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Abstract: In this study, an Adaptive neuro-fuzzy inference system (ANFIS) was applied in predicting the optimum yield of
terpineol and polyphenol for luffa cylindrica seed oil. The experiment was conducted at a temperature (60-80°C), time (4-6 hours)
and solvent/seed ratio (8-12 ml/g). Fourier transform infrared spectroscopy (FTIR) confirmed the presence of terpineol and
polyphenol at peaks of 1461.1cm! and 3008.0cm ™, respectively. Parametric analysis showed that time and solvent/seed ratio had
the most effect on terpineol yield, while time and temperature affected polyphenol yield significantly. The ANFIS prediction
indices are thus; terpineol (R?- 0.95614, MSE-=111179) and polyphenol (R?- 0.8258, MSE= 0.4253). This proves that the ANFIS
technique is a reliable approach for predicting antioxidants from luffa cylindrica seed oil.
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INTRODUCTION

Antioxidants are naturally present in plants; they convert
free radicals produced during the oxidation process to less
reactive species at a low concentration. Thus, it plays a
physiological role in the body defence system [1].
Antioxidants are primarily found in fruits and vegetables.
Studies revealed that food rich in antioxidants positively
impacts health; hence, their regular consumption reduces
the risk of chronic diseases [2,3].

Luffa cylindrica is a non-edible plant commonly found in the
tropics, a member of the family Cucurbitaceae; the fruits,
leaves, flowers, and seeds draw considerable attention from
researchers to harness its potentials [4]. However,
phytochemicals in seed oils have been revealed to offer
interesting nutritional and economic possibilities due to the
high levels of polar antioxidants [5].

Reports have shown that luffa based derivatives contain
antioxidants such as terpineol, polyphenol which are
present in our food, employed in treating a various health
condition, cosmetics and antiseptics production [6-12].
Extraction and analysis of polyphenols and terpineol from
plants have been researched extensively [12,13]. However,
the relationship between input extraction process
parameters and measurable output (polyphenol/terpineol
yield)) is imprecise, blur, non-linear and vague, as reported
by earlier researchers [14-16].

Recent reports show the capability and efficiency of soft-
computational models such as artificial neural network
(ANN), Adaptive neuro-fuzzy inference system (ANFIS),
Support Vector Machine (SVM), Non-Linear Multilinear
Regression (NLMLR), Genetic Algorithm (GA) and Particle
Swarm Optimization (PSO) for modelling intricate and
complex processes [17,18]. Earlier studies on estimation and
prediction of extraction process have been based on linear
regression techniques [19,20]. Nonetheless, the relationship
between extraction and dependent process variables cannot
be elucidated and explained linearly. Therefore, neural
network and fuzzy inference systems have gained increasing
applications in modelling and controlling the relationship
among process variables [17,18,21,22]

ANFIS seems to be an excellent model to map the interaction
of process parameters on antioxidant yield. Yue et al [9]
employed ANFIS to model biodiesel production from castor
oil, and ANFIS proved superior compared to other predictive
models in the literature. Roy et al [23] predicted maximum
oil vyield from almond seed considering pressure,
temperature, heating time, and moisture content as input
parameters and type-2 fuzzy logic predicted and improved
the process parameters during extraction. Khoshnervisan et
al. [24] predicted wheat grain yield based on energy inputs
using the ANFIS model compared with ANN models; the
result illustrated that the ANFIS model predicted the
product more precisely. ANFIS has been widely applied as
an efficient predictive model for a highly non-linear
relationship due to its learning capability [25]. Thus, this
study predicted polyphenol and terpineol yield from luffa
cylindrica seed oil using the ANFIS model.

MATERIALS AND METHODS

— Sample preparation

Luffa cylindrica fruits, a natural precursor, were procured at
Michael Okpara University of Agriculture Umudike, Abia
State, Nigeria. Both matured and dried fruit of this tree was
harvested in bulk quantity. First, the seed was winnowed,
husks and dirt removed, after which it was sun-dried for easy
removal of the shell and was also oven-dried at 60°C to
constant weight before grinding to increase the surface area
for oil extraction.

— Experimental procedure

The extraction of the luffa oil was carried out at the
Department of Chemical Engineering laboratory, Michael
Okpara University of Agriculture Umudike, Abia State,
Nigeria, using the solvent extraction method reported by
Afolabi et al. [26]. It was done with the Soxhlet apparatus
of 250 cm? capacity using n-hexane of analytical grade as the
solvent. The parameters were 40 g of grounded luffa seed,
extraction time of 4 to 6 h, extraction temperature between
the ranges of 60°C to 80°C and the ratio of the solvent (n-
hexane) to solute (biomass) from 8 to 12ml/g. The solvent
used was recovered at every interval. The oil obtained was
weighed; the experiment was repeated for other parameters,
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and the percentage yield was calculated using the equation
below.
MO

Y =52x100 1)
where: Y = oil yield (%), M, = mass of oil extracted (g), M; =
mass of luffa seed (g)
— Terpineol Concentration Determination
The terpineol concentration was determined using a method
modified by Narayan et al. [27]. 0.Ig of the luffa oil was
introduced into a test tube, Iml of methanol was added,
placed in a water bath, it was stirred for 30minutes at a
temperature of 100°C, the mixture was removed, and Iml of
sulphuric acid was introduced, the colour turned to reddish-
brown, it was allowed to stand for 30minutes then the
absorbance was taken in a UV spectrophotometer, the
standard curve was generated by treating the linalool as the
sample with serial dilution
— Polyphenol yield determination
The total polyphenol content was determined using the
Folin Ciocalteu method (Singleton and Rossi [28]. About
0.1g of the oil extract was weighed into a test tube, Iml of
methanol was introduced and was taken into a water bath
and shaker, where it was allowed to shake for 30minutes at
40°C. Next, the sample was removed, and 1ml of Folin-
Ciocalteu and 2ml of 20% Na>COs; were introduced; the
mixture was allowed to stand for 10 minutes before it was
stirred in a centrifuge 20minutes at 400rpm. The absorbance
was taken using a UV spectrophotometer at 625nm. The
standard curve was generated by preparing different
concentration ranging from 10mg/1 of Gallic acid.
— FT-IR analysis
The pure luffa seed oil was characterized using Fourier
Transform Infrared (FTIR) Spectroscopy Technique to
determine surface functional groups. The FTIR analyses
were carried out on the samples using Shimadzu FT-IR-
8400S Spectrophotometer with a resolution of 4 cm™ in the
range of 4000 - 500 cm.
— ANFIS Modelling Development
Artificial neural network (ANN) and Fuzzy Inference
System (FIS) are integrated to form an Adaptive Neuro-
Fuzzy Inference System (ANFIS) for solving and explaining
imprecise and uncertainty problems.

Layer2 Layer3 Layer4

Layer |

Figure 1: A basic structure of the ANFIS
The “exhsrchfunction” in MATLAB 8.4 (R2014b) software
environment was implemented in an exhaustive search
within the available inputs of the extraction process
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(temperature, time and solvent/seed ratio) to select the set
of one and two variable input combinations that has the
maximum influence on the terpineol/polyphenol yield. The
‘exhsrch’ function built an ANFIS model for each input
variable and trained it for one thousand epoch reporting the
performance achieved.

— Performance Evaluation of the Developed Models
Statistical parameters were applied to determine the
performance of the proposed model for the prediction of
the extraction process. MSE (Root Mean Square Error)
and the R?value (Correlation Coefficient) were used as
considered below:

RZ =1 Yp=1(  DP-0p)?

Zg=1(op)2 (2)

MSE :ézgzl(dp - 0p)? (3)

The MSE value close to zero and the R? values close to one

show the models' predictability and reliability. Li et al. [29]

claimed that Soft-computing Model's evaluation should be

based on ranges of RMSE as given in Table 1.

Table 1: Ranges of MSE for models performance

Ranges of MSE Performance

<0.009 Excellent prediction accuracy
0.009 <« MSE <0.09 Good prediction accuracy
0.09 < MSE <0.5 Reasonable prediction
>0.5 Inaccurate prediction
Source: Li et al. [29]
RESULT AND DISCUSSION
— FTIR Result

The FT-IR result of the oil yield from luffa cylindrica is shown
in figure 2, the peak at 3008.0cm™ can be ascribed to ~-OH
stretching, which indicates the presence of polyphenol, two
sharp-pointed peaks at 2922.2 cm™ and 2855.1cm ™ indicated
alkane group, another sharply pointed peak with value 1744
cm™ indicates the presence of esters (6-membered lactone)
with the structure C=O, hence the oil has high saponification
value and could be recommended for soap production.

o
[ A o

e N o

]ansurrszam \ f’” A
0
) Azat.e7 z-n.ugé? ol
¥ y

%1 \ | |
: | \‘ ' ""‘U""‘m.\»{“'f“ . y

Jif 7234, 78 882

Transmittance
70 80
B

60
—
-

T T T T T T T T T T T T T T T T T
2500 2000 1500 1000

Wavenumber (cm-1)

T T T T T T_T T T T
3500 3000

Figure 2: FT-IR result of the oil yield
The shorter, smaller pointed peak with a vibrational mode at
14611 cm™! indicates the presence of terpineol (Agatonovic-
kustrum et al. 2020), while a medium sharp peak was
observed with a value of 1379 cm, indicating an alkane of the
gem dimethyl group. The peak at 1237.5cm™ indicates an
alkyl aryl ether with structure C - O - C, while 987.7cm™ and
723.1cm peak indicated alkene compounds. The presence of
the unsaturated hydrocarbons makes the oil suitable for
plastic and paint industries, as a drying agent in the
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production of cosmetics and maybe edible for animal feed
[30].
— ANFIS simulation results
To obtain the best prediction of antioxidant yield, the
developed ANFIS structure was simulated at various
membership functions (MF) such as gauss mf, gauss2 mf,
gbell mf, tri mf, trap mf, psig mf and dsig mf. The correlation
coefficient (R?) and the root mean square error (RMSE)
were used as statistical criteria to evaluate the degree of
reliability of the network. Table 2 and 3 summarizes the
ANFIS results for terpineol and polyphenol yield of different
input membership function types for linear and constant
output mf, respectively. In Table 2, for linear output, the
optimum value of R? (0.95614), MSE (1.4059) was obtained
at tri mf, for the constant output mf, the trap of had the best
prediction for R* (0.94799), with its corresponding MSE
value (1.11179) obtained at tri mf, for polyphenol yield
prediction in Table 3 trap and dsig mf has the best R2
projection of (0.8150), (0.8258). In contrast, tri mf had the
best MSE prediction of (0.4253), (13.9715) for linear and
constant output, respectively; this affirms that optimum
yield for terpineol was predicted by tri mf. In contrast,
polyphenol yield was predicted by dsig and tri mf.

Table 2: Prediction efficiency of ANFIS model

for terpineol yield

I
membrhip  MSE RS MSE 2
function (linear)  (linear)  (constant) | (constant)
Gauss 19.5374 | 0.94628 115111 0.94646
Gauss2 69.9386 | 0.94623 1.11491 0.94641
Gbell 772027 | 0.94631 11178 0.94164
Tri 1.4059 0.95614 111179 0.94628
Trap 7.67826 | 0.91321 111537 0.94799
Pi 90.0508 | 0.94312 L11356 0.94634
Design 77.2027 | 0.90315 111779 0.94164
Psig 40.106 0.93215 113363 0.94622
Table 3: Prediction efficiency of ANFIS model

for

polyphenol yield

Input

membership MSE ; 5 MSE N

function (linear) (linear) | (constant) | (constant)

Gauss 1.611 0.71012 15.1564 0.8093

Gauss2 6.3827 0.710135 36.2802 0.80104

Gbell 6.9954 0.71021 37.9403 0.82461
Tri 0.4253 0.71301 13.9715 0.82077

Trap 71824 0.8150 39.082 0.81567

Pi 8.9391 0.71019 42.988 0.79811

Dsig 6.9954 0.7314 37.9403 0.8258
Psig 3.0278 0.71013 21.8584 0.799955

— Exhaustive search result

Exhaustive search result for one input and two-input
variable ANFIS model for antioxidant yields.

The ANFIS models using different input variable
combinations were investigated with the exhaustive search
method to determine the input variable that has the most
significant effect on the antioxidant yield using RMSE as the
performance indicator. Table 4 shows an exhaustive ANFIS
model result with single/double input variables for terpineol
yield. It was observed for single input, time had the least
RMSE. In contrast, a combination of time and solvent/seed
ratio had the least RMSE for double input; for polyphenol

yield in table 5, temperature possessed the least RMSE. In
contrast, a combination of temperature and time maintained
the least RMSE: this indicated that time and solvent/seed
ratio were the most relevant variable for terpineol yield. In
contrast, time and temperature had a more significant effect
on polyphenol yield.
Table 4: Exhaustive search result of one / two- input variable

ANFIS model for terpineol yield

RMSE RMSE RMSE | RMSE
training Checking training | checking

Input .
P Input variable

variable

Temperature| 3.6582 | 3.5683 Temgifure’ 186295 | 1.84745
Time | 220572 | 220572 |LCMPERAtUIS| 5 q176 | 5 6500
solvent/seed
Solvent/ Time,
. 2.9658 | 2.893121 | solvent/seed | 1.31504 | 1.327939
seed ratio .
ratio
Table 5: Exhaustive search result of one/two-input variable
ANFIS model for polyphenol yield

nput | RMSE RMSE | .. RMSE | RMSE
variable | training Checking put varabie training |checking
temperature| 0.9077 | 0.89961 Temﬁf;im“* 0556 | 0.5713
Time  |0.930231]0.880086 | LCMPErALUIS, | o 2oo1 | 7412
solvent/seed
Time,
SOIanéfeed 103552 | 0.98705 | solvent/seed | 0.8424 | 0.79106
a ratio
CONCLUSIONS

This study has successfully developed an ANFIS model to
optimize the process parameters for antioxidants (terpineol
and polyphenol) yield from luffa cylindrica seed oil using
statistical indicators (RMSE, R?). The parametric analysis
using exhaustive search showed that time, temperature and
solvent/seed ratio significantly affected the antioxidants
yield. The model developed can be used for process
behaviour prediction, optimization and a learning tool for
operators in the chemical industry.
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