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Introduction 

Wi-Max is a wireless broadband technology based 
on IEEE 802.16 standard. Long Term Evolution (LTE) is 
standardized by the 3rd Generation Partnership 
Project (3GPP) as an evolution of the 3G systems to 
meet the requirements of increasing the data rates, 
high mobility and low latency over a bandwidth of 
up to 20 MH. In fourth generation (4G) 
communication systems to provide a comprehensive 
and secure IP solution where voice, data and 
multimedia can be offered to users at "anytime, 
anywhere" with higher data rates than previous 
generations . Multiple input multiple outputs (MIMO) 
and Orthogonal Frequency Division Multiplexing 
(OFDM) modulation have therefore been adopted 
due to their superior performance.1These developing 
modulation used in LTE which promise to become 
the key for high-speed wireless communication 
technologies and combining them can provide 
wireless industry evolution from 3G to 4G systems. In 

                                                            
1Corresponding Author’s Email: barmasesachin@gmail.com 

OFDM systems which are use MIMO state that, the 
output is the superposition of multiple sub-carriers in 
this case, instantaneous power outputs increases and 
may demand higher powers than the mean power of 
the system since the phases of these carriers are the 
same. OFDM is a special form of spectrally efficient 
Multi-Carrier Modulation (MCM ) technique, which 
involves densely spaced orthogonal sub-carriers and 
overlapping spectrums. Due to orthogonality nature 
of the sub-carriers, the use of band pass filters is not 
required in OFDM. Hence, the available bandwidth is 
used very efficiently without causing the Inter – 
Carrier Interference (ICI).  

Our aim is to implement and find the effect the cyclic 
prefix (CP) on BER with different of modulation 
techniques based on the venation in gain vector, 
delay vector, SNR. This modulation technique gives a 
good performance of a Wi-MAX system. 

Proposed Block Diagram for Transmitter & 
Receiver of Wi-Max System  

Abstract 

Orthogonal frequency division Multiplexing (OFDM) has become the chosen modulation technique for 
wireless communications because it provides a high data rate wireless transmission. From the Process 
of this development, the mechanism of an OFDM system can be studied; and with a completed 
MATLAB program, the characteristics of an OFDM system can be explored. Implementation of the 
OFDM system entails several difficulties. One of the major drawbacks is the high peak-to-average 
power ratio (PAPR) which causes large number of sub-carriers, which make restrictions for practical 
applications. Results are verified using MATLAB software. The simulation is used to study the effect of 
the cyclic prefix on the bit error rate (BER) with different types of modulation techniques (BPSK, 4QAM, 
16QAM, and 64QAM) based on the variation in signal to noise ratio (SNR).   

Keywords- Orthogonal frequency division multiplexing (OFDM); SNR (Signal to Noise Ratio), BER (Bit 
Error Rate), MIMO (Multi-Input Multi-Output), Wi-Max, IFFT (Inverse Fast Fourier Transform), LTE 

Page 5



Sachin Kumar Barmase et al. International Journal of Science, Engineering and Technology, 2016, Volume 4 Issue 1 
ISSN (Online): 2348-4098 , ISSN (Print): 2395-4752 

 

 

Figure 1: Transmitter of the Wi-MAX system  

In the transmitter section, the digital data that is to 
be transmitted is first converted into several symbols 
of digital data of low bit rate using the serial to 
parallel converter. Each data stream is then 
converted into subcarrier amplitude and phase using 
a mapping technique and also according to the value 
of each symbol represented in digital form. The 
spectral representation of each data stream is then 
converted into time domain using the Inverse Fast 
Fourier Transform (IFFT).In this system, Physical layer 
uses Orthogonal Frequency Division multiplexing 
(OFDM) with 256 subcarriers. Each OFDM symbol is 
composed of 192 data subcarriers, 1 zero DC 
subcarrier, 8 pilot subcarriers, and 55 guard carriers. 
Therefore, a process of assembling the zero DC 
subcarrier, data, and pilots is needed to build the 
symbols. After wards zero padding is performed. 
Then, the signal is converted to the time domain by 
means of the inverse fast Fourier transform (IFFT) 
algorithm, and finally, a cyclic prefix (CP) is added. 

Cyclic Prefix  

A multipath channel can affect the subcarrier 
orthogonality of an OFDM system. Cyclic-Prefix is 
used to combat Inter Symbol Interference and Inter 
career Interference (ICI) introduced by the multipath 
channel. The length of the CP (Tg) must be longer 
than the maximum delay spread of the target 
multipath environment.  

tmax < Tx < Tg                              (1) 

Where tmax= maximum multipath spread. 

When above equation is satisfied, there is no lSI 
(Inter symbol Interference) and there is no ICI (Inter 
carrier Interference). 

 

 

Figure 2: Cyclic Prefix in OFDM 

Figure 3: Receiver of the WI-MAX system 

At the receiver end, the Cyclic-prefix (CP) is removed 
and the received signal is converted to the frequency 
domain using the Fast Fourier Transform (FFT). The 
receiver performs the reverse operation of the 
transmitter, mixing the RF signal to base band for 
processing, then using a Fast Fourier Transform (FFT) 
to analyze the signal in the frequency domain. The 
amplitude and phase of the sub carriers is then 
picked out and converted back to digital data. 

Proposed Methodology 

To judge the OFDM system performance, we have to 
do some performance analysis. There are a lot of 
criteria to analyze a systems performance. In mobile 
wireless system Bit Error Rate (BER), Signal to Noise 
Ratio (SNR), Peak to Average Signal Power Ratio 
(PAPR), channel coherence bandwidth, Quality of 
Service (QoS), transmission speed in bit per second 
(bps), delay profile etc are very common parameters 
to judge a system. It is always desirable to have a 
good wireless technique which has all the necessary 
qualities like lower BER, lower SNR, and higher 
Quality of Services values and so on. The main 
objective of this proposed research is to study and 
investigate the effect of several wireless channel 
impairment factors to the performance of OFDM 
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system and also to find out the best signal 
parameters to overcome the detrimental effects of 
the mobile wireless channel environment to the 
system. We may compare following modulation 
techniques such as: BPSK (Binary Phase Shift Keying), 
QPSK (Quadrature Phase Shift Keying), I6PSK, 32PSK 
and 64PSK are used in the OFDM transceiver to show 
the tradeoff between system capacity and system 
robustness. The OFDM system is simulated using 
MATLAB and all the simulation results are 
represented in term of Bit Error Rate (BER) versus 
Signal to Noise Ratio (SNR) in 2-D graph for four 
different channels.  

Expected Outcomes 

OFDM technology can be substituted by the sum of 
PSK/QAM modulators in quantity m, so that with the 
same error probability , what is acceptable for the 
voice communication, speed will be higher in m 
times or their possibility appears to optimize another 
parameters like power, antenna amplification and 
radiation pattern. 

Conclusion and Future Work 

For urban, rural, terrain and rician channels the BPSK 
and QPSK modulation techniques works well with 
small SNR value in the presence of any amount of 
clip compression in the channel. The higher the clip 
compression the higher the SNR value is required for 
16 PSK or above PSK modulation techniques. Finally, 
the signal parameters must fulfill the condition of flat 
fading in a wireless environment to get a reasonable 
error free result. 
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Introduction 

A nanoantenna is a solar collection device based on 
rectifying antennas. Nanoantenna is a recent device, 
so it does not have an old history. It is worthy to 
mention that the idea of using antennas to collect 
solar energy was first proposed by Robert L. Bailey 
in 1972. In 1973, Robert Bailey, along with James C. 
Fletcher, received a patent for an electromagnetic 
wave converter. The patented device was similar to 
modern day nanoantenna devices. Alvin M. 
Marks received a patent in 1984 for a device 
explicitly stating the use of sub-micron antennas for 
the direct conversion of light into electricity. 

The nanoantenna consists of three main parts: the 
ground plane, the optical resonance cavity and the 
antenna (See fig. 1). The antenna absorbs the 
electromagnetic wave, the ground plane acts to 
reflect the light back towards the antenna and the 
optical resonance cavity bends and concentrates 
the light back towards the antenna via the ground 
plane.1 

                                                            
1Corresponding Author’s Email: sanjaysihag91@gmail.com 

 

Figure 1: Nanoantenna Structure, (Copyright, IJRETR)   

One of the main advantages of using nanoantennas 
is their high theoretical efficiency. For example, the 
theoretical efficiency of single junction solar cells is 
only 30%. In contrast, in the case of nanoantenna the 
theoretical efficiency found is nearly 85%. Another 
advantage of nanoantennas over semiconductor 
photovoltaic devices is that nanoantenna arrays can 
be designed to absorb any frequency of light. 
Nanoantennas can absorb energy from sunlight as 
well as the earth’s heat emitted in the form of 
infrared radiations. 

Theory of Operation 

The theory behind nanoantennas is essentially the 
same for rectifying antennas. Incident light on 
the antenna causes electrons in the antenna to move 
back and forth at the same frequency as 
the incoming light. This is caused by the oscillating 

Abstract 

The day-by-day increasing demand of energy for this world enforces to find alternative energy sources. 
At present lots of R&D is going on to improve photovoltaic devices so as to improve their efficiency 
but the limit is that they can extract energy only from visible region of the electromagnetic spectrum. 
Therefore, a new device called Nanoantenna has been designed that can convert thermal energy 
extracted from infrared region of the spectrum into electricity. In near future its contribution will be in 
various fields like space communication, broadband wireless links, wireless optical communication, 
mobile communication (5G), radar detection and higher order frequency applications. Nanoantenna 
can be fabricated by different techniques like electron beam lithography, focused ion beam and 
nanoimprinting lithography. In this paper we will discuss only about nanoimprinting lithography 
technique, because it is a cost effective and high throughput technique. The material selection for 
nanoantenna is also a big problem, so we will also discuss how to eliminate it. 

Keywords: Nanoantenna, Photovoltaic devices, Infrared, Communication, Lithography, etc. 
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electric field of the incoming electromagnetic wave. 
The movement of electrons is an alternating current 
in the antenna circuit. To convert this into DC power, 
the AC current must be rectified, which is typically 
done with some kind of diode. The resulting DC 
current can then be used to power an external load.  

Fabrication of Nanoantenna 

The fabrication of nanoantenna has been done using 
several techniques like Electron Beam Lithography 
(EBL), Focused Ion Beam lithography (FIB) and 
Nanoimprinting Lithography (NIL). Electron beam 
lithography and Focused ion beam lithography are 
costly, time consuming and low throughput 
fabrication techniques. So, another fabrication 
technique, nanoimprinting lithography has been 
used later on to fabricate nanoantenna. It is low cost, 
less time consuming and high throughput technique. 
As opposed to serial beam-based lithographies, 
where photons, electrons or ions are used to define 
nanopatterns, the NIL process uses a hard mold that 
contains all the surface topographic features to be 
transferred onto the sample and is pressed under 
controlled temperature and pressure into a thin 
polymer film, thus creating a thickness contrast. 
Resolutions on the order of 10 nm have been 
demonstrated more than a decade ago [1]. A 
promising variation of this technique is UV-NIL, 
where a transparent mold, such as glass or quartz, is 
pressed at room temperature into a liquid precursor 
which is then cured by UV radiation. In order to 
reduce the cost of mold fabrication and to achieve 
patterning over larger areas at lower pressures, soft 
nano-imprinting techniques, based on polymeric 
flexible stamps replicated from a single master mold, 
have also been developed [1]. In future, NIL might 
become the ideal technique for low-cost, highly 
reproducible realization of antenna arrays covering 
large areas, e.g. for the realization of bio-optical 
sensors on substrates or on fiber facets. (See fig. 2) 

 

Figure 2: Nanoantenna fabrication by (a) thermal 
nanoimprint lithography to (b) transfer the master 
pattern into the resist, followed by (c) spin- coating 
of colloidal Au NCs and (d) ligand exchange and 
resist lift- off. (e) SEM image of a representative NC- 
based nanoantenna array fabricated by the 
nanoimprinting method [1], (Copyright, 
ResearchGate) 

Material Issue 

The material selection in nanoantenna fabrication is a 
difficult problem, because currently we used gold 
(Au) and silver (Ag) which have skin effect at higher 
frequency. It affects the efficiency of nanoantenna. At 
frequencies above infrared, almost in all the metals, 
current is being carried near the surface of the wire 
which reduces the effective cross sectional area of 
the wire leading to an increase in resistance. This 
effect is known as the skin effect. To eliminate this 
problem we switch the materials like graphene and 
carbon nanotube, because they do not show skin 
effect at higher frequency. Here we discuss the 
nanoantenna based on CNT and graphene in detail. 

Carbon Nanotube Antennas 

CNTs facilitate an extreme miniaturization due to 
slow wave propagation effects. CNTs exhibit 
exceptional electron transport properties, yielding 
ballistic carrier transport at room temperature with a 
mean free path of around 0.7 mm and a carrier 
mobility of 10,000 cm2/Vs. Due to the slow-wave 
propagation of electromagnetic waves in CNT 
structures, the wavelength of electromagnetic waves 
propagating in CNT structures is considerably smaller  
than the free-space wavelength [2,3,4]. This effect 
occurs due to quantum transport effects in the CNT 
yielding a quantum capacitance and a kinetic 
inductance in addition to the geometric capacitance 
and inductance. CNTs exhibit a very high inductance 
per unit length due to the high kinetic energy of the 
electrons. The high inductance results in an 
electromagnetic slow-wave propagation along a CNT 
transmission line configuration with a phase velocity 
in the order of c0/100 to c0/50, where c0 is the speed 
of light in free space [3,4]. CNT based nanoantennas 
are much shorter than the operating wavelength can 
be brought into resonance and potentially be used 
as radiation elements. A CNT nanoantenna is usually 
an extremely short antenna, considerably shorter 
than the free-space wavelength. The appearance of 
slow waves makes CNT antennas interesting for 
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wireless communication between circuits at the 
micro and nanoscale. 

Copper and carbon dipole nanoantennas are 
investigated using modified Hallén and Pockling ton 
integral equations, which incorporate the CNT 
surface conductance. It was found that CNT dipoles 
start to go into resonance at much lower frequencies 
than initially assumed. This can be explained from 
the fact that electromagnetic waves are propagating 
along CNTs, forming surface plasmons, which have 
are induced propagation velocity and thus have 
shorter wavelengths. So, CNT dipoles with several 
micrometer sin length starts to resonate in the low 
terahertz region, where the wavelengths are 50–100 
times larger compared to the length of the CNT 
dipole [5, 6].  

Linear nanoscale dipole antennas either made of 
metal such as gold or silver or CNTs have been 
investigated. Due to the extremely high aspect ratio 
(length/cross sectional area), both metal nanowires 
as well as CNTs have AC resistances per unit length 
in the order of several kilo-ohm per micrometer. This 
high resistance causes high conduction losses and 
thus seriously decreases the efficiency and the 
achievable gain of nanoantennas. The efficiency of a 
CNT dipole antenna is estimated to being the range 
of –60 to –90 dB, which results from the high 
conductance losses. The situation in the case of 
metal nanoantennas is similar. Although low power 
levels are sufficient in modern communication links, 
the inherent loss introduced by metallic or CNT 
nanoantennas limits their applicability considerably. 
One approach to bypass the resistance problem 
could be the usage of arrays of nanoantennas or a 
bundle of parallel nanowires. In this case, the 
resistance can be decreased to an acceptable value; 
however, the slow wave effect is lost, as discussed in. 
Therefore, by an appropriate choice of geometry and 
the number of nanowires, the properties of 
nanoantenna structures have to be optimized. 

Graphene Antennas 

A promising alternative to CNT antennas could be 
planar structures such as two-dimensional (2-D) 
graphene layers. Graphene is a 2-D material 
consisting of a monoatomic layer of carbon atoms 
arranged in a honey-comb structure (See fig. 3). It 
exhibits an excellent crystal quality and unique 
electronic properties [2, 6]. Morozov et.al .have 
shown that electron-phonon scattering in graphene 

is so weak that room temperature electron mobility 
as high as 200,000 cm2/Vs can be expected if 
extrinsic disorder is eliminated.  Like CNTs, graphene 
also exhibits excellent conductivity and slow wave 
properties. The achievable slow-wave effect in 
plasmon modes is in the order of c0/100. At terahertz 
frequencies, a population inversion in the graphene 
layer can be realized by optical pumping or forward 
bias, which yields an amplification of the surface 
plasmon. Graphene allows the realization of planar 
structures and active circuits. 

 

Figure 3: Structure of a graphene layer [6], 
(Copyright, IEEE Magazine) 

Figure 4 shows patch antennas based on CNTs and 
graphene nanoribbons (GNRs). Theoretical 
investigations have shown that antennas with sizes in 
the order of several hundred nanometers are suitable 
to radiate electromagnetic waves in the terahertz 
band, that is, 0.1–1 THz. Graphene has also been 
used as substrate for metallic antennas. In metallic 
dipole antennas and arrays of dipole antennas have 
been patterned on a graphene layer. The antennas 
have been operated at 120 GHz using the high-
resistivity and low-resistivity state of the graphene, 
the antenna radiation patterns could be controlled 
[6, 7]. 

 

Figure 4: Nanopatch antenna based on (a) carbon 
nanotube and (b) graphene nanoribbon (GNR), [6], 
(Copyright, IEEE Magazine). 

Page 10



Sanjay Kumar et al. International Journal of Science, Engineering and Technology, 2016, Volume 4 Issue 1 
ISSN (Online): 2348-4098 , ISSN (Print): 2395-4752 

 

Nanoantenna Applications  

Nanoantenna plays an important role in many fields 
like, space communication, optical wireless 
communication, mobile communication, object 
detection in radar technology, broadband wireless 
links, nanoantenna for terahertz detection, wireless 
data transfer at very high speed, and nanophotonic 
applications. These all applications will be possible in 
near future. Here we are discussing some of the 
applications based on nanoantenna in detail. 

Optical Wireless Link 

Owing to their capacity to control the direction and 
angular distribution of optical radiation over a broad 
spectral range, nanoantennas are promising 
components for optical communication in 
nanocircuits. Here we are discussing about the 
wireless optical power transfer between plasmonic 
nanoantennas in the far-field and changeable signal 
routing to different nanoscopic receivers via beam 
steering [8, 10]. The radiation pattern of single 
optical nanoantennas using a photoluminescence 
techniqueallows mapping of the unperturbed 
intensity distribution around plasmonic structures. 
The distance dependence of the power transmission 
between transmitter and receiver by deterministically 
positioning nanoscopic fluorescent receivers around 
the transmitting nanoantenna. By adjusting the wave 
front of the optical field incident on the transmitter 
directional control of the transmitted radiation over a 
broad range of 29° can be achieved. This enables 
wireless power transfer from one transmitter to 
different receivers [9, 11]. One of the envisioned 
applications of plasmonics is optical on chip circuitry 
with nanoscale footprints to combine photonics with 
integrated electronics for high speed computing and 
high bandwidth communication. 

Wireless power transfer 

Figure 5(a) depicts the concept of optical power 
transfer via free space between transmitting antenna 
T and receiving antenna R. The lower panel of Fig. 5a 
compares the power transmission as a function of 
distance d of such a nanoantenna link to a plasmonic 
waveguide. Here we consider an absorption constant 
α= (2 μm)−1 for lithographically fabricated 
waveguides with a width of 100 nm at the near 
infrared wavelength λ=785 nm [12, 13]. There is a 
tradeoff between field confinement and propagation 
length, for example, for a cylindrical plasmonic 

waveguide, a decrease in the wire width leads to 
higher field confinement but results in a strong 
increase of the losses. In contrast, for the antenna 
link, absorption losses occur only at the antennas 
and are thus much lower than for a waveguide. The 
antenna link performs even better when plasmonics 
antennas with high directivity D are used as 
transmitters and receivers as shown by the red curve 
in Fig. 5(a). In the RF domain, antenna arrays achieve 
extremely high directivities because of constructive 
interference of the radiation of the individual 
antennas [14, 16]. They furthermore enable tunable 
redirection, that is, steerability of the transmitted 
radiation by phasing the individual antennas (see Fig. 
5b). These properties make antenna arrays 
irreplaceable in steerable far distant communication 
where direct connections are no option. Bringing this 
concept to the optical frequency domain by 
employing optical nanoantenna arrays, opens up a 
new perspective of realizing low loss changeable 
optical interconnects where direct waveguide 
connections are not suited [15, 17]. 

 

Figure 5: Optical nanoantennas enhance transmission 
and reception of electromagnetic waves via 
impedance matching and high directivity, allowing 
efficient power transfer between source and receiver 
[17], (Copyright, Nature publication Group). 

Nanoantenna for Terahertz Detection 

Infrared detectors are important devices in e.g., 
security and medical fields. Antenna-coupled metal–
oxide–metal diodes (ACMOMDs) are a promising 
candidate for infrared (IR) detectors due to their 
small size, CMOS compatibility, and ability to offer 
full functionality without cooling or applied bias. The 
concept of ACMOMD was first introduced in the 
1970s. The device consists of two main components: 
the dipole antenna for receiving electromagnetic 
waves in a certain wavelength range and a metal–
oxide–metal (MOM) diode that serves as the 
rectifying device [18, 21, 22]. Tunneling diodes are 
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promising candidates for the rectification of 
terahertz signals because of the femtosecond 
tunneling times of an electron through a thin barrier 
in a MOM diode. All of the ACMOMDs, fabricated 
through either the evaporation technique or the two 
step EBL technique that pass the dc test of showing 
nonzero curvature coefficient are subjected to IR 
characterization for full detector functionality. A 
linearly polarized continuous wave (CW) CO2 laser 
has been used as the IR source. The shape of the IR 
beam has been characterized through the knife-edge 
experiment and the 1/e2 beam width was found to be 
4 mm [19, 21]. The laser beam passes through a 
polarizer, mechanical chopper, and a half-wave plate 
before it hits the device-under-test, the ACMOMDs. 
The half-wave plate is used to rotate the polarization 
of the IR laser without changing the orientation of 
devices or the laser. 

According to classical antenna theory, if the 
polarization of the IR laser is rotated with respect to 
the orientation of the ACMOMD, the IR response of 
the ACMOMD should show a cosine-squared 
behavior, i.e.,  if δIR is the angle between the 
orientation of the ACMOMD and the electric field 
vector, the IR response should follow cos(δIR)2 type 
variation. The IR response of ACMOMDs consists of 
polarization-dependent response that is varying 
cosine squared, as discussed, and the polarization-
independent response, which is believed to be of 
thermal origin [23. 25]. In a co-polarized condition, 
the electric field is fully aligned with the ACMOMD, 
and in a cross-polarized condition, the electric field 
vector is perpendicular to the ACMOMD orientation. 
The ratio of the corresponding IR responses of the 
co-polarized and cross-polarized conditions gives 
the polarization ratio of an ACMOMD. A typical IR 
response of an ACMOMD is shown in Fig. 6 [26]. 

 

Figure 6: IR response of ACMOMDs [26], (Copyright, 
IEEE) 

It consists of a polarization-dependent part, which 
varies as cos2 and a polarization-independent 
response, which is believed to be of thermal origin. 
The device shows a polarization ratio of 5. It is seen 
that the polarization-dependent signal is cosine 
squared varying with a dc off-set provided by the 
polarization-independent signal [28]. Presence of a 
polarization dependent component in the IR 
response of the ACMOMDs shows that ACMOMDs 
behave as classical antennas and their radiation 
characteristics and other antenna parameter are 
governed by classical antenna theory. 

Nanoantenna for Nanophotonic Application 

Antennas play an important role traditionally for 
many microwave applications [30]. However, recently 
developments of antennas in the near-infrared and 
optical regions are showing great promises with 
better manipulation, emission control and radiation 
of light waves into free space. In recent years, nano 
scale optical antennas are proposed for several 
applications in near-infrared, far-infrared and visible 
range. For example, nano-antennas have been 
considered as efficient and promising element in 
scattering, sensing, photo-detection, heat-transfer, 
inter and/or intra chip optical communications, 
energy harvesting etc. Moreover, optical nano-
antenna can play a vital role in reducing power 
consumption and allow higher speed for on chip 
optical interconnects [31, 32, 33]. As a result, it is now 
considered of as a prominent alternative to optical 
waveguide based interconnects for on-chip wireless 
communication that meets high spectral efficiency. 

To design a novel broadband optical nano-antenna 
including a transmission-line (which will be directly 
connected to waveguide), the fore mentioned hybrid 
plasmonic structure is considered here. The nano-
antenna can be fabricated using standard CMOS 
processing techniques which can be incorporated 
with the electronic circuit of an optical 
communication device. The perspective view of our 
designed optical nanoantenna is shown in Fig. 7(a). 
Fig. 7(b) shows the top view of our proposed nano-
antenna. Visually this antenna is almost similar to the 
‘Vivaldi Antenna’ often used in radio frequency 
range. To cover all optical communication windows, 
we fix our target frequency range of operation as 
150THz-390THz (λc = 2000nm-769.2nm) with the 
center frequency at fc = 270THz (λc = 1111.1nm). We 
set our antenna’s overall length, L = LP + LT = 250nm 
+ 300nm = 550nm; which is almost equal to half 
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center wavelength, λc/2 = 1111.1nm/2 = 555.55nm 
[34, 35]. The width is set to WP = 500nm. Each 
tapered-slot is designed as quarter-portion of a 
circle considering each lower-side corner of the 
nano-antenna as center and LP = 250nm is estimated 
as the radius of each circle. The width of 
transmission-line, WT remains same as the width of 
the hybrid plasmonic waveguide described above 
(WT = Wco = 100nm). The overall dimension of the Si 
slab and its underneath SiO2 insulator substrate 
is1100nm * 850nm [37, 38, 39]. 

 

Figure 7: Schematic of the proposed hybrid 
plasmonic nano-antenna where a layer of silicon di-
oxide (SiO2) with silver (Ag) cap embedded on a thin 
silicon (Si) layer (a) 3-D perspective view (b) top view 
(c) 2-D cross-sectional view at the port side with E-
field distribution at z = 0 [36], (Copyright, IEEE) 

Mobile Communication 

The 5G mobile communication in the next decade is 
going to require 1000 times’ larger bandwidth and 
100 times more speed to cover large number of 
applications of future cell phones. One of the 
expected techniques to fulfill these requirements is 
going to be THz band mobile communication. This 
would certainly require THz band nanoantennas. The 
formation of Surface Plasmons (SPs) at the interface 
of metal-dielectrics and existence of Surface Plasmon 
Polarization (SPP) resonances. The plasmonic activity 
at the interface of metal-dielectrics is heavily affected 
by the size of antenna and selection of metal and 
dielectrics. 

Conclusion 

The ever increasing demand of energy in the world 
cannot be full-filled by non-renewable energy 
sources and therefore to extract maximum of energy 
from renewable energy sources has become a 

challenge. One of the renewable sources of energy is 
solar energy but the efficiency of current 
photovoltaic devices is still not sufficient to convert 
whole of the solar energy into electric power. Here 
we have discussed about a new device called 
nanoantenna that converts heat energy into electrical 
energy and enhances the efficiency of solar cell at 
very higher order. Today most of space agencies like 
NASA, ISRO and other use solar cells as power 
sources in space shuttles. Nanoantenna can play a 
very important role in such applications, because the 
fabrication requires less material using 
Nanoimprinting lithography technique as compared 
to solar cells and provides higher efficiency. The 
nanoantenna is also used in plasmonic electronic 
circuits, where it converts the heat energy dissipated 
from electrical connection and electronic 
components into the electrical energy and thus 
lowers down the operating temperature of such 
devices. 
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Introduction 

Nowadays  consumer awareness  regarding  the use  
of synthetic chemical additives , foods preserved with 
natural additives have become  boon to food 
technologists and in turn to consumers .Many  
natural compounds (thyme, basil ,clove and oregano) 
are gaining interest and are generally recognized as 
safe(GRAS).Use of Thyme dates back to 3500 BC  by 
Sumerians and Egyptians .Its spread to Europe was 
due to Romans , as they used it to give aromatic 
flavors to liqueurs & cheese. Thyme is the general 
name for the many herb varieties of the Thymus 
species, all of which are native to Europe and Asia. 
Common or garden thyme is considered the 
principal type, and is utilized commercially for 
flowering and ornamental purposes. Thyme is native 
to the Western Mediterranean region, extending to 
south-eastern Italy. Thyme is a culinary Labiatae herb 
characterized by its volatile oil.  Health promoting 
properties of these species have been attributed to 
their inherent secondary metabolites namely Volatile 
and phenolic compounds (Jordan et al., 2013). Extract 

of  thyme rich in phenolic acids and flavonoids such 
as cafeic acid, syringic acid, genistic acid and luteolin 
with strong antioxidant activities have been 
proposed to be used as preservation for certain 
foods and pharmaceutical products (Chizzola et 
al.,2008). The antioxidant and antibacterial activities 
of the basic components of the essential oils of 
thyme (carvacrol and thymol)   have been 
demonstrated. Due to their biological activities, 
essential oils of thyme are widely used in various 
cosmetics industries and found as a component of 
disinfectant and insecticides (Bousbia et al., 2009). 
Hexane extraction, the most common type of solvent 
extraction, requires expensive equipment to handle 
the solvent and to ensure worker safety measure 
because hexane is a highly volatile solvent. Hexane is 
classified as a hazardous air pollutant by the US 
Environmental Protection Agency and they thus 
consider vegetable oil extraction plants to represent 
a potential major source. It is estimated that 0.7 kg of 
hexane per ton of seed is released into the 
environment (United State Environment Protection 

Abstract 

Thyme is a labiate plant whose essential oil has demonstrated medicinal properties. The aim of this 
study was to evaluate the feasibility of replacing n-hexane with methanol for the extraction of oil from 
Thymus vulgaris and to optimize extraction time and temperature using Response Surface 
Methodology(RSM) by implementing  central composite design-face-centered to obtain optimal yield 
of thyme oil using modified methanol extraction technique. For methanol solvent, the effect of the 
maceration process on extraction yield under reduced pressure was also evaluated. Higher oil yields 
were obtained   when methanol soaked thyme leaves were macerated causing burst of cells and thus 
increasing the area for material exchanges. The optimal values of variables with methanol extraction 
were determined to be 45⁰C for 3 h with a response yield of 20 ml.  1 HNMR results showed that 
Thymol (2-isopropyl-5-methylphenol) is the main monoterpene  phenol ; isomeric with carvacol 
,found in thyme essential oil  .These compounds have shown anti-inflammatory, antioxidant 
,antibacterial ,antifungal and immunomodulatory properties.  
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Agency, 2005). Exposure to hexane at 125ppm for 3 
months causes peripheral nerve damage, muscle 
wasting, and atrophy (Agilent Technology, MSDS, 
Agilent Technology, 2008). For this reason, 
alternative solvent extraction methods are needed 
that eliminate the use of toxic compounds such as 
hexane (Tyson et al., 2004) Thus, market demand for 
the Green solvents is getting high. Extraction is the 
important step to obtain the valuable volatile oil.  As 
per changing technologies the extraction techniques 
were also changed and modified to extract essential 
oils. These changes were led by the advancements in 
the scientific era. However, various problems are 
encountered during extraction of thyme essential oil 
which have direct impact on the quality and yield. 
Economic & environmental aspects are also affected. 
These problems seem to overshadow the genuine 
health benefits. Potential  use of different green 
solvents , namely methanol,  can be made for 
extraction of essential oils for environment related 
issues .These solvents  are generally recognized as 
safe (GRAS) and approved by U.S. Food and Drug 
Administration as pharmaceutical and food additive. 

High pressures increase rate of extraction and yield 
but significant amount of waxes are co-extracted and 
essential oil content is reduced .On the other hand, 
low pressures reduce boiling points of solvents 
facilitating faster extraction rates at lower 
temperatures. Rotary Vacuum evaporator has been 
used to extract the thyme oil as it yields superior 
quality essential oil and higher yields due to zero loss 
to surroundings or Vacuum. 

The Response Surface Methodology (RSM) is 
important in designing, formulating, developing, and 
analyzing new scientific studying and products. It is 
also efficient in the improvement of existing studies 
and products. The most common applications of 
RSM are in Industrial, Biological and Clinical Science, 
Social Science, Food Science, and Physical and 
Engineering Sciences. It is a collection of 
mathematical and statistical techniques useful for the 
modelling and analysis of problems in which a 
response of interest is influenced by several variables 
and the objective is to optimize this response 
(Montgomery 2005). For example, the content of 
essential oil of a herb is affected by a certain amount 
of temperature x1 and time x2. The essential oil can 
be extracted under any combination of treatment x1 
and x2. Therefore, temperature and time can vary 
continuously. When treatments are from a 

continuous range of values, then a Response Surface 
Methodology is useful for developing, improving, 
and optimizing the response variable. In this case, 
the content of essential oil y is the response variable, 
and it is a function of temperature and time. It can 
be expressed as 

y = f (x1, x2) + e 

The variables x1 and x2 are independent variables 
where the response y depends on them. The 
dependent variable y is a function of x1, x2, and the 
experimental error term, denoted as e. The error 
term e represents any measurement error on the 
response, as well as other type of variations not 
counted in f. It is a statistical error that is assumed to 
distribute normally with zero mean and variance s. 
(Nuran Bradley., 2007). NMR is the most powerful 
analytical tool available currently. NMR allows 
characterization of a very small amount of sample 
(10mg), and does not destroy the sample (non-
destructive technique). NMR spectra can provide vast 
information about a molecule's structure and is the 
only way to prove which compound is being 
analysed. NMR is used in conjunction with other 
types of spectroscopy and chemical analysis to fully 
confirm a complicated molecule's structure. A simple 
NMR spectrum plots absorption on the y axis, and 
magnetic field strength on the x axis (Scale is in parts 
per million, and usually goes from 0- 10 ppm). The 
different positions of NMR absorptions are described 
as chemical shifts (δ).A chemical shift is defined as 
the difference in parts per million (ppm) between the 
resonance frequency of the observed proton and 
that of the tetramethylsilane (TMS) hydrogens. TMS 
is the most common reference compound in NMR, it 
is set at δ=0ppm.  

Recently, the World Health Organization has urged a 
reduction on salt consumption in order to reduce the 
incidence of cardiovascular diseases. By reducing the 
salt levels on processed foods, it is necessary to use 
other additives that ensure the preservation of food, 
hence, is generated a research field in safe foods 
development that contains natural ingredients 
displaying no detrimental effect on health.  The use 
of essential oils  as antibacterial additives 
,antioxidant, antifungal which are aromatic 
compounds obtained from vegetal material (flowers, 
shoots, seeds, leaves, twigs, bark, grasses, wood, 
fruits or roots) makes it possible. Thyme oil shows 
almost all these effects in food, thus making it 
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possible to keep food “Safe, Natural & Healthy”. 
(Deans Sg Et Al., 1993). 

Hence considering all the potential benefits, 
following objectives were taken up for this study 

1). To extract thyme oil from Thymus vulgaris. 

2) To optimize time and temperature by using 
response surface methodology (RSM). 

 3) To evaluate the quality of extracted thyme oil. 

Materials and Methods 

Rotary Vacuum Evaporator (RVE)  

A laboratory Rotary Vacuum Evaporator (BUCHI 
TYPE) in the department of Food Process Engineering 
Lab, Vaugh School of Agricultural Engineering and 
Technology, SHIATS, Allahabad, was used for 
extraction of thyme oil. A picture of the Rotary 
Vacuum Evaporator is shown in Fig 2.1 It is used in 
chemical laboratories for the efficient and gentle 
removal of solvents from samples by evaporation. 
Rotary Vacuum evaporators function because 
lowering the pressure above a bulk liquid lowers the 
boiling points of the component liquids in it. It 
consists of two round bottomed flasks, condenser, 
heating water bath, bump traps and metal clips. The 
solvent collection flask is emptied prior to use to 
prevent mixing of chemicals. The flask with the 
solution is placed on rotary evaporator and bump 
traps are used to prevent splashing of solution into 
condenser. Metal clips are used to secure the flask 
and the bump trap. The dial on the motor is used to 
control speed of flask rotation (0-220 rpm). The 
Vacuum ON/OFF control is managed by  turning a 
stop cock at top of condenser.The flask is lowered 
into the water bath by using a handle  . The solvent  
starts collecting on the condenser  and drip into the 
receiving flask. The temperature of heating bath is 
controlled by an adjustable dial indicating 
temperatures. Liquid solvents can be removed 
without excessive heating of sensitive solvent solute 
combinations. Rotary evaporation is most often and 
conveniently applied to separate "low boiling" 
solvents such a n –hexane, methanol or ethyl acetate 
from compounds which are solid at room 
temperature and pressure. It also allows removal of a 
solvent from a sample containing a liquid compound 
if there is minimal co evaporation (azeotropic 
behavior), and a sufficient difference in boiling points 
at the chosen temperature and reduced pressure. A 

oil sealed rotary vane type high Vacuum 
pump(Discharge : 50 l/min) was was used to  create 
the Vacuum in the system The pump consists of 
rotor, with two spring loaded vanes mounted 
eccentrically in the stator body, which rotates inside 
a statinary casing. The level of Vacuum created is 
indicated  by a Vacuum gauge. A control panel is 
provided with ON/OFF  switch mains.  

 

Figure 2.1:  Rotary Vacuum Evaporator 

Experiments 

Sample collection  

The dried leaves of Thymus vulgaris were purchased 
from ҅ ҅ Cortus India Private limited”, New Delhi. The 
dried thyme leaves were in hygienic condition and 
were not affected by any damage and spoilage.  

Experimental design 

Response Surface Methodology (RSM) was used for 
designing the experiments (Khuri and Cornell, 1987). 
RSM used in this study was a central composite face-
centered design involving two different factors : 
Temperature and Time . The extraction of essential 
oil from Thymus vulgaris was accessed based on the 
face-centered experimental plan as shown in table 
2.2.2The results were analyzed using Analysis Of 
Variance (ANOVA) given in results table 3.2(b)by 
design expert 8 software. Three-Dimensional plots & 
their respective contour plots were obtained based 
on the effect of the levels of two factors on the 
Response 1(Yield) were studied. The optimum region 
was also identified based on the main parameters in 
overlay plot. The experiment was repeated randomly 
and each result was compared with predicted values 
to determine the model adequacy.  
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Table 2.2.2. Effect of Temperature and Time on oil 
Yield 

 

Preparation of thyme extract 

Thyme plant extracts were obtained by Rotary 
Vacuum Evaporator (RVE) The dried thyme leaves 
(40g) were extracted with methanol solvent (400 ml) 
at 29˚C by dipping the leaves in methanol for two 
days. Dipping was followed by maceration in mortar 
and pestle for about an hour. The whole mixture was 
then transferred to rotary Vacuum evaporator flask at 
different time temperatures using RSM software 
generated runs. Vacuum was created in Rotary 
evaporator by running Vacuum pump after certain 
time intervals for efficient oil extraction at lower 
temperatures.  Oil containing traces of solvent were 
collected in the separate round bottom flask 
attached to rotary Vacuum evaporator. Methanol was 
evaporated by subjecting the oil-solvent mix to heat 

in water bath at 70˚C for about an hour . thyme oil 
was thus extracted on the  principle  of difference  in 
boiling points of solvent and oil. The obtained 
extracts were kept in the dark at 4˚C until they were 
used. 

 

(a) 

 

b) 
Figure 2.2: (a) Macerated methanol Thyme extracts 
(b) Thyme oil 

Analysis of moisture content 

Initial moisture contents of the thyme leaves were 
determined by the hot air oven method. It was 
worked out by weighing 5g sample accurately and 
subjected to oven drying at 110°C for 4 -6h. Oven 
dried samples were cooled in desiccators and 
weighed. The drying was repeated until the constant 
weights were obtained .The resultant loss in weight 
was calculated as % moisture content (A.O.A.C 1990). 

   [1] 

 

 

Standard 

 

Run 

Factor 1 Factor 
2 

Response 
1 

Temperature 
(˚C) 

Time 
(h) 

Yield 
R1(ml) 

7 1 37.5 2 10 

4 2 45 3 20 

13 3 37.5 2.5 13.5 

10 4 37.5 2.5 13.5 

5 5 30 2.5 8.5 

12 6 37.5 2.5 13.5 

11 7 37.5 2.5 13.5 

1 8 30 2 7 

3 9 30 3 9 

8 10  37.5 3 14 

6 11 45 2.5 18 

2 12 45 2 16 

9 13 37.5 2.5 13.5 
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Analysis of Crude fat  

Sample (5g) was weighed accurately in thimble and 
defatted with n-hexane in soxhlet apparatus for 
apparatus for 2 h. The resultant ether extract was 
evaporated and crude fat content was calculated as 
per A.OA.C, 1990 method. 

Crude fat%=     

×100 …….. [2] 

Total Ash 

Total ash was determined according to A.O.A.C 
(1990). Sample (5g) was weighed into a crucible and 
ignited at low flame till all the material was 
completely become smokeless. Then it was kept in 
muffle furnace for 6h at 600°C and further cooled in 
desiccators and weighed. This was repeated till 2 
consecutive weights were constant and percentage 
ash was calculated. 

Ash%=             ……..  [3]                        

Statistical Analysis  

ANOVA 

The analysis of variance of the data obtained was 
done completely Randomized Design (CRD) for 
different treatments as per the methods given by 
(Panse and Sukhatme., 1967) for values of Ash 
Moisture and Crude fat content. The experiment was 
conducted by adopting completely randomized 
Fisher in 1923 gives an appropriate method capable 
of analyzing the variation of population variance. The 
significant affect of treatment was judged with the 
help of ‘F’ (variance ratio). Calculated F value was 
compared with the table value of F at 5% level of 
significance. If calculated value exceeded the table 
value the effect was considered to the significant. 
The significance of the study was tested 5% level. 

t    =   / 2) 

S.Ed.    = MESS / r × t ×s 

C. D     = S.Ed × t 5 % at e. d. f. 

Where, 

t           =  distribution of observation 

r =  co-efficient of correlation 

n =  no. of observation 

S.Ed. =  standard error of difference 

e.d.f =  error of degree of freedom 

C.D =  critical difference 

MESS =  error mean sum of square  

Response Surface Methodology (RSM)  

RSM was used for designing the experiments (Khuri 
and Cornell, 1987) .RSM used in this study was a 
central composite face-centered design involving 
two different factors: Temperature and Time. The 
extraction of essential oil from Thymus vulgaris was 
accessed based on the face-centered experimental 
plan as shown in table -----.The results were 
analyzed using Analysis Of Variance (ANOVA) given 
in table ---- by design expert 8 software. Three-
Dimensional plots & their respective contour plots 
were obtained based on the effect of the levels of 
two factors on the Response 1 (Yield) were studied. 
The optimum region was also identified based on the 
main parameters in overlay plot. The experiment was 
repeated randomly and each result was compared 
with predicted values to determine the model 
adequacy. 

Nuclear Magnetic Resonance (NMR) Spectroscopy   

H NMR spectroscopy for structural analysis of 
modified methanol extracted thyme oil was carried 
out on a Bruker 500 MHz spectrophotometer using 
CDCl3 as solvent. 1HNMR spectra of solution CDCl3 
was calibrated to tetramethylsilane (TMS)  as 
international standard. 

Results and Discussions  

Proximate composition of Thyme leaves 

Proximate composition generally represents the 
nutritional quality of product. It is necessary to 
observe the proximate composition of dried leaves 
so as to judge the effect on final product after 
utilization as an ingredient. The proximate 
composition of Thyme leaves was determined using 
ANOVA (analysis of variance) and presented in the 
following table 3.1. 

 

Page 20



Nadiya Rashid Malik et al. International Journal of Science, Engineering and Technology, 2016, Volume 4 Issue 1 
ISSN (Online): 2348-4098 , ISSN (Print): 2395-4752 

 

Table 3.1 Proximate composition of thyme leaves 

 

The data represented in the above table describes 
composition of major constituents of Thyme.  The 
Average moisture content of thyme leaves was found 
to be 9.37 + 0.010.. The mean value of crude fat and 
ash of dried Thyme leaves was observed to be 15.32 
+ 0.006 and 2.33+0.006 respectively.  Fig 3.1.1 shows 
the differences in proximate composition of four 
sample (T1, T2, T3 and T4) determinations 
undertaken for analysis. 
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Ash Fat Moisture
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Figure 3.1.1: Differences in proximate compositions 
of four samples 

Analysis of Thyme oil extracted at different 
intervals of time and temperature using Response 
Surface Methodology (RSM) 

Response surface Model was developed to represent 
the data and to find the optimal conditions of 
parameter values in extracted oil. The solvent 

extracted oil at different experimental conditions 
given in table 2.2.2 above. The extracted oil ranged 
from 7 ml to 20 ml. The maximum value was at 
experimental conditions of 45⁰C for 3 h. whereas the 
minimum value was at 30⁰C for 2h. The extraction 
Process was based on the difference in boiling points 
of solvent and oil. The data on extracted oil under 
different experimental were analyzed using ANOVA. 
The model was tested for their adequacies to 
describe response surface with following results in 
table 3.2(a) and 3.2(b) with the final equations in 
terms of coded and actual factors. 

Table 3.2(a) ANOVA Results of Response Function 

Std. Dev. 0.46  R-Squared 0.9910

Mean 13.08  Adj R-Squared 0.9846 

C.V. % 3.53  Pred R-Squared 0.9304 

PRESS 11.59  Adeq Precision 41.948 

 

Table 3.2(b) ANOVA Results of Response Function 

 

Sample Ash  Fat Moisture  

T1 2.40 15.33 9.07 

T2 2.32 15.30 9.45 

T3 2.30 15.35 9.48 

T4 2.30 15.30 9.49 

Mean 2.33 15.32 9.3725 

F- test S S S 

S. Ed.  (±) 0.006 0.008 0.010 

C. D. (P = 0.05) 0.013 0.017 0.022 
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Figure 3.2.1(a) Response Surfaces Plot showing the 
effect of temperature and time on the extraction of 
thyme oil 
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Figure 3.2.1(b) Contour Plot showing the effect of 
temperature and time on the extraction of thyme oil 
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Figure 3.2.1 (C) Graph showing prediction and actual 
values 

Nuclear Magnetic Resonance (NMR) spectroscopy 

HNMR of modified methanol extracted thyme oil 
showed good agreement with reported results of 
thyme oil as shown in Fig 3.3. The spectrum were 
recorded (CDC13, 500MHz) had δ (ppm) 1.50 (d, 6H, 
2×CH3), 2.19(s, 3H, CH3) 3.20 [sept, 1H, CH (CH3)2], 
4.5 (br, 1H, OH), 6.63 (s, 1H, aromatic, H-6), 6.75 (d, 
1H, aromatic). Based upon results and comparison of 
the spectra with the corresponding standard spectra 
of thymol (reported) the hexane extracted 
compound was identified as thymol, 2-isopropyl-5-
methylphenol. 

Conclusions 

Based on the experimental results reported herein, 
the followings conclusions were made: 

1. Sincere efforts were made to explore the potential 
of thyme oil in food products The Mean nutritional  
composition of dried thyme leaves  showed  that 
dried thyme leaves contain Moisture 9.37%, Ash 
2.33% and Crude Fat 15.32%. 
2. Experiments were conducted to optimize the 
process parameter for extraction of thyme oil by 
modified rotary Vacuum evaporator technique using 
methanol as solvent optimized by Response surface 
methodology (RSM). 
3. The extracted oil content values ranged from 7ml 
to 20 ml. The maximum value was at experimental 
conditions of 3h at 45⁰C temperature. The minimum 
value was found at 2h at 30⁰C. The removal of oil in 
case of solvent extraction process was based on 
principle difference in boiling points of solvent and 
oil. It was observed that the yield of essential oil 
incremented with increase in temperature and yield 
may decrease with increase in pressure. 
4. In the present investigation attempts were made to 
study the effect of grinding of methanol soaked 
dried leaves in mortar and pestle. Grinding helped to 
reduce the size of leaves and increase the surface 
area that contributes to oil diffusion during 
extraction .Grinding once was sufficient to obtain a 
suitable particle size and hence maximum oil yield in 
thyme oil extraction. 
5. It was concluded that Thyme oil contains Thymol 
(2-isopropyl-5-methyl phenol) as  the main 
monoterpene phenol with antifungal, antibacterial 
and antioxidant properties as reported in  1H NMR 
spectroscopy .1HNMR of methanol extracted thyme 
oil showed good agreement with reported results of  
hexane extracted thyme oil. The spectrum were 
recorded(CDC13,500MHz)hadδ(ppm)1.50(d,6H,2×CH
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3),2.19(s,3H,CH3)3.20[sept,1H,CH(CH3)2],4.5(br,1H,OH),
6.63(s,1H,aromatic,H-6),6.75 (d,1H,aromatic). 
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Introduction 

After detecting faces in an image captured by a 
camera, each face is rotated, scaled, and cropped so 
that the image of the face has a predetermined size. 
This process is called a face alignment and it is well 
known that the result of face alignment has a large 
impact on face recognition performance. Face 
alignment usually operates based on the coordinates 
of the two eyes, and thus several studies have been 
performed on eye detection for face recognition.  
FACIAL landmark detection (FLD), or localization, is 
an essential preprocessing step in any automatic face 
analysis system. According to the image type, FLD 
algorithms can be categorized as either 2D or 3D-
based methods. Typically, a 2D FLD algorithm is 
applied to the content of a face bounding box 
output by a face detector, and attempts to locate the 
positions of a set of pre-defined landmarks (key 
points), e.g. eyebrows, eye centres, nose tip or mouth 
corners, in a 2D facial image. In contrast, a 3D FLD 
algorithm performs the task on 3D face data, such as 
3D face meshes or range images that are usually in 
the form of point clouds. The detected 2D facial 
landmarks can be used either as geometric features 
directly, or to extract meaningful local or global face 
texture features for subsequent face analysis 
procedures. 1One common step is to perform face 
                                                            
1 Corr. Author’s Email: omprakashgupta88@gmail.com  

normalization based on the detected landmarks prior 
to the feature extraction procedure. Another popular 
technique is to directly extract local features from the 
neighbor hoods around all landmarks. There are two 
main types of algorithms, either based on generative 
or discriminative models, for FLD. The most well-
known generative models are Active Shape Models 
(ASM) and Active Appearance Models (AAM); those 
have been successfully and widely used for face 
modelling and landmark detection during the past 
20 years, especially in controlled scenarios. However, 
robust and accurate FLD in uncontrolled scenarios is 
very challenging. ASM and AAM often fail to 
accurately estimate the landmarks for ‘faces in the 
wild’, in the presence of pose, expression, 
illumination, and occlusion.  

(A)  (B)     

(C)   (D)    

Abstract 

We propose the use of a 3D morphable face model to generate synthesized faces for regression-based 
detector training. Benefiting from the large synthetic training data, the learned detector is shown to 
exhibit a better capability to detect the landmarks of a face with pose variations. Furthermore, the 
synthesized training data set provides accurate and consistent landmarks automatically as compared to 
the landmarks annotated manually, especially for occluded facial parts. The synthetic data and real data 
are from different domains; hence the detector trained using only synthesized faces does not generalize 
well to real faces.  

Keywords: Facial landmark detection, 3D morphable model, cascaded collaborative regression, dynamic 
multi-scale local feature extraction. 
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Figure 1: Self-occluded facial landmarks (square 
points) of the same identity rendered from its 3D 
face scan, with yaw rotations 0°, 10°, 30° and 50°.  

Proposed Methodology 

FACIAL landmark detection methods can be divided 
into two main categories:  

(I) Generative model 
(II) Discriminative model 

A generative model generates different face 
instances by adjusting the model parameters, and 
matches these generated instances to an input 
image to optimize the model parameters. Typical 
generative models are ASM, AAM and their 
extensions. A common characteristic of ASM and 
AAM is a parametric PCA-based shape model that is 
constrained by the corresponding Eigen-values when 
fitting the models to an input image.  

A discriminative model builds a mapping function 
that predicts the shape or model parameter updates 
using the features extracted from an image. In fact, 
the first discriminative method was adopted in the 
original AAM. It used a linear regression model to 
build a mapping function between the texture 
residuals and the parameter update of a combined 
appearance model. The combined appearance model 
explicitly represents a face including its shape and 
appearance. It accomplishes the tasks of FLD and 
face texture reconstruction in a unified framework.  

We want to implement with a standard linear 
regression-based CR algorithm in this experiment, 
with two different HOG features, and compared it 
with a standard generative view-based AAM and 
human annotated results. To obtain the human 
annotated results, we randomly selected test images 
and manually annotated them. Firstly, all the 
automatic detected results exceed the human 
performance in accuracy, including the view-based 
AAM. 

Secondly, we measured the contribution of the 
number of feature scales C to the system. The main 
reason is twofold: 

1) The local features extracted from a small window 
size provide less information for a discriminative 
FLD learning;  

2)  The information of the local features extracted 
from different scales is somewhat redundant.  

3D face reconstruction from a single 2D facial image 
is a very challenging task. Hence the correlation of 
shape is very low even when we use the ground truth 
2D landmarks for 3DMM initialization. Similarly to 
the landmark detection accuracy shown above, the 
3D face reconstruction accuracy initialized by the 
dynamic multi-scale F-HOG CR is superior to all the 
others, especially to the manually annotated 2D 
facial landmarks. The main reason is that the trained 
CR-based model estimates the landmarks of the self-
occluded face parts better. In contrast, it is very hard 
to estimate the landmarks of the occluded facial 
parts manually.  

Cascaded Collaborative Regression (CCR)  

In our proposed CCR, the synthesized training 
dataset dominates the training of the first few weak 
regressors, whereas the real face dataset dominates 
the last few weak regressors. Benefiting from the 
large synthesized training dataset, the first few weak 
regressors in CCR are capable of overcoming the 
difficulty caused by pose variation. The last few weak 
regressors mainly trained on a relatively small 
number of real faces refine the rough shape 
estimates output by the first few elements, to create 
a more versatile model.  

Experiments on BioID, HELEN, LFPW and COFW 

To validate the superiority of the proposed CCR 
algorithm, we compared it with a set of state-of-the-
art algorithms on the BioID, LFPW, HELEN and COFW 
datasets.  

The BioID face dataset has 1521 near-frontal faces 
with slight pose and expression variations, collected 
under a lab environment. The dataset was firstly used 
for face detection and recently for facial landmark 
detection. Each BioID face has 20 manually 
annotated landmarks and 17 of them are usually 
used to test a FLD algorithm. 

The HELEN face dataset is a high resolution dataset 
consisting of 2000 training and 330 test images. Each 
image in HELEN has 194 annotated landmarks.  

LFPW is a standard FLD benchmark that has 1100 
training images and 300 test images collected from 
the Internet. Each LFPW face has 29 manually 
annotated landmarks. However, LFPW provides only 
hyperlinks to the original web images.  
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COFW is an expanded version of LFPW. The COFW 
dataset contains 1345 training images and 507 test 
images in the wild with a variety of pose, expression, 
illumination and occlusion variations.  

Expected Outcomes 

To obtain dynamic multi-scale local features, we 
denote the window size of the cth scale of the mth 
sub-regressor in the cascade as S(m,c)(m = 1, · · · , M; 
c = 1, · · · ,C), where C is the number of scales for 
local feature extraction and M is the number of sub-
regressors. We set  

S(m,c) = {(1+(1/m))Sface}/(c+1) 

where m= reduces the window size as the order of 
the subregressor grows,  

c= generates different scales for each sub-regressor, 

and Sface=  size of the face.  

…    

           (A)                                        (B) 

Figure 2: A schematic overview of the proposed 
dynamic multi-scale local feature extraction 
approach  

Conclusion 

We have presented a supervised cascaded 
collaborative regression (CCR) algorithm that exploits 
synthesized faces for robust FLD in 2D. The use of 
synthesized faces generated from a 3DMM greatly 
improves the generalization capability of the trained 
facial landmark detector. A major advantage of using 
synthesized faces is that they do not need to be 
manually annotated. Furthermore, the 2D landmarks 
of the synthesized faces by direct projection from 3D 
to 2D are accurate, especially for the self-occluded 
facial parts with large pitch and yaw rotations. To 
extract more informative local features, we designed 
a dynamic multiscale local feature extraction scheme, 

which further improved the accuracy of the learned 
regressor. 
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Introduction 

The natural energy resources such as fossil fuel 
petroleum and coal are being utilized at a rapid rate 
and these resources have been estimated to last only 
a few years. Therefore, alternative energy sources 
such as ethanol, methane and hydrogen are being 
considered. Some biological processes have 
rendered possible routes for producing ethanol and 
methane in large quantities. A worldwide interest in 
the utilization of bioethanol as an energy source has 
stimulated studies on the cost and efficiency of 
industrial processes for ethanol production (Tanaka, 
2006).  

Anthropogenic activities generate large amounts of 
waste such as crop residues, solid waste from mines 
and municipal waste. They may become a nuisance 
and sources of pollution. 1It is therefore important to 
handle them judiciously to avoid health problems at 

                                                            
1Corresponding Author’s Email: thouseef.com@gmail.com  

one side; on the other side, agricultural wastes, 
including wood, herbaceous plants, crops and forest 
residues, as well as animal wastes are potentially 
huge source of energy. Apart from all these sources, 
the diversity of non-edible fruits in India, is available 
at large quantities at different biodiversity locations. 
Of these fruit sources, the Kokum (Garcinia indica) 
and Butter fruits (Persea americana) commonly 
called, Avocados are produced in large scale annually 
and are vastly underutilized. The Fruit samples are 
excellent sources of cellulose which can be used for 
the production of ethanol via saccharification 
followed by fermentation (Fatma and Fadel, 2010 
and Suhas et. al, 2013). 

Garcinia indica, a plant in the mangosteen family 
(Clusiaceae), commonly known as kokum, is a fruit-
bearing tree that has culinary, pharmaceutical, and 
industrial uses. The genus Garcinia, belonging to the 
family Clusiaceae, includes about 200 species found 
in the Old World tropics, mostly in Asia and Africa. 
Garcinia indica is indigenous to the Western Ghats 

Abstract 

In the present study, Kokum and Butter fruit samples were used as a raw material for the production 
of bio-ethanol using microbial fermentation technology. The microbial strain, Saccharomyces 
cerevisiae in flocculated conditions was used. The sugar content before and after fermentation was 
analyzed by standard method, the result showed that the sugar content was more before 
fermentation (Garcinia indica 21mg/mL and Persea americana 17 mg/mL,) when compared to after 
fermentation (Garcinia indica 16mg/mL and Persea americana 11mg/mL). The production of ethanol 
was higher in Garcinia indica (13%) than the Persea americana (10%) which was calculated by 
distillation method. the result were compared. The rate of ethanol production through fermentation of 
grape fruit waste by Saccharomyces cerevisiae yields is very at pH 5.4, temperature 30°C, specific 
gravity 0.872,concentration of about 6.21% than other fruit samples. The obtained results of this study 
suggest that, samples of both fruits that contain significant amount of fermentable sugar and can be 
converted to bio-ethanol that can serve as an alternative energy source. The GC analysis showed that, 
the fruit samples evaluated for the yield of ethanol, sample-00 (Garcinia indica fruit juice) gave 100% 
purity of ethanol as compared to standard. 
 Keywords: Bio-fuel, Fruit cultivars, Kokum fruit, Butter fruit, Yeast, Fermentation, Bio-ethanol. 
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region of India located along the western coast of 
the country. Garcinia indica is found in forest lands, 
riversides and wastelands. These plants prefer 
evergreen forests, but sometimes they also thrive in 
areas with relatively low rainfall. It is also cultivated 
on a small scale. It does not require irrigation, 
spraying of pesticides or fertilizers. 

Kokum squash or kokum concentrate is used in 
preparing a drink (sherbet) which is bright red in 
colour. The seed of Garcinia indica contains 23–26% 
oil, which remains solid at room temperature. 

Butter fruit in Kannada is "beṇṇe haṇṇu." The 
Avocado or Persea americana is a tree native to 
Mexico and Central America, classified in the 
flowering plant family Lauraceae. Avocados are 
referred to as "butter fruit" in several parts of India 
due to the butter-like consistency of its flesh. 
Avocado or butter fruit is known for the large 
amounts of nutrition it provides. The fruit can be had 
cooked, raw, in a salad or just taken off its tree and 
eaten too, or maybe used topically for skin and hair 
needs, it would give out a wide range of helpful 
benefits for most health ailments that we suffer from. 
Butter fruit is very rich with potassium, much more 
than what bananas have. The fruit is also a source for 
Vitamin E and B as well, which are imperative for the 
body’s needs. 

However, studies have initiated to produce ethanol 
to run vehicles with the existing engine system and 
to generate electricity. The production processes 
only use energy from renewable sources and there is 
no net CO2 emission to the atmosphere, thus making 
ethanol an environmentally beneficial energy source. 
In addition, ethanol derived from fruits materials, 
peels and biomass are the only liquid transportation 
fuel that does not contribute to the green house gas 
effect. This reduction of green house gas emission is 
the main advantage of utilizing fruit biomass 
conversion into ethanol (Anuj et al., 2007). Hence, the 
present study was focused on production and 
characterization of bio-ethanol from Kokum and 
Butter fruit materials by employing microbial 
fermentation technology. 

 

 

 

 

 

Figure 1: Habitual view of Kokum Fruit and Butter 
fruit 

 

 

 

 

 

 

 

 

 

 

Figure 2: Showing geographic location of study area 
in respect of Fruit plantation 

Kodagu (Coorg), is the smallest district in Karnataka 
(INDIA). Kodagu is configured with mountains. 
Agriculture is the developed sector in Kodagu. The 
main crops of district are cardamom, pepper, coffee, 
cinchona, ginger & paddy. Fruits such as limes, 
baddpulis, oranges, passion fruits, butter fruits, 
banana, pineapple, fig, gooseberry and sapotas are 
grown. Now with the exception of orange, lime, and 
banana cultivation no other fruit is grown 
economically. Approximately sixty five percent of 
Kodagu’s geographical area is under tree cover & it 
is also one of the densely forested districts of India. 
Kodagu is also regarded as hotspot of biodiversity 
within Western Ghats as it has diverse kinds of 
vegetation. As climate is cool throughout the year 
wine preparation is common in most of the 
household. Many of them prepare wine in large 
quantity and sell it. The commonly prepared wines 
are of goose-berry, Kokum fruit, Butter fruit, grape, 
pineapple, passion fruit, lime, rice, Cashew apple, 
betel, ginger, fig, banana etc. 

Juice industries of certain fruits, such as Kokum fruit, 
Butter fruit, passion fruit, grape, pineapple, Cashew 
apple are grown in almost all local territory of Coorg 
districts, generate large amounts of waste (peels, 
flush and seeds) from the crush of tons of fruit to 
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obtain the juice. Thus, there is a great the amount of 
passion fruit waste that could be processed in 
ethanol.  

However, utilization of these fruit materials in 
production of bio-fuels would be of great 
environmental and economic benefit as it could 
reduce the burden on conventional sources of 
energy and also get rid of the wastes. In addition, 
Ethanol fuel has long been seen as a clean alternative 
fuel to petrol. Hence, the present study has been 
initiated with a novel idea on production of ethanol 
using Kokum and Butter fruit samples which are 
available at Coorg district, Karnataka, India. 

Materials and Methods 

The study was initiated with baseline survey at 
different parts of Kodagu district (Karnataka). During 
the survey, interaction was made with fruit growers 
and with many household people who prepare wine 
and sell as family enterprise. Further, interaction was 
also extended with commercial wine vendors 
regarding the present scenario emphasizing on 
collection of fruit material, processing, preparation of 
wine and market value of these home-made wine 
varieties. The first hand information was gathered 
through semi structured questionnaire.  

Collecting the Fruit Materials 

The fruit materials; Kokum fruit (Garcinia indica, L) 
and Butter fruit (Persea Americana, L) materials were 
used in this study were procured from the local fruit 
growers of Coorg district, Karnataka (INDIA) during 
the period; August, 2013 to October, 2014 both pre 
and post-harvest seasons. The plantation of both 
Kokum fruit and Butter fruit is located along the 
eastern part in the rural region of Kodagu district. A 
local-wild variety of both Kokum fruit and Butter fruit 
are green or pale green coloured and the fruits were 
procured from the fruit yards by the Farm Manager. 
The details of both fruit cultivars are briefed 
hereunder. 

Kokum fruit  

Kokum Fruits (Garcinia indica, L) are commonly 
grown in cold regions. Passion fruits are abundantly 
grown in South American countries. The fruits are 
extensively grown in different parts of Coorg and 
Malnad Area of Karnataka. These fruits are also 
grown in Kodaikanal region of Tamil Nadu, Wayanad 
region of Kerala. Usually, Passion fruits area Yellow & 

Purple coloured fruits are commonly available in 
Coorg region. 

Butter fruit 

Butter fruits (Persea americana L.), which is basically a 
native to Mexico and Central America. These fruits 
are grown expansively in specific regions of Coorg 
district and also Malnad area of Karnataka. Cashew 
apples are a false fruits and are physically described 
as small, hard, pear-shaped green fruit, and when 
ripened turn red, yellow, or orange. 

Processing Fruit cultivars (substrates) 

The fruit samples of kokum fruit and Butter fruit were 
obtained from local growers of Coorg district 
(Karnataka) as mentioned above. The Passion fruits 
were washed under running tap water and are 
peeled off, and are subjected for squashing using 
Mixer. Squashed fruits are filtered using white cloth.  
Filtered squash is transferred to plastic barrel. Sugar 
syrup is added. Potassium Meta bi-sulphite & yeast is 
added. In other barrel to the same quantity of 
contents instead of yeast wheat is added. Barrels are 
kept at room temperature for about 14 days. 

In case of Cashew Apples; the fruits were washed 
twice with distilled water before being prepared for 
use. The fruit materials were dried in a hot air oven at 
65˚C for 24 hours and powdered using a grinder. 50 
g of each rind was weighed and utilized as the 
substrate. 

Extraction of Juice from Fruit cultivars 

Kokum Fruit Juice (KFJ) and Butter Fruit Juice (BFJ) 
extraction was done at the Applied Science 
Laboratory in association with Bhoomigeetha 
Institute of Research & development (BIRD), Mysore. 
The whole fruits were washed individually and cut in 
half. The fruit pieces were then compressed in a fruit 
processor with a separate pulp collector. Whilst 
extracting, the PFJ and CAJ were kept cold on ice 
followed by frozen condition and further was stored 
at −20∘C for subsequent use. 

Physico-Chemical Characterization of Juice 
extracted from Fruit cultivars 

The juices extracted from both fruit cultivars were 
subjected for physic-chemical parameters all through 
the fermentation and the data has been represented 
in the form of tables respectively. Besides, the 
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parameters such as reducing sugar, pH, Effect of 
specific gravity, Titration, Concentration of ethanol 
are continuously monitored during the fermentation. 

Microorganism and Culture media 

Saccharomyces cerevisiae was procured from 
authorized sources, (Azyme Technologies, 
Bengaluru). This Yeast was cultured on Yeast extract 
Peptone Dextrose (YPD) at 30˚C. The cultures were 
stored at 4˚C and sub-cultured every 30 days and the 
same was subjected for flocculation in order to elicit 
their activation at the time of experiment. 

Preparation of PFJ and CAJ for fermentation 

KFJ and BFJ were prepared, prior to each 
fermentation by pretreatment, centrifugation and 
sterilization. Pretreatment involved the addition of 
1% (w/v) gelatin powder to the raw KFJ and BFJ  were 
maintained at 4∘C for 24hrs. This was followed by 
centrifugation at 3500 rpm for 20min, addition of 2.5 
g/L of ammonium sulphate, and sterilization at 
121∘C for 15min. The PFJ and CAJ were sterilized in 
conjunction with the fermentation vessel. 

Fermentation 

Preparation of Yeast Inocula.  

In the study, the Yeast inoculums were prepared in 
sterilized yeast peptone dextrose (YPD) liquid broth. 
The composition of YPD in g/L was 10 g yeast extract 
powder, 20 g peptone powder and 20 g D-glucose. 
The culture conditions were as follows: (i) volume = 
200mL, (ii) temperature = 30∘C, (iii) agitation = 150 
rpm, and (iv) duration = 18 hrs. The yeast was 
activated by extracting the glycerol and re-
suspending the pellet in 1mL of YPD broth, and this 
suspension was added to 50mL of YPD liquid broth 
[32]. The cell count was increased by sub-culturing 
followed by flocculation at 10% every 18 hrs from 
50mL to 200mL [32]. After cultivation, the cell 
viability was determined and 10% of the initial 
fermentation volume was used as a starter culture. 

Saccharification and its knocking action  

Saccharification is the critical step for bio-ethanol 
production where complex carbohydrates are 
converted to simple monomers. Compared to acid 
hydrolysis, enzymatic hydrolysis requires less energy 
and mild environment conditions. The processed 
fruit materials were added to a broth containing 

yeast extract (5g/l) and peptone (10g/l). The media 
was autoclaved at 1210C and 15 psi pressure for 20 
min and Yeast was inoculated under aseptic 
conditions. The flasks were then incubated at room 
temperature for a period of 144 hrs. 

Subsequent to saccharification, the cultures were 
autoclaved and filtered using Whatman No. 1 filter 
paper. The filtrate was then transferred into 250ml 
Erlenmeyer flasks, made airtight with cork and 
autoclaved. The flasks were then aseptically 
inoculated with 15ml overnight grown S. cerevisiae 
and incubated at room temperature for 96hrs.  

Fermentation of Fruit Juice of both Kokum and 
Butter fruit was performed with A BIOSTAT Bplus 2L 
MO-O2 fermentor (Sartorius Stedim Systems GmBH, 
Germany) to produce bio-ethanol. The operating 
conditions of the batch fermentations are 
summarized in Table 2. Fermentations were 
performed in duplicate. 

The ethanol produced was determined by Gas 
Chromatography (Bipolar, 1250 mV, 10 Samp) using 
a NUCON Gas Chromatograph (5765 EPC) with a 
flame ionization detector per Sec. The carrier gas 
used was Nitrogen. 

Distillation 

In the current study, the batch distillation method 
was adopted. The distillation unit consisted of three 
components: a re-boiler, condenser pipe and a 
distillate or receiving flask. The filtered samples was 
transferred into the reboiler and heated to boil 
respectively. The vapors started to rise into the still 
head and passed through condenser pipe.  The 
continuous circulation of cold water around the 
condenser pipe assisted in cooling the alcohol rich 
vapors back to liquid state. The condensed liquid 
enters the still receiver and then collected in the 
distillate. The distillate was tested for its alcohol 
content using Syke’s hydrometer. Simultaneously, 
the temperature of the distillate was also measured. 
The alcohol content and the temperature were  used  
to  find  the  percentage  of  ethyl  alcohol  (Et OH)  
of  the  distillate,  referring  to  the distillation chart. 
It was found that the percentage of ethyl alcohol was 
in the range of 6 % – 8 % depending upon the 
various ranges of different parameters. 

Reducing Sugar assay 

Page 31



Thouseef Ahamad et al. International Journal of Science, Engineering and Technology, 2016, Volume 4 Issue 1 
ISSN (Online): 2348-4098 , ISSN (Print): 2395-4752 

 

Ethanol fermentation is a biological process in which 
sugars are converted by microorganisms to produce 
ethanol and CO2. The microorganism most 
commonly used in fermentation process is the yeasts 
and, among the yeasts, Saccharomyces cerevisiae is 
the preferred choice for ethanol fermentation (Lin 
and Tanaka, 2006).  

Reducing sugars assay was carried out according to 
the Dinitrosalicylic method. Un-inoculated media was 
used as the control for the assay. The optical 
densities of the samples were measured against the 
blank at 540nm. The glucose concentration was then 
calculated using standard glucose curve. 

Gas Chromatography (GC) Analysis  

Using this technique, the content of ethanol 
concentration can be measured in the different 
samples. The analysis performed by a gas 
chromatograph is called gas chromatography which 
analyzes the compound that can 
be vaporized without decomposition and GC may 
help in identifying a compound. In the study, GC 
technique has been adopted to analyze the 
concentration and the purity of ethanol in a given 
sample.  

Generally chromatographic data is presented as a 
graph of detector response (y-axis) against retention 
time (x-axis), which is called a chromatogram. This 
provides a spectrum of peaks for a sample 
representing the analytes present in a sample eluting 
from the column at different times. Retention time 
can be used to identify analytes if the method 
conditions are constant. Also, the pattern of peaks 
will be constant for a sample under constant 
conditions and can identify complex mixtures of 
analytes. However, in most modern applications, the 
GC is connected to a mass spectrometer or similar 
detector that is capable of identifying the analytes 
represented by the peaks. 

Results and Discussion 

The fruit cultivars; Kokum and Butter fruits were daily 
monitored. During the course of fermentation 
various parameters such as pH, specific gravity, 
alcohol concentration & titration was determined 
(Table-1, 2 & 3). The results show that, the 
fermentation is considerably fast in yeast compared 
to wheat fermentation mentioned in the earlier 
reports (Alfenore et. al, 2002; Panjai et. al, 2009 and 

Araujo et. al, 2011). Result also shown that; the 
production of ethanol is also significantly more in 
case of fermentation using flocculating yeast. This is 
in accordance with the earlier reports made by Flávia 
Cristina dos Santos Lima et. al, 2012 and Evanie Devi 
Deenanath et. al, 2013. 

Juice Preparation for Passion fruit & Cashew 
Apple samples 

The juice yield was found to be significant in both 
Kokum and Butter fruits samples. From, 20 kg of PFJ 
(yielded 9.85 L) and CAJ (yielded 5.6L) yielded 
considerable amount of juice during extraction 
process. Previous to fermentation both PFJ and CAJ 
were thawed, centrifuged and pretreated with gelatin 
powder to remove some secondary metabolites. The 
preparation of KFJ and BFJ was essential as the clear 
juice with a minimal to zero suspended solids which 
will allow the yeast to easily assimilate the sugars for 
growth and the production of ethanol (Table-4 & 5).  

Physico-Chemical Characterization 

The Juice extracted from Kokum and Butter fruits, all 
through the Fermentation process was subjected for 
physico-chemical characterization executed as per 
the standard protocols. The data has been 
represented in the tables respectively (Table-1 &2).  

Evaluation of pH and Moisture 

Variation in pH was seen during execution of the 
experiment. pH was decreased at initial stage, then it 
attained a minimal stage & then it increased. The 
initial pH for passion fruit was 5.7 then it decreased 
to 4.9 and again it increased to 6.0. Passion fruit 
initial it was 5.5 then decreased to 5.0 & increased in 
the range of 5.2- 6.0. For Cashew apple, initial it was 
3.8 then increased to 5.8 and the final range of pH 
was found to be 6.0. The Moisture content (%) of 
Passion fruit 13.45±0.04 and Cashew apple 9.25±0.01 
was noticed after pre-treatment of the substrates are 
represented in the Table-3. (Linde et. al, 2006, 2007 
& 2008; Anderson, 2008 and Rocha et. al, 2011). 

Evaluation on reducing sugar 

The Reducing sugar in terms of percentage was 
analyzed and the result reveals; 0.74% in Passion fruit 
samples and 0.58% was noticed in Cashew apple fruit 
sample (Table-3). The yeast can grow both on simple 
sugars, such as glucose, and on the disaccharide 
sucrose. Furthermore, the availability of a robust 
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genetic transformation system of S. cerevisiae along 
with a long history of this microorganism in industrial 
fermentation processes makes it most desired 
microorganisms for ethanol production (Osho, 2005; 
Honorato et. al, 2007 and Pachco et. al, 2010). S. 
cerevisiae has high resistance to ethanol, consumes 
significant amounts of substrate in adverse 
conditions, and shows high resistance to inhibitors 
present in the medium (Hector et. al, 2011 and 
Larissa Canilha et. al, 2012 and Evanie Devi 
Deenanath et. al, 2013). 

Effect of specific gravity 

When the fermentation starts specific gravity 
decreases. Specific gravity of passion fruit reached 
0.887at 52 hours. Whereas, specific gravity of ginger 
and gooseberry reached 0.870 & 0.856 respectively 
(Table-4). After 14 days it reached a constant value 
indicating the end of fermentation (Van Zyl et. al, 
2007; Pinheiro et. al, 2008 and Evanie Devi 
Deenanath et. al, 2013). 

Assessment on Titration  

As the days increased fluctuating trend was seen in 
titration. The titratable acidity for passion fruit was 
4.42g/L tartaric acid at the starting and reached 9.96 
on last day. In case of Cashew apple it was 3.23 at 
the start and reached 8.89g/l tartaric acid on the last 
day (Mishra et. al, 2012 and Janani and Ketzi, 2013).  

Concentration of ethanol 

The ethanol content in the distillate was measured. 
The concentration of bio-ethanol in passion fruit 
sample was 11.4%, whereas the concentration of 

ethanol in cashew apple was 8.3% (Table-4 & 5). This 
value is higher than the report published by 
Neelakandan and Usharani, 2009; Araujo et. al, 2001; 
Mishra et. al, 2012 and Evanie Devi Deenanath et. al, 
2013. 

Gas Chromatography (GC) Analysis  

The function of the stationary phase in the column 
has separated ethanol, causing each one to exit the 
column at a different time (retention time). Other 
parameter that was used to alter the order or time of 
retention is the carrier gas flow rate, column length 
and the temperature. 

The purity of the carrier gas is also frequently 
determined by the detector, though the level of 
sensitivity needed can also play a significant role.  

The spectrum of peaks for different samples 
representing the analytes present in the given 
samples eluting from the column at different times. 
100% purity of bio-ethanol was noticed in Passion 
Fruit samples executed with increased days of 
fermentation using flocculating yeast cultures. The 
result of the given samples; sample 1- 8.7 ethanol, 
sample 2 - 15.8 ethanol, sample 3 - 11.6 ethanol 
(Table-6-10 & Graph-1-5). Among all the samples, 
sample 4 achiened 5.3% ethanol which gives 100% 
purity as compared to standard ethanol (Table-9 and 
Graph 4 & 6).  Similar results were also obtained by 
El-Diwany et. al, 1992; Bellisimi and Ingledew, 2005; 
Najafi et. al, 2009; Balasubramaniam et. al, 2011; 
Janani and Ketzi, 2013;). 

 

 

Table-1: Physico-chemical characterization of Juice extracted from Kokum fruit all through the Fermentation 
process.  

Time 
(Days) 

Yeast count 

S. cerevisiae 

(Log-
CFU/ml) 

Total 
soluble 
solids 

(oBrix) 

pH Alcohol 

(%-v/v) 

Titratable 
Acidity as 
Citric Acid 
(%) 

Fermentation 

Temp (oC) 

Sugar 
Content 

(g/l) 

Specific 
Gravity 

01           02 10 2.8 0.0 0.76 20 72 1.044 

02 02 09       2.9 2.2 0.78 20 68 1.040 

03 07 07 3.0 2.8 0.79 24 65 1.040 
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04           08 04 3.2 3.2 0.80 24 63 1.038 

05 10 03 3.4 3.6 0.81 26 61 1.036 

06 12 01 3.4 3.8 0.82 28 60 1.032 

07 14 0.6 3.5 4.2 0.86 30 57 1.031 

08 16 0.5 3.7 4.5 0.89 32 54 1.029 

09 17       0.3 3.7 4.5 0.90 35 49 1.025 

10 19 0.3 3.9 4.7 0.92 35 44 1.024 

11 19 0.3 3.9 4.8 0.94 36 38 1.019 

12 20 0.1 4.1 5.4 0.97 36 34 1.010 

13 22 0.05 4.3 6.6 1.01 39 30 1.009 

14 25 0.01 4.4 7.0 1.08 40 28 1.007 

 

Table-2: Physico-chemical characterization of Juice extracted from Butter fruit all through the Fermentation 
process.  

Time 
(Days) 

Yeast count 

S. cerevisiae 

(Log-
CFU/ml) 

Total 
soluble 
solids 

(oBrix) 

pH Alcohol 

(%-v/v) 

Titratable 
Acidity as 
Citric Acid 
(%) 

Fermentation 

Temp (oC) 

Sugar 
Content 

(g/l) 

Specific 
Gravity 

01           02 24 3.5 0.0 0.52 20 92 1.054 

02 02 22 3.5 2.1 0.54 20 89 1.050 

03 07 19 3.5 2.6 0.58 24 84 1.047 

04           08 15 3.6 2.8 0.59 24 76 1.043 

05 10 12 3.6 2.9 0.60 26 70 1.038 

06 12 10 3.7 3.0 0.64 28 65 1.033 

07 14 08 3.9 3.4 0.68 30 60 1.029 

08 16 7.2 4.2 3.6 0.72 32 56 1.024 

09 17 6.5 4.6 3.9 0.78 35 51 1.020 

10 19 5.7 4.8 4.4 0.84 35 47 1.017 

11 19 4.0 5.0 4.9 0.92 36 44 1.012 

12 20 3.2 5.4 5.3 0.96 36 41 1.007 
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13 22 2.0 5.5 5.9 1.10 39 39 1.005 

14 25 1.1 5.7 6.6 1.22 40 35 1.001 

 

Table-3: Showing Physico-chemical characteristic features in Kokum and Butter fruits after pre-treatment 

SL. No. Parameters analyzed  Kokum fruit  Juice(KFJ) Butter Fruit Juice (BFJ) 

1. pH 3.8—4.4 5.0-5.8 

2. Moisture (%) 11.28±0.02 7.25±0.03 

3. Soluble Solids (0Brix) 0.01±0.00 0.006±0.00 

4. Reducing Sugar (%) 0.68±0.01 0.78±0.04 

 

Table-4: Showing different parameters and respective yields of Ethanol for Kokum Fruit samples 

 

Table-5: Showing different parameters and respective yields of Ethanol for Butter Fruit samples 

 

Table-6: Showing GC Analysis of Kokum fruit Juice of after fermentation using Yeast 

 

 

 

 

 

SL.  

No. 

Wine (Yeast) pH Specific Gravity Ethanol Conc.% 

1. Kokum Fruit        3.8 1.024 4.5 

2. Kokum Fruit 4.2 1.010 6.6 

3. Kokum Fruit        4.4 1.007 7.0 

SL. No. Wine(Yeast) pH Specific Gravity Ethanol Conc. % 

1. Butter Fruit 4.8 1.017 4.4 

2. Butter Fruit 5.4 1.007 5.3 

3. Butter Fruit 5.7 1.001 6.6 

SL. No. Start Time (Time-min) Area (mV.s) Area (%) 

1. 0.780 2085.19 98.3 

2. 1.757 24.670 1.2 

3. 2.233 12.133 0.6 

Total 2121.99 100.0 
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Graph-1: GC Analysis of fruit juice sample of Kokum fruit after fermentation using flocculated Yeast 

 

Table-7: Showing GC Analysis of Kokum fruit Peel after fermentation using Yeast 

 

 

 

 

 

 

 

Graph-2: GC Analysis in Peel of Kokum fruit sample after fermentation using flocculated Yeast 

 

SL. No. Start Time (Time-min) Are (mV.s) Area (%) 

1. 1.370 29.027 58.0 

2. 2.600 7.987 16.0 

3. 3.190 12.996 26.0 

Total 50.012 100.0 
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Table-8: Showing GC Analysis in Butter fruit peel sample of after fermentation using flocculated Yeast 

 

 

 

 

 

 

Graph-3: GC Analysis of fruit juice sample of Butter fruit after fermentation using flocculated Yeast 

 

 Table-9: Showing GC Analysis in Butter fruit peel sample of after fermentation using Yeast  

SL. No. Start Time (Time-min) Area (mV.s) Area (%) 

1. 0.780 87.450 86.80 

2. 0.967 13.345 13.20 

3. 1.313 73.713 21.1 

Total 349.134 100.0 

SL. No. Start Time (Time-min) Area (mV.s) Area (%) 

1. 0.967 8.454 4.0 

2. 1.080 12.438 5.9 

3. 1.330 22.243 10.5 

4. 1.980 28.268 13.3 

5. 2.277 64.510 30.4 

6. 3.367 76.120 35.9 

Total 212.033 100.0 
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Graph-4: GC Analysis in Peel of Butter fruit sample after fermentation using flocculated Yeast 

 

Table-10: Showing GC Analysis in Standard sample. 

 

 

 

 

 

Graph-5: Showing GC Analysis for standard sample. 

 

 

 

SL. No. Start Time (Time-min) Area (mV.s) Area (%) 

1. 0.817 11533.76 100.0 

Total 11533.76 100.0 
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Table-11: Showing GC Analysis in Kokum and Butter fruit samples comparing with Standard sample. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Summary and Conclusion 

The world’s present economy is highly dependent on 
various fossil energy sources such as oil, coal, natural 
gas, etc. These are being used for the production of 
fuel, electricity and other goods. Excessive 
consumption of fossil fuels, particularly in large 
urban areas, has resulted in generation of high levels 
of pollution during the last few decades. The level of 
greenhouse gasses in the earth’s atmosphere has 
drastically increased. With the expansion of human 
population and increase of industrial prosperity, 
global energy consumption also has increased 
gradually. 

Import of transport fuel is affected by limited 
reserves of fossil fuel. Annual global oil production 
will begin to decline within the near future. In this 
scenario, renewable sources might serve as an 
alternative. 

Wind, water, sun, biomass, geothermal heat can be 
the renewable sources for the energy industry 
whereas fuel production and the chemical industry 
may depend on biomass as an alternative source in 

the near future. All petroleum-based fuels can be 
replaced by renewable biomass fuels such as bio-
ethanol, bio-diesel, bio-hydrogen, etc., derived from 
Cereals, millets, sugarcane, Fruit cultivars, algae, etc.  

In the present study, the existing technologies were 
adopted for bio-ethanol production from fruit 
cultivars; Kokum fruit and Butter fruit samples. The 
bio-ethanol content of both Kokum fruit and Butter 
fruit juice samples by employing fermentation with 
increased duration using flocculating Yeast has been 
achieved. The result concludes that, the bio-ethanol 
content of Butter fruit by yeast fermentation is 
significantly very high compared to Kokum fruit 
sample. Furthermore, other than the yeast 
fermentation, in the ethanol production, using 
flocculating Yeast culture can facilitates high amount 
of bio-ethanol recovery in the fruit samples with 
100% purity.  
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Introduction 

A wireless sensor network are spatially distributed 
autonomous sensors to  monitor  physical or 
environmental conditions, such as temperature, 
sound, pressure, etc. and to cooperatively pass their 
data through the network to a main location. The 
wsn is built of "nodes" – from a few to several 
hundreds or even thousands, where each node is 
connected to one (or sometimes several) sensors. In 
the literature, various schemes have been designed 
for preserving critical SN’s from energy exhaustion so 
as to prolog the system lifetime; however how to 
counter selective capture, i.e., critical SN’s are targets 
of selective capture attacks, is an open issue[1]. Once 
a node is captured and turned into a malicious node, 
it becomes an inside attacker. (1) In this paper, we 
propose and analyze selective deployment, ie, 
populating more critical than edge nodes to 
effectively counter selective capture. (2) Then inside 
attacker behaviour model and extend the analysis to 
homogeneous or heterogeneous clustered WSN’s 
without a BS. It can be applied, including Nuclear 
power plants: 1A query based WSN with SN’s 
monitoring noise, vibration humidity, temperature, 

                                                            
1Corresponding Author’s Email: shamu.ragav@gmail.com 

electrical characteristics and radiation. Smart city: A 
query based WSN with  

SNS monitoring motion, location, direction, Size, 
Temperature, humidity, radiation, etc. 

Related Works 

Yin Wu, Nanjing [1] developed to cut back the node 
cost and knowledge. It won’t protect the network 
from attacks like passive attack. Yaakob, N.Khalil, l., 
[2] proposed to prevent congestion by discarding 
some unnecessary packets based on the 
optimization criteria. This is not secure against 
attacks such as node malfunction. Tang liua, Jian 
pengh, Jin yang[3] In EEPCA, each node 
independently selects itself as the cluster head node 
based on energy factor, which leads to the 
probability of cluster head election related to nodes. 
It doesn’t give my selection. A shakeela Joy, M. 
Muthuselvi, V.kavitha[4]To avoid congestion and 
information about 1-hop neighbour sensor node to 
select suitable sensor node for this, each sensor node 
receives 1-hop CAM periodically from its neighbour 
sensor node. Tanveer A.Zia, Albert Y.Zomaya[5] The 
presented analysis a shows that the proposed frame 
work as a whole address see the security issues 
competently without increasing the overheads in 

Abstract 

To develop an analysis methodology with simulation validation to identify the defense protocol settings 
under which the sensor network lifetime is increased due to selective capture and smart attack. 
Functioning detector nodes are replaced by functioning detector nodes and most obtainable routing 
methods are used by genetic algorithmic program to cut back the node cost and knowledge loss. To 
prevent congestion by discarding some unnecessary packets based on the optimization criteria derived 
in MOO (Multi Objective Optimization). 

Keywords- Wireless sensor network, Selective capture, Smart attack, multiple routing, Intrusion 
tolerance, Intrusion detection. 
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contrast to the computationally extensive security 
solution, the framework has graout potential for 
emerging application: Sudip misra, Samaresh bera, 
Ayan mondal, reena tickey [6] For the gateway 
selection problem, we have shown how the user 
requests can be mapped to the optimal gateway 
serviced through the sensor cloud environment, we 
observed that our proposed framework  works well 
for delay optimization. Tamara bonali, linda bushnell 
and radha poovendran [7] The practical implications 
of our work are: it enables (a) analysis of the physical 
node capture attack (b) Characterization of 
adversarial behaviour and strategies and (c) 
computation of the optimal revocation rates, in 
terms of network parameters and crypto graphic 
quantities, to maintain secure network connectivity in 
the presence of the attack. K. Murugan, S. 
Jagatheswaran, P. Kanagaraj, G. Renuka[8] Energy 
economical routing and fault node (EERFNR) 
algorithmic program is projected for wireless 
detector network to extend the 

Lifetime, cut back knowledge loss and node cost. 
Then non functioning detector nodes are replaced by 
functioning detector nodes and most obtainable 
routing methods are used by genetic algorithmic 
program to cut back the node cost and knowledge 
loss.  

System Model 

WSN Environments 

We consider a query-based WSN with low-power 
SNs distributed in a geographic area. There is a 
protocol assigned to the WSN that interconnects the 
WSN to the outside world and that fields queries 
from the outside world for sensing results. Queries 
arrive at the system following a Poisson process with 
rate q. A query failure is considered as a critical 
system failure. The initial energy of each SN is 0

sn. 
We consider random deployment where SNs are 
deployed randomly (e.g., through air drop) and 
distributed according to homogeneous spatial 
Poisson processes with density 0

sn. The 
homogeneous spatial Poisson model is frequently 
used in WSN research, since in the absence of 

extensive statistical studies of spatial node 
distribution in real WSNs; it provides first-order 
approximation accounting for stochastic factors in 
the connectivity process. The expected number of 
SNs initially in the system thus is N0

sn=λ0
snπ(rp)2. 

Selective Capture and Smart Attack Model  

All SNs are subject to capture attacks.  With 
“selective capture,” the adversaries (humans or 
robots) strategically capture   SNs   and turn them 
into inside attackers. We represent the capture rate 
of a SN at a distance x away from the protocol at 
time t by c

sn( , ). In practice, one wouldn’t know 
how the capture rate varies as a function of distance 
to the Protocol. This requires some prior knowledge 
or history data analysis. Our analysis methodology 
developed in the paper is generally applicable as 
long as the capture rate can be expressed as a 
function of distance to the Protocol.  Since SNs close 
to the protocol are desirable targets for capture 
attack, we assume that the capture rates decreases 
linearly as the SN is further away from the protocol 
as follows: 

 c
sn(x,t)=λc

max-x/rp(λc
max-λc

min)             (1) 

Where c
max is the maximum capture rate the 

adversary can possibly have, and c
min is the 

minimum capture rate. A baseline case against which 
this linear selective capture case will be compared is 
“random capture” by which the adversary, given the 
same energy and capacity, randomly performs 
capture attacks, i.e., c

random=( c
max+ c

min)/2 at all 
distances. We note that these two capture models 
have the same overall capture rate accounting for 
the overall capability of the capturers in the system. 
After a node is compromised it becomes an inside 
attacker. An inside attacker can perform packet 
dropping and data modification attacks [3]. Using 
our defense mechanism, a data modification attack 
by forwarding SN can be detected and the packet 
will be discarded. So a data modifications attack has 
the same effect of a packet dropping attack. A 
malicious node can also perform slandering attacks 
by recommending a good node as a bad node, and a 
bad node as a good node when participating in 

Page 43



M. Shamuganapriya et al. International Journal of Science, Engineering and Technology, 2016, Volume 4 Issue 1 
ISSN (Online): 2348-4098 , ISSN (Print): 2395-4752 

 

intrusion detection activities. As a result, slandering 
attacks can cause good nodes being misdiagnosed 
and evicted from the system, and bad nodes being 
missed and remained in the system. This effectively 
creates an area with a high concentration of bad 
nodes, especially for critical SN areas with a high 
capture rate under selective capture. In the literature 
it is often assumed that an inside attacker performs 
attacks constantly, without giving consideration to 
evade intrusion detection. In this paper we 
characterize a smart attacker by its capability to 
perform random, opportunistic and insidious attacks. 
First of all, a smart attacker can perform random or 
on-off attacks, i.e., attacking with a random 
probability a, to evade intrusion detection. Second, 
a smart attacker can perform opportunistic attacks, 
i.e., it attacks only when it sees opportunities which 
can lead to a successful attack while still eluding 
detection. Finally, it can perform insidious attacks, 
i.e., it can perform on-off attacks to evade intrusion 
detection until a critical mass of compromised node 
population is reached after which it performs “all in” 
attacks ( a=1) to which can be translated into the 
actual system lifetime span given the query arrival 
rate. A failure occurs when no response toward a 
query is received. The cause could be due to packet 
dropping or data modification by malicious 
forwarding SNs, or energy exhaustion. A failure can 
also occur when the protocol receives majority false 
responses because the majority of ms source SNs 
selected are malicious. 

Algorithm Description 

Genetical Algorithm 

The parameters are encoded in binary string and 
function the chromosomes for the GA. the weather 
(or bits), i.e., the genes, within the binary strings are 
adjusted to reduce or maximize the fitness worth. 
The fitness perform generates its fitness worth, that 
consists of multiple variables to be optimized by the 
GA. At every iteration of the GA, a planned range of 
people can manufacture fitness values related to the 
chromosomes. The following may be a typical GA 
procedure: Procedure GA Begin Initialize population; 

Evaluate population members; While termination 
condition not happy do Begin Select oldsters from 
current population; Apply genetic operators to 
choose parents; Appraise offspring; Set offspring 
adequate current population; Finish End There are 
five steps in the genetic rule as represented below.  

Data Format  

In the data format step, the genetic rule generates 
chromosomes, and everybody is associate degree 
expected answer. The amount of chromosomes is set 
in line with the population size that is outlined by the 
user. Everybody is a combination answer, and also 
the body length is that the range of sensing element 
nodes that are depleted or non-functioning the 
weather within the genes is either0 or 1. A one 
suggests that the node ought to get replaced, and 
means the node won't get replaced.  

Evaluation  

In general, the fitness worth is calculated per a 
fitness operate, and additionally the parameters of 
the fitness operate are the chromosome’s genes. 
However, we tend to tend to cannot place genes 
directly into the fitness operate among the EERFNR 
formula, as a results of the genes of the body are just 
whether or not or not the node got to get replaced 
or not. Among the EERFNR formula, the goal is in 
addition to recycle the foremost routing strategies 
and to interchange the fewest device nodes. Hence, 
the variability of routing strategies out there if some 
non-functioning device nodes are replaced is 
calculated, and additionally the fitness operate is 
shown as below. 

 

Where, SNi = the quantity of replaced detector 
nodes and their grade worth at i . RPi = the quantity 
of re-usable routing ways from detector nodes with 
their grade worth at i. TSN = total range of detector 
nodes within the original WSN. TRP = total range of 
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routing ways within the original WSN. A high fitness 
worth is wanted as a result of the WSN is yearning 
for the foremost obtainable routing ways and 
therefore the least range of replaced detector nodes 

Selection  

The selection step can eliminate the chromosomes 
with very cheap fitness values and retains the 
remainder. We tend to use the political orientation 
strategy and keep the 1/2 the chromosomes with 
higher fitness values and place them within the 
coupling pool. The more serious chromosomes are 
deleted, and new chromosomes will be made to 
replace them after the cross overstep.  

Crossover  

The crossover step is employed within the genetic 
algorithmic program to vary the individual body. 
During this algorithmic program, we have a tendency 
to use the one-point crossover strategy to make new 
chromosomes. 2 individual chromosomes square 
measure chosen from the pairing pool to supply 2 
new offspring. A crossover purpose is chosen 
between the primary and last genes of the parent 
people. Then, the fraction of every individual on 
either facet of the crossover purpose is changed and 
concatenated. The speed of selection is formed in 
keeping with roulette-wheel choice and therefore the 
fitness values.  

Mutation 

The mutation step will introduce traits not found 
within the original people and prevents the GA from 
converging too quickly. During this rule, we have a 
tendency to merely flip a factor at random within the 
body. The body with the best fitness price is the 
answer once the iteration. The EERFNR rule can 
replace the detector nodes within the body with 
genes of one to increase the WSN lifespan.  

Performance Evaluation 

In this section, we present numerical results. Our 
reference WSN consists of 0

sn= 1500 SN nodes 
initially deployed with density λ0

sn with the protocol 

sitting at the centre of a circular area with radius 
sn=300m. The selective SN capture time is assumed 

to be exponentially distributed following the linear 
model described by Eq. 1, with c

min being once per 4 
weeks and c

max varying in the range of once per half 
day to once per 2 weeks. The radio range sn is 
dynamically adjusted to maintain network 
connectivity of n0= 7 to support basic multipath 
routing and voting-based IDS functions. The initial 
energy level of a SN is 0

sn=2 Joule. The energy 
parameters used by the radio module are adopted 
from [7, 14]. The energy dissipation Eelec to run the 
transmitter and receiver circuitry is 50nJ/bit. The 
energy used by the transmit amplifier to achieve an 
acceptable signal to noise ratio ( mp) is 10 
pJ/bit/m2 for transmitted distances less than the 
threshold distance 0 (75m) and 0.0013 pJ/bit/m4 
otherwise. The query arrival rate λq is a variable 
ranging from 10-2 to 1 query/sec to reveal points of 
interest. The imperfection of host IDS monitoring 
due to ambient noise and channel error is modelled 
by a monitoring error probability err= 1%.  

Countering Selective Capture and Smart Attack  

In this section,  analyze the effectiveness of our 
defences against selective capture and random + 
opportunistic + insidious attacks which we model by 

c
max, c

min, a, and all-in. Figure shows the optimal 
TIDS interval (representing detection strength) to 
counter such attackers with varying capture 
strengths ( c

max) and random attack probability ( a). 
In Figure, we fix c

min to once per 4 weeks and vary 
c
max  in the range of once per half day to once per 2 

weeks. We also fix all-in=0.25 to isolate its effect. We 
observe from Figure that a low demands a high 
detection rate (i.e., a small TIDS interval). The reason 
is that a low will result in a high per-host false 
negative probability pfn. Consequently, to cope with 
many hidden bad nodes missed by intrusion 
detection, the system will have to use a small TIDS 
interval for high detection strength. Another 
observation is that as c

max increases, TIDS decreases 
(or the detection strength increases) to counter the 
increasing capture rate. 
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Fig: Countering Selective Capture and Random + 
Opportunistic + Insidious Attacks with varying c

max 
and pa by Adjusting Detection Strength Parameter 
TIDS. 

TABLE 1: OPTIMAL ( p, s) UNDER LOW a(0.25), 
WITH VARYING c 

max
AND  IDS. 

 

TABLE 2: OPTIMAL ( p, s) UNDER HIGH a(0.75), 
WITH VARYING c

max  AND IDS. 

 

Tables 1 and 2 summarize the optimal ( p, s) under 
low and high values, respectively, when there are 
selective capture and random + opportunistic + 
insidious attacks. We observe that the more hidden 
the inside attackers are, that is, as decreases, the 
more (mp, ms) redundancy is required to cope with 
the bad node population accumulated due to misses 

in intrusion detection. This is evidenced by 
comparing optimal (mp,ms) settings listed in Tables 1 
and 2 for the same λc

max and TIDS.  

Next we analyze the effect of Pall-in (the all-in attack 
percentage population threshold MTTF of a WSN 
subject to selective capture with random + 
opportunistic + insidious attacks. We first note that a 
small Pall-in means that malicious nodes will perform 
all-in attacks early on (i.e., setting Pa=1) as soon as it 
senses the small percentage population threshold is 
reached. On the other hand, a large Pall-in means that 
malicious nodes will stay hidden until the large 
percentage population threshold is reached.  

Table 3 summarizes this trend with Pa= 0.1 over a 
wide range of λc

max values. This seemingly odd trend 
has a logical explanation. That is, when Pall-in is very 
small (say 0-10%), this critical mass of malicious 
nodes can be reached early on after which Pa 
becomes 1 (jumping from 0.1) for all-in attacks. So 
malicious nodes can be easily detected and the 
system should just use moderate detection strength 
to balance energy consumption with detection rate. 
As Pall-in increases further (say 10-20%), malicious 
nodes stay hidden until the all-in attack percentage 
population threshold is reached, so the system 
should use high detection strength to remove 
malicious nodes to prevent this critical mass from 
reached. Finally as Pall-in continues to increase past a 
high threshold (say >25%), insidious attacks will be 
ineffective since it is un-likely such a high critical 
mass can be reached, given that Pa= 0.1 so a bad 
node performing random attacks can still be 
detected by the IDS. The system in this case is better 
off using just moderate detection strength to 
balance the energy consumption rate with the IDS 
detection rate. 

TABLE 3: OPTIMAL TIDS UNDER VARYING λc
max     

AND Pall-in(WITH pa =0.1) 
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Finally, Table 4 summarizes the optimal (mp,ms) 
settings (representing multipath multisource 
redundancy for intrusion tolerance) to maximize 
MTTF obtainable under varying Pall-in settings. We fix 
TIDS to 0.5 hrs to isolate its effect.  

TABLE 4: OPTIMAL (mp, ms) UNDER VARYING λc
max 

AND Pall-in(WITH TIDS = 0.5 AND pa = 0.1). 

 

We can see from Table VI that as all-in increases 
attackers become more hidden, and, consequently, a 
higher level of (mp,ms)redundancy is required to cope 
with the bad node population accumulated due to 
misses in intrusion detection. This finding is 
consistent with that drawn from Tables 1and2. 

Conclusion 

Proposed and analyzed adaptive network defence 
management with three defences for coping with 
selective capture and smart attack aiming to create 
holes without base station in a wireless sensor 
network to block data delivery. Through numerical 
analysis, we demonstrated that our defences are 
effective against selective capture and smart attack. 
There exist best protocol settings in terms of the best 
radio adjustment, the best redundancy level for 
multipath routing, the best number of voters, and 
the best intrusion invocation interval used for 
intrusion detection to maximize the system lifetime. 
Leveraging the analysis techniques developed in this 
paper, one can obtain optimal protocol settings at 
design time, store them in a table, and apply a 
simple table lookup operation at runtime with 

interpolation to determine optimal settings for 
adaptive network defence management to maximize 
the system lifetime without runtime complexity. This 
paper considers three defences against selective 
capture attacks. We propose selective deployment, 
i.e., populating more critical nodes than edge nodes 
to effectively counter selective capture. We also plan 
to further refine the inside attacker behaviour model, 
and extend the analysis to homogeneous or 
heterogeneous clustered WSNs, without a BS. Finally, 
we also plan to investigate the use of 
trust/reputation management to strength-en 
intrusion detection through “weighted voting,” lever- 
aging the knowledge of trust/reputation of 
neighbour nodes, as well as to tackle the “what paths 
to use” problem in multipath routing for intrusion 
tolerance in WSN’s.  
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Introduction 

Stereoscopy is a technique for creating or enhancing 
the illusion of depth in an image by means of 
stereopsis for binocular vision. Stereoscopic vision 
was first systematically studied by Wheatstone in the 
early 1800s and the production of 3D films can be 
dated back to 1903. Since then, numerous 3D films 
have been produced, culminating in the breakout 
success of Avatar in 2009, which went on to become 
the highest-grossing film of all time.  

The success of Avatar has since greatly inspired 
further efforts in 3D film production and improved 
technologies and methods for 3D content capture 
and display. Indeed, the wave of 3D has not been 
limited to the theater screen.  In 2011, mobile 
phones supporting 3D capture and viewing are now 
available, the number of released 3D films has tripled 
compared to the number in 2008, and broadcast 3D 
content over the Internet is becoming common. With 
the release of 3D phones and 3D broadcast services, 
it is reasonable to believe that the amount of 3D 
content that is delivered by wireless and wireline will 
follow the trend of consumer video and increase 
exponentially over the next few years. Given an 
increasing clogged communication infrastructure, 
being able to monitor and maintain the integrity of 
3D video streams is of high interest.  Most 
stereoscopic methods present two offset images 
separately to the left and right eye of the viewer. A 
stereoscopic image require an increase in storage 
space compared to monoscopic images, the 
compression of stereo images is one of the most 

important factors to enable the extensive use of 
three-dimensional systems. Three-dimensional (3D) 
technologies have received wide attention as a result 
of great push from the industry and academia [1,2]. 
The necessity for designing perceptual 3D image 
quality assessment (3D-IQA) approach is increasingly 
important [3], since such perceptual issues in 3D are 
hardly considered in the traditional 2D image quality 
assessment (2D-IQA). The research of 2D-IQA, 3D-
IQA approaches can fall into two categories: 

(I) Subjective assessment and 
(II) Objective assessment.  

Subjective data is essential in understanding the 
impact of asymmetric distortion on the perceptual 
quality of stereoscopic images. Ideally, we would 
need a complete set of subjective test on an image 
database that contains both 2D (single-view) and 
stereoscopic 3D images, both symmetrically and 
asymmetrically distorted images at different 
distortion levels, as well as both single- and mixed 
distortion images. 

Symmetric and asymmetric encoding of stereo 
Image  

Symmetric encoding of the image pair is when the 
left and right images are compressed by equal 
amounts resulting in equal degradation. Asymmetric 
encoding is when the compression and therefore 
degradation of the left and right images is unequal. 
Symmetric and asymmetric encoding of compressed 
images was analyzed using both Peak Signal to 
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Three-dimensional (3D) images different from traditional two-dimensional (2D) images. Therefore, 3D 
visual attention will be advantageous to improve 3D visual experience and particularly depth perception. 
Different combination and modulation means of the 3D visual attention model for quality assessment 
are investigated. Stereoscopic compression can be achieved by either compression across both views 
simultaneously, or independently compressing the left and right views separately. 
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Noise Ratio (PSNR) and a subjective human factors 
study. Photographic, computer generated photo 
realistic and computer generated non-photo realistic 
test images are compressed, symmetrically and 
asymmetrically, using JPEG and, in each case a 
constant file size was maintained between the pairs.  

In symmetric encoding, First, the left image is 
independently coded. Then the right image is 
divided into non-overlapping blocks. Either fixed or 
variable size blocks are used. Each of these blocks is 
shifted horizontally and compared to the 
corresponding blocks in the coded left image using 
some (MSE, SAD, etc.) measure to determine the 
similarity between the two blocks. The most similar 
block, is the disparity compensated prediction, and 
the corresponding translation is the disparity for the 
block. Given the right image that is to be encoded 
and a disparity vector field, there are a variety of 
coding strategies that may be used. For example, the 
residual of the disparity compensated prediction may 
be encoded and transmitted.  

Proposed Methodology 

According to Double Stimulus Continuous Quality 
Scale (DSCQS) testing method described in ITUR 
recommendation BT.500-11, the subjective ratings 
for the distorted stereoscopic images were obtained 
on a scale of 0-100. The database includes 12 
original stereoscopic image pairs, from which 312 
distorted stereoscopic images are generated with 
five types of distortion: JPEG, JPEG2000, Gaussian 
Blur, White Noise and H.264.  

 

Figure 1: Diagram of the proposed 2D-to-3D quality 
prediction model. 

 

Symmetric and asymmetric compression 
Technique 

As stereoscopic images require an increase in the 
bandwidth compared to monoscopic images, the 
compression of stereo images is one of the most 
important factors that must be evaluated to enable 
the extensive use of three dimensional systems. The 
space required to store a stereoscopic image is 
normally twice the amount need to store a 
monoscopic one. Similarly, for stereoscopic video, 
twice the bandwidth is required. Symmetric 
compression of a stereoscopic image pair is when 
the same amount of compression is applied to the 
left and right image within the pair. If a different 
amount of compression is applied to each image 
within the pair, then the stereoscopic image is said to 
be compressed asymmetrically. 

MSE is the differences between corresponding pixels 
of the reference and the distorted images:  

MSE=  

Where M*N=Image Size 

I(m,n) and Id(m,n)= Pixels of reference and distorted 
image 

PSNR=10  

Expected Outcomes 

The major contributions in my project are as 
following:  

(I) We created a new subjective 3D-IQA database 
that has two unique features (the inclusion of both 
2D and 3D images, and the inclusion of mixed 
distortion types).  

(II)  We observe strong distortion type dependent 
bias when using direct averaging 2D image quality  
of both views to predict 3D image quality. To further 
advance the performance of current 3D QA models, 
we think that the effect of depth masking and depth 
quality needs to be further studied and addressed. 
Furthermore, while we did not find depth masking of 
distortions, we did find evidence of facilitation which 
may prove relevant to 3D QA. Of course, the 
disparity cue is not the only one used by the human 
visual system to perceive depth. For example, 
monocular cues such as occlusion, relative size, 
texture gradient, perspective distortion, lighting, 
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shading, and motion parallax all affect the perception 
of depth. It is not yet clear how the brain integrates 
all these cues to produce an overall sensation of 
depth. 

Conclusions  

The prominent advantage of the proposed method is 
that we construct the 3D visual attention model by 
applying two-dimensional (2D) saliency model, 
center bias, depth cue (foreground and background), 
and investigate various combination and modulation 
means for quality assessment task. It can be 
observed from the experimental results show that 
the proposed method can achieve much higher 
consistency with the subjective assessments.  
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Introduction 

Concrete is ubiquitous. Annually, more than one ton 
per capita of concrete is cast for infrastructure 
construction worldwide. By many measures, concrete 
is an excellent construction material. However, the 
mechanical properties and functional characteristics 
of concrete will have to be improved, in some ways 
drastically, and these improvements are already 
emerging in limited forms. These advancements are 
needed to address deficiencies in concrete 
infrastructure, currently facing three major challenges 

Engineered Cementitious Composite (ECC) is an 
easily molded mortar-based composite reinforced 
with specially selected short random fibers, usually 
polymer fibers. Unlike regular concrete, ECC has a 
strain capacity in the range of 3–7%, compared to 
0.1% for ordinary Portland cement (OPC). 1ECC 
                                                            
1Corresponding Author’s Email: psk.bvn@gmail.com  

therefore acts more like a ductile metal than a brittle 
glass (as does OPC concrete), leading to a wide 
variety of applications. ECC, unlike common fibre 
material. This means that the mechanical interactions 
between ECC's fiber and matrix are described by a 
micromechanical model, which takes into account 
material properties and helps predict properties and 
guide ECC development. 

Properties of ECC 

ECC has a variety of unique properties, including 
tensile properties superior to other fiber-reinforced 
composites, ease of processing on par with 
conventional cement, the use of only a small volume 
fraction of fibers (~ 2%), tight crack width, and a lack 
of anisotropically weak planes. These properties are 
due largely to the interaction between the fibers and 
cementing matrix, which can be custom-tailored 
through micromechanics design. Essentially, the 
fibers create many microcracks with a very specific 

Abstract 

Engineered Cementitious Composites (ECC) is an ultra-ductile fibre reinforced cementitious material 
that embodies a micromechanics based design concept. The tensile ductility and self-controlled tight 
crack width characteristics are conducive to enhancing structural safety under severe loading, and 
durability under normal service loading.  The cost of ECC is currently about three times that of normal 
concrete per cubic Feet. However, a number of commercial projects in Japan and Australia have 
already demonstrated that initial construction cost saving can be achieved when ECC is used, through 
smaller structural member size, reduced or eliminated steel reinforcement, elimination of other 
structural protective systems, and faster construction offered by the unique fresh and hardened 
properties of ECC, The advantages offered by ECC over conventional concrete become even more 
compelling. ECC is a field-ready ductile concrete that has the potential to significantly contribute to 
enhancing infrastructure safety, durability and sustainability.  This thesis aims at making ECC with a 
mix which satisfies the strength characteristics required. Therefore various trial mixes are cast and the 
mix design is finalised. Polyvinyl alcohol fibres, Polyethylene fibres, Polyester fibres and 
Polypropylene fibres are added in various proportions (0.5 %, 1%, 1.5% and 2% by weight of cement) 
and the strengths are compared.  Cubes, Cylinders and beams are cast and the Compressive, Split 
tensile and Flexural Strengths are to be compared 
 
Keywords: ECC, ultra-ductile, Polyvinyl alcohol fibres, Polyester fibres, Polypropylene fibres,.etc. 
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width, rather than a few very large cracks (as in 
conventional concrete.) This allows ECC to deform 
without catastrophic failure. This microcracking 
behavior leads to superior corrosion resistance (the 
cracks are so small and numerous that it is difficult 
for aggressive media to penetrate and attack the 
reinforcing steel) as well as to self-healing. In the 
presence of water (during a rainstorm, for instance) 
unreacted cement particles recently exposed due to 
cracking hydrate and form a number of products 
(Calcium Silicate Hydrate, calcite, etc.) that expand 
and fill in the crack. These products appear as a 
white ‘scar’ material filling in the crack. This self-
healing behavior not only seals the crack to prevent 
transport of fluids, but mechanical properties are 
regained. This self-healing has been observed in a 
variety of conventional cement and concretes; 
however, above a certain crack width self healing 
becomes less effective. It is the tightly controlled 
crack widths seen in ECC that ensure all cracks 
thoroughly heal when exposed to the natural 
environment. 

Literature Review 

In order to improve certain properties of concrete, it 
has been an accepted technology to use fly ash and 
various types of fibres in concrete. In this thesis, fly 
ash acts as a major ingredient in ECC and fibres like 
PVA, Polyethylene and Polypropylene are also used 
to improve the tensile characteristics of ECC. Super 
plasticizer is also used to improve the workability 
property of ECC. This chapter deals with the 
collection of various data and results from journals, 
websites, etc. related to the behavioural study of 
various fibres that are used in fibre reinforced 
concrete.  

Based on the literatures, it is observed that ECC has 
major content of fly ash and so the gain of strength 
in initial stages will be minimum. So later strength for 
concrete should be tested for trial mixes. 

Trial mixes for ECC are adopted and specimens are 
cast for testing for 7 days, 28 days and 56 days. And 
then a superior mix is selected, to which Polyvinyl 
alcohol, Polyethylene Polypropylene and Polyester 
fibres are added and are tested for mechanical 
strengths. 

Water cement ratio is varied and the mix is tested for 
compressive strengths. The optimum mix is chosen 
for the above fibres. These fibres on addition are 

tested for compressive, split tensile and flexural 
strengths. 

Experimental Investigation 

The main objective of the thesis is to study the 
behavior of ECC with Polyvinyl Alcohol fibres, Poly 
Propylene fibres, Polyester fibres and polyethylene 
fibres and comparing the results. 

The mechanical parameters such as compressive 
strength, split tensile strength and flexural strengths 
were investigated. Properties of the materials used 
for casting concrete samples are evaluated. 

Materials Used 

Cement: 53 grade OPC is used for all concrete 
sample mixes. The cement used was fresh and 
without any lumps. Testing of cement was done as 
per IS: 8112 – 1989. 

Coarse aggregates: Locally available coarse 
aggregates having the maximum size of 20 mm is 
used in the present work. Testing of coarse 
aggregates is done as per IS: 383 – 1970. 

Fine aggregates: The sand used for the 
experimental work is locally procured and conformed 
to grading zone II as per IS: 383 – 1970. 

Fly Ash: Fly ash is one of the residues generated in 
combustion, and comprises the fine particles that rise 
with the flue gases. Ash which does not rise is 
termed bottom ash. In an industrial context, fly ash 
usually refers to ash produced during combustion of 
coal. Fly ash is generally captured by electrostatic 
precipitators or other particle filtration equipment 
before the flue gases reach the chimneys of coal-
fired power plants and together with bottom ash 
removed from the bottom of the furnace is in this 
case jointly known as coal ash. 

‘Class F’ Fly ash was obtained from the Mettur 
Thermal Power Plant situated at 40 kilometers from 
the Institution. 

Polypropylene fibre 

There is a sterically regular atomic arrangement in 
the polymer molecule and high crystallinity. Due to 
regular structure, it is known as isotactic 
polypropylene. Chemical inertness makes the fibers 
resistant to most chemicals. Any chemical that will 
not attack the concrete constituents will have no 
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effect on the fiber either. On contact with more 
aggressive chemicals, the concrete will always 
deteriorate first. The hydrophobic surface not being 
wet by cement paste helps to prevent chopped fibers 
from balling effect during mixing like other fibers. 
The water demand is nil for polypropylene fibers. The 
orientation leaves the film weak in the lateral 
direction which facilitates fibrillations. The cement 
matrix can therefore penetrate in the mesh structure 
between the individual fibrils and create a 
mechanical bond between matrix and fiber. 

Polyvinyl Alcohol Fibre 

Polyvinyl alcohol (PVA) fiber was created 50 years 
ago as the first Japanese organic fiber and, it has 
been used for various applications since then. 
Especially, PVA fiber has been used globally in a wide 
range of cement applications since 1980s owing to 
some suitable characteristics as reinforcing materials 
for cementitious composites.  

At the first, PVA fiber has high tenacity and modulus 
of elasticity compare with other general organic 
fiber. Second, bonding strength between fiber and 
cement matrix is strong. Also it is possible to control 
bonding strength by surface treatment. At last, good 
durability has been proved by long terms field test, 
and it has been used as fiber cement slate over 
twenty years because PVA fiber has got wide 
acceptance as a less hazardous and reasonable cost 
alternative. 

In recent years, new type of PVA fiber for high 
performance fiber reinforced cementitious 
composites (HPFRCC) has been developed owing to 
development of theoretical study based on 
micromechanics. This fiber also starts to use widely 
because of its suitable characteristics for reinforcing 
cementitious composites. 

Polyethylene Fibres 

A semi-crystalline, whitish and effectively opaque 
engineering thermoplastic which, chemically, is a 
very high molecular weight (3-6 million) HDPE. As a 
result it has an extremely high melt viscosity and 
normally can only be processed by powder sintering 
methods. It also has outstanding toughness and cut 
and wear resistance and very good chemical 
resistance, somewhat better than that of HDPE. 
Applications include many "wear parts" (eg bottle 
handling machine components), gears, bearings, 

artificial joints and marine quay headings. Fibres of 
very high molecular orientation can also be made 
from polyethylene of very high molecular weight by 
gel spinning and subsequent drawing to give fibres 
which are reported to be up to 85% crystalline and 
with 95% parallel orientation. They are known as 
Ultra High Modulus or High Performance 
Polyethylene fibre (UHMPE or HPPE). Like Kevlar, 
these fibres have very high tensile properties and 
(small) negative CTE's. On a volume basis, their 
tensile properties are broadly similar to Kevlar's but, 
on a weight basis, they are superior thanks to an 
almost 50% density advantage - but they are not up 
to the properties of carbon fibre on either basis. 
Their energy absorption and acoustic velocity 
characteristics are superior to Kevlar's both as fabric 
and composite. Applications are being developed 
particularly in the areas of ballistic protection and 
ropes (in the widest sense). 

Polyester Fibres 

Polyester is a category of polymers which contain the 
ester functional group in their main chain. Although 
there are many types of polyester, the term 
"polyester" as a specific material most commonly 
refers to polyethylene terephthalate (PET). Polyesters 
include naturally occurring chemicals, such as in the 
cutin of plant cuticles, as well as synthetics through 
step-growth polymerization such as polycarbonate 
and polybutyrate. Natural polyesters and a few 
synthetic ones are biodegradable, but most synthetic 
polyesters are not. Depending on the chemical 
structure, polyester can be a thermoplastic or 
thermoset, there are also polyester resins cured by 
hardeners; however, the most common polyesters 
are thermoplastics. Polyester fibers are designed as a 
new version of crack proof materials specially for 
asphalt-based concrete. They are produced by 
unique processes and based on polyester synthetic 
materials as fundamental raw materials. They can 
form structures in three dimensional distributions 
after putting them into asphalt gels by mixing, which 
have function of reinforcement so that effectively 
prevent asphalt-based concrete from cracking. 

Water: Potable water is used for the concrete 
preparation and for the curing of specimens. 

ECC Mix Design 

Since there is no definite procedure for the mix 
design of ECC, trial and error method is adopted by 
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varying the water content and the super plasticizer in 
the mix. And the rich mix is to be selected and casted 
with PVA, PET, PP and PE fibres. 

Table -1: ECC Mix Design 

Mix Cem
ent Sand Fly 

ash 
Wate

r SP Fibre
s 

Mix 1 583 467 1.2 298 19 11.66 

Mix 2 561 449 327 14 14 11.22 

Mix 3 576 460 691 306 17 11.52 

 

Table-2: Compressive test results for ECC specimens. 

Fibres % 7 days 
N/mm2 

28 days 
N/mm2 

56 days 
N/mm2 

PVA 1% 36.83 49.12 57.63 

PVA 1.5% 37.14 50.16 58.56 

PVA 2% 38.93 51.06 58.87 

PVA 2.5% 38.08 50.54 58.62 

PET 1% 35.45 48.96 56.12 

PET 1.5% 35.72 49.23 56.87 

PET 2% 36.29 49.89 57.54 

PET 2.5% 35.86 49.36 56.97 

PP 1% 34.13 48.23 54.34 

PP 1.5% 34.8 48.65 55.12 

PP 2% 35.16 49.12 55.98 

PP 2.5% 34.86 48.79 55.53 

PE 1% 33.87 47.54 54.17 

PE 1.5% 34.14 47.92 55.32 

PE 2% 34.52 48.23 55.88 

PE 2.5% 34.36 47.88 55.64 

 

 

Chart -1: Comparison of Compressive strengths for 
all ECC specimens 

Table -3: Split tensile test results for ECC specimens 

Fibres % 7 days 
N/mm2 

28 days 
N/mm2 

56 days 
N/mm2 

PVA 1% 2.95 4.16 4.85 

PVA 1.5% 3.16 4.86 5.56 

PVA 2% 3.69 5.23 5.84 

PVA 2.5% 3.21 4.73 5.43 

PET 1% 2.91 4.15 4.56 

PET 1.5% 3.15 4.56 4.74 

PET 2% 3.36 4.72 4.96 

PET 2.5% 3.12 4.6 4.82 

PP 1% 2.89 4.12 4.32 

PP 1.5% 2.96 4.25 4.43 

PP 2% 3.16 4.46 4.68 

PP 2.5% 3.02 4.29 4.52 

PE 1% 2.87 4.11 4.26 

PE 1.5% 2.92 4.26 4.39 

PE 2% 3.11 4.42 4.7 

PE 2.5% 2.97 4.31 4.48 
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Chart -2: Comparison of Split tensile strengths for all 
ECC specimens 

 

Table 4: Flexural strength test results for ECC 
specimens 

Fibres % 7 days 
N/mm2 

28 days 
N/mm2 

56 days 
N/mm2 

PVA 1% 3.67 5.16 5.86 

PVA 1.5% 3.79 5.24 6.12 

PVA 2% 4.12 5.66 6.84 

PVA 2.5% 3.84 5.2 6.2 

PET 1% 3.56 5.08 5.6 

PET 1.5% 3.71 5.2 5.89 

PET 2% 3.98 5.51 6.32 

PET 2.5% 3.69 5.18 5.91 

PP 1% 3.44 4.92 5.45 

PP 1.5% 3.58 5.16 5.63 

PP 2% 3.79 5.38 6.02 

PP 2.5% 3.62 5.19 5.8 

PE 1% 3.42 4.88 5.42 

PE 1.5% 3.52 5.08 5.71 

PE 2% 3.69 5.42 5.98 

PE 2.5% 3.59 5.24 5.82 

 

 

Chart -3: Comparison of Flexural strengths for all ECC 
specimens 

 

From the results it can be noted that the 28 days test 
results are not as expected, but when the specimens 
are tested for 56 days it gives satisfying results. Since 
flyash is added the specimens attain its full strength 
at later age. 

Results and Discussions 

Observations 

All fibre types have the potential to “ball up” in 
concrete. This phenomenon is usually caused by 
addition of fibres into concrete mixes that are too 
dry or into mixtures that do not have enough fine 
particles to coat the fibre particles, which in turn 
“paste starves” the system and again causes the 
slump to decrease to zero. Loose fibres in an empty 
drum may clump together and fibre types that are 
too long or have varying geometries may also cause 
problems. A test trial should be performed to ensure 
that the mixture will support the fibre type and 
dosage and that the batching sequence will not 
cause any problems. If necessary, the use of a water 
reducing admixture may be warranted to maintain 
the desired slump for placement. 

Balling effects were observed in the initial trial mix. 
These were eliminated in further mixes by 
distributing the fibres evenly in the mix while the 
mixing drum is operated and water is added after 
mixing the dry mix for 5 minutes. The mix after 
addition of fibres is less workable. Therefore 
superplasticizer is added to retain the workability. 
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Figure 1: Balling or Clumping 

Fibre Selection and Orientation 

Microfibres uniformly distributes multi-dimensionally 
throughout the concrete mixture. The extremely high 
number of fibres in the fresh concrete matrix 
protects the concrete when its tensile strength is 
lowest, reducing the formation of plastic shrinkage 
cracking. This cracking and other internal stresses 
would otherwise permanently weaken the resulting 
concrete. The concrete permeability is decreased, 
while surface characteristics, impact and toughness 
properties are improved. 

The aspect ratio of a fibre is the length of a single 
fibre divided by its equivalent diameter (L/d). This 
term is generally only used with larger fibres such as 
steel and macro-synthetics and while a specific value 
is not important, aspect ratios of greater than 100 
can sometimes cause placement and finishing 
difficulties. Ideally the aspect ratio should be as low 
as possible to minimize the loss of workability and as 
high as possible to maximize the resistance of fibres 
to pull out from the matrix. 

During crack opening, the bridging stress increases 
as fibre/matrix interfaces debond and the debonded 
segments of fibres stretch. When the bridging stress 
increases to the magnitude of the applied load, the 
crack flanks flatten to maintain the constant applied 
stress level. This load level is termed the steady state 
cracking stress. This explains why microfibres are 
used. Because any fibres will have frictional and 
chemical bonds with the interface and with polymer 
fibres the bond is more dominant and when the 
crack develops this bond strength and reduced 
length restricts the specimen to fail. 

Conclusion 

From the results, it is noted that PVA fibre content 
gives better results, followed by Polyethylene, 
Polyester and Polypropylene. Polyester and 
Polypropylene shows similar results.  

Table 4: Percentage increase on addition to fibres 
when compared to control specimen 

Fibres % 7 days 
N/mm2 

28 days 
N/mm2 

56 days 
N/mm2 

PVA 1% 2.95 4.16 4.85 

PVA 1.5% 3.16 4.86 5.56 

PVA 2% 3.69 5.23 5.84 

PVA 2.5% 3.21 4.73 5.43 

PET 1% 2.91 4.15 4.56 

PET 1.5% 3.15 4.56 4.74 

PET 2% 3.36 4.72 4.96 

PET 2.5% 3.12 4.6 4.82 

PP 1% 2.89 4.12 4.32 

PP 1.5% 2.96 4.25 4.43 

PP 2% 3.16 4.46 4.68 

PP 2.5% 3.02 4.29 4.52 

PE 1% 2.87 4.11 4.26 

PE 1.5% 2.92 4.26 4.39 

PE 2% 3.11 4.42 4.7 

PE 2.5% 2.97 4.31 4.48 

 

Also when the results are compared for Percentage 
addition of fibres, it is clear that the results first 
increases when the fibre content is increased, but 
later when the fibre content increases from 2% to 
2.5% some workability issues were found and also 
the strength decreases. Therefore the PVA 2% gives 
maximum compressive, split tensile and flexural 
strengths. Percentage increases of the results are 
shown in table. 

The results show that PVA 2% gives higher test 
results, i.e ECC – PVA 2% gives 7.25% higher 
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compressive strength and 38.05% higher tensile 
strength and 68.05% higher flexural strength than 
that of conventional concrete specimen. 

Also the specimen doesn’t fail suddenly; it gives fair 
amount of warning before failure. A visible deflection 
can be seen in the beam before failure. Numerous 
microcracks form and then a crack develop and 
failure occurs.  
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Introduction 

Video based image segmentation is a complex 
process and to detect the object out of it becomes 
more difficult and almost an improbable job, as to 
detect the object the system needs to have the all 
the information related to the structure of the 
queried category or the object. In this paper firstly 
image segmentation has been implemented and 
then it has been modified to work on the videos as 
well. However this work has been tested over only 
one thousand two hundred one images and is able 
to identify only those objects which are present in 
the system training database. 

Previous Work 

All basic image segmentation procedures presently 
being taken into account by the scholars and 
industry will be debated and evaluate in this section.  

Edge Based Image Segmentation 

Fernando C. Monteiro [1] planned a novel image 
segmentation process comprises of edge and region 
centered facts with the help of spectral procedure 
and morphological set of rules of watershed. Initially, 
they ease the noise as of picture by bilateral filter as 
1a preprocessing step, in addition, region merging is 
taken into account to implement introductory 
                                                            
1Corresponding Author’s Email: shakuntalasatyawana@yahoo.in 

segmentation, region resemblance is produced and 
then graph based region alliance be execute by 
Multi-class Normalized Cut method [2]. It is bring 
into being that projected procedure has overtaken 
other procedures and yield better outcome.  

R. Patil [3] suggest to facilitate stipulation the 
numeral of huddles be anticipated within truthful 
way, K-means image segmentation will give superior 
upshots. They recommended a innovative modus 
operandi based on edging revealing toward appraise 
digit of bunch’s. Facet congruency be in use addicted 
to explanation toward recognize the boundaries. 
Afterward these boundaries be in use addicted to 
version headed for get bunch’s. Brink moreover 
Euclidean expanse be in use keen on explanation 
within arrange toward create groups. K-means be in 
use interested in narrative near locate the concluding 
segmentation of reflection. MATLAB be occupied 
interested in relation toward execute the not 
compulsory route. Trials be accomplished going on 
nine diverse pictures furthermore outcomes confirm 
so as to digit of collects be precise along with finest. 
Weihong Cui Yi Zhang [4] optional an perimeter 
based auto threshold pick manner toward engender 
multi-level image segmentation. Band weight also 
NDVI (Normalized Difference Vegetation Index) be in 
use keen on description near determine border load. 
Tests be act upon taking place multi-scale decree 
illustration effects include exposed with the purpose 
of their scheme retain the objective in order as well 

Abstract 

Image segmentation is an important technique that used by many algorithms to detect the object or to 
morphologically maps the image to found its mass or to map the image color intensity. Image 
segmentation can play important role when it comes to identify an object and to match it with the 
database images. In this paper a technique is presented and implemented to segmentize the image and 
as well as the videos, also the model presented is constructed in such a way that it also depicts the 
object category, however to detect the  object training database needs to have the complete 
information about the queried category. 
 
 Keywords: Image Segmentation, Object Recognition, Computer Vision 
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as carry on object margins as subdivision the picture. 
Anna Fabijanska [5] initiated a innovative scheme 
utilized variation Filter used for boundary finding 
within image segmentation procedure. Their 
technique originates the edging place using 
difference Filter. Sobel Gradient filter through K-
means be too in use addicted to detail toward extort 
the boundaries by evaluate through the planned 
method. The result of clean window range going on 
decisive ends be besides argued with it be create to 
facilitate but the 9×9 window be in use interested in 
explanation just before take out boundaries after 
that boundary be  whole exactly equivalent the form 
of object during the picture. During case of bigger 
information pictures, a little clean window be 
extended. Outcome   exposed with the purpose of 
their planned process better Sobel Edge Detector. 
Mohammed J. Islam [6] initiate to Computer Vision 
be a greatest way out in favor of actual instance 
assessment of case within pharmaceutical 
manufacturing. Writer has made a structure used for 
aspect scrutiny via edge based image segmentation 
methods [7]. They in use addicted to explanation 
Sobel Edge Detector [8] into arrange near notice 
boundaries by noise-suppression assets. Later than 
edging finding, Otsu Thresholding method be in use 
addicted to description intended for localization of  
background also foreground pixels .Trial be 
performed also outcome be evaluate through NN-
based segmentation method structure .Visual C++ 
outcomes better NN process taking place the base of 
precision and processing time difference of 10 ms.  

Partial Differential Equation (PDE) Based Image 
Segmentation 

PDE (Partial Differential Equations) equations or PDE 
forms be applied large within picture procedure, also 
specially within image segmentation. They utilize 
active contour form used for segmentation reason 
.Active Contour form otherwise Snakes modify the 
segmentation disadvantage addicted to PDE. Several 
famous methods of PDE utilized designed for image 
segmentation be Snakes, Level-Set, also Mumford 
Shah technique [9]. In this part, various innovative 
methods designed for image segmentation 
maintained PDE be declared. Accommodative PDE 
forms that is., fuzzy PDE Contour model, also PDE 
geometrical Contour form by Fuzzy C-Means 
categorization be used in favor of segmentation of 
images. Accommodative PDE forms assisted toward 
explore exposed the area of importance. 3D brain 

tomography picture be working like a dataset. Fuzzy 
PDE form has point the tomography brain picture 
utilization Fuzzy agglomeration method. The forms 
has better ‘Snakes’ form also level reverse a digit of 
disadvantages of Snakes form [10].  Characteristic 
removal methods within [11]-[12] be able toward 
managing geometrical feature, speed of alteration, 
also direction of picture. Novel PDE supported 
segmentation idea be also providing enhance 
different criterion of quality records. PDEs be used 
for representing the segmentation idea. Watershed 
method [13] be complete via use PDE forms. They 
evaluate their designed idea by watershed 
segmentation method, also it's establish to facilitate 
pairing of textural information, also forming 
utilization PDEs directs the image segmentation 
toward main feature technique also better the 
watershed segmentation algorithmic regulation.  

Artificial Neural Network (ANN) Based Image 
Segmentation 

During Artificial Neural Network, all somatic unit be 
the same near the element of a figure. Picture be 
planed toward the neural system. Image in the 
selection of neural system be qualified utilization 
training examples, after that organization among 
neurons, that is., pixels be establish. Next the novel 
images be segmental as of the eligible picture [10]. 
Segmentation of picture use neural system be 
execute into 2 levels, that is., part sorting also edging 
finding [14]. In this part several novel approaches of 
ANN meant for image segmentation be declared as 
of previous 5 years.  Xuejie Zhang [10] designed a 
substitute fast knowledge Artificial Neural Network 
(FLANN) that depends on color image segmentation 
method in favor of R-G-B-S-V group area. During 
beginning, noise is eliminated use 3*3 averaging 
filter toward cut back the dissimilarity into color 
allocation. During second level, pixels are reborn 
toward RGBSV region use HSV adaptations. FLANN 
agglomeration is executed toward give a group 
outcome of picture. Then, pixels via related color are 
alienated.  Subdivision selection is selected toward 
each stage of picture. Force of lenience also district 
dimension be determined. Outcome has exposed to 
designed algorithmic regulation prepared brilliant 
subdivisions used for colors in the picture.  Farhad 
Mohamad Kazemi [15] designed a fast C-means that 
depends on training of Fuzzy Hopfield Neural 
network [16] thus it use addicted to image 
segmentation. Purpose work is use supported 2-f 
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Fuzzy HNN. This purpose works establish the 
ordinary space among picture pixels also groups 
centroid. Fuzzy HNN gives superior segmentation in 
comparison of other methods. Initially, they generate 
groups as of known knowledge, after that execute 
normalization, specifically. Gray level images, analyze 
centroids, after that diagram spaces, recognize novel 
centroids, also PC novel association work significance 
utilization fuzzy C-means [17]. The outcome has 
exposed to FHNN gives a faster velocity in 
comparison of other methods of ANN.  

Video Segmentation 

A segmentation algorithm divisions an input video in 
some parts. Every part is consistent w.r.t. single or 
added property that is. The difference of dimensions 
in the areas must exist much fewer differences on the 
object edges. A video segmentation algorithm be 
able to largely classified in two module which 
depends in the motion estimates provided: Video 
Segmentation without correspondences, Video 
Segmentation with correspondence. 

Video segmentation without segmentation 

[Niebles2010] planned an approach in extract person 
volume. Used for every picture edge applicant areas 
be obtain via a finding level also the modifications of 
these areas be depends at shape prior. Segmentation 
with Object Proposals: Mainly the video 
segmentation approaches in this type use the object 
proposal algorithm via [Endres 2010]. Therefore 
evaluation this method designed for producing 
object suggestion within the next part prior to 
arrange toward video segmentation suggestions use 
these schemes. Further various objects scheme 
production infrastructures are able to achieve form 
[Alexe 2012], [Ziming 2014]. 

Category Independent Object Proposals 

Known an input picture, the algorithm by [Endres 
2010] gives a graded catalog of various category 
independent candidate object proposals. The 
grading be complete which depends in abjectness 
such high graded suggestions be probable toward 
be a fine segmentation. Motion Coherent Tracking 
using MRF[Tsai 2011] planned a partially-managed 
form to object removal into video in which a client 
explains the shape of the object which requires exist 
way for the entire series. 

Segmentation using category independent 

proposals 

Approaches like that [Lee 2011], [Tianyang 2012] 
utilize object suggestions (produced by [Endres 
2010] toward locate a set of various segmentation 
designed for every picture within the film. Previously 
the suggestions be produced for every structure of a 
video, after that the difficulty of video-object 
segmentation be created like an optimization 
difficulty where the purpose be toward locate a 
segmentation that describes a film in the finest way, 
also then process the foreground outline to exist the 
object correctly. The suggestion from [Lee 2011] 
primary recognize object-like areas (input segments) 
inside several structure along with together 
stationary or energetic cues. a new suggestion in 
video segmentation by object suggestions be from 
[Tianyang 2012]which different as of [Lee 2011] 
mostly into the practice of the optimization form 
toward locate object.  

Fast video segmentation: in sequence for expand 
velocity, the writer [Papazoglou 2013] suggest a 
quick method for create an irregular guess of which 
pixels be within the object depends in movement 
boundary within pair of consecutive frame. This first 
estimation is after that superior from integrating 
knowledge above the entire film by a spatio-
sequential addition of GrabCut. 

Video Segmentation with correspondences 

Approach during this type utilize extended period 
position correspondence i.e. position track for 
achieve a consistent spatio-sequential segmentation. 
During new advance into optical flow algorithms, 
position track structure have suited extra consistent 
also have completed an excellent stage of 
development. Mainly important way structure 
algorithms are by [Sundaram 2010] also [Sand 2008]. 
Point tracks by [Sand 2008] be and referred like 
constituent part film. Other normally use position 
follower be, which be normally identified like the KLT 
tracker. Author by [Sundaram 2010] has exposed that 
point track formed flow optical flow by [Brox 2011] is 
of greatly superior superiority than the ones formed 
from KLT an constituent part film, into conditions of 
intense exposure also sequential extent. But compute 
position track by [Sundaram 2010] be deliberate on 
CPUs. Significant computational accelerate be able to 
get from use GPUs, also several release basis 
implementations used for actual instance KLT 
trackers be existing [Zach 2008].  
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Clustering of Point Tracks 

The segmentation method into this type utilizes 
point tracks like the major basis of knowledge.The 
point paths stand via [Sundaram 2010]. Methods into 
this type different mostly into the way into which the 
clustering be completed for remove objects. Point 
tracks offer simply a thin exposure during variable 
activity approximation into color consistent areas. 
Therefore algorithms into this type normally offer 
alignment used for simply a division of pixels into the 
type of point tracks, usually cover approximately 3% 
of the whole pixels into a film. Several important 
trajectory clustering algorithms are by [Fradet 2009], 
[Brox 2010], [Fragkiadaki 2011], Point track clustering 
methods don’t require knowledge by a detector on 
object theory, also therefore be referred like finding 
free tracking from [Fragkiadaki 2011]. Known point 
tracks, the author [Fragkiadaki 2011] initial categorize 
these trajectory like background or foreground via 
significant a saliency determine.  A diagram is 
creating whose peaks be foreground path. Weights 
for boundaries be striking also disgusting energy 
among trajectories.  A foreground topology remain 
develop through figure-ground segmentation 
through the main group of path interested in front as 
well as background. This foreground topology is a 
fine pointer of while two paths cannot set mutually.  
Outcome from [Brox 2010], the writers utilize a 
hierarchical difference form that spreads these label 
first into uniform regions which be originally not 
enclosed via point tracks. This thick segmentation 
finds superior categorization precision than the input 
thin segmentation also conquers the over-
segmentation matter of stationary picture 
segmentation schemes.  

Background subtraction by Point Tracks 

Background subtraction into stirring camera scenario 
be able to as well is execute by point tracks or 
famous efforts into this feature be [Elqursh 2012], 
[Sheikh 2009]. The last make a thin background form 
via view a dense path sources by trajectory of main 
aspects crosswise the film. The background be then 
subtracted via eliminate trajectory to recline in the 
distance duration via this source. From this thin 
background knowledge, a foreground background 
appearance form be construct or a best pixel-wise 

binary group be get via resolve a MAP deduction 
difficulty. 

Methodology 

In this paper a methodology is proposed which is 
applicable for the image and the videos as well to 
segmentize the given frame at any instance. Image 
segmentation is a methodology to distinguish the 
objects and the foreground which can be further 
enhanced to use it as an object recognition program, 
however to recognize an object the system need to 
have its complete information saved in its database. 
On the basis of which the system will match the 
pattern and the object location as well. Images taken 
as an input are first get converted into the gray scale 
images and then they are processed, however the 
input images taken are maintained in a separate 
variable to process them under the effect of color 
map and to identify the object presence in the input 
image. The color mapped process images are feeded 
into the next function which on the basis of gradient 
vector and the change in boundary light intensity 
analysis determines the edge of the object and 
process the image in such a way that the values 
between the boundaries are forced to be one and 
the rest of the values are forced to be zero, however 
if this method does not generate the proper output 
image hence the system again process the image 
segmentation process using color map intensity over 
the gray scale image and hence generates the 
segmented image. 

The time taken by the function to segmentize one 
image depends on the performance of the testing 
hardware system, however system used in this 
developing this code is enabled with Intel core I3 
with 4GB of ram. 

Fig.1 and Fig.2 elaborates the methodology with a 
proper flow diagram and however there are few 
equations that can be said to be used in the 
proposed algorithm which is mentioned below in this 
section.  

We calculate F-measure and accuracy and compare 
the F-measure and accuracy by other methods. 
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Figure 1: Flow Chart of Basic Segmentation 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2: Flow Chart of Proposed Method 

 

Results 

Image segmentation can be classified into two types 
one can be said as the simple and less time 
consuming and another one can be classified as the 
complex and time consuming task, however the 
image segmentation process depends over the type 
of images taken into the account, images with less 
information and with less complex background can 
be segmented very precisely and with less time 

consumption as proposed in the above section with 
the name of basic segmentation, in basic 
segmentation the image is segmentize with the help 
of the average threshold, after calculating the 
average threshold the image can be divided into two 
parts and can be represented in the 0 or 1 form. 

The other method which uses the complex method is 
generally applicable for the images with more 
information and with complex background. The 
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system uses more time to segmentize these types of 
images; hence they use the more complex functions 
like edge detection and gradient boundary scan 
functions. 

 

Figure 3: (a) Input Image 

 

                 Figure 3: (b) Segmented Image 

Statistical results have been presented in the table (I) 
and table (II) on the basis of the obtained results.  

TABLE (I): F-Measure Comparison of Ours Method 
with Other Method on Weizmann Horse Dataset 

Algorithm Ours [39] [35] [40] 

F-Measure 1.4456 0.872 0.8430 0.84 

 

TABLE (II): Segmentation Accuracies Comparison of 
Ours Method with Other Method on Weizmann 
Horse Dataset 

Algorithm Our  [39] [35] [37] [36] [38] 

Accuracy in 
% 

95.2 92.9 89.3 74.9 90.0 80.1 

 

 

Conclusion 

From the above complied work it can be understood 
to make system intelligent and advance Image 
segmentation is an essential technique but due to 
the complex procedure and lengthy calculation it 
takes lot of time which might not turn out to be an 
appropriate preposition during the real time 
implementation of it over the video frame 
segmentation and object recognition. 

Time taken by the above proposed methodology to 
segmentize an image will depend over the nature 
and the quality of an image; however the images 
taken for the testing has shown the average time of 
24.17 seconds. This has the scope of further 
improvement and can be significantly brought down 
and hence that will help the proposed method to be 
able to segmentize the video frames in real time. 
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Introduction 

In this paper, Image segmentation is discussed in 
detail, its procedure and its application as well. 
Image segmentation is a process to divide an image 
into multiple sections to study and analyze an image. 
This can be very useful in analyzing and studying the 
medical image reports to postulate the report in text.  

Previous Work 

All basic image segmentation procedures presently 
being taken into account by the scholars and 
industry will be debated and evaluate in this section  

Edge Based Image Segmentation: Fernando C. 
Monteiro [1] planned a novel image segmentation 
process comprises of edge and region centered facts 
with the help of spectral procedure and 
morphological set of rules of watershed. Initially, 
they ease the noise as of picture by bilateral filter as 
a preprocessing step, in addition, region merging is 
taken into account to implement introductory 
segmentation, 1region resemblance is produced and 

                                                            
1Corresponding Author’s Email: shakuntalasatyawana@yahoo.in 

then graph based region alliance be execute by 
Multi-class Normalized Cut method [2]. R. Patil [3] 
suggest to facilitate stipulation the numeral huddles 
be anticipated within truthful way, K-means image 
segmentation will give superior upshots. They 
recommended an innovative modus operandi based 
on edging revealing toward appraise digit of bunch’s. 
Facet congruency be in use addicted to explanation 
toward recognizing the boundaries. Afterward these 
boundaries be in use addicted to version headed for 
get bunch’s. Brink moreover Euclidean expanse be in 
use keen on explanation within arrange toward 
create groups. K-means be in use interested in 
narrative near locating the concluding segmentation 
of reflection. MATLAB be occupied interested in 
relation toward execute the not compulsory route. 
Trials be accomplished going on nine diverse 
pictures furthermore outcomes confirm so as to digit 
of collects be precise along with finest.  Weihong Cui 
Yi Zhang [4] optional a perimeter based auto 
threshold pick manner toward engender multi-level 
image segmentation. Band weights also NDVI 
(Normalized Difference Vegetation Index) be in use 
keen on description near determine border. Tests be 
act upon taking place multi-scale decree illustrations. 
Effects include exposed with the purpose of their 

Abstract 

Image segmentation is an important procedure that taken into account by many algorithms to detect 
the object or to morphologically maps the image to found its mass or to map the image color 
intensity. Image segmentation can play important role when it comes to identify an object and to 
match it with the database images. Also during the forensic analysis of images image segmentation 
can help in identifying the object location and its temperature and also the distance of it from the 
preset reference point. During computer vision, image segmentation be the method of dividing a 
digital picture addicted to multiple segments (sets of pixels, also identified like super pixels). The 
purpose of segmentation be toward make simpler also/otherwise alter the depiction of an picture 
addicted to incredible that be extra important also easier toward evaluate. Image segmentation be 
usually in use addicted to explanation near situate objects also margins (shape, curves, etc.) within 
pictures. Additional accurately image segmentation be the procedure of conveying a label toward each 
pixel within an picture such that pixels by the similar label distribute definite distinctiveness. 
 Keywords: Image Segmentation, Object Recognition, Computer Vision 
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scheme retain the objective in order as well as carry on object margins as subdivision the picture. 
 

 

 

 

 

 

Figure1. Varied Image Segmentation Techniques 

Anna Fabijanska [5] initiated a innovative scheme 
utilized variation Filter used for boundary finding 
within image segmentation procedure. Their 
techniques originate the edging place using 
difference Filter. Sobel Gradient filter through K-
means be too in use addicted to detail toward extort 
the boundaries by evaluate through the planned 
method. The result of clean window range going on 
decisive ends be besides argued with it be create to 
facilitate but the 9×9 window be in use interested in 
explanation just before take out boundaries after 
that boundary be  whole exactly equivalent the form 
of object during the picture. During case of bigger 
information pictures, a little clean window be 
extended. Outcome   exposed with the purpose of 
their planned process better sobel edge detector. 
Mohammed J. Islam [6] initiate to Computer Vision 
be a greatest way out in favor of actual instance 
assessment of case within pharmaceutical 
manufacturing. Writer has made a structure used for 
aspect scrutiny via edge based image segmentation 
methods [7].  They in use addicted to explanation 
Sobel Edge Detector [8] into arrange near notice 
boundaries by noise-suppression assets. Later than 
edging finding Otsu thresholding method is in use 
addicted to description intended for localization of 
background also foreground pixels. Trial be 
performed also outcome be evaluate through NN-
based segmentation method structure Visual C++. 
Outcomes better NN process taking place the base 
of precision and processing time difference of 10 ms. 

Fuzzy Theory Based Image Segmentation: Liu 
Yucheng [9] planned a novel fuzzy morphological 
stand combination image segmentation algorithm. 
Algorithm has in use keen on explanation 
morphological opening as well as closing procedures 
toward flat the picture with then present the gradient  

Procedures taking place the resulting picture [10]. 
Behind evaluate the planned mixture algorithm amid 
Watershed algorithm [11] and Prewitt procedure, it 
be create to facilitate combination method resolve 
the predicament of over-segmentation of Watershed 
algorithm. It too keeps the information of picture 
also recover the rapidity as well. Syoji Kobashi [12] in 
use interested in explanation size based fuzzy related 
image segmentation with fuzzy object model to 
subdivision the intellectual parenchyma area of latest 
intuitive brain MRI image. Foreground area be 
divided into initial step, improvement of MRI 
intensity inside-homogeneity be use next, also then 
scale-base Fuzzy Object Model (FOM) be used on 
ensuing picture. Outcome of planned technique be 
assess on the basis of Fast Positive Volume Fraction 
(FPVF) also Fast Negative Volume Fraction (FVNF). 
Outcome as of trials   exposed that FOM (Fuzzy 
object model) has attained lowest FPVF and FVNF 
assessment. Refik Samet [13] anticipated a latest 
Fuzzy Rule based image segmentation process to 
subdivision the rock slight subdivision pictures. They 
obtain RGB picture of rock slight subdivision as input 
also give segmented granite picture as output. Fuzzy 
C Means be too used on rock lean pictures also 
outcomes be evaluated of together methods. 
Initially, the abuser will receive test figure from raw 
materials; aspects be notable on the basis of red, 
green and blue mechanism of picture. Membership 
purpose be clear for every component via Fuzzy 
regulations. All membership function shows the 
color’s division into the picture. Tough also feeble 
positions be distinct, while tough positions be 
measured as seed positions also weedy positions 
turn into their affiliates. Outcome include that 
planned method be improved than FCM algorithm. 
Muhammad Rizwan Khokher [14] offered a unique 
process of image segmentation through Fuzzy Rule 

Techniques Studied 

Edge Based Image 
Segmentation 

Fuzzy Theory Based 
Image Segmentation 

PDE Based Image 
Segmentation 

ANN Based Image 
Segmentation 
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based method as well as Graph Cuts. Their algorithm 
workings by initially removing the aspects of picture, 
determine the stables using fuzzy rules, analyze the 
weighted average of regulars to locate the match 
matrix, separation the graph using Normalized Graph 
Cut method [15], also lastly acquire regulars to locate 
the match matrix, separation the graph using 
Normalized Graph Cut method [15], also lastly 
acquire the segmented picture from separation 
graph. Berkley list be in use keen on explanation 
toward assess the algorithm. Imitation be executed in 
Matlab and C language 

Partial Differential Equation (PDE) Based Image 
Segmentation: Jinsheng Xiao [16] considered a 
novel non-linear discontinue (PDE) for 
demonstrations the level set scheme of gray pictures. 
A discrete method be too planned toward locate 
mathematical result also toward apply the filter.  
Additional information be able to exist saved via by 
the planned method. Fengchun Zhang [17]explain a 
difference form from 4th order PDE through 2nd 
order PDE planned in favor of finger vein image de-
noising. Midpoint Threshold segmentation method 
be in use addicted to explanation toward extort the 
area of importance exactly. 4th order PDE have 
minimum the noise extremely fine, while 2nd order 
PDE have estimated the margins successfully. It be 
capable of exist experiential as of testings that PSNR 
rate of planned scheme be enhance by 2 dB. Process 
be evaluated by threshold based segmentation 
algorithm and it be establish that planned process 
has subdivision the actual finger vein picture 
precisely. Chun Yuan [18] planned a novel segmenta-
tion model for color pictures and depends in GAC 
scheme. However GAC be simply limited toward gray 
scale pictures. Thus their form be moreover an 
expansion of GAC form, and identified as color-GAC 
model. It uses the term of the Gradient of color 
picture.  

Artificial Neural Network (ANN) Based Image 
Segmentation: Wencang Zhao [19] anticipated a 
innovative image segmentation algorithm found on 
textural aspects [20] also Neural Network [21] toward 
divide the embattled pictures as of background. 
Dataset of micro-CT pictures be in use addicted to 
explanation. De-noising filter be in use keen on 
description just before eliminate clatter from picture 
since a pre-processing step, Aspect removal be 
executed after that, with then Back Propagation 
Neural system be formed, also lastly, it modifies the 

load digit of system, also keep the output.  Outcome 
include that planned process betters other method 
on the basis of velocity also precision of 
segmentation. Lijun Zhang [22] predictable a 
narrative neural structure depends on image 
segmentation scheme for color pictures. They joint 
the Wavelet Decomposition and Self Organizing Map 
(SOM) toward offer a novel technique, i.e., SOM-NN. 
Determination with adolescent pixels preferred the 
close relative pixel. Later than initialization, ANN 
create the segmentation upshot which satisfies every 
stages. Wavelet disintegration be executed toward 
eradicate noise. Therefore wavelet disintegration 
along with SOM-NN be collected toward execute 
segmentation. Outcome include that technique has 
decrease noise also generate precise segmentation. 
Shohel Ali Ahmed [23] predictable picture Texture 
Classification procedure depends in (ANN). Initially, 
picture be captured also pre-processing be executed, 
later than it, aspect removal [24] be executed, while, 
ANN classifier [25] be in use keen on explanation for 
texture classification, Clustering be executed toward 
divides background from sub-pictures. Trained ANN 
combines the input pixels addicted to two groups 
which provide outcome. It creates the texture 
classification and segmentation of picture. 

Methodology 

A basic approach has been tried in this paper, where 
the image threshold on the basis of the graylevel 
values has been calculated and then the pixel has 
been recalibrated, however to make this 
methodology work the image is need to be checked 
around the threshold value and hence then the best 
segmented image is selected from the obtained 
results. However work done in this paper has also 
been tested over video as well. 

Results  

The methodology explained above has been tested 
with a simple image and in this paper, firstly input 
image has been taken and this image is converted 
into a grayscale image, and  calculate the average 
threshold of the image and by this process we can 
get segmented image, and in figure2 simply input 
image has been taken and input image is converted 
into gray scale image and calculate the average 
threshold and by this process image can be shows in 
binary form means that 0 of 1,and according to 
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fig.2(b) 0 shows background and 1 shows 
foreground, means that 0 shows black and 1 shows 
white. This can tested over the video files as well 
however the system requirements will be high in that 
case and can be expensive to implement, however 
the current system taken into account generates the 
results but in the form of frames and with 
subsequent time delay. 

 

Figure2: (a) Input Image 

 

Figure2: (b) Segmented Image 

Conclusion 

From this paper multiple postulates can  be made on 
the basis of the study of the previous work done, all 
the word done in the field of image segmentation is 
needed to be monitored manually there is no such 
method which can detect the objects with precision 
and without any database, which obviously takes 
time to get build. From the studied and explained 
papers in the above sections it can also be deduced 
that the functions designed for the image 
segmentation can be made to generate the output 
result more  quickly so as to enable them to work 
with the video files as well. 
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Introduction 

The industrial waste water from various industries 
like electroplating, semiconductor, glass and oil 
refineries etc. contains a very high concentration of 
different organic and inorganic chemicals. These 
toxic chemicals are very hazardous and have adverse 
effect on both the aquatic life as well as the 
terrestrial life.  

Fluorides are the hazardous inorganic pollutant 
widely found in underground water and industrial 
waste water. Although the low concentration of 
fluorides are healthy and safe but beyond the 
permissible limits its consumption is very dangerous. 
The permissible range of fluoride concentration in 
drinking water has been set as 0.5-1.5 mg/l by many 
organizations like CPCB, WHO and USEPA etc.1In 
India, around one million people are affected by 
indigenous fluorosis [1, 2].  

                                                            
1Corresponding Author’s Email: deepankar161293@gmail.com 

Fluoride is widely distributed on earth in many forms 
like fluoride minerals, in underground water, foods 
and tea leaves [3]. Fluoride dissolved into the 
groundwater due to the presence of fluoride 
minerals/rocks like fluorite, cryolite, phosphorite, 
fluorapatite, theorapatite etc. at the aquifer bottom 
[4]. Further, various industrial processes such as steel 
production, glass manufacturing, electroplating, 
phosphatic fertilizer production, ceramic industry and 
coal combustion etc. greatly contributed in 
increasing the fluoride contamination level in water. 
Thus the treatment of waste water is necessary 
before its discharge. At present, many technologies 
are available for the removal of fluoride from water 
such as co-precipitation, coagulation, ion exchange, 
adsorption, dialysis, electro-dialysis, reverse osmosis, 
membrane technologies etc.[5-11]. All these 
technologies have their indigenous advantages and 
disadvantages such as secondary sludge production, 
less efficiency and highly sensitized. In these 
methods adsorption is a most simple and attractive 
process due to its low cost and high efficiency. But 
now a day, biosorption techniques are found to be 

Abstract 

Fluorides are the major pollutants present in the effluents from various industries. These are highly 
toxic to living beings and have a hazardous effect on their health. Thus the removal of fluoride using 
biosorbents is a major step towards the protection of environment. Here we use Mosambi Peel as a 
biosorbents for fluoride removal from industrial waste water. The characterization of its surface has 
been done by using various techniques such as EDAX and scanning electron microscopy (SEM) 
analysis. The fluoride removal efficiency of mosambi peel was investigated by batch wise adsorption 
experiment. The kinetic parameters and constants has been computed from various kinetic models 
like pseudo first order, pseudo second order, Bangham’s model, intraparticle diffusion model and 
Elovich model. Adsorption of fluoride on to Mosambi Peel followed the pseudo second order rate 
equation. The effect of various important parameters on the % removal was studied to find the 
optimum condition for the maximum removal of fluorides. The parameters like contact time, 
adsorbent dose, initial fluoride concentration and pH were investigated. The optimum pH, initial 
concentration, adsorbent dose and contact time were found to be 7, 20 mg/l, 10g/l and 40 min. 
respectively for which there was maximum fluoride removal. 

Keywords: Mosambi peel, Biosorption, Elovich model, SEM, FTIR, Adsorbent dose 
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more simple and efficient due to their sludge free 
operation and regeneration potential. Biosorption 
techniques involve several easily available 
agricultural biosorbents like neem leaf, banana peel, 
coffee husk, groundnut shell, rice husk ash, khair leaf 
and peepal leaf etc. for the removal of toxic fluoride 
ions from waste water [12-15]. In most of the 
available literatures on the fluoride removal using 
various biosorbents, the fluoride concentration is 
between 1.5-5 mg/l available in groundwater at 
normal conditions. However in industrial waste water 
the fluoride concentration is higher [16] and its 
removal is become necessary to prevent its adverse 
effects on environment. Therefore, in this paper the 
fluoride removal potential of mosambi peel has been 
investigated. Here, the effect of various parameters 
on the percentage removal of fluoride has been 
studied and the sorption nature has been also 
determined in terms of kinetic models. 

Materials and Method 

Materials 

In the present experiment, all the chemicals used 
were of analytical grade and purchased from Fischer 
Scientific. Distilled water had been used for the 
preparation of stock solution and dilutions. Stock 
solution of 100 mg/l concentration of fluoride was 
prepared by dissolving 221mg of anhydrous sodium 
fluoride in one liter water [17]. 

Biosorbent Preparation 

Mosambi fruit peel was collected from the fruit stall 
located in the campus of Bundelkhand Institute of 
Engineering and Technology Jhansi UP, India. The 
mosambi peels were washed thoroughly with water 
for removing the dirt, dried and finally crushed. After 
drying and crushing its screening had been done 
through 150-mesh size and the remaining larger 
sizes are analyzed as such. 

Batch Adsorption Experiment 

In batch biosorption experiment , the 50 ml of 
sample having 20 mg/l of initial fluoride 
concentration had been taken in a conical flask of 
volume 100 ml containing 10 g/L bio-adsorbent 
having particle size of 150 µm, which was agitated at 
125 rpm [18,19]. After the agitation the conical flask 
was allowed to stand for 2 minutes for the settling of 
adsorbent. Similar experiment was carried out for 
determining the optimum conditions and to study 

the effect of pH, adsorbent dose, contact time and 
initial fluoride concentration. The ranges of operating 
parameters for these experiments are shown in 
table-1. 

Table 1: Ranges of operating parameters for various 
experiments 

Objective of 
experiment 

Operating parameters 

To study the effect of 
contact time on 
fluoride removal  

Adsorbent Dose:10g/L  

Room Temperature: 300C; 
Solution pH:7 

Initial Fluoride 
Concentration: 20mg/l 

Contact Time: 10, 20, 30, 40, 
50, 60, 70 min 

To study the effect of 
pH on fluoride 

removal 

Adsorbent Dose: 10g/L 

Room Temperature: 30 0C;  
Contact Time:40min; 

Initial Fluoride 
Concentration: 20mg/l 

pH: 3, 4, 5, 6, 7, 8, 9, 10, 11 

To study the effect of 
initial fluoride 

concentration on 
fluoride removal 

Adsorbent Dose: 10g/L; 
Contact Time: 40 min 

Room Temperature: 300C; 
Solution pH:7 

Initial Fluoride 
Concentration: 10, 20, 30, 

40, 50 mg/l 

To study the effect of 
adsorbent dose on 
fluoride removal 

Contact Time: 40 min; Room 
Temperature: 300C 

Solution pH: 7; Initial 
Fluoride Concentration: 20 

mg/l 

Adsorbent Dose: 2, 4, 6, 8, 
10, 12, 14, 16, 18, 20 g/L 

 

The concentration of fluoride qe (mg/g) adsorbed 
was calculated by using the following formula [30] – 
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Where, 

qe – the amount of fluoride adsorbed (mg/g) 

Ci – initial concentration of fluoride in solution (mg/l) 

Cf – residual concentration of fluoride in solution at 
equilibrium (mg/l) 

V –volume of the solution (L) 

W–weight of the adsorbent (g) 

 

The percentage removal of fluoride ion was 
calculated as follows -  
 

 

Where, 

Ci – initial concentration of fluoride in solution (mg/l) 

Cf – residual concentration of fluoride in solution at 
equilibrium (mg/l) 

Method of Analysis 

In each experiment, after the adsorption studies on 
the effects of various parameters such as contact 
time, pH, initial fluoride concentration and adsorbent 
dose, the sample solution was filtered through 
Whatman no. 42 filter paper and the filtrate was 
analyzed for determining the fluoride concentration 
through SPADNS [17] photometric method using 
UV–spectrophotometer at wavelength of 570nm. 

Spectrophotometric Method 

In this method, an indicator dye and a metallic 
compound such as iron, aluminium, zirconium, 
thorium, cerium or lanthanum reacts to form a 
colored complex having small dissociation constant. 
Further, fluoride reacts with this complex and forms a 
new complex. This transformation in the 
configuration of the complex results in the shifting of 

the surface assimilation spectrum relative to the 
fluoride-free reagent solution’s spectrum. This 
shifting can be observed by using a 
spectrophotometer. The commonly used dyes are 
Erichrome Cyanine R and SPADNS [trisodium 2-
(parasulfophenylazo)-1, 8-dihydroxy-3, 6- 
naphthalene disulfonate]. When the SPADNS dye is 
used, SPADNS reacts with zirconium ion to form a 
red colored complex. Further, fluoride reacts with this 
complex and discolors the red color of the complex. 
Now the variation in the absorbance can be 
determined by using a spectrophotometer. 

Formation of the SPADNS – ZrOCl2 complex 

 

Reaction of the complex with fluoride ions 

 

Results and Discussions 

Effect of pH 

pH is one of the important parameter that affects the 
biosorption of fluoride. Fig.1 shows the plot of the % 
fluoride removal against the varying pH range 3-11. 
The nature of the graph shows that the maximum 
adsorption of fluoride occurred at pH 5 and beyond 
the pH 5 the % fluoride removal was decreased due 
to the electrostatic repulsion between the mosambi 
peel surface and the negatively charged fluoride ion. 
The results of this study shows that the optimum pH 
is 7 which is sufficient for the biosorption of fluoride 
on the mosambi peel as between pH (7-11) there is 
not any significant difference between % removal of 
fluoride  (54.59 – 56.44 %). So we can optimize the 
other parameters at neutral pH i.e. pH 7. 
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Fig.1 Effect of pH on adsorption of fluoride on 
mosambi peel 

Effect of adsorbent Dose 

To study the effect of biosorbent dose, the 
experiments are performed at various doses of 
biosorbent lying between 2-20 g/L of fluoride 
solution with 100 mg/l initial concentration of 
fluoride. The % removal of fluoride has been 
increased with increasing quantity of biosorbent 
upto 10g/L and after that it decreases to some extent 
and then shows the almost same % removal 
efficiency for rest of the biosorbent doses as shown 
in Fig.2. This behavior has been shown because 
initially more active sites are available for the 
adsorption and after the optimum dose the active 
sites are saturated that results in decrease in the % 
removal of fluoride. The results of this study show 
that the optimum biosorbent dose of 10 g/L is 
sufficient for the biosorption of fluoride on the 
mosambi peel as between 10- 20 g/L the % removal 
of fluoride is almost same lying between (94.23 - 
93.37 %). 

 

Figure 2: Effect of biosorbent dose on adsorption of 
fluoride on mosambi peel 

Effect of contact time 

The study of the effect of contact time was 
conducted for determining the biosorption capacity 
of the mosambi peel by considering the time period 
for the agitation of the biosorbent at the solid-liquid 

interface. The amount of fluoride adsorbed qt (mg/g) 
at different contact times t (min) is plotted as shown 
in Fig.3. Initially there is a rapid increase in fluoride 
removal with increase in the agitation time but 
gradually it reaches to some constant values and 
after the 40 min. it attains the equilibrium state. This 
result may be shown due the presence of the more 
active sites initially and after the fluoride 
accumulation and the saturation of the sites it 
decreases and attains equilibrium. The results of this 
study show that the contact time of 40 min. is 
sufficient for the biosorption of fluoride on the 
mosambi peel. 

 

Figure 3: Effect of contact time on adsorption of 
fluoride on mosambi peel 

Effect of Initial Fluoride concentration 

In the analysis of the effect of initial fluoride 
concentration, a graph of % fluoride removal had 
been plotted against the varying initial fluoride 
concentration between 20-60 mg/l as shown in Fig.4. 
From the graph it was found that % fluoride removal 
efficiency decreases with increase in initial fluoride 
concentration. This was due to the saturated binding 
capacity of the biosorbent. Because when the 
adsorbate concentration was increased, beyond the 
certain concentration the binding capacity of the 
adsorbent reaches to saturation resulting in the 
decrease in the % fluoride removal. The optimum 
initial fluoride concentration is 20 mg/l which shows 
the maximum removal efficiency of 93.14 %. 

 

Figure 4: Effect of Initial Fluoride concentration on 
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adsorption of fluoride on mosambi peel 

Adsorption Kinetic Studies 

Kinetic models are applied for determining the rate 
of adsorption process as well as for measuring the 
potential of the rate controlling step. The squared 
sums of errors (SSE) values were used for finding 
the best kinetic model for describing the sorption 
mechanism of fluoride. According to this, the model 
that has the lowest SSE value is the best model for 
that particular system [20, 21]. The SSE values of the 
models were calculated by using the following 
equation – 

 

Where, 

qeexpt – the experimental sorption capacity of 
fluoride (mg/g) at equilibrium 

qecal  – the sorption capacity of fluoride calculated by 
using the kinetic model 

In general, the liquid-solid adsorption mechanism is 
governed by the intra-particle diffusion, film 
diffusion and mass action. But for kinetic studies, the 
mass action can be neglected as it plays a vital role in 
physical adsorption. Thus the adsorption kinetics for 
liquid-solid adsorption is always controlled by the 
diffusion processes i.e. either intraparticle diffusion 
or film diffusion is a rate limiting step [22]. 

The rate of the adsorption and kinetics of fluoride 
onto mosambi peel was determined by using the five 
simple kinetic models namely pseudo first-order, 
pseudo second-order, Weber and Morris intra-
particle diffusion model, Bangham’s pore diffusion 
model and Elovich equations. And by using the SSE 
value we would find the best fitted model.  

Pseudo first order model 

The Lagergren’s pseudo first order rate equation is 
widely used to describe the adsorption of adsorbate 
from the liquid phase to solid phase [23, 24]. The 
linear form of Lagergren’s pseudo first-order rate 
equation is given as follows – 

 

Where, 

qe - the amount of fluoride adsorbed on adsorbent 
(mg/g) at equilibrium 

qt - the amount of fluoride adsorbed on adsorbent 
(mg/g) at time t (min.) 

k1- the rate constant of pseudo first-order kinetics 

A graph has been plotted for  against the 
varying time (t) as shown in Fig.5 which represents 
the linearized form of the adsorption of fluoride by 
mosambi peel. The correlation coefficient was found 
to be 0.9984 which indicates applicability of the 
model in the kinetic studies.  The values of the rate 
constant (K1) and qe(cal.) can be determined by using 
the slope and the intercept of the graph as shown in 
Table 1. 

 

Figure 5: Pseudo First Order Kinetic modeling of 
adsorption of fluoride by Mosambi Peel 

Pseudo second order model 

Pseudo second order model can also be used for 
describing the adsorption kinetics for which the 
following equation can be used   [25] – 

 

Where, 

qe - the amount of fluoride adsorbed on adsorbent 
(mg/g) at equilibrium 

qt - the amount of fluoride adsorbed on adsorbent 
(mg/g) at time t (min.) 

k2 - the rate constant of pseudo second-order 
kinetics 

The plot between t/qt versus t for the mosambi peel 
adsorbent was found to be linear as shown in Fig.6 
having the value of correlation co-efficient (R2) to be 
0.9993 which is higher than that of pseudo first-
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order model. The values of the rate constant (K2) and 
qe(cal.)  were found by determining the slope and 
intercept of the corresponding plot which are shown 
in Table1. 

 

Figure 6: Pseudo Second Order Kinetic modeling of 
adsorption of fluoride by Mosambi Peel 

Elovich Equation 

Elovich equation is widely used for describing the 
adsorption kinetics for the chemisorption. It states 
that the diffusion processes are rate limiting step in 
chemical adsorption [26, 27]. The Elovich equation is 
given as follows [28] : 

 

Where, α is the initial sorption rate (mg/g min) and β 
is the related to extent of surface coverage and 
activation energy for chemisorption. These constants 
can be calculated from the intercept and the slope of 
the straight line plot respectively. 

When a graph of qt versus ln t was plotted as shown 
in fig.7, it was found to be well fitted with the Elovich 
equation having the high correlation coefficient 
(0.9588). This shows that the rate limiting step is 
solely controlled by diffusion processes [29]. It may 
be the film diffusion or pore diffusion which governs 
the rate of fluoride adsorption onto mosambi peel. 

 

Figure 7. Elovich Equation plots of Mosambi peel 

Intra particle diffusion 

Intra particle diffusion model has been widely used 
for determining the rate of adsorption that can be 
used for analyzing the rate controlling step. In 
general, the intra particle diffusion can be explained 
by using the Weber-Morris equation [30] which is as 
follows – 

 

Where, 

C – The intercept 

Kip – the intra particle diffusion rate constant 

According to this equation, the Weber-Morris plot 
of qt versus t

1/2 should be a straight line which 
shows that the intra-particle diffusion process is 
involved in the adsorption of fluoride. But the intra 
particle diffusion process is the rate limiting step 
only when the plot passes through the origin. 
However this is not always possible which shows 
that different kinetic models control the rate 
limiting step and these models operate 
simultaneously.  

In fig.8, the Weber-Morris plot for mosambi peel is 
not passing through the origin which shows that at 
the initial stage, the kinetics of fluoride adsorption is 
governed by the film diffusion process and at the 
later stage, intra-particle transport of fluoride ions 
into the pores controlled by pore diffusion [31]. 

 

Fig 8: Intra particle diffusion plot for adsorption on 
Mosambi peel 

Bangham’s model 

Since the intra particle diffusion process is not the 
rate limiting step for the fluoride adsorption thus for 
finding whether the pore diffusion is rate limiting 
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step or not we analyze the Bangham’s Model. Thus 
the equation of Bangham’s model is as follows [32]–  
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Where Ci is the Initial concentration of adsorbate in 
the solution (mg/l), m is the mass of the adsorbent 
(g/l), V is the volume of solution (ml), K0 is the rate 
constant, qt is the amount of the adsorbate adsorbed 
at time t (mg/g). 
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versus log t as shown in fig.9. The graph was found 
to be linear having correlation coefficient (0.9854) 

approaching to 1 which indicates that the kinetic 
data is best fitted with Bangham’s model and the 
adsorption kinetic is controlled by pore diffusion 
only. 

 

Figure 9: Bangham’s Model plot of Mosambi peel

 

Table1: SSE values and various kinetic parameters for all the kinetic models 

 

  

Pseudo first order model 

Name of adsorbent K1 (min.-1) qe(expt) (mg/g) qe(cal) (mg/g) R2 SSE 

Mosambi peel 0.3146 1.915 0.6221 0.9984 0.4558 

Pseudo second order model 

Name of adsorbent K2 (min.-1) qe(expt) (mg/g) qe(cal) (mg/g) R2 SSE 

Mosambi peel 0.5499 1.915 1.732 0.9993 0.0091 

Elovich equation model 

Name of adsorbent β qe(expt)(mg/g) qe(cal)(mg/g) R2 α SSE 

Mosambi peel 0.0873 1.915 0.4708 0.9588 1.547 0.5687 

Intra particle diffusion model 

Name of adsorbent 
Kip 

(mg/g.min.-0.5) 
qe(expt)(mg/g) qe(cal)(mg/g) R2 SSE 

Mosambi peel 0.0206 1.915 1.251 0.8639 0.1202 

Bangham’s model 

Name of adsorbent K0 qe(expt)(mg/g) qe(cal)(mg/g) R2 α SSE 

Mosambi peel 0.039 1.915 1.806 0.9854 0.002 0.0032 
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Biosorbent Characterization 

SEM 

The surface morphological characteristics of the 
mosambi peel were examined by SEM. Fig. 10(a) and 
10(b) shows the surface of the mosambi peel before 
and after the adsorption the fluoride. From these 
figures we found that the surface of the mosambi 
peel was very irregular and porous. This porosity of 
the surface is mainly responsible for the adsorbance 
capacity of the mosambi peel. 

 

Figure 10: SEM image of Mosambi Peel  (a) Before 
Adsorbtion and (b) After Adsorbtion 

EDAX 

EDAX analysis was carried out for the 
characterization of the Mosambi peel’s surface 
before and after adsorption as shown in Fig 11(a) 
and 11(b). It is evident from the figures that the 

elements such as oxygen, carbon and a small amount 
of potassium etc. except fluoride were present in the 
adsorbent initially but after the adsorption of the 
fluoride it was found that about 0.71 wt % of fluoride 
was present on the adsorbent surface. This result 
confirms the adsorption of fluoride by the mosambi 
peel. 

 

Element Weight % Atomic %  Net Int. Error %
 

C K  45.23 53.28 55.4 7.89 

O K  51.07 45.16 55.46 11.31 

AlK  1.43 0.75 5.43 36.15 

K K  0.58 0.21 1.36 67.85 

CaK  1.69 0.6 3.22 61.77 

 

 

Element Weight % Atomic % Net Int. Error % 
 

C K  44.04 52.34 50.97 7.91 

O K  50.98 45.48 50.54 11.5 

F K  0.71 0.53 0.56 91.93 

AlK  0.69 0.36 2.41 67.36 

K K  0.2 0.07 0.45 78.32 

CaK  3.38 1.2 5.97 27.42 

 

Figure 11: EDAX spectra for Mosambi peel (a) Before 
Adsorption and (b) after adsorption 
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Conclusion 

The present study states that mosambi peel has a 
considerable potential for the removal of fluoride 
from the waste water at low cost. The SEM analysis 
showed that surface porosity was solely responsible 
for the uptake capacity of the mosambi peel and 
fluoride removal was evident through EDAX. The rate 
of adsorption is best explained by pseudo second 
order model having high correlation coefficient 
(0.9993). The kinetic data was best fitted with 
Bangham’s model with good correlation coefficient 
(0.9854) which shows that the adsorption mechanism 
is controlled by pore diffusion process. It was also 
found that the removal efficiency of mosambi peel is 
affected by the pH, contact time, initial fluoride 
concentration and adsorbent dose. At optimum 
conditions, the value of these parameters was 7, 40 
minute, 20 mg/l and 10g/L respectively for which the 
removal efficiency was maximum i.e. 94.23%. Thus 
the use of mosambi peel as a low cost biosorbent for 
the fluoride removal was proved to be economic 
feasible in the treatment of industrial waste water.  
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Introduction 

Now a day’s major percentage of the electricity 
generation is contributed by generation through 
Coal, Diesel, Hydro, Nuclear sources of energy. The 
use of such fuel as a primary source of power 
generation produce very dangerous situation in 
environment. Hybrid solar & micro wind turbines 
consist of the small solar panel & micro wind size 
wind turbine as compare to the large centralized 
wind turbine. Working principle of the Wind turbines 
is to convert the kinetic energy of the wind firstly first 
into rotational kinetic energy in the turbine and then 
this rotational energy has been converted to the 
electrical energy via the generator or alternator that 
can be supplied, via the national grid, for any 
purpose. The energy which available in the wind and 
solar for conversion primarily depends on the wind 
velocity, swept area of the turbine & solar radiation. 
1When planning to establish a wind farm or solar 
farm its very important to know the 
probable/expected power and energy output of solar 
                                                            
1Corresponding Author’s Email: khetan2013@gmail.com 

panel and each wind turbine to be able to determine 
its economic feasibility. 

Material and Methodology 

The Word ‘hybrid’ stand for the combination of two 
dissimilar things, in other word we can say that some 
things which made by the use of two different thing. 
Just like in the energy system, two or more different 
sources of the energy are combined and used to 
generate/produced the electricity. Hybrid energy 
system is the combination of two energy sources 
such as solar and wind, solar and diesel, wind and 
hydro or wind and diesel. In other word it can also be 
defined as “Energy system which is fabricated or 
designed to produce power with the help of two 
energy sources is called as the hybrid energy 
system.” The main advantages of the hybrid energy 
system (solar and wind power) has good reliability, 
effective, efficient, no emission, and lower cost. 

In this proposed system solar and micro wind turbine 
is design and fabricated to generate the power 
simultaneously. Solar energy and wind energy has 
more advantageous than any other non-

Abstract 

This paper is concerning to designing of the micro hybrid system using solar energy and wind energy 
simultaneously. Now a day’s electricity is most required facility for the human being. All the 
conventional energy resources are reducing day by day. So we have to move from conventional to 
non-conventional energy resources. In this research paper the combination of two energy resources 
such as i.e. solar and wind energy. The paper defines the design and fabrication of the hybrid solar 
and micro wind turbine. Solar PV cell and micro wind turbine have a great potential. In this research 
paper hybrid system we have discuss the design and fabrication of such a system. Hybrid system is 
simplified design, effectual power production as there is no gear box in the turbine, easiness in the 
installation, and maintenance coat is low. A hybrid system is design for the generation of power up to 
40 W. There are 24 horizontal axis wind turbine in vertical plane is fabricated along with the 10 Solar 
PV cell of 3.2 W (Max Power). Designing parameter is evaluated and discuss in this research. Various 
parameter are discusses which affect the efficiency of the both solar PV cell and micro wind turbine. 

Keywords- PV array, micro wind turbine, swept area, solidity, coefficient of performance (Cp), power 
consumption demand, Efficiency, design and fabrication. 
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conventional energy sources. Both the energy 
sources are available in ample amount in all the 
areas. Thus there is no need to search special 
location to establish the hybrid system. 

Solar Energy 

Radiation of the sun is responsible for the generation 
of the solar energy. On earth, solar energy is present 
continuously and in abundant quantity. The main 
benefit is that Solar energy is freely available and it is 
renewable source of energy. It doesn’t emit any 
harmful gases that mean it is pollution free. Only one 
problem is associate the with the solar system is that 
it is not capable to produce any output power in bad 
weather condition. Efficiency the of the solar energy 
are very high than any other sources of energy. Life 
of the solar panel is also very long. Photovoltaic cell 
is engaged to convert the incident sun radiation in to 
the electrical energy. PV cells are semiconductor 
device. 

Photovoltaic systems (PV system) incorporate with 
the series of the solar panels. Solar panels works as 
converter of the energy from solar to electrical. Solar 
energy system is composed of  one or more than 
one solar panels, it also include the controller or 
power converter, battery charger and the 
interconnections system and mounting for the other 
components used in the solar energy system. 

Wind Energy 

Wind energy is renewable energy sources. Wind is an 
indirect solar energy source. Wind energy is the 
energy which is taken out from wind. For pulling out 
the energy from the wind we need wind turbine. Cost 
of generation of electricity from the wind energy is 
slightly higher than the solar energy. Maintenance 
cost is also less for wind energy system. The main 
advantage of wind energy is that it present nearly 24 
hours of the day. There is no emission product 
during the generating power. Generation of 
electricity from wind is function of the speed of wind 
speed. The main limitation of using renewable 
energy resources are that unavailability of power for 
all time because solar and wind doesn’t available 
whole a day. 

The objective of this project is to design the system 
such that it will operates at minimum wind velocity. 
There are 24 micro wind turbines are used to 
generate power and each micro wind turbine have 3 

generator which is connected in series through the 
bridge rectifier.  

Micro wind turbines works as similar to the 
centralized wind turbines. It also equipped with the 
self starting with the help of the wind velocity. Micro 
wind turbine are arrange in horizontal axis in the 
vertical plane. 

Calculation and Tables 

For the designing of the hybrid energy system there 
are so many kind of relative data are required to 
accurate design the system. Data such as Power 
consumption demand, Duration of the sun shine 
where PV cells is going to install, Mean solar intensity 
(W/m2) of the area, wind velocity, height and 
elevation of the area for which the system is design. 

Steps Involved in the designing of the hybrid system 
are as follow: 

1. First evaluate the power consumption demand 
for the load that needs to be supplied by the hybrid 
system. 
2. Next is to divide the total power demand for the 
solar PV array and wind turbine. 
3. After that solar PV array and Wind turbine were 
design separately according to the power demand 
from the each system. 

 

Figure 1: Systematic diagram for Hybrid Solar & 
Micro Wind Power Generator 

Design Calculation 
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1. Selection of Generator on the basis of  Design 
Calculation 

The main target for the micro wind turbine to 
generate power average 15 W. All the design and 
fabrication is done on the basis of power generation 
target. 

For Series Configuration, Maximum power we get is 
0.7 W from single Turbine At different speed is as 
follow. 

Table 1: Power generated in series configuration 

Voltage (V) 2 3 8 10 

Current (A) .015 .017 .045 .07 

Power (W) .03 .051 .36 .70 

Velocity of wind (m/s) 2 4 5.5 7 

 

For Parallel Configuration, Maximum power we get is 
0.375W from the single turbine is as follow. 

Table 2: Power generated in Parallel configuration 

Voltage (V) .3 .5 1.5 2 

Current (A) .01 .05 .09 .11 

Power .003 .025 .135 .22 

Velocity of wind (m/s) 2 4 5.5 7 

 

 

Figure 2: Graph of Voltage, Current & Power 
obtained in series configuration while increasing the 
velocity of wind 

 

Figure 3: Graph of Voltage, Current & Power 
obtained in parallel configuration while increasing 
the velocity of wind 

After doing a lot of experiments in connecting these 
generators into different combination best result are 
observed into the series combination. So we have 
design the generator into the series configuration. 
After connecting the generator, a bridge rectifier is 
connected to the each generator unit to fix the 
polarization of the current and to avoid the back flow 
of current in to generator. Each turbine has 3 
generators, turbine is coupled to the main generator 
and next two generators get the driving power from 
the main generator with help of rope and pulley 
drive mechanism. Thus after calculation we get 16.8 
W Power from 24 Micro Wind turbines at the wind 
speed of 7 m/s. 

2. Design of Micro Wind Turnbine Blade 

The blades of the turbine play a critical role in the 
efficiency of the turbine and hence it is considered as 
a strategic component. Mostly multiple blades are 
used over the turbine in order to achieve the 
optimum efficiency in the various wind speed. Here 
we used 6 blade high speed fan which has the 
capability to gives the better  output results. 

Specification of the turbine fan are as follow 

No. of Turbine blade  : 6 blades 

No. of Fan used   : 24 fans 

Diameter of the turbine fan : 23 cm 
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Diameter of Hub  : 8 cm 

Swept Area of blade  :  

 

 

 

Where, 

P = Power in watts   

ρ = Air density (about 1.225 kg/m3 at sea level, less 
higher up)  

A = Rotor swept area, exposed to the wind (m2) 

Cp = Coefficient of performance (.59 Betz limit is the 
maximum theoretically possible,.35 for a good 
design) [4] 

V = wind speed in m/s 

 = Generator efficiency (50% for car alternator, 
80% or possibly more for a permanent magnet 
generator or grid-connected induction generator) [4] 

 = Gearbox/bearings efficiency (depends, could be 
as high as 95% if good)[4] 

Table 3: Coefficient of performance at different 
speed 

Wind 
Speed 
(m/s) 

Power 
generated 
from the 24 
Turbine (W) 

Theoretical 
power 
through 24 
turbine (W) 

Coefficient 
of 
performance 

2 0.72 1.95 0.36 

4 1.22 15.66 0.07 

5.5 8.64 40.72 0.21 

7 16.8 83.96 0.20 

 

Two important parameters in the design of the wind 
turbine rotor are the axial thrust which act as along 
the direction of the wind flow and other is 
circumferential force acting along the rotation of the 
wheel which provides the torque. 

Thrust and torque on the turbine rotor 

The axial force acting on the turbine rotor is given 
by: 

 

 

Table 4: Thrust force on the blade 

Wind Speed (m/s) Thrust Force (N) 

2 0.086 

4 0.345 

5.5 0.653 

7 1.057 

 

 

Figure 4: Graph between Winds Speed V/s Thrust 
force on the blade 

Torque on the turbine rotor 

The torque on the surface is given by: 

 

 

Table 5: Torque Generated on the blade 

Wind Speed (m/s) Torque Generated (N-m) 

2 0.009 

4 0.039 

5.5 0.075 
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7 0.121 

 

 

Figure 5: Graph between Wind Speed V/s Torque 
generated 

Solidity (σ) 
 
It is important factor for designing the turbine. It is 
ratio of blade area to the circumference of rotor. 

 

 

 

n  is the number of the blades used, b is the width of 
the blade and D is the diameter of the blade. 

Swept Area 
 
The swept area refers to the area of the circle created 
by the blades as they sweep through the air. To find 
the swept area, use the same equation you would 
use to find the area of a circle can be found by 
following equation: 

 

 
 

 
 

Design Calculation for the Solar PV Cell 

There are different factor for the designing of the 
solar PV modules. Some of the important parameter 
is discuss below which are as follow: 

Determine power consumption demands 

The first step in designing a solar PV system is to find 
out the total power and energy consumption of all 
loads that need to be supplied by the solar PV 
system as follows: 

1. Calculate total Watt-hours per day for each 
appliance used. 

2. Calculate total Watt-hours per day needed from 
the PV modules 

Determine the Size the PV modules 

Different size of PV modules will produce different 
amount of power. To find out the sizing of PV 
module, the total peak watt produced needs. The 
peak watt produced depends on size of the PV 
module and climate condition of the site location. 
We have design the solar system such that we have 
to generate the power 25 W through the solar cell. 

Determine power consumption demands 

Total power needs  = (25 W x 8 hours) 

    = 200 W/day 

Total PV panels energy needed  = 200 x 1.3 

    = 260 W/day. 

1.3 is multiplication factor (the energy lost in the 
system) 

Determine the Size the PV panel 

Number of PV panels needed = 260 / 3.2 × 8 

    = 10 Module 

Minimum requirement = 10 modules to generate the 
maximum power 260 Wh/day. 

So this system should be powered by at least 10 
modules of PV cell 3.2 W. 

Designing Solar Charge Controller 

Sizing 

The charge controller is normally rated capacity that 
it can withstand for the Amperage and Voltage.  It 
kept in mind that the charge controller has sufficient 
capacity to handle the current from PV array and 
wind turbine. 
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According to standard practice, the sizing of  charge 
controller is to take the Short Circuit current (Isc) of 
the PV array, and multiply it by 1.3 

Charge controller rating  

= Total short circuit current of PV array and  wind 
turbine x 1.3 

= (1.8 A for solar + 1.5 A for wind) ×1.3 

= 3.9 A 

Thus for the system we have to design such a charge 
controller which can easily withstand for the above 
current capacity. 

Measuring Photo Voltaic Efficiency 

Efficiency of the photovoltaic solar cell is calculated 
by the capability of a panel to transform the available 
sunlight into usable energy for human consumption. 

The maximum efficiency of a solar photovoltaic panel 
is determined by the following equation: 

 

Area of 10 sets of Collector        =      0.25 m2 

 

Table 6: Calculation of the Efficiency of the Solar 
Plate as per data of 8th Sept 2015 

TIME Solar 
Volta
ge (V) 

Solar 
Curren
t (A) 

Solar 
Power 
(W) 

Solar 
Radiatio
n W/m2 

Efficie
ncy 
(η) 

10:00 18.70 1.34 25.06 830 12.08 

11:00 18.60 1.35 25.11 890 11.29 

11:30 19.30 1.46 28.18 940 11.99 

12:00 19.40 1.58 30.65 1070 11.46 

12:30 19.00 1.50 28.50 1130 10.09 

13:00 19.50 1.58 30.81 1140 10.81 

13:30 18.40 1.43 26.31 810 12.99 

14:00 18.50 1.53 28.31 940 12.04 

14:30 18.90 1.52 28.73 1040 11.05 

15:00 18.40 0.80 14.72 550 10.71 

15:30 18.40 1.04 19.14 640 11.96 

16:00 18.58 1.07 19.88 680 11.69 

 

Hence the Efficiency of the solar plate for the design 
system is 11.50%. 

Proposed Formulation 

The total power flowing through the system, in 
addition to the flow of energy generated from solar 
PV panels and wind turbines can be calculated as. 

 Mathematically equations for the calculation are: 

P= Nwind × Pwind + Nsolar × PSolar 

Where,  

P is the total power generated. 

Pwind is the electrical energy produced by the wind. 

PSolar is the electrical energy produced by the wind. 

Nwind is the number of micro wind turbine. 

Nsolar is the number of solar panels used. 

Calculations for wind energy  

The energy generated by micro wind turbine is given 
by,  

PW= ½. ρ (AW) (V)3 

Where,  

PW is power in watts. 

ρ is the density of air in kg/m³. 

Aw is the swept area in m². 

V is the velocity of  wind speed in m/s. 

Calculations for solar energy  

To estimate the size of Solar PV modules, the needed 
energy consumption must be estimated. Therefore, 
the power is calculated as: 

PS= Ins (t) × AS× ηPV 

Where, 
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Ins (t) = isolation at time t (kw/ m2). 

AS = area of single PV panel (m2). 

ηPV = overall efficiency of the Solar PV panels and 
dc/dc converters.  

Overall efficiency is given by,  

ηPV = Rannual * P.R. 

Where,  

Rannual = Annual average solar radiation on tilted 
panels 

P.R. = Performance ratio, coefficient for losses. 

 
Fabrication 
 
Fabrication of Rotary Foundation 

Dimension of Areas is as follow 

1. Area required to a single micro turbine is : 25 cm 
× 28cm (side clearance is included) 
2. Thus length required for the micro wind turbine 
is (25cm × 6cm) 150cm of breadth. 
3. Thus height required for the micro wind turbine 
is (28cm × 4cm) 112cm of height. 
4. Area for the wind turbine in the foundation is 
1.50 m × 112 m. 
 

 

Figure 6: Dimension are show with help of figure 

 

Figure 7: Line diagram with dimension are show with 
help of figure 

Fabrication of Stationary Foundation Base 

Material of Stationary base is mild steel. Base is given 
to stable the panel over it. Stationary base is fixed to 
the ground through nuts & bolts. Rotary part of the 
Foundation is attached over it. As shown in the figure 
that a wheel having teeth are coupled to the 
stationary base with the help of the bearing.  

 

Figure 8: Line diagram and dimension of Base 
foundation (Dimension in meter) 
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Figure 9: Fabrication of the motor and the wheel 
along with the gear drive 

Experimental Setup and Observation 

This experiment was conducted in the energy lab of 
ISBM building, Suresh Gyan Vihar University, Jaipur 
Rajasthan.  It is assume that the density of air is 1.17 
kg/m3. The reading interval for this experiment was 
taken 30 minutes i.e. after each interval of 3 minutes 
reading was taken with the help of different 
equipment. The experiments were conducted in 
order to determine the power generated from the 
hybrid solar and micro wind turbine at different wind 
speed and different solar radiation. We use 
anemometer to measure the speed of the wind. 
Complete experiment is taken at the 4th floor 
approximately at the height of 25 m from the 
ground. 

 

Figure 10: Experimental setup of hybrid solar and 
micro wind generator 

After fabrication and designing of the system, 
following reading where taken for both the solar and 
micro wind turbine is as follow: 

Table 7 (A): Data of solar voltage, current, power and 
solar radiation 

TIME Solar 
Voltage 
(V) 

Solar 
Current 
(A) 

Solar 
Power 
(W) 

Solar 
Radiation 

10:00 18.70 1.34 25.06 830 

11:00 18.60 1.35 25.11 890 

11:30 19.30 1.46 28.18 940 

12:00 19.40 1.58 30.65 1070 

12:30 19.00 1.50 28.50 1130 

13:00 19.50 1.58 30.81 1140 

13:30 18.40 1.43 26.31 810 

14:00 18.50 1.53 28.31 940 

14:30 18.90 1.52 28.73 1040 

15:00 18.40 0.80 14.72 300 

15:30 18.40 1.04 19.14 640 

16:00 18.58 1.07 19.88 680 

 

Table 7 (B): Data of wind voltage, current, power and 
solar radiation 

TIME Wind 
Voltage 
(V) 

Wind 
Current 
(A) 

Wind 
Power 
(W) 

Wind 
Speed 
(m/s) 

10:00 17.50 0.93 16.28 3.60 

11:00 18.70 0.95 17.77 4.10 

11:30 17.90 0.90 16.11 3.50 

12:00 17.40 0.98 17.05 5.10 

12:30 15.00 0.70 10.50 3.40 

13:00 6.20 0.21 1.30 3.80 

13:30 9.80 0.31 3.04 3.40 

14:00 0.00 0.00 0.00 3.10 
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14:30 0.00 0.00 0.00 6.50 

15:00 0.00 0.00 0.00 3.90 

15:30 8.05 0.10 0.81 2.10 

16:00 16.50 0.91 15.02 2.80 

 
Conclusion 

As per the above data, while designing of a solar and 
micro wind generator, we determine the various 
deciding factor for the designing of the hybrid power 
generator. Above data were recorded at equal 
interval of time and calculated to find out the desire 
results for the design of the hybrid system. Thus we 
have come to the point that design for the hybrid 
solar and micro wind power generator is validated. 

Hybrid power generation system is interesting and 
efficient answer for power generation than 
conventional energy resources. It has obviously 
greater efficiency. Hybrid system can be used to 
remote areas where the transmission of the power 
through grid is not possible or it unable to reach. 
Another benefit for using such a system is that 
generated power can be used at the same place 
without the investing the extra cost for the 
transmission of power, and it will also minimize the 
losses due to transmission. 

Recommendation and Future Work 

We recommend that to increase the efficiency of the 
system there is a lot of thing to do in this research. 
Some of the recommendation is given below: 

1. Integration of such a technique to control the 
pitch angle of the turbine blade will increase the 
overall efficiency of the system. 
2. You may also develop such a tracking system for 
the wind turbine with doesn’t consume the power to 
track the system. 
3. Economic and technical analysis of system 
should be done. 

This combination of renewal Energy source will be 
highly efficient in all places, mainly in commercial 
areas where the need of electricity is much more. It 
doesn't have no effect on environment i.e. free from 
pollution, at the same time any kind of accident is 
not possible due to lightning. Renewable energy 
source is also beneficial to minimize power supply 
load. With the use this project we can reduce 

electricity charges. It require very less maintenance 
charge during fault. The designing of this system is 
done in such a way that it is very rigid and acts as 
user friendly equipment. When it is manufactured in 
a mass production, cost of this hybrid power 
generator is affordable.  
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Introduction 

Food security is a condition related to the supply of 
food, and individuals' access to it. Concerns over 
food security have existed throughout history. There 
is evidence of granaries being in use over 10,000 
years ago, with central authorities in civilizations 
including Ancient China and Ancient Egypt being 
known to release food from storage in times of 
famine. At the 1974 World Food Conference the term 
"food security" was defined with an emphasis on 

supply. Food security, they said, is the "availability at 
all times of adequate world food supplies of basic 
foodstuffs to sustain a steady expansion of food 
consumption and to offset fluctuations in production 
and prices".Later definitions added demand and 
access issues to the definition. The final report of the 
1996 World Food Summit states that food security 
"exists when all people, at all times, have physical 
and economic access to sufficient, safe and nutritious 
food to meet their dietary needs and food 
preferences for an active and healthy life."

 

Abstract 

Food security is a challenge for India. Food security has a great relation with agriculture. India is a net 
agricultural exporter, particularly of milk, fruits and vegetables, and cereals. However, food security is 
affected by climate change and declining water resources on agriculture output. Economic access to food 
by about a fourth of the population living below the poverty line is a very big problem in India, despite 
impressive economic growth in the recent years. Food security is assured by increasing agriculture 
productivity in India. 
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Food security is considered as a major issue since 
1970s, with the World Food crisis of 1972-74 and has 
been a topic of considerable attention since then. 
The concept of food security would have more 
meaning if it is understood in line with the legal 
commitments of the United Nations: the Universal 
Declaration of Human Rights (1948), which accepts 
the "right to adequate standard of living," including 
food; the International Covenant on Economic, 
Social, and Cultural Rights (1966), which ensures "an 
equitable distribution of world food supplies in 
relation to need"; and the Universal Declaration on 
the Eradication of Hunger and Malnutrition (1974), 
which declares that "every man, woman, and child 
has an inalienable right to be free from hunger and 
malnutrition." Member countries accepted these 
declarations, responding to food needs of other 
countries has been left to the discretion of individual 
surplus-producing countries and the UN has no 
power to enforce such declarations.  

Therefore, a global concept of food security does not 
guarantee food security at either the household or 
the national level. The concept of Food Security has 
been evolving over the last decades with 
academicians, policy makers and the NGO an activist 
contributing substantially to the debates on what 
constitutes food security, the determinants of food 
security and how it can be ensured at the global, 
regional, national, state, household and the 
individual levels. The World Food Conference of 
1974, which was organized in the wake of the world 
food crisis of 1972-74, was largely concerned with 
world food security wherein it was recognized that it 
was the common responsibility of all the nations and 
that international approaches were needed to 
achieve the improved world food security. 

Similarly, the International Conference on Population 
and Development (1994) highlighted the linkage 
between the population and the need to evolve 
global measures to satisfy the growing food needs. 

Research Methodology 

The study analyses the available secondary 
information and literature on food security and 
agriculture in India. Research Methodology is partly 
descriptive, partly exploratory and partly casual. For 
this study information has been collected with the 
help of books, magazines, research articles and 
reports. 

Aim of Study 

1. Study of food security and agriculture in India. 
2. Study of the new trends in food security. 
 

Pillars of Food Security 

The WHO states that there are three pillars that 
determine food security: food availability, food 
access, and food use. The FAO adds a fourth pillar: 
the stability of the first three dimensions of food 
security over time. In 2009, the World Summit on 
Food Security stated that the "four pillars of food 
security are availability, access, utilization, and 
stability" 

1-Avialablity                           

2-Access 

3-Utilization 

4-Stablity 

Food Security and Agricultural Productivity 

The net impact of food security will depend on the 
many causes mainly global environmental change 
and the capacity to cope with and recover from 
global environmental change. On a global level, 
increasingly unpredictable weather patterns will lead 
to fall in agricultural production and higher food 
prices, leading to food insecurity.  

This impact of climate change has significant 
consequences for agricultural productivity and trade 
of developing countries as well as an increased risk 
of hunger. The number of people suffering from 
hunger has increased from under 800 million in 1996 
to over 1 billion recently. United Nations population 
data and projections (UN 2009) show the global 
population reaching 9.1 billion by 2050, an increase 
of 32 per cent from 2010. The world’s population is 
expected to grow by 2.2 billion in the next 40 years 
to 2050, and a significant part of the additional 
population will be in countries that have difficulties 
to get food.. Preliminary estimates for the period up 
to 2080 suggest a decline of some 15–30 per cent of 
agricultural productivity in the most climate-change-
exposed developing countries. 

Even the IPCC, says 0.5°C rise in winter temperature 
would reduce wheat yield by 0.45 tons per hectare in 
India. Rice and wheat have a total share in total food 
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grain production in India. Any change in rice and 
wheat yields may have a significant impact on food 
security of the country and other crops will also 
affected by climate change. 

 

Climate-Smart Agriculture 

Smart Climate agriculture is a new trend. FAO 
(2010a) discusses strategies needed for climate-
smart agriculture. It is defined as agriculture that 
sustainably increases productivity, resilience 
(adaptation), reduces/removes GHGs (mitigation), 
and enhances achievement of national food security 
and development goals.    

It provides examples of climate-smart production 
systems such as soil and nutrient management, water 
harvesting and use, pest and disease control, resilient 
eco systems, genetic resources etc. It also discusses 
about efficient, harvesting, processing and supply 
chains. Efficient harvesting and early processing can 
reduce post-harvest losses and preserves food 
quantity, quality and nutritional value of the product 
(FAO, 2010a). This approach also ensures better use 
of co-products and by-producers, either as feed for 
livestock, to produce renewable energy in integrated 
systems or to improve soil fertility.   

The report says that ‗there is a need for policies, 
infrastructures and considerable investments to build 
the financial and technical capacity of farmers 
(especially small holders) to enable them to adopt 
climate-smart practices that could generate 
economic rural growth and ensure food security‖ 
(p.4, FAO, 2010a).   

The study provides the following messages for 
climate-smart agriculture.  Agriculture in developing 
countries must undergo a significant transformation 
in order to meet the related challenges of food 
security and climate change.  Effective climate-smart 
practices already exist and could be implemented in 
developing country agricultural systems. Adopting an 
ecosystem approach, working at landscape scale and 
ensuring intersectoral coordination and cooperation 
is crucial for effective climate change responses. 
Considerable investment is required in filling data 
and knowledge gaps and in research and 
development of technologies, methodologies, as well 
as the conservation and production of suitable 
varieties and breeds. Institutional and financial 
support will be required to enable smallholders to 
make the transition to climate-smart agriculture. 
Strengthened institutional capacity will be needed to 
improve dissemination of climate- smart information 
and coordinate over large areas and numbers of 
farmers.  Greater consistency between agriculture, ・
food security and climate change policy-making 
must be achieved at national, regional and 
international levels. Available financing, current and 
projected, are substantially insufficient to meet 
climate change and food security challenges faced 
by the agriculture sector. Synergistically combining 
financing from public and private sources, as well as 
those earmarked for climate change and food 
security are innovative options to meet the 
investment requirements of the agricultural sector. 
To be effective in channeling fast-track financing to 
agriculture, financing mechanisms will need to take 
sector-specific considerations into account.    

Right to Food and National Food Security  

The Presidential address to Parliament in 2009 
indicates that implementation of the National Food 
Security Act will provide a statutory basis for a 
framework which assures food security for all. 
According to this proposed law, every family below 
the poverty line in rural as well as urban areas will be 
entitled by law, to 25 kilograms of rice or wheat per 
month at Rs. 3 per kilogram. It is felt that the 
statutory guarantee to food with fixed entitlements 
to the poor would be an important step in the 
direction of ensuring food and nutritional security of 
the country. Although the ongoing ‘targeted public 
distribution system’ (TPDS) is supposed to provide 
subsidized food grains to the BPL population, the 
legislative measure may lead to better accountability 
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by making the PDS system more responsive in 
reaching out to the targeted population. Since the 
announcement of the proposed food security law, 
several people have raised a number of policy level 
and operational issues that need to be addressed 
while extending food guarantee to the citizens 
through a statutory mandate.    

Main Issues under the Proposed Right to Food   

Issues under PDS: There has been a serious debate 
on the question: should the PDS be targeted or 
universal? The advantage of universal PDS is that 
targeting errors can be minimized, particularly the 
exclusion error (exclusion of poor). Also, a right 
generally implies applicability to the entire 
population of the nation.   

The second issues are who should be covered under 
BPL and get ration cards? According to Planning 
Commission estimates, there are 6.52 crore 
households below the poverty line (based on 1993-
94 poverty estimates and population estimates for 
2000 from the Registrar General of India (RGI)). 
However, actual cards issued by states number 
around 10.68 crore (in some states, nearly the entire 
population has been issued BPL cards!). The demand 
of states is that all the 10.68 crore card holders 
should be included in the BPL list under the Right to 
Food Act. This would have serious financial 
implications in terms of food subsidy. The N. C. 
Saxena committee on BPL population thinks that 50 
per cent of the nation’s population should be 
covered under BPL. 

 

Need for Comprehensive Food Entitlement Act: The 
proposed national food security law is too narrow. 
The Right to Food campaign demands a 
comprehensive ‘Food Entitlements Act’ that goes 
beyond the narrow promise of supplying food grains 
to BPL population.    

“Aside from an overarching obligation to protect 
everyone from hunger, as well as to promote 
sustainable and equitable food production, essential 
provisions of the proposed Act include: a universal 
public distribution system (providing at least 35 kgs 
of grain per family); special food entitlements for 
destitute households (including an expanded 
Antyodaya Programme); consolidation of all 
entitlements created by recent Supreme  

Court Orders (e.g. cooked mid-day meals in primary 
schools and universalization of ICDS); support for 
effective breastfeeding (including maternity 
entitlements and crèches); safeguards against the 
invasion of corporate interests in food policy; and 
elimination of all social discrimination in food related 
matters. Further, the Act must include strong 
accountability and grievance redressal provisions, 
including mandatory penalties for any violation of 
the Act and compensation for those whose 
entitlements have been denied” (Right to Food 
Campaign: Right to Food Act, 2009, p.1) 

The Right to Food Campaign argues that “any statute 
enacted ought to, at the very minimum, protect 
existing legal entitlements created by the Supreme 
Court orders passed in PUCL Versus UOI currently 
pending in the Supreme Court, and preferably go 
beyond”. According to the draft prepared by this 
campaign, the Food Entitlements Act, 2009 should 
be:    

“An Act to ensure dignified economic and social 
access to adequate food and other requirements of 
good nutrition for all residents of the country, at all 
times, in pursuance of their fundamental right to be 
free from hunger, malnutrition and other 
deprivations associated with the lack of food.”  (p.5 
of ‘Food Entitlements Act, 2009 of Right to Food 
Campaign).    
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Our view is that the present National Food Security 
Act proposed by the government is a narrow one. 
The alternative draft “Food Entitlements Act, 2009” 
prepared by the Right to Food Campaign needs to 
be discussed and the government needs to consider 
the comprehensive nature of the food insecurity and 
malnutrition problems prevalent in the country.   

Basically, we argue that Right to Food in terms of 
providing food and nutritional security to all is a 
much broader concept than the proposed National 
Food Security Act of providing 25 kilograms of food 
grains at Rs.3. Many things have to be included in 
order to have genuine ‘Right to Food. India is 
signatory to many international treaties and the 
Indian Constitution also indirectly refers to the Right 
to Food, which is obligatory for the government to 
fulfill10. 

As Dreze (2004)See http//www.righttofoodindia.org/    
9 Ibid  10 More on right to food see Dev (2003, 2008) 
and Gaiha (2003) mentions, Right to Food can be 
seen from three perspectives: the Indian 
Constitution, international declarations, and moral 
and social right. The core content of the Right to 

Food refers to availability, accessibility, adequacy, 
and sustainability.    

Conclusion 

Food security is most emerging issue now days. 
During the Green Revolution era, large investments 
were made on research and development for the 
irrigated agriculture. The promotion of HYV seed - 
fertilizer - irrigation technology had a high pay-off 
and rapid strides of progress were made in food 
production. But, since last year’s agriculture 
productivity is adversely affected by several causes 
mainly climate change in India. Agriculture 
Productivity is a base factor for assuring food 
security. Government should make a strong action 
plan for proper implementation of food security act 
and government should also make a policy for 
increasing agricultural productivity.  
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Introduction 

Nanoparticles synthesis is usually carried out by 
various physical and chemical methods like laser 
ablation, pyrolysis, lithography, chemical vapour 
deposition, sol–gel techniques and electro-
deposition, which are very expensive and hazardous. 
Although many routes are available for the synthesis 
of Nanoparticles, there is an increasing need to 
develop high-yield, low cost, non-toxic and 
environmentally friendly procedures. Therefore 
scientists are looking forward for greener methods 
[1,2]. Green nanotechnology is an area of interest 
having significant focus in present scenario with 
important objective of facilitating the manufacture of 
nanotechnology based eco-friendly products. The 
development of efficient green chemistry methods 
for synthesis of metal Nanoparticles has become a 
major focus of researchers [3]. Among heavy metal 
Nanoparticles, silver Nanoparticles have received 
major attention due to unique and tunable surface 

plasmon resonance (SPR) [4]. Synthesis of silver 
Nanoparticles with different size range and their self-
assembly is considered important due to their 
potential applications in medicine [5]. In recent years, 
synthesis of AgNPs has been reported using several 
plant extracts particularly Prosopis juliflora [6]; Malva 
parviflora [7]; Hibiscus cannabinus [8]; Ocimum 
sactum [9]; Sesbania grandiflora [10]; Acalypha indica 
[11]; Alternathera sessilis [12]; Catharanthus roseus 
[13]; Ixora coccinea [14] and Mulberry [15]. Delonix 
elata (L.) Gamble belongs to the family of fabaceae 
and has been explored for pharmaceutical 
applications as the leaves and bark of this plant is 
known to have medicinal properties. The leaf extracts 
are anti-inflammatory in nature and provide relief 
from rheumatic problems like pain and stiffness of 
the joints, especially the knees. It is also known to 
increase the body heat and pulse rate. The decoction 
of plant root can be used for relief from abdominal 
pains. Powdered leaves in proportion with other 

Abstract 

By the review of various literature surveys it has been analyzed that Delonix elata leaf extract has a 
great medicinal values. The Silver Nanoparticles were prepared by employing the standard procedure. 
The formation of silver Nanoparticles is confirmed by occurrence of colour change. When Silver 
Nanoparticles is added with Delonix elata leaf extract, the colour changes from yellow to dark brown 
which confirms the formation of silver Nanoparticles. The silver Nanoparticles formed have been 
characterized by UV, FT-IR, XRD and TEM.UV absorbance peak at 230.98nm confirms it as the 
characteristic peak of silver Nanoparticles. The average sizes of silver Nanoparticles formed by XRD 
&TEM Analysis are 11.37nm & 11.78nm respectively. Further, these AgNPs formed from Delonix elata 
leaf extracts has a good anti-inflammatory activity. The anti-inflammatory activity was tested against 
human blood cells. Hence, the present research aims to open new avenues for the various ailments of 
medicine with the synthesis of silver Nanoparticles by using leaf extracts like Delonix elata &to bring 
the anti-inflammatory activity of a medicinal plant to the Scientist’s notice, to educate awareness & 
add values to resources  

Keywords: Delonix elata leaf, Silver Nanoparticles, UV, FT-IR, XRD and TEM etc., 

Page 98



P. Anitha et al. International Journal of Science, Engineering and Technology, 2016, Volume 4 Issue 1 
ISSN (Online): 2348-4098 , ISSN (Print): 2395-4752 

 

herbs are used to cure paralysis and other nervous 
disorders. Administration of the herbal mixture to 
younger children is known to prevent polio [16].  
Delonix elata (L.) Gamble has been used in the Indian 
traditional medicine system to treat rheumatism and 
inflammation.Literature reports on medicinal uses of 
Delonix elata leaf extract revealed the 
pharmacological actions like anti-inflammatory 
activity (Shah et al., 2009)[17]  Investigations by 
many research scholars revealed that Delonix elata 
possess many activities like anti-inflammatory, in 
vitro antioxidant activities, anti-arthritic[18,19].All of 
them found that the Delonix elata extract showed 
significant and dose dependent activities. Leaves are 
used for the treatment of bronchitis in infants, fever, 
malaria, flatulence, and paralysis or as carminative 
[20]. In our previous study, leaves extract of D. elata 
has shown remarkable antinociceptive activity [21]. 
Leaf extract has been screened for anti-inflammatory 
activity [22]. Particle size distribution curve of the 
synthesized AgNPs shown reveals that particles 
obtained are polydisperse mixture, with average 
diameter 70.01 nm.  The zeta potential of the 
synthesized AgNPs is determined in water as 
dispersant. The zeta potential is found to be 18.3 
mv[23].Recently, microwave heating has been 
explored as a promising technique for nanoparticle 
synthesis. In the present study, we first report the 
reduction of silver ions using Delonix elata leaf 
extract under microwave irradiation for facile and fast 
phytosynthesis of silver Nanoparticles (AgNPs). To 
the best of our knowledge, no reports pertaining to a 
microwave method by using Delonix elata leaf 
extract are yet available. The anti-inflammatory 
property of phyto synthesized silver Nanoparticles 
was also investigated.  

Materials and Methods 

Collection of leaf 

Fresh leaves of Delonix elata were collected from 
Trichy, during the month of May and identified by 
Dr.John Britto, The Director, Rabinat Herbarium and 
Center for Molecular Systematics, St. Joseph’s 
College (Campus), Trichirappalli-2, Tamil Nadu. India. 
(Plant authentication no: PN001). 

Preparation of leaf extract 

The fresh and young leaf samples of Delonix elata 
was collected & washed thoroughly with sterile 
double distilled water (DDW). Twenty gram of 

sterilized leaf samples were taken and cut into small 
pieces. Finely cut leaves were placed in a 500 ml 
Erlenmeyer flask containing 100 ml of sterile DDW. 
After that the mixture was boiled for 5 minutes and 
filtered. The extract was stored in 4 0C. 

Synthesis of silver Nanoparticles 

Silver nitrate was used as precursor in the synthesis 
of silver Nanoparticles. 100 ml of Delonix elata leaf 
extract was added to 100 ml of 0.1N AgNO3 aqueous 
solution in conical flask of 250 ml content at room 
temperature. The flask was thereafter put into shaker 
(100 rpm) at 500 C and reaction was carried out for a 
period of 12 hrs. Then the mixture is kept in 
microwave oven for exposure of heat. The mixture 
was completely dried after a period of 20 minutes 
and hence Nanoparticles in form of powders were 
obtained.   

 

Figure 1: Optical photograph of Delonix elata A- 0.1 
N AgNO3 solution  B- Leaf extract  C- Leaf extract + 
AgNO3   D- Leaf extract + AgNO3(After 30mins)  E- 
Leaf extract + AgNO3(After 1 hr)  F- Leaf extract + 
AgNO3 (After 2 hrs) G- Leaf extract + AgNO3(After 24 
hrs) 

UV-visible spectroscopy analysis 

The colour change in reaction mixture (metal ion 
solution + leaf extract) was recorded through visual 
observation. The bio reduction of silver ions in 
aqueous solution was monitored by periodic 
sampling of solid and subsequently measuring UV-
visible spectra of the solid sample. UV-visible spectra 
of sample were monitored as a function of time of 
reaction on the UV-visible spectroscopy and the 
investigations was carried out using PERKIN ELMER 
(Lambda 35 model) spectrometer in the range of 190 
nm to 1100 nm. 

FT-IR measurement 

The Fourier transform infrared (FTIR) investigations 
were carried out using PERKIN ELMER (Spectrum RXI) 
spectrometer in the range of 400 cm-1 to 4000 cm-1. 
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The functional groups were identified using the peak 
assignments. 

XRD measurement  

The sample was drop- coated onto Nickel plate by 
just dropping a small amount of sample on the plate 
frequently, allowed to dry and finally thick coat of 
sample was prepared. The particle size and nature of 
the silver Nanoparticles was determined using X-ray 
diffraction (XRD). This was carried out using Rigaku 
miniflex-3 model with 30kv, 30mA with Cukα radians 
at 2θ angle.  

TEM analysis 

Sample is dispersed with acetone and exposed in 
ultrasonics for 5 minutes.Take a drop of a solution 
from the samples and drops it on the grid, leave until 
it dries. After drying, the sample is inserted into TEM 
instruments using model Tecnai T20 Making   in FEI, 
Netherlands operating at 200KeV Tungsten 
Filament.  

Anti-Inflammatory Activity 

The human red blood cell (HRBC) membrane 
stabilization method 

The method as prescribed (Gopalkrishnan et al., 
2009; Sakat et al., 2010) was adopted with some 
modifications. The blood was collected from healthy 
human volunteer who had not taken any NSAIDS for 
2 weeks prior to the experiment and mixed with 
equal volume of Alsever solution (2 % dextrose, 0.8 
% sodium citrate, 0.5 % citric acid and 0.42 % NaCl) 
and centrifuged at 3,000 rpm. The packed cells were 
washed with isosaline and a 10 % suspension was 
made. Various concentrations of extracts were 
prepared in mg/ml using distilled water and to each 
concentration, 1 ml of phosphate buffer, 2 ml hypo 
saline and 0.5 ml of HRBC suspension were added. It 
was incubated at 370C for 30 minutes and 
centrifuged at 3,000 rpm for 20 minutes and the 
hemoglobin content of the supernatant solution was 
estimated spectrophotometrically at 560 nm. 
Diclofenac (100 Jg/ml) was used as reference 
standard and a control was prepared by omitting the 
extracts. The experiments were performed in 
triplicates and mean values of the three were 
considered. The percentage (%) of HRBC membrane 
stabilization or protection is calculated using the 
following formula, 

Percentage of Protection (%) = 

(100- OD of drug treated sample/OD of Control) X 
100 

Albumin denaturation method 

The method as prescribed (Sakat et al., 2010) was 
followed with modifications. The reaction mixture 
was consisting of test extracts and 1% solution of 
bovine albumin fraction. pH of the reaction mixture 
was adjusted using small amount of HCl. The sample 
extracts were incubated at 37°C for 20 minutes and 
then heated to 51°C for 20 minutes. After cooling the 
samples the turbidity was measured 
spectrophotometrically at 660 nm. Diclofenac 
sodium was taken as a standard drug. The 
experiment was performed in triplicates and the 
mean value of the three was considered.  Percent 
inhibition of protein denaturation was calculated as 
follows, 

Percentage of inhibition (%) = 

(OD of Control- OD of Sample/ OD of Control) X 100 

Results  

UV-visible spectroscopy analysis 

 

Figure 2: UV-Visible spectrum of synthesized silver 
Nanoparticles using leaf extracts of Delonix elata. 

UV-Vis spectroscopy analysis showed the absorbance 
band of silver Nanoparticles synthesized using 
Delonix elata leaf extract at 230.98 nm and confirms 
the presence of  poly-unsaturated and aromatic 
compound (Isoquinoline) (Advanced strategies in 
food analysis ,UV/VIS spectrometry by Richard 
Koplík) 
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FT-IR measurement 

 

Figure 3: FT-IR spectrum of synthesized silver 
Nanoparticles using leaf extracts of Delonix elata 

The Delonix elata related functional groups were 
identified using the peak assignments. A strong peak 
at 3913.84 cm-1 and 3776.84 cm-1 was assigned to 
the OH stretching in Phenol group, The sharp and 
bend  peak at 3421.64 cm-1 was assigned to OH ,H-
bonded alcohol and phenols or medium N-H 
stretching may be present  primary, secondary 
amines and amides  group, The medium  peak at 
2926.92 cm-1 was assigned medium C-H stretching in 
alkenes, weak peak at 2203.12 cm-1 was assigned to –
C (triple bond) C- stretching in alkenes group, The 
strong peak at 1769.90 cm-1 was assigned to  C=O 
stretching in  carbonyl group, The medium peak at 
1595.81 cm-1 was assigned to  N-H bend in primary 
amine group, The variable peak at 1391.30 cm-1was 
assigned to C-H bending in alkenes , The medium 
peak at 1115.90 cm-1 was assigned to  C-N stretching 
in aliphatic amine group, The medium  peak at 
714.80 cm-1   was assigned to C-Cl stretching in alkyl 
halide group and  The medium peak at 615.60 cm-

1was assigned to C-Br stretching in alkyl halides are 
observed.  

XRD measurement  

 

Figure 4: XRD spectrum of synthesized silver 
Nanoparticles using leaf extracts of Delonix elata  

Determination of crystalline size 

Average crystallite size of silver was calculated using 
the Scherrer’s formula, 

D = kλ / βcosθ 

D- Average crystallite size: K- Constant: λ- X- ray 
Wavelength: β- Angular FWHM of the XRD peak at 
the diffraction angle: θ- Diffraction angle. 

By Scherrer’s formula, the average size of the particle 
is approximately found to be 11.37 nm  

TEM analysis 

 

 

Figure 5: TEM image of synthesized silver 
Nanoparticles using leaf extracts of Delonix elata 

The figure shows the TEM image obtained by the 
reaction of Delonix elata leaf extract and 0.1N silver 
nitrate solution separately. The Average size of 
Delonix elata Ag-NPs by TEM Analysis is found to be 
11.78nm. 

Anti-Inflammatory Activity 

Anti-inflammatory study like human red blood cell 
(HRBC), membrane stabilization, inhibition of 
albumin de nutrition indicated that anti-
inflammatory activity .The medical use of Delonix 
elata has a good anti-inflammatory activity. As the 
concentration of the sample increases, the 
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percentage of inhibition also increases. 

Table 1: Anti-inflammatory activity of human red 
blood cell (HRBC) by using AgNPs of Delonix elata 

S. No 
Concentration 

(µg/ml) 

% of Inhibition 

Membrane Stabilization 

Mean±S.E.M 

1 100 43.19 ± 0.17 

2 200 48.73 ± 0.49 

3 400 57.51 ± 0.73 

4 600 59.28 ± 1.55 

5 800 63.32 ± 1.39 

 

 

Figure 6: Graphical representation of Anti-
inflammatory activity of human red blood cell (HRBC) 
by using AgNPs of Delonix elata 

Table 2: Anti-inflammatory activity of Albumin 
denaturation methodby using AgNPs of Delonix 
elata 

S. No 
Concentration 

(µg/ml) 

% of Inhibition 

Membrane Stabilization 

Mean±S.E.M 

1 100 40.34 ± 0.48 

2 200 45.81 ± 0.39 

3 400 56.74 ± 0.73 

4 600 58.13 ± 1.21 

5 800 60.07 ± 1.18 

 

Figure 7: Graphical representation of Anti-
inflammatory activity of Albumin denaturation 
methodby using AgNPs of Delonix elata 

Discussion 

UV–Vis spectroscopy is an important technique to 
establish the formation and stability of metal 
Nanoparticles in aqueous solution [24]. The silver 
Nanoparticles were formed by adding different 
concentration of extracts (0.5 ml, 1 ml, 2 ml, 5 ml and 
7 ml) with aqueous AgNO3. After 24 hrs, the colour 
of the solutions changed from pale yellow to 
yellowish brown and then to deep brown depending 
on the extract concentration indicating the formation 
of silver Nanoparticles. The colour changes are due 
to excitation of surface plasmon vibration in silver 
Nanoparticles. AgNPs have free electrons, which 
gives rise to a surface plasmon resonance absorption 
due to the combined vibration of electrons of the 
metal Nanoparticles in resonance with the light wave 
[25]. The synthesized AgNPs display a clear and 
single SPR band with the kmax at 428–432 nm which 
confirms the reduction of silver ion to metallic silver. 
As the concentration of the D. elata leaf extract 
increases, the absorption peak becomes more 
sharpen and blue shift is observed at 432 nm. This is 
due to the formation of spherical and homogeneous 
distribution of silver Nanoparticles. Some unassigned 
peaks have also been observed suggesting that the 
crystallization of bio-organic phase [26-29]. FT-IR 
analysis was carried out to detect the possible 
biomolecules responsible for the reduction of the 
metal ions and capping Photograph of AgNO3 and 
Delonix elata leaf extracts of these silver 
Nanoparticles. The FT-IR spectrum of leaf broth 
before reaction shows several absorption bands at 
3387, 2345, 1639 and 1543 cm-1. The absorption 
band at 3387 cm-1 is due to OH stretching vibration. 
The observed two minor bands at 3819 cm-1 and 
3722 cm-1 indicate the presence of phenols (OAH 
group) and phenolic compound in the plant extract. 
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The bands at 2345, 1639 and 1543 cm-1 indicates the 
presence of alkane groups (ACAH stretching), amide 
I band (Carbonyl group (C-O)) and aromatic (C-C) 
respectively [30,31]. The minor band 1062 cm-1 
corresponds to CAN stretching alcohols, the band 
754,711 and 680 (800–600 cm-1) regions for CAH out 
of plane bend, which are of characteristic of aromatic 
phenols. In the case of Nanoparticles, a shift in the 
absorbance band with decrease in band intensity was 
observed from 2345 to 2347 cm-1 and 1543 to 1546 
cm-1 implying the binding of silver ions with alkane 
and aromatic groups of the extract [32]. The spectra 
also illustrate a prominent shift in the wave numbers 
(1639–1645 cm-1) corresponding to amide I band. All 
these reveal the presence of phenolic compounds 
along with the AgNPs, flavonoids present in the leaf 
broth of D. elata have been suggested to be 
responsible for the reduction and stabilization of 
silver Nanoparticles [33]. 

Conclusion 

The Silver Nanoparticles synthesized using delonix 
elata leaf extracts were identified first by observing 
the colour changes of the extract. The colour 
changed from yellow to dark brown colour during 
the formation of silver Nanoparticles. The developed 
Nanoparticles were characterized by UV-vis, TEM, 
XRD and FTIR measurements and showed good anti-
inflammatory activity. This rapid synthesis technique 
can be a promising method for the preparation of 
Nanoparticles and can be valuable in environmental, 
biotechnological, pharmaceutical and medical 
applications. Silver Nanoparticles formed was 
characterized by UV, FT-IR, XRD and SEM. UV 
absorbance at 230.98nm was observed for Silver 
Nanoparticles. XRD & TEM analysis of the Silver 
Nanoparticles showed that the average size of Silver 
Nanoparticles is 11.37 and 11.78nm.  
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Introduction 

Indian has made a good progress on horticultural 
map of the world with a total annual production of 
horticultural crops touching over 149 million tones. 
Indian is the second largest producer of fruit (45.5 
million tones) and vegetables (90.8 million tones) in 
the world, contributing 14.45% of the total world 
production of fruits and vegetables respectively 
(Anonymous, 2007).  

India’s share in the world trade of horticultural 
processed products is less than 1%. This compares 
very unfavorably with countries like Malaysia (83%), 
Philippines (78%), Brazil (70%) and United State 
(70%). India’s major exports are in fruit pulp, pickles, 
chutney, canned fruits and vegetables, concentrated 
pulp and juices, dehydrated vegetables and frozen 
fruits and vegetables (Anonymous, 2007). 

 

 

Table 1: Vision strategy and action plan for trade of 
horticultural food products in India 

Year World 
exports 
(million 
tones / 
annum) 

India’s 
export 
(million 
tones/ 
annum) 

India’s 
share (%) 

Growth 
rate (%) 

2003 522 8 1.5 - 

2010 770 15 2.0 14 

2015 1020 30 3.0 15 

                                                                                            
(Anonymous, 2007) 

Vegetable are seasonal and perishable in nature. 
Blanching is one of the methods to prevent 
enzymatic activity and give extended shelf life with 
good quality and sensory attributes and make them 
available at reasonable cost.   

 

Abstract 

The study was conducted for development and performance evaluation of Forced Convection Batch 
Type Steam Blancher. The polyphenol oxidase (causes enzymatic browning) inactivation of potato 
slices (0.25 inch length) after Forced Convection Steam Blanching at different steam pressures (1.0 
kg/cm2 and 1.5 kg/cm2) for time interval of 1-5 minutes was carried out. Polyphenol Oxidase activity of 
raw potato (control) was found to be 125.4 Units ml-1 and after blanching at a pressure of 1.0 kg/cm2 
for 1 min in potato slices (0.25 inch length) was found to be 28.8 Units ml-1 and for 2 min was found 
to be 10.8 Units ml-1. No polyphenol oxidase activity had been observed after blanching for 3, 4 and 5 
minutes. No polyphenol oxidase activity had been observed after blanching at a pressure of 1.5 
kg/cm2 for 1, 2, 3, 4 and 5 minutes for the same potato slice length. Polyphenol oxidase inactivation 
time decreased as steam pressure increased. Forced Convection Steam Blanching promotes enzyme 
inactivation at faster rate due to high heat transfer coefficient of condensing steam. The present 
findings will help to design the blanching conditions with minimum physico-chemical and nutrient 
changes of final product.  

Keywords: Forced Convection Steam Blanching, polyphenol oxidase Inactivation, steam pressure, 
potato slices. 
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Table 2: Nutritional value of raw potato  

Nutritional value per 100 g 

Energy 321 kj 

Carbohydrate 19g 

Starch 15g 

Dietary fiber 2.2g 

Fat 0.1g 

Protein 2.0g 

Water 75g 

Thiamin (Vit. B1) 0.08 mg 

Riboflavin (Vit. B2) 0.03 mg 

Naicin (Vit. B3) 1.1 mg 

Vitamin B6 0.25 mg 

Vitamin C 20 mg 

Calcium 12 mg 

Iron 1.8 mg 

Magnesium 23 mg 

Phosphorus 57 mg 

Potassium 421 mg 

Sodium 6 mg 

                          (Hijmans and Spooner, 2001) 

Review of Literature 

Blanching  

Blanching is an important unit operation for 
processing of vegetables. The purpose of blanching 
is to inactivate enzymes along with destruction of 
microorganisms and reduces the extra cellular gases 
so that product quality is retained maximum as fresh 
(Van and Copley, 1963).  

Guerrant et al., (1947) found that blanching was 
beneficial in many ways having detrimental effect 
particularly on the water–soluble nutrients. 
Prolonged hot water blanching resulted in 
considerable loss of carbohydrates, protein and 

mineral while steam blanching could eliminate these 
losses to a great extent.  

Lee (1958) reported that blanching had also proved 
to improve textural quality of products.  

Van and Copley (1963) reported that blanching of 
fruits and vegetables is principally followed to 
inactivate the enzymes responsible for enzymatic and 
oxidative browning. The common blanching includes 
hot water, steam and chemical blanching. The loss of 
nutrient takes place during blanching. The nutrients 
are also affected by temperature and time of 
blanching.  

Morris (1974) reported that blanching operation 
involves a short and quick heat treatment to the 
material, for which usually hot water is used for 
uniform heating and higher heat transfer rate.  

Patil et al., (1978) reported that effect of blanching 
on fenugreek at different temperature for different 
time in combination with chemicals like NaCl, KMS. 
The blanched and sun dried product was compared 
with sun dried sample which was more acceptable 
than sun dried product.  

Onyami and Badifu (1987) reported that steam 
blanching is more superior to water blanching on the 
basis of nutrient retention and  overall acceptability. 
Addition of sodium bicarbonate to the steam blanch 
improved the quality and overall acceptability of the 
vegetable compared to water blanched vegetables.  

Rice et al., (1990) studied the losses of nutrient in 
blanching operation. They found steady increase in 
diffusion coefficient with increase in temperature and 
blanching time. The value of diffusion coefficient was 
independent of the dimensions and volume of 
sample.  

Nath et al., (1991) studied the effect of water 
blanching, water blanching KMS dipped, sulphite 
dipped, salt treated and brine blanching on bitter 
gourd rings. Best reconstitutability and total 
chlorophylls were resulted in water blanching 
sulphite dipped and brine blanching.  

Maharaj and Clement (1994) reported that in 
blanching the herb shado Beni (Eryngium foetidium) 
in hot water at 960C using a quick dip step followed 
by drying in the indirect drier reduced the loss of 
green colour, normally observed without pre-
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treatment. Blanching did not affect the drying rate 
behavior of the herb.  

Gill et al., (2003) investigated effect of blanching on 
the texture, colour and sensory properties of 
soybeans. Blanching was carried out at 80, 90 and 
1000C for 10-30 min. followed by immersion in cold 
water for one min. Under these conditions blanching 
reduced greenness to a similar extent. Treatment at 
1000C for 10 min. led to smallest loss in nutrient 
content and resulted in the softest texture according 
to both instrumental and sensory analysis. 

Enzymatic Browning  

Enzymatic browning of foods during  processing and 
storage, especially  during  manufacture of fruit and  
vegetable products decrease the sensory  properties 
of products due to associated changes in the colour, 
flavour and softening  besides nutritional properties. 
Therefore its control is essential to preserve the 
quality of the food (Ozemir, 1997).  

Krotov et al., (1971) concluded that green pea PPO 
require 2.5 min. at 900C and only 1 min. at 950C.  

Galeazzi and Sgarbieri (1978) concluded that banana 
PPO is inactivated in 1.5 min. at 800C.  

Mondy et al., (1979) concluded that high nitrogen 
levels have been related to a greater  tendency to 
brown in potatoes.  

Vamos (1981) studied that enzymatic browning is not 
only restricted to discoloration, undesirable taste can 
also be produced and loss of nutrients, quality may 
results .  

Molhar and Friedman (1990) concluded that the pH 
of potato is between 5.0 to 5.2 and this makes it 
susceptible to PPO activity. Enzymatic browning 
leads to the destruction of vitamin-C due to 
oxidative degradation. 

Asaka amd Hayashi (1991) concluded that the 
application of low pressure results in pressure – 
induced membrane damage with consequent 
enzyme activation. In fact, pear PPO was activated 
after pressure treatment at 400 MPa for 10 min at 
250C.  

Zawistowski et al., (1991) concluded that blanching 
and cooking are effective methods for prevention of 
enzymatic browning. PPO is an enzyme of low 

thermal stability although difference in heat stability 
are reported for different cultivars and PPO isoforms. 

Materials and Methods 

Procurement of raw materials  

The study was conducted with good quality of 
potato procured from the local market of Allahabad. 
The vegetable was free from any kind of damage. All 
the trials were carried out in the laboratory of 
Department of Food Process Engineering, Sam 
Higginbottom Institute of Agriculture, Technology 
and Sciences, Allahabad-U.P. 

Equipment used  

Some of the equipments, Glassware and chemicals 
that were employed during the course of the study 
are given below.  

Electronic weighing balance 

 Electronic weighing balance is an instrument used to 
weigh very small quantities of samples with 
precision. It was used to weigh 0.1 g catechol for 
preparing 0.1% catechol reagent.  

Mixer grinder 

It is a motor operated device consisting of stainless 
steel jar having stainless steel teethes in it. It was 
used to grind and mix the potato sample.  

Centrifuge 

The centrifuge is a motor operated device which 
works using the sedimentation principle, where 
centripetal acceleration causes more dense 
substance to separate out along the radial direction 
(the bottom of the tube), by the same token, lighter 
objects will tends to move to the top of the tube. It 
was used to separate denser substances from 
supernatant portion (enzyme extract) from potato 
mixture. 

Spectrophotometer  

A UV/visible – light spectrophotometer of 
wavelength ranges from 190-900 nm was used. It is a 
device used to measure light intensity as a function 
of light source wavelength. It was used to measure 
the change in absorbance per 30 sec. at a 
wavelength of 480 nm for determining PPO activity 
in potato extract. 
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Volumetric flask  

100 ml capacity volumetric flask was taken for 
preparing 0.1% catechol and 100 ml standard pH-7 
buffer.  

Filtering cloth  

Butcher’s linen or dress linen with approximately 45 
threads per square inch was used for sieving ground 
potato sample. 

Collection and preparation of chemical and 
reagents  

Reagents and their preparation   

 The various reagent used in the analysis were 0.1% 
catechol and standard pH 7 buffer.  

1) Preparation of 0.1% catechol: weigh 0.1 g 
catechol and dissolve it in 100ml distill water in a 100 
ml volumetric flask.  

2) Preparation of standard pH-7 buffer: dissolve 
one standard pH-7 buffer tablet in 100 ml distill 
water in a 100 ml volumetric flask.  

Experimental plan 

The experimental variables with their ranges, 
selected for the performance evaluation of Forced 
Convection Batch Type Steam Blancher were shown 
in table 3.  

Table 3: Experimental variables for Forced 
Convection Steam Blanching with their levels and 
range  

S. 
No. 

Independent 
variables 

Experimental 
range 

Levels 

1. Blanching 
time 

1-5 Minutes 1, 2, 3, 4, 5 
min. 

2. Steam 
pressure 

1.0-1.5 kg /cm2 1.0, 1.5 
kg/cm2 

3. Potato slice 
length 

0.25 inch 0.25 inch 

 

Development of Forced Convection Batch Type 
Steam Blancher  

For conducting the experiments on steam blanching, 
a forced convection batch type steam blancher was 
developed (Corcuera et al., 2004). It was fabricated in 
the local workshop of Naini, Allahabad. The steam 
blancher was fabricated keeping in view that the 
steam is being supplied from both the sides at 
uniform pressure and safe in use. It consists of 
following parts.  

1. Cubical box  

2. Tray with sieve  

3. Steam supply and control  

4. Drain valve  

5. Control valve 

6. Solenoid valve 

7. Nozzles 

8. Condensed steam outlet 

9. Pressure gauge  

10. Safety valve  

11. Arrangement for temperature measurement 

Development of blanching box  

A cubical box of  838 x 508 x 508 mm size was 
fabricated by using 1 mm thick stainless steel sheet 
(304 quality), recommended for food processing 
equipments (Durward, 2007). Provision to fix the 
nozzles at top and bottom face was made. At front 
face of the box, at the center, a horizontal 
rectangular slot of 838 x 75 mm was cut for in and 
out movement of tray. All the joints of the box were 
soldered with a soldering filler material consisting of 
60% tin and 40% lead, having melting point between 
183 to 190 °C (Rahn, 1993). At the opening of the 
front face of box, RTS (Room Temp. Vulcanizing) 
Silicon Sealant paste (Salistic 723) was used as a 
gasket to prevent leakage of steam. It meets FDA 
requirements [FDA requirement number: 21CFR177-
2600 (food contact), MIL-A-46106 parts I & II.]. When 
it was applied, become flexible rubber like structure. 
They can withstand temp. extremes from -65 to 232 
°C. They are resistant to steam, oil, chemicals and 
ultra violet light. 

Development of tray with sieve  
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A tray with sieve shown in fig.1 was fabricated. The 
size was 810 x 482 x 70 mm was fabricated by 1 mm 
thick stainless steel sheet (304 quality), 
recommended for food processing equipments 
(Durward, 2007). At the bottom of the sieve two 
vertical stainless steel strips (2mm thick) equidistant 
from each other was used to support the sieve.  

 

Figure 1: Tray with Forced Convection Batch Type 
Steam Blancher 

Steam supply and control 

A ½ inch diameter Stainless steel SS304 reinforced 
PTFE Hose, working temp. -50 to 210 °C, having 
working pressure of 256 kg/cm2 was connected to 
the outlet of boiler from one end and other to the 
control valve of blancher which further connected to 
solenoid valve which is electrically operated and 
helps in instantaneous switch on and switch off of 
steam flow. PTFE or Teflon pipe was tightly fitted. 

After control value, steam was passed via solenoid 
valve in two directions upward and downward with 
the help of copper tubes. Other necessary 
attachments were made as shown in fig. 2.  

 

Figure 2: Schematic diagram of forced convection 
batch type steam blancher 

Forced Convection Steam Blanching of potato 
slices  

For performing Forced Convection Steam Blanching, 
fresh potatoes were procured from the local market 
of village Mahewa, Allahabad. 

The outline of sample preparation has been shown in 
fig. 3.  
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Figure 3: Flow chart for blanching of potato slices 

Potato was sliced in uniform length as per the 
experimental design. A weight amount of slices were 
placed in the tray of developed blancher. The 
blanching time and steam pressures were selected as 
per the experimental design.  

Determination of polyphenol oxidase activity  

Browning of the cut surface of some fruits and 
vegetables is due to the presence of a group of 
enzymes called polyphenol oxidase. These enzymes 
are released by the broken cells and they catalyze 
the reaction between colourless molecules called 
polyphenols and molecular oxygen. This reaction 
creates compounds and these new compounds can 
spontaneously cross react with one another to form 
black brown complexes called melanin. One example 
of a substrate of these enzyme is catechol, hence the 
alternative name “catechol oxidase” for the enzymes. 
Catechol is oxidized initially to the orange compound 
benzoquinone which is then converted to melanin is 
spontaneous but slow.  

Catechol + oxygen   Polyphenol oxidase   
benzoquinone + water   slowly   melanin 

 

Polyphenol oxidase assay  

1. An extract of potato was made by grinding in a 
mixer grinder with an equipment mass of distill 
water.  

2. The extract was strain through muslin cloth, then 
the filtrate was centrifuge at 5000 RPM for 15 min for 
the removal of remaining solids.  

3. The clear supernatant portion was taken without 
any solid particles into another flask.  

4. The visible light source was switch onn and the 
spectrophotometer was set at a wavelength of 480 
nm for potato at 250C was measured.  

5. The cuvett was placed with 4 ml std. pH 7 buffer 
solution and 0.1 ml of 0.1% catechol. Then the lid 
was closed. The “Clab” button was pressed and 
waiting was done until the led reads “0.000”.  

6. Another cuvett was taken and added with 2 ml 
standard pH 7 buffer and 2ml of 0.1% catechol were 
added, the time was noted and then 0.1 ml enzyme 
extract was added, quickly the contents of the tube 
was mixed. Then it was placed into a 
spectrophotometer. The readings of absorbance at 
regular intervals were taken.  

7. A graph was plotted for the change in 
absorbance against time. An increase in absorbance 
was due to the formation of benzoquinone, the 
product of the reaction. The initial slope of the graph 
gives a measure of the polyphenol oxidase activity of 
the potato extract.  

The enzymatic activity was calculated as:  

reactioninenzymeml

A
mlUnits nm






)001.0(

min/4801  

1 unit of enzyme causes a change in absorbance at 
A480nm of 0.001 per minute, under the assay condition 
of 25 0C, under specified condition. Procedure (Bauer 
et al., 1980) was employed.  

Results and Discussion 

This chapter deals with the results obtained from the 
different experiments of the present investigation. 

Developed Forced Convection Batch Type Steam 
Blancher   
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The developed Forced Convection Batch Type Steam 
Blancher was tested for its pressure range desired to 
perform the experiment. It was found that the 
control of steam pressure and blanching time were 
easier, while in operation. Due to nozzles the steam 
used to have high velocity. It raised the temp. of the 
sample at faster rate, as it had high valve of heat 
transfer coefficient (rate of heat flow in unit time 
through unit area when there was a unit temp. 
difference between the surface of the sample and 
surrounding). The value of heat transfer coefficient 
depends upon fluid velocity. Capacity of blancher 
was found to be 1.65 kilogram per batch.  

Polyphenol oxidase assay 

Polyphenol oxidase (causes enzymatic browning) was 
analyzed according to the method of (Bauer et al., 
1980). Polyphenol oxidase activity was measured for 
raw potato (control) and for forced convection steam 
blanched potato slices.  

For determining polyphenol oxidase activity, a graph 
was plotted for the change in absorbance against 
time. An increase in absorbance is due to the 
formation of benzoquinone, the product of the 
reaction. The initial slope of the graph gives a 
measure of polyphenol oxidase activity of potato 
extract. Polyphenol oxidase activity was measured 
from the increase in absorbance at 480nm using 
spectrophotometer. The reaction was monitored for 
330 Sec. All the experiments were replicated thrice 
and average values were used in analysis.  

Enzymatic, activity was calculated in terms of Units 
ml-1 under the assay condition at 250C.  

Polyphenol oxidase activity of raw potato 
(control)  

Polyphenol oxidase activity (causes enzymatic 
browning) of raw potato (control) = 125.4 Units ml-1 
(table 4. and fig. 4.). 

Table 4: Absorbance table for polyphenol oxidase 
activity of raw potato (control) at intervals of 30 Sec. 

Absorbance at 480 nm Time (Sec.) 

0.027 30 

0.032 60 

0.040 90 

0.045 120 

0.053 150 

0.058 180 

0.068 210 

0.073 240 

0.079 270 

0.085 300 

0.091 330 

Standard deviation () = 2.17 x 10-2 
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Figure 4: Absorbance Vs time graph for polyphenol 
oxidase activity of raw potato (control) 

Polyphenol oxidase activity of potato slice (0.25 
inch length) after Force Convection Steam 
Blanching at a pressure of 1.0 kg/cm2 for 1 min 

Polyphenol oxidase activity (causes enzymatic 
browning) of potato slice (0.25 inch length) after 
Forced Convection Steam Blanching at a pressure of 
1.0 kg/cm2 for 1 min. = 28.8 Units ml-1 (table 5 and 
fig. 5). 
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Table 5: Absorbance table for polyphenol oxidase 
activity of potato slice (0.25 inch length) after Forced 
Convection Steam Blanching at a pressure of 1.0 
kg/cm2 for 1 min. at intervals of 30 Sec 

Absorbance at 480 nm Time (Sec.) 

0.022 30 

0.023 60 

0.024 90 

0.025 120 

0.027 150 

0.029 180 

0.030 210 

0.032 240 

0.034 270 

0.036 300 

0.038 330 

Standard deviation () = 5.43 x 10-3 
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Figure 5: Absorbance Vs time graph for polyphenol 
oxidase activity of potato slices (0.25 inch length) 
after Forced Convection Steam Blanching at a 
pressure of 1.0 kg/cm2 for 1 min 

Polyphenol oxidase activity of potato slices (0.25 
inch length) after Forced Convection Steam 
Blanching at a pressure of 1.0 kg/cm2 for 2 min 

Polyphenol oxidase activity (causes enzymatic 
browning) of potato slice (0.25 pinch length) after 
Forced Convection Steam Blanching at pressure of 
1.0 kg/cm2 for 2 min. = 10.8 Units ml-1 (table 6 and 
fig. 6). 

Table 6: Absorbance table for polyphenol oxidase 
activity of potato slices (0.25 inch length) after 
Forced Convection Steam Blanching at a pressure of 
1.0 kg/cm2 for 2 min. at intervals of 30 Sec.  

Absorbance at 480 nm Time (sec) 

0.000 30 

0.001 60 

0.002 90 

0.002 120 

0.003 150 

0.003 180 

0.004 210 

0.004 240 

0.005 370 

0.005 300 

0.006 330 

Standard deviation () = 2.02 x 10-3  
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Figure 6: Absorbance Vs time graph for polyphenol 
oxidase activity of potato slices (0.25 inch length) 
after Forced Convection Steam Blanching at a 
pressure of 1.0 kg/cm2 for 2 min 

Polyphenol oxidase activity of potato slices (0.25 
inch length) after Forced Convection Steam 
Blanching at a pressure of 1.0 kg/cm2 for 3 min 

No polyphenol oxidase activity (cause enzymatic 
browning) was observed in potato slices (0.25 inch 
length) after Forced Convection Steam Blanching at a 
pressure of 1.0 kg/cm2 for 3 min.  

Polyphenol oxidase activity of potato slices (0.25 
inch length) after Forced Convection Steam 
Blanching at a pressure of 1.0 kg/cm2 for 4 min 

No polyphenol oxidase activity (cause enzymatic 
browning) was observed in potato slices (0.25 inch 
length) after Forced Convection Steam Blanching at a 
pressure of 1.0 kg/cm2 for 4 min.  

Polyphenol oxidase activity of potato slices (0.25 
inch length) after Forced Convection Steam 
Blanching at a pressure of 1.0 kg/cm2 for 5 min 

No polyphenol oxidase activity (cause enzymatic 
browning) was observed in potato slices (0.25 inch 
length) after Forced Convection Steam Blanching at a 
pressure of 1.0 kg/cm2 for 5 min.  

Polyphenol oxidase activity of potato slices (0.25 
inch length) after Forced Convection Steam 
Blanching at a pressure of 1.5 kg/cm2 for 1 min 

No polyphenol oxidase activity (cause enzymatic 
browning) was observed in potato slices (0.25 inch 
length) after Forced Convection Steam Blanching at a 
pressure of 1.5 kg/cm2 for 1 min.  

Polyphenol oxidase activity of potato slices (0.25 
inch length) after Forced Convection Steam 
Blanching at a pressure of 1.5 kg/cm2 for 2 min 

No polyphenol oxidase activity (cause enzymatic 
browning) was observed in potato slices (0.25 inch 
length) after Forced Convection Steam Blanching at a 
pressure of 1.5 kg/cm2 for 2 min.  

Polyphenol oxidase activity of potato slices (0.25 
inch length) after Forced Convection Steam 
Blanching at a pressure of 1.5 kg/cm2 for 3 min 

No polyphenol oxidase activity (cause enzymatic 
browning) was observed in potato slices (0.25 inch 
length) after Forced Convection Steam Blanching at a 
pressure of 1.5 kg/cm2 for 3 min.  

Polyphenol oxidase activity of potato slices (0.25 
inch length) after Forced Convection Steam 
Blanching at a pressure of 1.5 kg/cm2 for 4 min 

No polyphenol oxidase activity (cause enzymatic 
browning) was observed in potato slices (0.25 inch 
length) after Forced Convection Steam Blanching at a 
pressure of 1.5 kg/cm2 for 4 min.  

Polyphenol oxidase activity of potato slices (0.25 
inch length) after Forced Convection Steam 
Blanching at a pressure of 1.5 kg/cm2 for 5 min 

No polyphenol oxidase activity (cause enzymatic 
browning) was observed in potato slices (0.25 inch 
length) after Forced Convection Seam Blanching at a 
pressure of 1.5 kg/cm2 for 5 min.  

Polyphonel oxidase activity of raw potato 
(control) and Forced Convection Steam Blanched 
potato slices (0.25 inch length) at a pressure of 
1.0 kg/cm2 and a pressure of 1.5 kg/cm2 for 
blanching time of 1-5 min 

The potato slices (0.25 inch length) were blanched by 
using Forced Convection Steam Blancher at a 
pressure of 1.0 kg/cm2 and 1.5 kg/cm2 for time 
intervals for time intervals of 1-5 min.  

Further inactivation time for pressure 1.0 kg/cm2 was 
longer than that for 1.5 kg/cm2, table 7.  

Table 7: Polyphonel oxidase activity of raw potato 
(control) and Forced Convection Steam Blanched 
potato slices (0.25 inch length) at a pressure of 1.0 
kg/cm2 and a pressure of 1.5 kg/cm2 for blanching 
time of 1-5 min 

Enzymatic 
activity 

Samples 

125.4 
Units ml -1 

Raw potato (control) 

28.8 Units 
ml-1 

Blanching for 1 min. at a pressure of 1.0 
kg/cm2  

10.8 Units 
ml-1 

Blanching for 2 min. at a pressure of 1.0 
kg/cm2  
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Nil Blanching for 3 min. at a pressure of 1.0 
kg/cm2  

Nil Blanching for 4 min. at a pressure of 1.0 
kg/cm2  

Nil Blanching for 5 min. at a pressure of 1.0  
kg/ cm2  

Nil Blanching for 1 min. at a pressure of 1.5   
kg/cm2  

Nil Blanching for 2 min. at a pressure of 1.5   
kg/cm2  

Nil Blanching for 3 min. at a pressure of 1.5   
kg/cm2  

Nil Blanching for 4 min. at a pressure of 1.5   
kg/cm2  

Nil Blanching for 5 min. at a pressure of 1.5   
kg/cm2  

 

Conclusion 

1. The developed Forced Convection Batch Type 
Steam Blancher was easy to operate as there was 
strict control over time and steam pressure range 
applied. 

2. The polyphenol oxidase activity (causes 
enzymatic browning) of blanched potato slices 
decreased as steam pressure range increased. 

3. Forced Convection Steam Blanching results in 
better control on energy utilization as it takes lesser 
time because of high heat transfer coefficient. 

4. Forced Convection Steam Blanching helps in 
enhancing the keeping quality of potato slices by 
preventing enzymatic browning. 

Suggestions for Future Work 

1. Effect of Forced Convection Steam Blanching on 
quality characteristics of dehydrated product be 
studied during storage at ambient and referization 
temp.. 

2. Forced Convection Steam Blanching be done in 
combination with chemicals, potassium meta 
bisulphate and sodium chloride and their effect over 
quality of product be studied. 

Effect of Forced Convection Steam Blanching on 
enzymatic activity of polyphenol oxidase (causes 
enzymatic browning) be studied in different fruits 
like mango, apple, banana etc. and vegetables like 
mushroom, lettuce etc. as they are highly susceptible 
to enzymatic browning because their pH lies 
between the range of 5-7.  
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