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a b s t r a c t

Black and white peppers are important oil bearing commodity crop in tropical areas. They are highly ben-
eficial in food industries and herbal medicine, due to their amazing aroma and therapeutic activities. In
this study, heat reflux technique was employed to extract medicinal oleoresin from the two peppercorns.
For this purpose, various extraction parameters were considered viz: extraction time, particle size and
feed-solvent ratio. These extraction parameters were employed to optimize the extraction yield and
absorbed energy via Taguchi methodology. The established optimal condition values of the yield and
absorbed energy from the parametric study were 13.22 mg/g and 285.60 J/min, respectively in black pep-
per heat refluxation. Moreover, in white pepper refluxation, the extraction yield and absorbed energy
were 14.04 mg/g and 264.82 J/min, respectively. Artificial neural network (ANN) was used for prediction
purposes. This was achieved by comparing two algorithms, transfer functions and neurons. A good train-
ing and better prediction of the experimental data were observed using the Levenberg Marquardt (LM)
feed forward backpropagation algorithm with log sigmoid transfer function as hidden layer and 3-4-5-
1 as model topology. Furthermore, a total of 19 and 25 bioactive compounds were identified in black
and white pepper extracts, respectively. The results from the Scanning Electron Spectrometry (SEM)
showed a remarkable morphological changes during the heat refluxation process.
� 2017 The Authors. Production and hosting by Elsevier B.V. on behalf of King Saud University. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Black and white peppers are important perennial aromatic and
oil bearing industrial crops grown in the tropical area (Shahida
et al., 2013). They are woody climbing plant which belong to the
genus Piper nigrum L and Piperaceae family respectively (Scott
et al., 2007). They are functional commodity crops with both nutri-
tional and medicinal properties. The two pepper cultivars are the
world most used spices, extensively applied in food industries as
spices; due to their amazing aroma and characteristic pungency.
A recent study has therefore shown their efficacy as carminative,
anti-inflammatory, anti-cold, anti-bacterial and bioavailable
agents for the treatment of many degenerative diseases (Jagella
and Grosch, 1999; Olalere et al., 2017; Reshmi et al., 2010). The
extraction of a complete bioactive extracts which doubled as mas-
sage oil for aromatherapy, and as bioavailability enhancer in the
assimilation of other drugs, is the focus of this research
(Abdurahman and Olalere, 2016; Janakiraman and Manavalan,
2008). The hydrodistillation method is an important techniques
which had been previously used in extracting oil from black and
white pepper (Abdurahman and Olalere, 2016; Gavahian et al.,
2015; Mohan et al., 2013; Raman and Gaikar, 2002). However,
the extraction of complete oleoresin oil requires a special experi-
mental set-up consisting of reflux configuration. This resulted in
a novel heat reflux technique which differs in configuration from
hydrodistillation extraction process due to the introduction of a
reflux condenser, which functions for both the cooling and conden-
sation of bioactive compounds. This configuration has an advan-
tage of preventing overheating, which could result in bumping
phenomenon and an eventual variation in the quality of the
extracted oleoresin.

In recent times, the neural network model has been a versatile
tool for intelligent prediction of a wide range of chemical and
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Table 1
Extraction factors and levels.

Levels Black pepper heat reflux White pepper heat reflux

A (min) B (mm) C A (min) B (mm) C

b1 120 0.105 1:14 120 0.105 1:14
b2 180 0.154 1:16 180 0.154 1:16
b3 240 0.300 1:18 240 0.300 1:18
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physical applications such as in bio-fuel production (Betiku and
Taiwo, 2015) and manufacturing process (Adedeji et al., 2014). It
has also been successfully used for natural product extraction pro-
cesses (Sahin et al., 2017; S�ahin et al., 2017; Toboc and Lavric,
2012). The main objective of this research is to investigate the
effects of three operating parameters using a multi-response opti-
mization and artificial neural network modelling for optimized
extraction yield and energy intensification.

2. Materials and methods

2.1. Materials

The standard grade dried black (4% moisture) and white pep-
pers were bought from Malaysian Pepper Board (MPB) in Sarawak.
The samples were then pulverized into powdery form using a Knife
Mill Grindomix grinder (GM-200 model, Germany). The powdered
samples were thereafter sieved into five different homogenous
particle sizes (0.105 mm, 0.154 mm, 0.300 mm, 0.450 mm and
0.900 mm) and preserved in an airtight plastic.

2.2. Extraction of fixed oil through heat reflux technique

An accurately weighed pepper sample (25 g) was loaded into a
1 L volumetric flask containing distilled water with the method
used by Mohan et al. (2013). The sample was then filtered and con-
centrated using rotary evaporator (BUCHI, R-200 model, Germany).
The extraction yield was calculated on the dry basis and stored at
4 �C in a dark vial prior to further analysis.

2.3. Determination of specific energy absorbed

The energy absorbed by the system is an important variable to
measure during the extraction process. A proper energy audit of
the heat reflux system requires a balance between the total energy
emitted and the energy absorbed by the water-sample. In this
study, the energy absorbed by the water-pepper system consisted
of the energy required in vaporizing the solvent plus the energy
required for actual extraction as presented in the following sets
of heat balance equations (Eqs. (1)(3)):

Qt ¼
Qv þ Qs

t
ð1Þ

Qv ¼ hfgðwf �wiÞ ð2Þ

Qs ¼ qVCpðTf � TiÞ ð3Þ
where Qt = total absorbed energy, Qv = energy required in vaporiz-
ing the solvent, Qs = sensible energy, required for actual extraction,
q = Density of extracting solvent (gcm�3), V = Volume of extracting
(cm3), Cp = Specific heat capacity of extracting solvent (Jg�1�C�1),
hfg = Latent heat of extracting solvent (Jg�1), Ti = Pre-heating pulsed
temperature (�C), Tf = Irradiation temperature (�C), Dw = Solvent
dissipated (cm�3), wi = Initial weight of solvent before extraction
(g), wf = Initial weight of solvent before extraction (g), t = irradiation
time (mins).

2.4. Modeling and optimization studies

2.4.1. Taguchi experimental design
Design of experiments (DOE) was adopted for the parametric

optimization of three extraction parameters via MINITAB 17�

(Minitab Inc., PA, U.S.A.) (Mandal et al., 2008; Thakker et al.,
2016). The extraction parameters used for this study were, extrac-
tions time (A), particle size (B) and feed-solvent ratio (C). The sat-
uration L9-orthogonal array was applied to the experimental data
and the signal-to-noise ratios (SNR) for each level of extraction
parameters were measured. The SN-ratio for all responses were
combined using the grey relational analysis (GRA) as reported by
Kapadiya and Desai (2017). The GRA was used in the determination
of optimum extraction condition. Irrespective of the category of
quality characteristics, a larger SNR value indicates a better quality
characteristics (Abdurahman and Olalere, 2016). The analysis of
mean (ANOM) was thereafter conducted to assess the significance
of each extraction parameters on the responses (extraction yield
(y) and absorbed energy (Q)). The three operating levels of extrac-
tion factors were used to design the L9 orthogonal experimental
matrix as shown in Table 1.
2.4.2. Validation of optimized condition
The statistical model was validated with respect to the three

parameters within the orthogonal array. The experimental results
obtained from the point prediction feature (i.e. SN-ratio) in Minitab
17� software were compared with the predicted values and the Chi
square (X2) values computed in order to the determine the signif-
icance of the results obtained.
2.4.3. Artificial neural network (ANN)
In this study, a feed forward backpropagation multi-layer model

was developed using Matlab R2014a (The Mathworks Inc., Ver. 8.3,
U.S.A.). The results from parametric study and orthogonal experi-
mental design were used to develop the artificial neural network.
Three extraction parameters (extraction time (A), particle size (B)
and feed-solvent ratio (C)) were considered as the input layer.
The extraction yield and the heat energy absorbed by the water-
pepper system were selected as the output layer. For the course
of this research, two multilayer resilient backpropagation algo-
rithms (Gradient Descent and Levenberg Marquardt) were
employed with log-sigmoid transfer function. The purpose of using
the two training algorithms was to prove the strength and ability
of the ANN model in predicting similar data instead of going to
the lab to conduct the experiments. The algorithm which gives
optimum neurons is then selected as the best configuration for
subsequent prediction of familiar data. An optimum neurons is
obtained from an algorithm with a minimum root mean squared
error (RMSE) and highest regression coefficient (R2) (Kapadiya
and Desai, 2017). The training was successively conducted until a
low root mean square error was obtained for each case of response
variable. The network architecture was made of a 60-20-20 frame-
work which has 60% of the data for training, 20% testing and 20%
for validation. Data division was made to be by random division
to avoid biasness. Data normalization was carried out with a ‘map-
minmax’ algorithm in order to prevent data with high value over-
riding those with smaller ones. Optimum neurons were retrieved
to obtain minimum root mean squared error and the highest
regression coefficient (Thakker et al., 2016).
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2.4.4. Data verification in neural network
From the two training algorithms, the estimation of error

between actual and predicted output is required for a proper
model prediction in artificial neural network (Betiku and Taiwo,
2015). The mean squared error, root mean squared error and
regression coefficients are important measures for an effective
model prediction in neural network as shown in Eqs. (4) and (5)
(Chen, 2008).

MSE ¼ 1
n

Xn
i¼1

ðyi � yaiÞ2 ð4Þ

RMSE ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
1
n

Xn
i¼1

ðyi � yaiÞ2
vuut ð5Þ

where, n is the number of points, yi is the predicted value obtained
from the neural network model, yai is the actual value.

The overall regression coefficient (R2) gives the evidence of
model fitness Eq. (6) (Nath and Chattopadhyay, 2007). The close-
ness the R2 value to unity, the better the model fitness into the
actual data (Hamid, 2006).

R2 ¼ 1�
Xn
i¼1

ðyi � yaiÞ2
ðyai � yaiðaveÞÞ

 !
ð6Þ

where, n is the number of points, yi is the predicted value obtained
from the neural network model, yai is the actual value, and yai(ave) is
the average of the actual values. Optimum neurons were retrieved
to obtain minimum root mean squared error and the highest regres-
sion coefficient (Chen, 2008; Harbor, 2013; Thakker et al., 2016).
The algorithm which gave the best RMSE and R2-value was chosen
for further similar problem solving.

2.5. Physicochemical characterization

2.5.1. GC-MS analysis
Gas Chromatography-Mass Spectrometry analysis was con-

ducted to determine the chemical constituents in the extracts. An
Agilent GC–MS instrument (5975C inert, USA) equipped with mass
spectrometer (MS) was used alongside with a GC system (Agilent
7890A). A C-18 column of tubular diameter of 30 mm, internal
diameter of 0.25 mm, and a film thickness of 0.25 mm was
employed. The column initial oven hold was operated at 50 �C
for 5 min and then allowed to rise to 250 �C at 3 �C per min. The
micro-filtered samples were diluted with analytical grade acetone
at a ratio of 1:10 in mL. A 1.0 mL of the diluted solution was then
injected into the gas chromatography column at 280 �C and a car-
rier helium gas velocity of 1 ml/min with a total run time of
69 min. The chemical compounds present in the extracts and their
quantification were conducted in relation to their retention indices
from the National Institute of Standard and Technology, NIST MS
library. The percentage compositions were calculated in accor-
dance with the area of each peak (Jeyaratnam et al., 2016).

2.5.2. Scanning electronic microscopy (SEM)
Morphological transformations of the pepper samples after the

heat refluxation were investigated through SEM analysis. SEM
images of the dried extracts obtained at optimum extraction con-
dition were obtained using the Scanning Electronic Microscope
(SEM) (Tabletop Microscope-3030Plus, USA). The test samples
were mounted on an adhesive plate, air-dried and coated with thin
layer gold before analysis to remove any electrical discharge
(Olalere et al., 2017). The raw dried pepper and extracts were sub-
jected to an accelerated voltage of 15 kV and 40-300x magnifica-
tion with an acquisition time of 30 s.
3. Results and discussion

3.1. Multi-response optimization

The results obtained from black pepper heat reflux extraction
placed the optimum extraction condition at 240 min of extraction
time, 0.154 mm of particle size, and 1:14 of feed-solvent ratio. The
extraction yield and energy absorbed under the optimum condi-
tion were, 13.22 (mg extracts/25 g sample) and 285.60 J/min,
respectively. However, in white pepper heat reflux extraction, the
optimum extraction condition was attained at 180 min of extrac-
tion time, 0.105 mm of particle size of, and 1:18 of feed-solvent
ratio. Under this condition, the total extracts and energy absorbed
was 14.04 (mg extracts/25 g sample) and 264.82 J/min, respec-
tively. These were the condition at which the extraction parame-
ters jointly optimized the extraction yield and absorbed
microwave energy (Table 2). Hence, by using the above conditions,
an improved extraction yield is achievable at optimized energy
absorption capacity.
3.2. Validation of orthogonal design results

The predicted optimal responses were validated using triplicate
parallel tests as presented in Table 3. From the optimal yield and
absorbed energy (yb = 13.22 mg/g, Qtb = 285.60 J/min) three confir-
matory tests were conducted on the black pepper heat refluxation
and the estimated X-goodness-of-fit obtained from the confirma-
tory tests was 0.014 and 0.042 from extraction yield and absorbed
energy, respectively. Similarly, three parallel tests were also con-
ducted from predicted optimal yield and absorbed energy in white
pepper heat refluxation (yw = 14.04 mg/g, Qt w = 264.82 J/min). The
estimated X-goodness-of-fit test values from white pepper reflux-
ation were 0.078 and 0.071 for extraction yield and absorbed
energy, respectively. In both cases, the X-goodness-of-fit test
between the predicted and experimented responses clearly
revealed a smaller X-values when compared with the 7.81 cut-off
value for a 3-degree of freedom at 95% confidence level (Alara
et al., 2019; Olalere et al., 2017; Subroto et al., 2015). This con-
firmed a no-significant difference between the predicted and
actual optimum response values.
3.3. Statistical analysis of mean (ANOM)

The average response means, the extremum or delta difference
(bmax � bmin) were computed with bmax and bmin being the largest
and smallest average response means, respectively. The mean
effects for each extraction factor were determined using the value
generated from their extremum differences. The average means for
the extraction yield and absorbed energy are presented in Table 4.

Fig. 1 (a) showed the individualistic effects of each extraction
variable on the average yield. The maximum average yield
obtained were 10.2 mg/g at level-3 of extraction time (240 min),
9.53 mg/g at level-2 of particle size (0.154 mm), and 9.05 mg/g at
level-2 of feed-solvent ratio (1:16). Meanwhile, in Fig. 1 (b), the
maximum average absorbed energy were 278.00 J/min at level-3
of extraction time (240 min), 274.60 J/min at level-2 of particle size
(0.154 mm), and 276.90 J/min at level-2 of feed-solvent ratio
(1:16). The order of contribution of the extraction parameters at
different operating levels to the average yield and absorbed energy
was A > C > B. The decreasing order of significance affirmed extrac-
tion time as the largest contributor to spice oleoresin extraction
from black pepper. The higher time requirement in black pepper
heat reflux could be attributed to the higher inter-molecular forces
of attraction between their parenchymatous cells (Olalere et al.,
2017). This indicated that the production of black pepper from



Table 2
Experimental layout using L9 orthogonal array and the responses.

Exp. no Independent variables Responses from black pepper Responses from white pepper

A B C yba (mg/g) Qt b
a (J/min) ywa (mg/g) Qt w

a (J/min)

1 1 1 1 6.14 ± 0.34 228.00 ± 0.07 10.05 ± 0.09 225.15 ± 0.05
2 1 2 2 8.17 ± 0.41 274.04 ± 0.13 12.13 ± 0.15 257.73 ± 0.24
3 1 3 3 5.96 ± 0.03 255.86 ± 0.34 8.66 ± 0.32 162.10 ± 0.18
4 2 1 2 9.42 ± 0.16 275.88 ± 0.04 14.04 ± 0.25 264.82 ± 0.44
5 2 2 3 7.20 ± 0.01 264.03 ± 0.10 11.91 ± 0.01 246.44 ± 0.36
6 2 3 1 6.93 ± 0.22 259.58 ± 0.06 9.74 ± 0.02 213.19 ± 0.03
7 3 1 3 7.81 ± 0.10 267.63 ± 0.19 10.59 ± 0.32 244.48 ± 0.10
8 3 2 1 13.22 ± 0.11 285.60 ± 0.45 10.39 ± 0.04 238.81 ± 0.27
9 3 3 2 9.57 ± 0.03 280.67 ± 0.03 10.50 ± 0.01 239.48 ± 0.01

a Values are means ± SD of triplicate runs.

Table 3
Results of parallel tests.

Run Experimental extraction yield (mg/g) Experimental absorbed energy (J/min)

Black pepper
fixed oil

White pepper
fixed oil

Black pepper
fixed oil

White pepper
fixed oil

1 13.25 14.02 284.89 263.67
2 13.21 14.03 285.65 264.65
3 13.18 13.75 285.60 264.83

Table 4
Average mean effects.

Average responses for black pepper heat refluxation Average responses for white pepper heat refluxation

yb(av) (mg/g) Qb(av) (J/min) yw (av) (mg/g) Qw(av) (J/min)

A B C A B C A B C A B C

bi1 6.8 7.8 8.8 252.6 257.2 257.7 10.3 11.6 10.0 215.0 244.8 225.7
bi2 7.9 9.5 9.0 266.5 274.6 276.9 11.9 11.5 12.2 241.5 247.7 254.0
bi3 10.2 7.5 7.0 278.0 265.4 262.5 10.5 9.6 10.4 240.9 204.9 217.7
D 3.4 2.0 2.1 25.3 17.4 19.1 1.6 1.9 2.2 26.5 42.7 36.3
%D 45a 27 28 41a 28 31 28 33 39a 25 40a 34

a Highest contributors to the response mean.

Fig. 1. Average mean effects-black pepper (a) average yield black pepper (b) average energy black pepper.
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an immature peppercorn has effect on the time requirement dur-
ing the heat reflux extraction (Zaveri et al., 2010). However, parti-
cle size has the least effects on the extraction yield and energy
absorbed in the heat reflux extraction of black pepper.

In white pepper heat refluxation, the maximum average yield
was 11.90 mg/g at level-2 of extraction time (180 min),
11.56 mg/g at level-1 of particle size (0.105 mm), and 12.22 mg/g
at level-2 of feed-solvent ratio (1:16) as illustrated in Fig. 2(a). Fur-
thermore, maximum average energy absorbed was 241.50 J/min at
level-2 of extraction time (180 min), 247.70 J/min at level-2 of par-
ticle size (0.154 mm), and 254.00 J/min at level-2 of feed-solvent
ratio (1:16) as shown in Fig. 2(b). The extraction factor with the
highest extremum difference was declared as having the most con-
tributing effect on the response settings (Abbass et al., 2016). In
this case, the feed-solvent ratio gave the highest contribution to
the extraction yield and absorbed energy. The extracting solvent
(water) therefore provided a good interaction with the pepper
matrix with a decreasing order of C > A > B. A threshold solvent
volume of 400 ml provided a strong interaction between the sol-
vent and pepper sample (Olalere et al., 2017; Olawale, 2012). The



Fig. 2. Average mean effects-white pepper (a) average yield white pepper (b) average energy white pepper.
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result therefore indicated that feed-to-solvent ratio (C) has the
most significant contribution to the extraction of fixed oil from
white pepper. However, the particle size has the least contribution
to the extraction yield and energy absorbed by white pepper in
heat reflux extraction.

3.4. ANN prediction

In the ANN model prediction, the network inputs were the
extraction time (A), particle size (B) and feed-solvent ratio (C).
The extraction yield and absorbed energy are the output variable
in black and white heat reflux extraction. The Gradient Descent
and Levenberg–Marquardt training algorithms were hidden layers
used in conjunction with tansigmoid transfer function. The 3-4-5-1
topology was employed and this signifies that the model has 3
input layers, 4 neurons in the first hidden layer, 5 neurons in the
second hidden layer and one output layer. The networks were
trained severally for each response variable until both the coeffi-
cient of regression for training and prediction (between the simu-
lated responses and expected responses) increases.

3.4.1. ANN prediction using Gradient Descent algorithm
The overall regression coefficient of 0.9370 and root mean

squared error of 0.8849 was obtained for the optimum yield from
black pepper. While an overall regression coefficient and root
mean squared error of 0.9387 and 0.2565 were generated for the
optimum yield from white pepper. Similarly, the overall regression
coefficient and root mean squared error was 0.9959 and 0.7725 for
optimal energy absorbed in black pepper heat reflux. Whereas, for
the optimum yield in white pepper heat reflux, the overall regres-
sion coefficient and root mean squared error was 0.9114 and
0.3206 respectively. The result shows a good agreement with the
optimality of Taguchi experimental design data as presented in
Table 5.

Fig. 3 is the post regression plot of predicted results and the
expected trained network response. The primary aim of training
and retraining the network is to provide a better function approx-
imation which can enable it predict similar problem (Aggarwal,
2015). The regression value for the training process must therefore
Table 5
Network training configuration and results (Gradient Descent).

Sample name Output Transfer function M

Black pepper yb tansig 3
Qtb tansig 3

White pepper yw tansig 3
Qtw tansig 3
be closer to unity (�1) for a better prediction. For this study, the
higher regression coefficients obtained between the network out-
puts is an indication of good training in the supervised neural
learning process neural network. Moreover, the root mean square
error obtained from the training process went through a marginal
reduction as the number of iterations was increased. The smaller
MSE and RMSE values further validated a good training and better
prediction (Thakker et al., 2016).

3.4.2. ANN prediction using Levenberg–Marquardt training algorithm
Table 6 is the results obtained from ANN prediction per input

variable using Levenberg–Marquardt training algorithm. The over-
all regression coefficient and root mean squared error of 0.9551
and 0.5701 respectively were generated from optimum yield in
black pepper heat refluxation. While an overall regression coeffi-
cient and root mean squared error of 0.9845 and 0.5708 respec-
tively for optimum yield in white pepper heat refluxation.
Similarly the overall regression coefficient and root mean squared
error was 0.9398 and 0.7258 for optimal energy absorbed in black
pepper heat refluxation. Whereas for the optimum yield in white
pepper heat refluxation, the overall regression coefficient and root
mean squared error was 0.9546 and 0.4525 respectively. The sum-
mary of the overall regression coefficient and root mean squared
error for each response in black and white pepper heat refluxation.
Table 6 consists of results obtained from the Levenberg–Marquardt
algorithm.

Fig. 4 is the post regression analysis with a comparison between
the predicted experimental results and the expected. The results
obtained gave regression values closer to unity (�1) and lower root
mean square errors. The proximity of the regression coefficient and
lower root mean square errors showed good training and a better
prediction.

3.4.3. Comparison between results obtained from GD and LM
algorithm

On the overall, the Levenberg–Marquardt (LM) training algo-
rithm gave a faster convergence during the training process com-
pared with the Gradient Descent (GD) method. Hence, less
iteration is necessary before one of the convergence criteria was
odel topology MSE RMSE R2

-4-5-1 0.7831 0.8849 0.9370
-4-5-1 0.5968 0.7725 0.9959
-4-5-1 0.0658 0.2565 0.9387
-4-5-1 0.1028 0.3206 0.9114



Fig. 3. Post regression analysis with Gradient Descent algorithm (a) average yield black pepper (b) average energy black pepper (c) average yield white pepper (d) average
energy white pepper.

Table 6
Network training configuration and results (Levenberg-Marquardt).

Sample name Output Transfer function Model topology MSE RMSE R2

Black pepper yb tansig 3-4-5-1 0.3250 0.5701 0.9551
Qtb tansig 3-4-5-1 0.5268 0.7258 0.9398

White pepper yw tansig 3-4-5-1 0.3258 0.5708 0.9845
Qtw tansig 3-4-5-1 0.2048 0.4525 0.9546
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reached. The LM- algorithm can therefore be saved and the net-
work from the parametric data retrained to get better result. How-
ever, care must be taken to prevent over-fitting which might
results in poor function generalization when dealing with new
parametric data.
3.5. Chemical composition

The relative abundance of each classes of compound identified
from GC–MS analysis of the black (BPOE) and white (WPOE)
extracts are presented in Fig. 5. A total of 19 components were
identified in GC–MS analysis of BPOE and the major components
were piperine (37.85%), caryophyllene (8.97%), sabinene (5.76%),
limonene (4.51%), and b-bisabolene (1.66%). Moreover, the
extracted oleoresin consisted of 39.38% alkaloids, 11.06% monoter-
penes hydrocarbons, 2.23% oxygenated monoterpenes and 13.19%
sesquiterpenes. These suggested that the alkaloids have the high-
est concentration of bioactive compounds, followed by monoterpe-
nes and sesquiterpenes. Moreover, a-Thujene, guineensine, 1-
cinnamoyl piperidine, piperettine, a-selinene, a-cubebene were
found to be in trace amount as reported by Singh et al. (2013).
However, in WPOE a total of 25 bioactive compounds were identi-
fied with piperine (42.29%), caryophyllene (10.36%), sabinene
(7.94%), limonene (6.47%), and b-bisabolene (2.42%) as major com-
ponents. The white pepper extract contained 44.36% of alkaloids,
16.21% of monoterpenes hydrocarbons, 3.97% of oxygenated
monoterpenes, and 14.03% of sesquiterpenes. The higher concen-
tration of compounds such as piperine, caryophyllene, sabinene,
limonene and b-bisabolene in white pepper oleoresin extracts
(WPOE) is therefore an indication of its higher nutritional and
functional characteristics than black pepper oleoresin extracts
(BPOE) as illustrated in Fig. 5.



Fig. 4. Post Regression analysis with Levenberg Marquardt algorithm (a) average yield black pepper (b) average energy black pepper (c) average yield white pepper (d)
average energy white pepper.

Fig. 5. Percentages of different classes of compounds extracted from black and white pepper.
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3.6. Morphological characteristics

The medullary and peripheral bundles are the two striking fea-
tures in the structure of black and white pepper (Ravindran, 2000).
It composed of layer of stone like elongated parenchymatous cells
which are neatly packed in a fresh sample as shown in Fig. 6 (a)
and (c). The cellulosic cell wall of an untreated fresh pepper sample
first experienced an induction process in which the outer vascular



Fig. 6. SEM-monograph (a) Black P.nigrum at pre-extraction (b) Black P.nigrum at post-extraction (c) White P.nigrum at pre-extraction (d) White P.nigrum at post-
extractionheating.
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bundles swell due to the penetration effect of solvent. As a result of
the localized heating effects on the pepper matrix, the membrane
structure of the cellulose cell wall becomes disoriented thereby
resulting in a subsequent rupture. The elongated stone like cells
then become broken into smaller forms which lead to a reduced
surface area. Fig. 6 (a) and (c) the ordered thin-wall stone-like
elongated cells of fresh black and white pepper, respectively.
Fig. 6 (b) and (d) are the ruptured cells after exposure of white pep-
per to the conventional localized heat.

4. Conclusion

In this study, the extracts from black and white pepper were
optimized using the Taguchi orthogonal design of experiment. This
design investigated the effects of three independent variables
(extraction time, particle size, and feed-solvent ratio) on the yield
and absorbed energy. In the black pepper heat reflux extraction,
the optimal extraction yield and energy absorbed under the opti-
mum condition were 13.22 (mg extracts/25 g sample) and
285.60 J/min, respectively. Moreover, in white pepper heat reflux-
ation, the optimal extraction yield and energy absorbed under the
optimum condition were14.04 (mg extracts/25 g sample) and
264.82 J/min, respectively. Artificial neural network was used for
intelligent prediction, using the results from Taguchi experimental
design. Two algorithms were compared and better prediction of
the experimental data were obtained from the Levenberg Mar-
quardt with tanlog sigmoid transfer function as hidden layer and
3-4-5-1 as model topology. Hence the Levenberg Marquardt feed
forward backpropagation model is a viable tool to optimally pre-
dict result for different combination of operating variables in
extraction process.
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