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ABSTRACT
Clove oil is a high value spice utilized in food industries as preservatives, flavor and antioxidants, and in
pharmaceutical industries. In this research article, multi-response optimization of process parameters of
hydrodistillation for extraction of essential oil from clove buds using the Taguchi method and grey relational
analysis was implemented. Yield of clove oil, yield of eugenol and zone of inhibition were selected as the
responses. Optimum condition was achieved as 20 g of solid loading, 300 mL volume of water, 565 micron size
of clove buds and 45 minute of extraction time. Under these optimized conditions, extraction yield of clove oil
(11.35 %, w/w), yield of eugenol (10.30 %, w/w) and zone of inhibition (21 mm) were achieved. Artificial
neural network was applied for predictive modelling, which provided better accuracy in case of 4-8-3 topology
and tangent sigmoidal transfer function for hidden layer (mean squared error = 0.236).
Keywords: Artificial neural network, Grey relational analysis, Multi-response optimization,

Taguchi method

I. INTRODUCTION

Many parts of plant like flower, fruit, leaves comprise “essential oils” which are typically rich in organic
compounds with high boiling points. These oils pertain an important place in medicines, perfumes, flavoring
agents, etc. [1]. Oil extracted from clove buds falls under the category of essential oil. Syzygium aromaticum,
commonly named as clove, is widely cultivated in Indonesia, India, Malaysia, Srilanka, Madagascar and
Tanzania. Indonesia is the largest producer of clove with an average of 66 % of the total world produces (63,700
tons) annually [2]. According to data from Spices board, Government of India, India has produced 1160 tons of
Clove in year 2010-11 (Vision 2050, Indian Council of Agricultural Research). A Gross market value was US$
30-70 million per annum through its function as flavor and fragrance ingredient and antibacterial agent [3].
Clove is one of the key natural sources of phenolic compounds. Eugenol (4-allyl-2-methoxy phenol) is the most

active component of clove oil which is a phenylpropene, an allyl chain-substituted guaiacol [4-5]. Other
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derivatives as flavonoids are presents in lower proportion in clove oil [6].

Clove oil containing a higher amount of eugenol has shown strong antimicrobial activity against multi-resistant
Staphylococcus epidermidis and pathogenic bacteria including Herpes simplex and hepatitis C viruses [7]. Clove
oil could inhibit the growth of the larvae, Aedes aegypti (Diptera: Culicidae) which is responsible for dengue
[6]. Clove bud oil is used as a local anesthetic in dentistry, ingredient in dental cement for temporary filling [8]
and mucosal inflammations. Bioactivity studies have shown that various compound in clove bud oil possess
antifungal, antiseptic, anesthetic, antispasmodic, carminative, anti-inflammatory, cytotoxic, and insect repellant
activities [7, 9-11].

Driven by the potential use of the essential oil in various sectors, clove oil had been extracted by solvent
extraction using dichloromethane and hexane [12], steam distillation [13], hydrodistillation [11, 14-17].
However, consumption of organic solvents, extended time for extraction, labour intensiveness, higher energy
consumption and greater environmental impact are the downsides of these techniques. For greener production,
supercritical carbon dioxide extraction [2, 4, 18-19] was employed giving improved yield and purity. This
technique has a major limitation of high operating pressure which creates safety concern as well as cost
ineffectiveness.

It is expected that short term and medium term demand of clove oil should be satisfied with proper quality.
Extraction processes suffering from few drawbacks need to be improved. Also, optimization of process
variables is required to improve profitability. Till now all the experiments on hydrodistillation for clove oil were
performed to study the yield and components at a fixed condition. There is no multi-response optimization study
performed which is very important to find industrial scope. The primary objective of this study was to perform
multi-objective optimization incorporating yield of essential oil, yield of eugenol and zone of inhibition as
responses.

By aiming this, the first step was to execute a parametric study which could explain the effect of different
parameters viz. solid loading, water volume, particle size and time on the responses. Multi-response
optimization was performed using the Taguchi method and Grey relational analysis. To study the effect of each
parameter on response, analysis of variance (ANOVA) study was performed, in qualitative as well as
quantitative manner. Moreover, analytical study was performed to assess the quality of extracted clove oil. The
results obtained by experiments were used to train the artificial neural network (ANN) model that would give
prediction for each response at a given condition. The results show that the application of ANN offers
acceptable prediction for any combination of parameters for clove oil extraction using hydrodistillation. The

results obtained from the present work would be beneficial for higher scale studies.

I1. MATERIALS AND METHODS

2.1 Materials

Dried clove buds (Syzygium aromaticum) were bought from a local market of Surat, Gujarat, India and stored at

a room temperature in the moisture free environment. The samples were ground by domestic grinding machine

to get the different particle size distribution, measured by mechanical sieves. Eugenol (98% pure) was procured

from Spectrochem Pvt. Ltd., Mumbai, Maharastra, India and Methanol (HPLC grade) was purchased from
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purchased from Hi-Media Laboratories Pvt. Ltd., Mumbai, India.

2.2 Methods

2.2.1 Hydrodistillation

For the hydrodistillation, circulatory Dean and Stark type apparatus (1 L capacity) was used. The rehydrated raw
material was kept in a round bottom flask along with water. During hydrodistillation, vaporization of essential
oil would occur which was carried along with water vapour towards the condenser. The condensed water and
clove bud oil were then decanted and separated. The whole extraction process was operated at atmospheric
pressure and temperature attained inside the system was boiling point of water. Experiments were performed in
duplication to check accuracy and reproducibility of the process. After removing moisture from the oil, it was
stored at 2 °C. Detailed investigation was performed to study the effect of major parameters (solid loading, solid
to water ratio, size of the clove buds and time of extraction) on the extraction yield (Percentage yield, Y = mass
of oil collected, g x 100/ mass of clove bud, g), eugenol content, and antimicrobial activity in terms of the zone

of inhibition.

2.2.2 Parametric study

Based on literature survey, four effective independent variables were selected for their impact on responses, viz.,
solid loading (10-50 g), volume of water (12-20 mL per g of material), particle size of clove buds (whole buds
to 565 micron) used and extraction time. Clove buds were soaked in water for 15 minute for rehydration in order
to fasten the hydrodistillation. The power was kept constant at 360 W.

2.2.3 Design of experiment

Design of Experiment is an effective tool to optimize the process parameters. Using the Taguchi method, well-
defined sets of experiments were planned and performed for four factors, i.e., solid loading, water volume,
particle size and extraction time with four levels. Details of various factors and their levels are mentioned in the
TABLE 1. Minitab 17.0 (Minitab Inc., PA, U.S.A.) was used for planning of experiments and calculation of S/N
ratio. Grey relational analysis (GRA) was used to combine all the responses and convert them into a single
response. Based on GRA a set of optimum conditions were found and ANOVA was performed [20-21].

TABLE 1 Factors and their levels

Levels
Factors

1 2 3 4
A: Solid loading (g) 40 30 20 10
B: Extraction time (minute) 15 25 35 45
C: Particle size* (micron) 1 2 3 4
D: Water volume (mL) 300 400 500 600

*1: 565 micron, 2:926 micron, 3: 1500 micron, 4: Whole clove buds
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important to correlate and predict the diverse performance [22]. The concept of artificial neural network for the
prediction was reported in the literature in different fields [23-30]. However, there is no research article
reporting prediction of multi-response objective in extraction of essential oil.

Results from the preliminary investigation and Ly array were utilized to evaluate the behaviour of response
function. The data were randomly divided into training, testing and validation set. The commercial neural
network toolbox of MATLAB R2014a (The Mathworks Inc., Ver., 8.3, Natick, Massachusetts, USA) was
utilized for ANN studies. A multilayer perceptron neural network (MLPNN) was designed which could relate
multiple responses to control variables. Architecture of a neural network consists of an input layer, hidden layer
and output layer. Neurons are arranged in two different layers (hidden layer and output layer). Hidden layer
with any sigmoid transfer function and output layer with linear activation function will have capability to
approximate any function [26].

In present study, a number of neurons in hidden layers were varied from 4 to 10 and based on trial and error,
optimum neurons were retrieved to obtain minimum mean squared error (MSE) and the highest regression
coefficient (R?) [24]. Four independent variables, i.e., solid loading, water volume, size and time were
considered in input layer. Yield of clove oil, yield of eugenol and zone of inhibition were selected as output for
modelling of ANN. Based on input and output layer, 4-x-3 topology was selected with 80 data sets where x is a

number of neurons in the hidden layer.

2.2.5 Gas chromatography (GC)

The essential oil was analyzed by GC (TRACE 1110, Thermo Fisher Scientific India Pvt Ltd, Navi Mumbai,
Mabharashtra, India) using AB-5 column (30 m x 0.25 mm x 0.25 pm). The conditions maintained for obtaining
GC spectra were: carrier gas N, with the flow rate of 1.2 mL/minute, splitless injection mode with flame
ionization detector (FID) and sample injection volume 1 pL. Injector and detector temperature were set at 225
°C and 270 °C, respectively. Oven temperature was kept at 110 °C with hold time of 8 minute and then
increased to 220 °C at a rate of 15 °C per minute and then hold at 220 °C for 2 minute [31].

2.2.6 Antimicrobial activity

The antimicrobial activity of clove oil was determined by modified Kirby-Bauer well diffusion method. Briefly,
pure isolate of Bacillus subtilis (ATCC 6633, MTCC 441) was first subcultured in nutrient broth at 37 °C for 24
hours. One hundred microliters (100 pL) of the standardized inoculum (0.5 Mac-Farland) of Bacillus subtilis
was spread with the help of sterile spreader on to a sterile Mueller-Hinton agar (4 mm depth or 60 to 70 mL) so
as to achieve a confluent growth. The plates were allowed to dry and four wells of 5 mm diameter each were
made in the agar petriplates. Subsequently, a 50 pL. volume of the known concentrated oil (5 %) was introduced
in wells into Mueller-Hinton agar plate. The plates were allowed to stand for at least 1 hour for diffusion to take
place and then incubated at 37 °C for 16 hour. If the plates were satisfactorily streaked and inoculum was
correct, the resulting zone of inhibition (ZOI) will be uniformly circular. The diameter of the zone of complete

inhibition was measured, known as the zone of inhibition.
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I1l. RESULTS AND DISCUSSION
3.1 Parametric Study
3.1.1 Effect of solid loading:

Solid loading plays an important role in maximizing the yield of essential oil and eugenol with improved
antimicrobial activity during HD. The effect of different solid loadings was studied to observe its impact on
various responses while keeping other parameters constant (size of plant material: 1003 micron; solid to water
ratio: 1:14; power: 360 W; extraction time: 45 minute) as shown in Fig. 1. As the amount of solid loading was
increased from 10 g to 50 g, a decrease in yield of clove oil was observed after 20 g of solid loading. As solid
loading increases, energy distribution per particle will get reduced. Further, heating power was kept constant
resulting in less heating phenomena which reduced the recovery of oil. Similar observation was made by Parikh
and Desai [32]. Yield of eugenol followed the similar extraction pattern as of yield of clove oil. However, a

decrease in yield was observed after 30 g of solid loading.
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Fig. 1. Effect of solid loading on extraction efficiency in HD (Constant parameters: solid to
water ratio 1:14; particle size 1003 micron; time 45 minute; power 360 W)

A zone of inhibition for Bacillus subtilis microbe was maximum at 20 g of solid loading and remained almost
constant for other cases. ZOI depends not only eugenol but all other phenolic compounds, which were present
in varying quantity. Apart from eugenol, eugenyl acetate, caryophyllene and caryophyllene oxide are main
components found in clove oil which inhibit growth of Bacillus subtilis. The highest yield of oil (11.68 %, w/w)
and ZOI (21 mm) were observed at 20 g of clove. Hence, further experiments were performed using 20 g of

material.

3.1.2 Effect of water volume

The volume of water to be added should be selected in such a way that proper hydration of plant material should
take place as well as water should remain in adequate amount so that it can be a barrier to avoid overheating of
plant material, thus avoid charring. The amount of water was increased from 240 mL to 400 mL at 20 g solid

loading, 360 W power, 1003 micron size material and 45 minute of extraction time.
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In case of 240 mL water volume, a lower yield of clove oil was observed (Fig. 2). Further charring would affect
the quality of essential oil. A higher amount of eugenol (7.758 %, w/w) was obtained at 360 mL volume of
water. At this condition, water was not enough to complete the extraction and charring was observed leading to
a lower yield of oil and eugenol. However, an increase in water volume increases the amount of heat required to
reach boiling point of water, leading to incomplete extraction in a given time period. Also, a hydrolytic effect

might have contributed to the lower yield [33].
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Fig. 2 Effect of water volume on extraction efficiency in HD (Constant parameters: solid loading
20 g; particle size 1003 micron; time 45 minute; power 360 W)

Antimicrobial activity of oil was found to be the maximum for the highest clove oil yield, which showed that a
mixture of all phenolic compounds affects more on inhibitory effect of oil. Based on two responses, viz., clove
oil yield (11.68 %, w/w) and zone of inhibition (21 mm), 280 mL of water volume was selected for further

studying other parameters.

3.1.3 Effect of particle size

Size of clove buds is one of the most important parameter. Extraction was started using whole clove buds and 4
size variations were made with the lowest size of 565 micron (Fig. 3). As the particle size of buds decreases, an
increase in yield of essential oil and eugenol was observed. This could be explained based on the fact that an
increase in the available surface area with decrease in particle size, leads to a better heat and mass transfer. For
large size particles, heat would not distribute into whole material. Some part of clove bud might remain unused,
which could result in decreased extraction yield. The highest zone of inhibition (21 mm), extraction yield of
clove oil (12.074 %, w/w) and eugenol (8.094 %, w/w) were achieved for the 565 micron size of particles,

which was selected for further experiments.
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Fig. 3 Effect of particle size on extraction efficiency in HD (Level 1- 4. 565 — 1003 — 1500 — 2400
micron; Level 5. whole clove buds; Constant parameters: 20 g solid loading; 280 mL water
volume; time 45 minute; power 360 W)

3.1.4 Effect of time

Time is the very important criteria, makes more impact on the efficacy of extraction. The rate of extraction was
high at the initial stage of process and then reduced after 25 minute of time (Fig. 4). To measure the total time
required for complete extraction, experiment was performed till 50 minute but charring was observed after 45
minute of extraction time. A decrease in yield of eugenol was observed after 35 minute of extraction, while ZOI
was constant after 40 minute of extraction. The highest zone of inhibition (21 mm), extraction yield of clove oil
(12.074 %, w/w) and eugenol content (8.094 %, w/w) were achieved after 45 minute. Prolonging the extraction
time period did not make improvement in yield of essential oil, but it has increased power consumption and

wastage of biomass due to charring.

3.2 Multi-Response Optimization

3.2.1 Optimization of extraction conditions

Using Taguchi techniques, experimental planning was done using L array (TABLE 2) and accordingly
experiments were performed in duplication. Yield of clove oil, yield of eugenol and zone of inhibition were
selected as responses. All the responses (S/N ratios) were converted to a single response (Grey relational grade-
GRG) for optimization of process parameters (TABLE 3) and ANOVA studies. The procedure is outlined in the
supplementary material. Based on GRG, level total of GRG was found for each factor at each level as shown in
the TABLE 4. The level corresponding to the maximum value of total GRG among four levels would be
selected for the optimal set of parameters. From the TABLE 4, it can be seen that the optimum parameters are

20 g of solid loading, 300 mL volume of water, 565 micron size of clove buds and extraction time of 45 minute.
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Fig. 4 Effect of extraction time on extraction efficiency in HD (Constant parameters: solid
loading 20 g; water volume 280 mL; particle size 565 micron; power 360 W)

3.2.2 Analysis of variance (ANOVA)

ANOVA was performed to identify the significant effect of each parameter on three responses, viz., extraction
yield of clove oil and eugenol, and zone of inhibition. F-test was performed using variance of factor and
variance of error. Higher value for the calculated F, the more significant was the corresponding coefficient. As
seen from the TABLE 5, the calculated F-value for B (extraction time) was higher than F-values for A, B and D
(water volume) while factor D was found to be statistically insignificant. Percentage contribution of factor B
(extraction time) was 41.0061 while for factor D (water volume) it was 5.1979. The order of factors based on
their magnitude of influence is as follows: Extraction time > Solid loading > Particle size > Water volume.
Hence, a change in extraction time can have the highest impact on the responses followed by solid loading and
particle size.

TABLE 2 Experimental layout using L16 or thogonal array and the responses
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Multi-response optimization is more advantageous than a single response, in which single optimized condition

Exp. Factors Yield of essential oil Yield of eugenol 0l
No. A B c D i ve 7 ' (mm)
(%, wiw) (%, wiw) (%, wiw) (%, wiw)

1 40 15 1 300 4.6115 5.0325 2.7711 2.6002 19
2 40 25 2 400 5.8585 5.7610 4.1565 4.1761 18
3 40 35 3 500 5.9767 6.5173 4.4129 4.8504 19
4 40 45 4 600 3.7430 3.8730 3.2864 3.2160 18
5 30 15 2 500 4.1480 3.9590 2.8689 2.8997 18
6 30 25 1 600 7.3210 7.4240 5.3138 5.4024 20
7 30 35 4 300 3.7193 3.7536 3.8031 3.9004 19
8 30 45 3 400 7.2347 7.7140 6.0153 6.0181 19
9 20 15 3 600 3.9270 4.4995 3.2606 3.1667 18
10 20 25 4 500 3.6855 3.5305 2.7914 2.8233 21
11 20 35 1 400 9.4840 9.7560 6.1361 6.0733 18
12 20 45 2 300 8.4320 8.9995 5.8879 6.1097 20
13 10 15 4 400 1.1570 1.0790 0.7454 0.6782 17
14 10 25 3 300 6.3710 6.3040 3.9558 3.7866 19
15 10 35 2 600 4.2400 4.4990 2.8138 2.7340 17
16 10 45 1 500 7.8750 7.9270 4.2820 4.3686 17

can be achieved for the best experimental results for all three responses. In order to validate the optimized
condition obtained, verification experiment was performed at conditions: 20 g solid loading, 300 mL volume of
water, 565 micron size of particles and 45 minute extraction time. The results of confirmation experiments
represent the highest yield of clove oil (11.35 %, w/w) as well as eugenol (10.30 %, w/w) with an acceptable
zone of inhibition (21 mm).

3.2.4 Prediction using artificial neural network

Neural network tool of MATLAB was used to design ANN. Total 80 data sets were divided in 70 %, 15 % and
15 % for training, testing and validation respectively. Pure linear was selected as a transfer function for the
output layer. Variations were made by selecting different transfer functions (pure linear, log sigmoidal, tangent
sigmoidal) for neurons of the hidden layer. Among these, tangent sigmoidal was selected as the transfer function
which produced the best results as shown in the TABLE 6. Levenberg-Marquardt back propagation was selected
as a training algorithm because it is robust, fast and accurate to reach the target value. The gradient descent
momentum was adapted as a learning algorithm to change weight values of the neural network. Performance of

the neural network was measured using the mean squared error.
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TABLE 3 S/N Ratios and Grey Relational Grade

Exp. No. (S/Nratio)y (S/Nratio), (S/N ratio)zo, GRG
1 13.6397 8.5677 25.5750 0.7195
2 15.2822 12.3949 25.1054 0.7459
3 15.8890 13.2856 25.5750 0.7986
4 11.6101 10.2393 25.1054 0.6836
5 12.1495 9.2003 25.1054 0.6777
6 17.3516 14.5793 26.0206 0.8817
7 11.4489 11.7110 25.5750 0.7324
8 17.4580 15.5871 25.5750 0.8555
9 12.4321 10.1372 25.1054 0.6899
10 11.1393 8.9655 26.4443 0.8072
11 19.6609 15.7129 25.1054 0.8594
12 18.7923 15.5569 26.0206 0.9199
13 0.9530 -2.9820 24.6089 0.5

14 16.0380 11.7505 25.5750 0.7804
15 12.7971 8.8592 24.6089 0.6544
16 17.9535 12.7189 24.6089 0.7594

TABLE 4 Response table for grey relational grade

GRG
Factors
Level 1 Level 2 Level 3 Level 4
A: Solid loading 2.9477 3.1475 3.2765 2.6944
B: Extraction time 2.5872 3.2155 3.0449 3.2185
C: Particle size 3.2202 2.9981 3.1246 2.7233
D: Water volume 3.1524 2.9609 3.0431 2.9098

TABLE 5 ANOVA results
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Factors Sum of squares DOF F Contribution (%)
A: Solid loading 0.0483 3 12.4243 29.8527

B: Extraction time 0.0664 3 17.0661 41.0061

C: Particle size 0.0347 3 8.9650 21.5406

D: Water volume 0.0084 3 2.1633 5.1979

Error 0.0039 3 1 2.4045

414 |Page




International Journal of Advance Research in Science and Engineering (?
Vol. No.6, Issue No. 01, January 2017

www.ijarse.com
TABLE 6 Comparison between different transfer functions

IJARSE
ISSN (0) 2319 - 8354
ISSN (P) 2319 - 8346

Transfer function R? MSE

Training Testing Validation
Tangent sigmoidal 0.9956  0.9909 0.9871 0.236
Logistic sigmoidal 0.9953  0.9907 0.9944 0.341
Pure linear 09779 09786 0.9757 1.61

The best number of neurons (x) in the hidden layer was found by trial and error for 4-x-3 topology. The
minimum values of error for training, validation and testing data sets with high R? value were obtained with 8
neurons in the hidden layer. Coefficients of regression (R?) for training, validation and testing were 0.9956,
0.9871 and 0.9909, respectively, suggesting the best fit for experimental and predicted data as shown in
supplementary material. A comparison between experimental and predicted results after training of MLP is

shown graphically in Fig. 5.

25
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Fig. 5 Comparison between experimental and predicted data

IV. CONCLUSION

In the present study, hydrodistillation was employed for the extraction of clove oil and eugenol as a primary
component. The extract exhibited different yield of clove oil and eugenol at different levels with respective zone
of inhibition for Bacillus subtilis microbes. The hydrodistillation method for extraction of clove oil was found to
be the effective method with some improvements to achieve higher yield and antimicrobial activity. Optimum
condition was achieved as 20 g of solid loading, 300 mL of water volume, 565 micron size of clove buds and 45

minute of total extraction time with constant 360 W heating power. Under these conditions, extraction yield of
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clove oil (11.35 %, w/w), yield of eugenol (10.30 %, w/w) and zone of inhibition (21 mm) were achieved.

Prediction using Taguchi and ANN methodology imparts applicability to the higher scale study.
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