of trans-

porting the water to the highest points of the machine. This actuator will allow us to control the water flow to the 
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condenser and distiller as well as the filling of the water storage tanks. 

At the same time, these rules must be adapted to the species of citrus to distill. 

Figure 6 is the depiction of the membership functions used to model the variable High Temperature (in red 
lines), Low Temperature (in blue lines), and Normal Temperature (in cyan lines). 

 

Figure 6: Membership functions of the linguistic values of T. High is represented in red line, Low is in blue line, and Normal is in cyan lines. 

 
 

 

 

 
 

 

 

 
 

 

 

 

 
 

 

 

 
Figure 7 contains the plots of the membership functions for Low Levels of Water (in blue lines), High Levels 

of Water (in red lines), and Normal Levels of Water (in cyan lines). 

 

Figure 7: Membership functions of the linguistic values of W. High is represented in red line, Low in blue line, and Normal is in cyan lines. 

 

 

 

 
 

 

 

 
 

 

 

 
 

 

 

 
 

 

 

For modeling the Temperature of the System we use again the membership functions of Figure 6, with the 
labels “Cold” for “Low Temperature”, “Hot” for “High Temperature” and “Adequate” for “Normal Temperature”. 

The indeterminacy constant is 𝐼𝑇 = [−5, 5]
oC for 𝑇 and 𝑆; whereas, 𝐼𝑊 = [−5, 5] 𝑚

3 for 𝑊. 

For processing the input data in the form of 𝑁𝑇 = 𝑇𝑑 + 𝑇𝑖𝐼𝑇, 𝑁𝑊 = 𝑊𝑑 +𝑊𝑖𝐼𝑊, and 𝑁𝑆 = 𝑆𝑑 + 𝑆𝑖𝐼𝑆 we use 

the Indeterminate Mamdani’s Fuzzy Control which we introduce in this paper. See Figure 8: 
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Figure 8: Scheme of the Indeterminate Mamdani’s Control System. 

 
 

 

 

 
 

 

 

 
 

 

 

 
 

 

 

 
 

 

 

 
 

 

 

 

 

 

Figure 8 represents graphically the Indeterminate Mandani’s Control System used in this problem. Here, in-

stead of inputting crisp values, we input neutrosophic numbers. In the defuzzification process, we defuzzify the 
region in grey, and also the region colored (including the zones in yellow). So, we obtain an interval as the output 

of the temperature of the system 𝑆 = [𝑆𝐿, 𝑆𝑈]. 
When, 𝑆𝐿 < 150 𝐶𝑜  the system has to be heated, while if 𝑆𝑈 > 300 𝐶𝑜  the system has to be cooled. 

The results obtained were that within 8 hours approximately 40 to 50 liters of hydrolase and essential oil would 
be obtained, of which only 1.338% is citrus fruit essential oil. We also obtained the fixed and manipulable param-

eters of the distiller, as shown in Figure 9. 

 

Figure 9: Hydrolat and essential oils obtained during 8 hours. 
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Conclusion 

The steam distiller designed to obtain essential oils from citrus fruits contains a semi-automatic control system, 

which allows the extraction of essential oils with a percentage between 1% and 5% of the total. The results obtained 
show that, on average, 2.3% of essential oils were extracted from every 10,000 kilograms of citrus fruit used in 

the process. In addition, an average density of 96.7 kg/l was determined for the oils of the five types of citrus fruit 

used. Through experimental and theoretical calculations, a quantity of approximately 2.3 liters of essential oil per 

10,000 kilograms of citrus fruit was obtained, which represents an error of 3.2999% concerning the theoretical 
value. The distiller's control system includes a closed loop that automates the filling and emptying of the storage 

tanks, as well as temperature control during cooling. Also, maybe for the first time, a Plant uses an Indeterminate 

Control System. The advantage is that the non-homogeneity in the distribution of heat and water for cooling is 

included in the modeling, having adequate results. 

References 

[1]. Almeida RN, Soares R-d-P and Cassel E (2018) Fractionation process of essential oils by batch distillation. Brazilian 

Journal of Chemical Engineering, 35, 1129–1140. 

[2]. Jang J-SR, Sun C-T and Mizutani E (1997) Neuro-Fuzzy and Soft-Computing: A Computational Approach to Learning 

and Machine Intelligence Prentice Hall Inc. Upper Saddle River. 

[3]. Jiang B, Karimi HR, Kao Y and Gao C (2019) Takagi–Sugeno model based event-triggered fuzzy sliding-mode control 

of networked control systems with semi-Markovian switchings. IEEE Transactions on Fuzzy Systems, 28, 673-683.  

[4]. Karyaningsih D and Rizky R (2020) Implementation of Fuzzy Mamdani Method for Traffic Lights Smart City in 

Rangkasbitung, Lebak Regency, Banten Province (Case Study of the Traffic Light T-junction, Cibadak, By Pas Sukarno 

Hatta Street). Jurnal KomtekInfo, 7, 176-185. 

[5]. Mutolib A, Mardiati R, Mulyana E, Setiawan AE and Fathonih A (2020) Design of automatic goods carrier robot system 

based on line sensor and fuzzy logic control mamdani. 2020 6th International Conference on Wireless and Telematics 

(ICWT),  IEEE,  pp. 1-4. 

[6]. Nguyen AT, Taniguchi T, Eciolaza L, Campos V, Palhares R and Sugeno M (2019) Fuzzy control systems: Past, present 

and future. IEEE Computational Intelligence Magazine, 14, 56-68. 

[7]. Ray KS (2014) Soft Computing and its Applications: Fuzzy Reasoning and Fuzzy Control. Apple Academic Press. 

Toronto. 

[8]. Robson W, Ernawati I and Nugrahaeni C (2021) Design of multisensor automatic fan control system using Sugeno fuzzy 

method. Journal of Robotics and Control (JRC), 2, 302-306. 

[9]. Salahuddin H, Imdad K, Chaudhry MU, Nazarenko D, Bolshev V and Yasir M (2022) Induction machine-based EV vector 

control model using Mamdani fuzzy logic controller. Applied Sciences, 12, 4647. 

[10]. Smarandache F (2015) Neutrosophic Systems and Neutrosophic Dynamic Systems. A Publication of Society for 

Mathematics of Uncertainty, 11, 1-19. 

[11]. Ye J and Cui W (2018) Neutrosophic state feedback design method for SISO neutrosophic linear systems. Cognitive 

Systems Research, 52, 1056–1065. 

[12]. Aggarwal S, Biswas R and Ansari AQ (2010) Neutrosophic modeling and control.  2010 International Conference on 

Computer and Communication Technology (ICCCT),  IEEE,  pp. 718-723. 

[13]. Broumi S, Lathamaheswari M, Singh PK, Ouallane AA, Bakhouyi A, Bakali A, Talea M, Dhital A and 

Deivanayagampillai (2022) An Intelligent Traffic Control System Using Neutrosophic Sets, Rough sets, Graph Theory, 

Fuzzy sets and its Extended Approach: A Literature Review. Neutrosophic Sets and Systems, 50, 10-26. 

[14]. Smarandache F (2014) Introduction to Neutrosophic Statistics. Sitech & Education Publishing. Craiova.  

[15]. Smarandache F (2022) Neutrosophic Statistics is an extension of Interval Statistics, while Plithogenic Statistics is the most 

general form of statistics (second version),. International Journal of Neutrosophic Science, 19, 148-165. 

[16]. Valencia-Cruzaty LE, Reyes-Tomalá M, Castillo-Gallo CM and Smarandache F (2020) A Neutrosophic Statistic Method 

to Predict Tax Time Series in Ecuador. Neutrosophic Sets and Systems, 34, 33-39. 

[17]. P.Anbarasi Rodrigo, & S.Maheswari. ¨Neutrosophic gsα* - Open and Closed Maps in Neutrosophic Topological 

Spaces¨. Neutrosophic Systems With Applications, vol 8, pp 42–49, 2023. https://doi.org/10.61356/j.nswa.2023.39 

[18]. Jeyaraman. M, Iswariya. S, & Pandiselvi. R. ¨Generalized Double Statistical Convergence Sequences on Ideals in Neu-

trosophic Normed Spaces¨. Neutrosophic Systems With Applications, vol 8, pp 50–60, 2023. 

https://doi.org/10.61356/j.nswa.2023.40 

[19]. Waleed Tawfiq Al-Nami. ¨Ranking and Analysis the Strategies of Crowd Management to Reduce the Risks of Crushes 

and Stampedes in Crowded Environments and Ensure the Safety of Passengers¨. Neutrosophic Systems With Applica-

tions, vol 8, pp 61–78, 2023. https://doi.org/10.61356/j.nswa.2023.50 

Received: October 15, 2023. Accepted: December 13, 2023 

 

https://doi.org/10.61356/j.nswa.2023.39
https://doi.org/10.61356/j.nswa.2023.40
https://doi.org/10.61356/j.nswa.2023.50

