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ABSTRACT

In the current study, a Neuro-Fuzzy model has been developed to predict the
mass of extract in the process of supercritical fluid extraction of Pimpinella anisum
L. seed. The adaptive-network-based fuzzy inference system (ANFIS) technique was
trained with the recorded data from kinetic experiments of the mentioned process at
pressures of 8, 10, 14 and 18 MPa and constant temperature of 303.15 K which
generated the membership function and rules that excellently expounded the
input/output correlations in the process. Excellent prediction with Root Mean Square
Error (RMSE) of 0.0235 was observed. In the next step of study, mass transfer
coefficient in terms of Sherwood number was estimated by a neuro-fuzzy network.
Then, the estimated mass transfer coefficient was introduced into the mathematical
model. The proposed gray box (hybrid) model was validated with the experimental
data. Results confirmed that equipping mathematical model with neuro-fuzzy
network improved performance of the model significantly. Shokri et al. (2011)
applied Artificial Neural Networks and mathematical modeling on this process, and
reported the results of the proposed models. In the last part of this thesis, all four
models (including two proposed models of this study) were compared. It was

concluded that neuro-fuzzy and gray box models had the best performance.
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ABSTRAK

Dalam kajian semasa, model Neuro-Fuzzy telah dibina untuk menjangka
jisim yang diekstrak dalam proses pengekstrakkan cecair superkritikal benih
Pimpinella anisum L. Kaedah sistem inferens berasaskan rangkaian kabur (ANFIS)
telah dilatih dengan data yang direkod daripada eksperimen Kinetik untuk proses
yang dinyatakan pada tekanan 8, 10, 14 dan 18 MPa dan suhu malar 303.15 K yang
menjana fungsi keahlian dan peraturan yang berjaya menjelaskan korelasi
suapan/keluaran dalam proses tersebut. Jangkaan yang bagus dengan punca purata
ralat kuasa dua (RMSE) 0.0235 telah diperhatikan. Dalam langkah seterusnya, pekali
jisim yang dipindahkan dalam bentuk nombor Sherwood telah dianggarkan dengan
rangkaian neuro-fuzzy. Kemudian, anggaran pekali jisim yang dipindahkan telah
diperkenalkan ke dalam model matematik. Model kotak kelabu (hybrid) yang
dicadangkan telah disahkan dengan data eksperimen. Keputusan mengesahkan
bahawa model matematik yang dilengkapi dengan rangkaian neuro-fuzzy menambah
baik persembahan model secara ketara. Shokri et al. (2011) menggunakan Rangkaian
Neural Buatan dan model matematik pada proses ini, dan melaporkan keputusan
untuk model yang dicadangkan. Pada bahagian akhir tesis ini, semua empat model
(termasuk dua yang dicadangkan dalam kajian ini) dibandingkan. Disimpulkan

bahawa model neuro-fuzzy dan kotak kelabu mempunyai persembahan yang terbaik.
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CHAPTER 1

INTRODUCTION

1.1  Background of Study

Supercritical fluid extraction (SFE) is a novel and potential separation
technique in food science, chemical engineering, and petroleum industry. SFE is
effective in solving a number of problems in different areas, such as energy
reduction, waste treatment, chemical separation and biotechnology (Kaihara et al.,
2002; Lucas et al., 2002; Oliveira et al., 2002; Rozzi et al., 2002; Baysal et al.,
2000). SFE has already proved itself as an attractive technique for selectively
removing compounds from food matrices (Shokri et al., 2011). Especially, SFE
technique offers the possibility of mild extraction rate conditions combined with low
energy requirements for solvent recovery Akinulua et al. (2008). In our daily
products, SFE has also a worldwide impact. For example, in decaffeinated coffee and
tea, the supercritical fluid is used to extract the extra caffeine from the coffee beans
and tea leaves; in cholesterol-free butter and egg, the cholesterol is removed by a

supercritical fluid (Mezzomo et al., 2009).

In recent years, many studies have been focused on SFE techniques to extract

pigments, fatty acids, sterols, spices’ essential oils, nutrient materials, etc. and a lot



of literature is available on SFE from a wide variety of substrates, such as leaf
protein concentrates, carrots, algae, sweet potatoes, tomato waste, etc (Reverchon
and Poletto, 1996).

A supercritical fluid is the state of substance which can have properties of
both liquid and gas at the same time. There are three physical states: solid, liquid,
and gas. When a gas is heated above its critical temperature (T.) or a liquid is
compressed above its critical pressure (P.), supercritical fluids are formed.
Generally, when a substance is heated above its critical temperature, regardless of the
pressure, the liquid phase cannot exist, but when a substance’s temperature and
pressure are above its critical temperature and critical (vapor) pressure, called as
critical point, such a substance is called a supercritical fluid. At this state, gas and
liquid can coexist. A supercritical fluid shows specific properties which are different
from properties of gas and liquid states (Clifford, 1998). Figure 1.1 presents the
phase diagram of a single substance to illustrate the phase change process.

b Pressure

v

" _Supercritical
" Flid "

-

Critical Point

Triple Point

Temperature

N ==

Figure 1.1  The phase diagram for a pure substance (Clifford, 1998)

SFE is the process of separation of a substance using supercritical fluid.
Figure 1.2 shows the schematic diagram of a typical extraction process. An
extraction fluid, such as carbon dioxide, is first pumped as a cooled liquid and

initially cooled to a reservoir.
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Figure 1.2  Typical SFE diagram (redrawn from Clifford, 1998)

The extraction fluid is then heated to (T.) and pumped into the extraction
vessel, which contains many extraction cells at the same temperature. Here, the
material matrix that needs to be extracted is packed into the extraction cell for
extraction. After extraction, temperature and pressure are reduced, resulting in the
recovery of extracted substance. Then the precipitated material can be collected at a
collection vessel. The rate of SFE process depends basically on the rate of mass
transfer. Adjusting pressure and temperature can affect solvent density and viscosity.
That is, because its density is about of liquids (better solvency) and its viscosity is
similar of gases (better penetration), supercritical fluids are significantly more
efficient in mass transfer compared with liquid extraction, when operational and

material constrains allows (Clifford, 1998).

The main advantages of using supercritical fluids for extractions are (Baysal
et al., 2000):

i.  The extraction process is very rapid.



ii.  The solvent for extraction is easy to remove.

iii.  The pressure, temperature, and other operational conditions can be
used to control the process.

iv.  The solvent (such as carbon dioxide and ethane) is relatively cheap.

v.  SFE does not cause contamination.

vi.  Itis less costly to dispose of safely.

Pimpinella anisum L. Umbelliferae is the botanical name of Anise which
belongs to the Apiaceae (also known as Umbelliferae) plant family. It is an annual
herb indigenous to Iran, India, Turkey and many other warm regions in the world
(Zargari, 1989). This plant is a dainty herbaceous plant with white flowers. The
main components are Anisaldeheyde, Estragole, Eugenol, Isoeugoenol, v-
himachalene, Anisole, Acetoanisol, (p)-anisic acid, and (e)-Anethole. (E)-Anethole
forms the most (75-90%) of the essential oil (Santos et al., 1998). Also fruits,
known as aniseed, contain 1-4% of essential oil. Perfumery, medicine, and
flavouring industries use essential oil of Pimpinella anisum L as feedstock.
Medicinal applications include its use as an appetizer, carminative and sedative
agent, or for stimulating milk production in breast-feeding mothers (OZEL., 2009).
In Iranian folk medicine, the plant and especially its fruit essential oil have been used
for treatment of some disease including seizures and epilepsy (Avicenna, 1988). The
aqueous extract of flowers, stems and leaves of Pimpinella Anisum. L has been
reported to delay the onset of picrotoxin-included seizures in mice (Abdul-Ghani et
al., 1987). The essential oil of the plant consists of Estragole and Eugenol (Zargari,
1989; Monod and Dortan, 1950) which are the major cause of anticonvulsant activity
in Pimpinella Anisum. L. The anticonvulsant activity of estragole and eugenol has

been reported by some researches like Dallmeier and Carlini (1981).

Due to vast variety of applications, extraction of the essential oil from this
plant remained the subject of many studies. Conventional methods are based on
using liquid extraction, but significant problems and limitations associated with these
methods like environmental impacts and problems of organic solvents persuaded the
researchers to search for alternatives like supercritical fluid extraction. Rodrigues et



al. (2003) used SFE for extraction of essential oil from Pimpinella Anisum L. and

reported the results.

SFE is often mathematically modeled to describe the extraction process and
also to optimize the parameters which control the process. In general, modeling aims
at simulating and automatically controlling industrial systems to improve technical,

economical, and environmental aspects.

1.2 Background of Problem

SFE technique plays a dominating role in biomaterial processing, which
enjoys the benefits of solvent properties of fluids near the critical point. During the
separation process of Anise, adjusting the extractor pressure, feed mass, extraction
time, etc, can modify the solvency properties of the supercritical fluid. But under the
experimental conditions, it is very difficult and costly to obtain high pressure phase-

equilibrium data.

In recent years, a number of researchers have studied SFE. Many papers
were published to discuss the experimental set-ups, analyze the extraction process
(e.g. Goto et al., 1993; Tonucci and Beecher, 1994; Favati et al., 1997; Clifford,
1998; Kaihara et al., 2002). Mathematical models are proposed by various authors
(e.g., Cygnarowicz-Provost et al., 1992; Reverchon et al., 1993; Reverchon and
Osseo, 1994; Reverchon and Poletto, 1996; Ago and Nishiumi, 1998)) to model SFE.
In the conventional liquid extraction, equations of state are the most commonly used
methods to analyze the system. For example, the Peng-Robinson (PR) equation of
state (Peng, 1976) and the Soave modified Redlich-Kwong equation of state ((Soave,
1972); (Hollar, 1990)) are the most commonly used equations.



Researchers who investigated SFE followed similar approaches; however,
serious problems are faced while developing a mathematical model for SFE. The
most important problem is related to the lacking of understanding of the density

parameter.

Because analytical models were not able to specify all aspects of SFE, a
stepwise numerical modeling, called Artificial Neural Networks (ANN), has been
applied. However, although ANN can be employed to solve a variety of problems, it
has limitations, and there are still some issues associated with it.

Shokri et al. (2011) applied Artificial Neural Networks for modeling SFE of
Anise. Although ANN can be employed to solve a variety of problems, there are still

some problems associated with this method. The main drawbacks of ANN are:

i.  Unable to read linguistic variables.
ii.  Unable to manage imprecise or vague information.
iii.  Unable to resolve conflicts.
iv.  Rely on trial-and-error to determine hidden layers and nodes.
v.  Difficult to reach global minimum error even by complex back-
propagation (BP) planning.

Because of weaknesses of ANN, a proper model or correlation scheme to
extend and complement the experimentally obtained data for SFE system at high
pressures is useful. It can optimize the parameters to control the extraction process

and also provide reliable prediction of the whole process.

Shokri et al. (2011) also applied mathematical modeling on SFE of Anise.
Beside the general drawbacks of mathematical model, there is one considerable
problem with the built mathematical model. The proposed mathematical model
utilizes different collaborations for determining values of specific parameters like
Sherwood number. Obviously, values which are calculated by the available

collaborations cannot be completely true and useful for different conditions. This



fact has inevitable effect on the performance of the built model. Removing this

drawback from the mathematical model can significantly improve its performance.

On the other hand, ANN has also considerable problems. ANN fails to reach
global minimum error which decreases the accuracy of the designed model in
simulation and prediction. Besides, there are different conditions in which ANN

cannot be employed like having linguistic variables or facing conflicts.

1.3 Problem Statement

The mentioned problems of ANN and Mathematical modeling have
inevitable influence in the performance and reliability of the built models by these
two methods in SFE field. The main aim of this study is to try to omit the mentioned
problems and drawbacks in order to present models with promising performances.
Models with the best performances will come up with more accurate simulations and
predictions which accordingly, lead to excellent optimization in processes of SFE.
The task of omitting problems is done by: (1) employing new method for modeling
the process which does not have limitations of ANN, and (2) modifying the
mathematical model and designing a hybrid model in order to improve the

performance.



1.4 Obijectives of Study

The purpose of this study is to develop an intelligent model for SFE of Anise
using Neuro-Fuzzy approach which can be applied to industry and improve their

productivity. The main objectives of this study are as follows:

1. Developing neuro-fuzzy model of supercritical fluid extraction of Pimpinella
anisum L seed.

2. Building a gray box model for the process.

3. Validating the proposed models with experimental data.

1.5  Scope of Study

The boundary and scope of the study are as the followings:

i.  Development of a neuro-fuzzy model to predict the mass of extract of Anise in
industrial process of extraction. The complete process model is programmed
and simulated in MATLAB R2010a environment.

ii.  Training and validation of neuro fuzzy model by using industrial data.

iii.  Developing a gray box model for the process.



1.6

1.7

Contribution of Study

Contribution of study is described as follows:

Since the process is quiet nonlinear, neuro fuzzy modeling brings advantages
because of the capability to capture the nonlinear relationship between output
and input elements for applications of SFE in industry.

The neuro fuzzy model is able to predict the mass of extract, thus the

excellent accuracy of the built model can be valuable.

Report Outline

Background and fundamental information about the research are elaborated in
chapter 1.

Chapter 2 provides complete description about Pimpinella anisum, process of
supercritical fluid extraction, different artificial intelligence approaches for
modeling, and concept of gray box.

In chapter 3, the procedure of designing different neuro-fuzzy networks, the
criteria by which they are compared to each other, and the way the gray box
model is built, are explained.

The results and discussions are presented in chapter 4.

Chapter 5 presents recommendations for further activities and researches.
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