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a b s t r a c t

The viability of using the leaves of Crotalaria Pallida, a well-known medicinal plant, as an efficient corro-
sion inhibitor for mild steel in HCl media has been studied and the results are summarized in this paper.
Methods including weight loss monitoring, electrochemical impedance analysis, polarisation techniques,
have been used and the mechanism of action was further investigated using Biovia material studio soft-
ware. The theoretical background of the inhibitor and the probable methods of interaction were carried
out using Gaussian 09 packages. Ethanol extract are rich in fatty acids which are absent in the water
extracts; makes them more anticorrosive. The presence of fatty acids was confirmed using spectral anal-
ysis. Linolenic acid, oleic acid, and linoleic acids are the major fatty acids in the alcohol extract. The 4 (V/V
%) alcohol extract has 95% efficiency while the same volume percentage of water extract has only 87%
efficiency. The efficiency decreases with an increase in acid concentration and temperature, suggesting
the physisorption of plant constituents on the metal surface. The AFM and XPS results support the pro-
tection of mild steel by the adsorption of constituent phytochemicals in the leaves extract. Adsorption of
these phytochemicals follows Langmuir unimolecular model. The polarisation technique confirms the
mixed type behaviour of the active species of the extract. Inhibition efficiency is more for linoleic acid
than the others which are confirmed by both DFT and material studio calculations.

� 2021 Elsevier B.V. All rights reserved.

1. Introduction

Metal corrosion is a very serious threat that has been facing by
society and has bitten hard on the world economy. Several strate-
gies such as design, material selection, electrochemical protection,
coating, and the use of corrosion inhibitors, etc. are used to mini-
mize the effect of corrosion. Of these, the use of corrosion inhibi-
tors is regarded as the most cost-effective and simple method to
minimize corrosion. In earlier times inorganic inhibitors were
used, as they decrease the corrosion rate even in their lower con-
centration [1]. Since their usage adversely affects both environ-
ment and humans, in the 21st century we purposefully focussing
our research activities on natural products. It is known that 60–
90% of the population of developing countries use traditional and
medicinal plants for various research activities. Nowadays people
are returning to natural products and the traditional synthetic cor-
rosion inhibitors are replaced by plant materials. Their green and
environmentally benign nature, lower cost, widespread availabil-

ity, and anticorrosive nature makes them better than the synthetic
ones [2]. Plant materials are rich in various phytochemicals which
include tannins, polyphenols, flavonoids, anthraquinones, sapo-
nins, alkaloids, and organic sugars which get adsorbed in the metal
surface. Among the plant parts leaves are the richest part of many
phytochemicals as the process of conversion of radiant energy to
carbohydrates is taking place there. These phytochemicals contain
various heteroatoms, aromatic rings, heterocyclic compounds,
functional groups like –NO2, –NH2, –OH, –COOH, –COOC2H5, –
OCH3, etc. During the action of these phytochemicals, the above-
mentionedabove-mentioned groups act as adsorption centres [2].

M. Mehdipur et al investigated the anticorrosion influence of
Aloe vera extracts and found that the inhibition efficiency
increases with increasing the concentration of the extract. More-
over, they explained that the inhibition effect is due to the pres-
ence of various components like Aloin, Aloesin, Aloe Resin, and
Aloe Emodin [3]. Asha Thomas et al proved that Garcinia fruit rind
extract is an effective inhibitor with 93% efficiency in 0.5 M HCl
and the efficiency is due to cyanidin and anthocyanin present in
their water extract [4]. M.G Sethuraman et al evaluated the anti-
corrosion influence of the acid extracts of ervatamia coronaria in
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1 M HCl and H2SO4 and reported that the activity was mainly due
to ervatinine, the alkaloid present in it [5]. Raja et al showed that
the inhibition efficiency of Alstonia Angustifolia var latifolia for
mild steel corrosion is due to the alkaloids present in it. Nnaji
et al reported that tannins are the major anticorrosive agents pre-
sent in cashew nut testa extract, which offer better inhibition for Al
in HCl environment. S. J Olusegun et al reported that Biden pilosa
extract has 97% inhibition efficiency at 303 K and it decreases with
increasing temperature. By electrochemical studies, and potentio-
dynamic polarisation techniques K. K Anupama et al investigated
the inhibition property of Psidium Guajava leaf extract and found
it as a mixed inhibitor [6]. The inhibition property of aqueous
extract of Tamarind fruit pulp was screened out by EIS, PDP, and
weight loss measurements by Jayakumar et al and found that it
is adsorbed chemically through covalent interaction with the metal
surface. Hossein Hassannejad et al successfully employed sun-
flower seed extract as a green corrosion inhibitor for Carbon steel
in 1 M HCl solution. They investigated that the heteroatoms such
as O, N etc. along with aromatic loop present in the compound
make it an efficient inhibitor. It has about 98% inhibition efficiency
at 400 ppm of the inhibitor [7]. Akhil saxena et al studied the cor-
rosion inhibition properties of Saraca ashoka seed extract for mild
steel in 0.5 M H2SO4. The extract has its best inhibition efficiency at
100 mg/L concentration evidenced from both electrochemical and
weight-loss measurements [8]. Eiman Alibakhshi et al used Gly-
cyrrhiza glabra as a green corrosion inhibitor against mild steel
corrosion in 1 M HCl medium. The result confirms the mixed type
inhibition nature for the extract, which retards the anodic as well
as cathodic polarisation. It describes the inhibition efficiency is
by affecting the anodic dissolution of iron and not by the cathodic
evolution of hydrogen [9]. Ghasem Bahlakeh et al studied Peganum
harmala seed extract as a worthy corrosion inhibitor with 95% effi-
ciency (800 ppm) for mild steel corrosion in an acidic environment.
It is also a mixed inhibitor obeying Freundlich monolayer adsorp-
tion of constituents on the metal surface [10]. The usage of rose-
mary oil as a corrosion inhibitor for mild steel in 2 M H3PO4 was
envisaged by both weight-loss and electrochemical methods. The
inhibition ability is through adsorption of oil on the surface of
the steel and it obeys the Langmuir adsorption mechanism [11].
Mohammad Ramezanzadeh et al investigated the combined effect

of Mangifera Indica Leaf extract and zinc cations as corrosion inhi-
bitor for mild steel corrosion in artificial seawater by electrochem-
ical and computational methods. Maximum corrosion inhibition
efficiency of 91% is established for the combination of 400 mg/L
of M.i-L extract and 400 mg/L Zn cations [12].Watermelon rind
extract serves as an efficient inhibitor for mild steel corrosion in
HCl and H2SO4 solution. It acts as a better inhibitor in HCl than
H2SO4. The inhibition efficiency increases with increasing concen-
tration of the extract and studies confirm its mixed inhibition nat-
ure [13]. Corrosion protection behaviour of apricot juice for mild
steel in 1 M phosphoric acid was studied by Aprael.S.Yaro et al.
Here the inhibitor adsorption follows unimolecular Langmuir
adsorption. The effect of temperature and inhibitor concentration
on corrosion rate was studied using statistical analysis [14]. Plants
had been valued for their medicinal properties, aroma, and aro-
matic properties. The plant Crotalaria Pallida Aiton belongs to the
family Fabaceae is an erect herb seen in the tropical and subtrop-
ical regions of India. The plant is mainly used as a folk medicine
to treat urinary infections and the swelling of joints. The plant
leaves are used to bathe children having skin infections. When
boiled with salt it is the best medicine even for eczema. It reduces
body temperature and is also used as manure. Chemical examina-
tion revealed that the plant is mainly rich in alkaloids and flavo-
noids. Ethanolic extract of this plant has pharmacological
properties and can develop pharmaceutical products derived from
natural compounds. This plant is rich in certain components which
are excellent free radical scavengers and have anti-carcinogenic
and anti-inflammatory properties [15]. The relevance of this study
lies in establishing the corrosion resisting nature of a medicinally
very important plant, whose corrosion inhibition property is eval-
uating for the first time. Moreover, the plant is an abundantly
available, eco-friendly, and cost-effective candidate as a corrosion
inhibitor. The plant contains many functional groups, aromatic
compounds, fatty acids, alkaloids, and heteroatoms like O and N
which are the main requirement for an extract to be a corrosion
inhibitor. This study utilizes the comparative study of the anti-
corrosive influence of both aqueous and alcoholic extracts of Cro-
talaria Pallida (CRW and CRE) by weight loss, EIS analysis, poten-
tiodynamic polarization technique, and also by theoretical
studies and estimated the effect of temperature, acid concentra-

Fig. 1. (A) UV–visible and (B) IR spectra of CRE and CRW.
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tion, and the inhibitor concentration on mild steel corrosion. The
nature and site of interaction between the various constituents of
the plant extract and the metal surface were identified using DFT
and also with Biovia material studio calculation. The AFM analysis
gives an insight into the surface properties of the metal before and
after exposure to free acid and acid-containing the inhibitor. The
XPS analysis confirms the presence of fatty acids (from CRE) on
the metal surface.

2. Experimental section

2.1. Test solutions

Electrolyte solution of various concentrations is made by dilut-
ing concentrated HCl (E Merk) with appropriate quantities of dis-
tilled water.

Table 1
Gravimetric parameter for mild steel in 0.5 N HCl containing CRE extract.

Immersion time (h) Cinh (V/V %) Weight loss (mg) CR(mg/cm2.h) IE (%)

24 Blank 411.4 4.76 –
1 24.1 0.278 94.14
2 18.7 0.216 95.45
3 10.5 0.121 97.44
4 10.0 0.115 97.56

48 Blank 907.9 5.25 –
1 60.0 0.347 93.39
2 47.2 0.273 94.80
3 48.2 0.278 94.6
4 33.3 0.192 96.3

72 Blank 868.8 3.351 –
1 60 0.231 93.09
2 46.2 0.1782 94.68
3 31.3 0.120 96.39
4 30.2 0.116 96.52

96 Blank 869.9 2.517 –
1 83.1 0.2404 90.45
2 52.6 0.1521 93.89
3 42.1 0.1218 95.16
4 48.0 0.138 94.48

Table 2
EIS data for mild steel with CRE and CRW at different temperatures.

Temp Volume of CR (V/V%) Rct (Ohm/Cm2) Cdl (F/cm2) I corr (mA/Cm2) CR (mm/year) IE(%) Standard deviation

CRE 303 K 0 20.59 0.002007 1.267 14.68 – –
1 138.6 0.000205 0.1882 2.1810 85.14 0.0456
2 203.2 0.000381 0.1284 1.4880 89.86 0.0094
3 212.5 0.000153 0.1228 1.423 90.31 0.0134
4 243.3 0.000181 0.1072 1.154 91.53 0.0070

308 K 0 14.84 0.001518 1.758 20.37 –
1 88.04 0.000240 0.2963 3.434 83.14 0.0089
2 115.9 0.000915 0.2251 2.609 87.19 0.0082
3 126.9 0.000193 0.2056 2.383 88.30 0.0080
4 159.1 0.000189 0.1640 1.900 90.67 0.0083

313 K 0 13.80 0.001192 1.890 21.91 – –
1 75.60 0.000261 0.3451 3.999 81.74 0.0076
2 79.01 0.000108 0.3302 3.827 82.53 0.0052
3 107.3 0.000175 0.2431 2.818 87.13 0.0009
4 111.4 0.000183 0.2342 2.714 87.61 0.0070

CRW 303 K 0 20.59 0.002007 1.267 14.68 – –
1 104.6 0.002601 0.2494 2.891 80.31 0.0064
2 116.3 0.000921 0.2243 2.600 82.29 0.0059
3 152.2 0.000370 0.1714 1.987 86.47 0.0058
4 170.7 0.000213 0.1528 1.771 87.93 0.0061

308 K 0 14.84 0.001534 1.758 20.37 – –
1 68.30 0.001049 0.3819 4.427 78.27 0.0083
2 74.01 0.000422 0.3525 4.085 79.94 0.0059
3 78.06 0.000495 0.3342 3.873 80.98 0.0066
4 83.69 0.000475 0.3117 3.613 82.26 0.0081

313 K 0 13.80 0.001192 1.890 21.91 – –
1 29.54 0.000797 0.8831 10.24 63.17 0.0079
2 49.40 0.001075 0.5281 6.120 72.06 0.0075
3 74.83 0.000707 0.3486 4.040 80.92 0.0080
4 78.14 0.000944 0.3338 3.869 82.15 0.0083
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2.2. Crotalaria Pallida leaves extract

A 5% aqueous and alcoholic solutions of Crotalaria Pallida leaves
were prepared by refluxing 5 g of shadow dried and powdered
leaves of crotalaria in 100 mL water and ethanol at about 90� and
65� respectively for about 3 h. Overheating is not recommended
here as it will degrade many phytochemicals present in these
extracts. The solution was kept overnight and filtered. The various
volume percentage of this extract is used for corrosion inhibition
study.

2.3. Characterisation of extract

The detailed literature survey of the plant gives an overview of
different phytochemicals present in both water and alcoholic
extracts. The presence of these phytochemicals was confirmed by
taking their FT-IR and electronic spectrum. Jasco UV–Visible spec-
trometer is used to detect absorbance. KBr pellet of the dried (CRW
and CRE) extracts were used for IR spectral measurements using a
Jasco IR spectrometer.

2.4. Gravimetric method

70 mL test solutions are prepared by mixing different volume
percentages of CRE and CRW with 0.5 N HCl solutions. Square
metal pieces of 3.6 cm2 area with the following composition Fe

(98.75%), C (0.20%), Mn (1.0%), P (0.030%), S (0.020%) are dipped
in these test solutions in the presence and absence of the extracts
for 24–96 h respectively at room temperature. The metal speci-
mens were washed thoroughly with water, acetone, etc. before
and after immersion in corrosive media as recommended by ASTM.
Then the metal pieces were accurately weighed before and after
the immersion. From the weight loss obtained, the corrosion rate
is calculated using

CR mmpyð Þ ¼ KxW
DxAxt

ð1Þ

where K = 8.76 � 104 which is a constant, D is the density in g/
cm3 (7.86), W is the weight loss in grams and A is 3.6 square cen-
timetre and t is the time in h.

Inhibition efficiency is calculated from weight loss measure-
ment as

IE %ð Þ ¼ W1 �W11

W1 x100 ð2Þ

where W1 = Weight loss in the absence of the inhibitor, W11 -
= Weight loss in the presence of the inhibitor

2.5. Electrochemical techniques

Apart from the application of EIS for the measurements of
double-layer capacitance and in AC polarography, it is now widely

Fig. 2. Nyquist plot for mild steel in (A) 0.5 N HCl (inset-Equivalent Randle’s circuit used to fit EIS data) (B) 4% CRE,(C) 4% CRW and (D)% relative error for 4 V/V% extracts at
different temperatures.
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used for the analysis of electrode process and complex interfaces. It
measures the system response on changing the amplitude of an AC
signal. In EIS measurements, responses are recorded by applying an
electrical perturbation either current or potential to an electrical
circuit. These responses are then analysed by fitting the non-
linear data to the equivalent Randle’s circuit. It is a powerful tool
for the quick and accurate investigation of the corrosion process.
With the usage of this technique, it is possible to measure many
parameters such as coating capacitance, coating resistance, and
corrosion process occurring at the metal coating interface.

Three electrode system is used for electrochemical measure-
ments. The working electrode is a mild steel specimen of 1 square
centimetre area with composition Fe (98.75%), C (0.20%), Mn
(1.0%), P (0.030%), S (0.020%). Saturated calomel electrode or
metal–metal insoluble salt electrode with potential 0.2413 V was
used as a reference electrode with a Luggin capillary to minimize
the IR drop and an auxiliary platinum electrode are used for elec-
trochemical measurements. Before the commencement of the
experiment, the electrodes are dipped in the electrolytes for 1 h
to attain a stable quasi-steady-state potential. The data processing
was done using ACM analysis software by the non-linear least-
squares fitting procedure. The open-circuit potential is measured
for the first 3 min. Then inhibition efficiency is calculated using
equation (3) [8]

Inhibitionefficiency %ð Þ ¼ Icorr � I�corr
Icorr

x100 ð3Þ

The real axis value at the high-frequency intercept gives the
solution resistance of the system. Moreover, the real axis value at
the low-frequency intercept is the sum of charge transfer resis-
tance and solution resistance. From this, it is clear that the diame-
ter of the semicircle is equal to the charge transfer resistance. From
this inhibition efficiency is calculated as

IE %ð Þ ¼ RI
ct � R0

ct

Ri
ct

x100 ð4Þ

where R1
ct and R0

ct are charge transfer resistance of inhibited and the
blank solution respectively.

The change in electrode potential due to the flow of current is
termed electrochemical polarisation and these polarizations can
be of three types. Polarization due to slow electrode reaction (acti-
vation polarisation), polarization resulted from the change in con-
centration of reactants and products near an electrode surface
(concentration polarization) or due to the IR drop-in solution
(ohmic polarization). Whenever the potential of an electrode is
changing from its equilibrium potential, it can be considered as
the polarization of the electrode. In the polarisation technique,
an overvoltage of 250 mV is used to polarise the working electrode
concerning the equilibrium potential at a scan rate of 1 mV/S. From
this Tafel plots are obtained with which we get I corr, Ecorr and ano-
dic and cathodic Tafel slopes. During polarization cathodic polar-
ization is first measured which is comparatively non-destructive.
But after anodic polarization, the metal surface is seriously etched

Fig. 3. Tafel plots for mild steel corrosion in (A) blank electrolyte, (B) 4% CRE, (C) 4% CRW and (D) % relative error for 4 V/V% extracts at different temperatures.
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due to the uptake of Hydrogen atoms by the metal during hydro-
gen evolution.

2.6. Theoretical calculations

Quantum chemical methods and molecular modelling techniques
can be used for deriving the electron density functions in molecular
fragments and for a molecule as a whole. DFT is a quantum mechan-
ical technique based on time-independent Schrodinger equation for
electronic structure in a molecular system. From the Frontier molec-
ular orbitals which are obtained from the theoretical calculations, the
nature of interaction taking place between the metal surface and the
inhibitor can be achieved. During their interaction, the HOMO of the
inhibitor acts as the electron donor to the metal while LUMO is the
electron acceptor from the metal. Ionization energy and electron
affinity values are also obtained from the energies of these orbitals.
From their energy values and their differences, the following conclu-
sions can be drawn. The higher the energy difference, the higher will
be the stability of the molecule. The lower the energy gap, the higher
will be the polarizability in the molecule. The lower energy gap
implies that the molecule is a better inhibitor and can be adsorbed
on the metal surface [16,17].

Theoretically, the type of interaction and locking of the inhibitor
on the metal surface is obtained through the Biovia material studio
software package. Initially the Fe (110) crystalline plane was
cleaved. Then over that Fe(110) supercell was constructed for
the adsorption of larger inhibitor molecules. Before running MD
simulations, the geometry of the inhibitor molecules was opti-
mized using D Mol 3 calculation [9].

2.7. Surface morphology

2.7.1. AFM analysis
AFM is a very powerful tool to investigate the surface morphol-

ogy and the protective film coating formed on the metal surface at

a microstructure level. From the AFM images, we get the average
roughness values which give an insight into the topography. The
Topography of bare metal in acid solution without and with the
inhibitor solution is investigated using NTEGRA PRIMA atomic
force microscope.

2.7.2. XPS spectral analysis
The elemental composition of mild steel coupon immersed in

4 V/V % CRE for about 24 h was analysed using XPS (PH1 5000
versa probe II, ULVAC-PHI Inc; USA) equipped with micro focussed
(200 µm, 15 kV) monochromatic Al-Ka X-ray source of energy
1486.6 eV. Both survey spectra and a narrow scan of the specimen
were taken. The X-ray source of power 50W and pass energy of
187.85 eV was used to record survey scan while pass energy of
46.95 eV is enough to record narrow scan in XPS. Data of XPS
results are processed through PHI’s multipack software using bind-
ing energy of C 1 s peak as standard.

3. Results and discussion

3.1. Chemical composition of the extract

Chemical examination confirms the presence of alkaloids and
flavonoids in the plant Crotalaria Pallida [18,19]. Crotalaria leaves
mainly contains the pyrrolizidine alkaloid ’monocrotaline’ [20].
The presence of monocrotaline alkaloid was confirmed in aqueous
and alcoholic extract using electronic as well as IR spectral studies.
The presence of this alkaloid is the prime reason for the greater
medicinal applications of this plant [21]. The UV–vis spectrum
shows absorbance at 208 nm which is due to the presence of n-
r* transition. This type of transition is seen in saturated com-
pounds having heteroatoms like N (C-N). Based on the absorbance
value and literature survey the presence of pyrrolizidine alkaloid is
confirmed [22]. The FT-IR spectra of the aqueous and alcoholic

Table 3
Polarization parameters with CRE and CRW at different temperatures.

T(K) Cinh (V/V %) -Ecorr (mV) ba -bc I corr (mA/cm2) CR (mm/year) IE(%) Standard deviation

CRW CRE

303 BLANK 488 196.2 222.9 1.1696 20.849 – –
1 472.86 112.76 198.04 0.1338 9.3301 88.56 0.0556
2 442.25 71.602 113.78 0.1693 6.8839 93.57 0.0084
3 484.12 99.156 102.57 0.0535 5.4699 95.43 0.0124
4 466.85 70.924 105.32 0.0501 4.5604 95.72 0.0072

308 BLANK 469.24 196.13 247.8 1.1794 20.56 –
1 479.83 117.74 155.93 0.2674 8.6843 77.33 0.0084
2 454.13 106.14 151.44 0.1831 8.5282 84.47 0.0083
3 499.47 112.29 130.22 0.1471 6.088 87.53 0.0081
4 450.80 86.594 138.98 0.1002 7.8438 91.50 0.0082

313 BLANK 480.49 210.7 248.62 1.6356 27.201 – –
1 433.27 123.47 202.88 0.3519 11.951 78.49 0.0074
2 471.62 122.34 175.4 0.2947 11.375 81.98 0.0056
3 485.75 136.31 167.26 0.0.2569 8.5872 84.29 0.0080
4 484.74 129.36 161.99 0.2541 8.2241 84.46 0.0076

303 BLANK 488 196.20 222.99 1.1696 20.8490 – –
1 442.07 117.93 187.56 0.2867 10.240 75.48 0.0066
2 454.13 111.83 162.41 0.1979 9.0512 83.07 0.0061
3 447.55 107.42 172.96 0.1727 7.5610 85.23 0.0058
4 451.8 98.643 179.01 0.1493 9.3501 87.23 0.0071

308 BLANK 469.24 196.13 247.8 1.1794 20.56 – –
1 470.65 128.97 122.83 0.3446 10.258 70.78 0.0086
2 448.43 123.01 161.06 0.3037 10.36 74.25 0.0064
3 444.55 107.1 147.1 0.2835 9.6031 75.96 0.0062
4 451.65 106.32 158.69 0.2673 11.244 77.34 0.0071

313 BLANK 480.49 210.7 248.62 1.6356 27.201 – –
1 458.23 168.56 217.76 0.7258 15.168 55.60 0.0079
2 446.31 135.89 194.49 0.5549 15.485 66.07 0.0072
3 447.93 139.27 203.41 0.4529 11.715 72.31 0.0081
4 463.66 128.02 179.81 0.3774 10.677 76.92 0.0075
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extracts have N-H, C-H, C=C, C=O, C-N, C-O-C groups, and aromatic
rings.

The alcoholic extract of the plant is rich in unsaturated fatty
acids. Among these linoleic acid, oleic acid and linolenic acids
are present in good amounts [15]. They can also be treated as
omega-6 fatty acids which are excellent anti-inflammatory
agents. The absorption maximum at 215 nm is shifted to
208 nm due to the presence of monocrotaline too in this extract.
A secondary kmax of 271 nm confirms the presence of unsaturated
fatty acids in the ethanolic extract [22]. The FT-IR spectrum
shows a peak at 1046 cm�1 (O-CH2 stretching), 1383 cm�1 (CH3

bending), 1639 cm�1 (C=O stretching), and a peak at 2924 cm�1

(asymmetric stretching of CH2 group). All these data confirm
the presence of fatty acids in the alcoholic extract [23]. There is
a slight difference in the IR frequency values of alcoholic extracts
from the aqueous extracts, which may be due to the presence of

fatty acids in alcoholic extracts in addition to the alkaloid,
monocrotaline (Fig. 1).

3.2. Gravimetric analysis

3.2.1. Effect of immersion time
The effect of exposure time on corrosion of mild steel is shown

in Table 1. The inhibition efficiency of both aqueous and alcoholic
extract increases with increasing the concentration of the extracts.
Adsorption is the main reason behind this observation. Adsorption
of the inhibitor on a mild steel surface decreases the corrosion rate
due to the combination of geometric blocking effect and energy
effects. There is no significant decrease in the inhibition efficiency
for 3 and 4 vol% solutions even after 72 and 96 h of immersion. But
for smaller percentage solutions the inhibition efficiency decreases
considerably on increasing the exposure time. This small decrease

Fig. 4. Bode plots for (A) blank solution, (B) 4 V/V % CRE and (C) 4 V/V % CRW at different temperatures.

Table 4
Thermodynamic adsorption parameters of CRE and CRW on mild steel specimen in 0.5 N HCl.

Temp (K) K ads M�1 DG0
ads kJ/mol R2 Langmuir R2 Temkin R2 Freundlich R2 Frumkin

CRE 303 K 24.4379 �18.1726 0.9994 0.4254 0.5336 �0.0550
308 K 17.3852 �17.600 0.9988 0.419 0.5386 �0.0927
313 K 16.4311 �17.739 0.9984 0.4179 0.5353 �0.0129

CRW 303 K 13.4517 �16.668 0.9980 0.3988 0.5430 �0.07674
308 K – – 0.9995 0.4497 0.5228 0.23846
313 K 4.6624 �14.460 0.9880 0.2072 0.6141 �0.25347
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may be due to the desorption of the protective layer of corrosion
inhibitor from the metal surface. The extracts of natural products
contain many phytochemicals having hydroxyl, carbonyl, car-
boxylic acid functional groups, and benzene ring which can effec-
tively donate electrons to the metal and thereby reducing its
dissolution in acid media. As the concentration of the inhibitor
increases, it will increase the thickness of the protective layer on
the metal surface which will eventually lead to corrosion resis-
tance [2].

3.3. EIS studies

Electrochemical impedance analyses were done five times for
both aqueous and alcoholic extracts at three different tempera-
tures (30 �C, 35 �C, and 40 �C) for 0.5 N HCl. The Nyquist plots are
obtained as semicircles. However, there are some imperfections
in the semicircles mainly due to the surface roughness and inho-
mogeneities. Impedance analysis was done using a 10 mV AC sig-
nal having a frequency range of 0.1–10,000 Hz. With the help of
Randle’s circuit, we can obtain the EIS parameters such as Rs, Rct,
Cdl, etc. In this circuit, mild steel coupon and electrolyte form the
two plates of the capacitor while a single layer of water molecule
forms the dielectric medium separating the two plates. When we
add an inhibitor to the solution, the thickness of this water layer
decreases due to the adsorption of the inhibitor on the metal sur-

face which in turn decreases the double-layer capacitance and
increasing the charge transfer resistance [24]. EIS data of both
CRW and CRE are listed in Table 2 and Fig. 2.

3.3.1. Effect of inhibitor concentration
As the concentration of the inhibitor increases, double layer

capacitance decreases which leads to an increase in the inhibition
efficiency. The relationship between the double-layer capacitance
and the thickness of the double layer (d) is given by

Cdl ¼ e0es=d ð5Þ
where e0 and es are the dielectric constants of free space and the
inhibitor respectively.

3.3.2. Effect of temperature
As the temperature of the reaction medium increases, the inhi-

bition efficiency decreases. This is because the inhibitor is physi-
cally adsorbed on the metal surface, which on heating, desorbed
from the surface leading to the better dissolution of metal. It is
found that efficiency of 91.53% for 4(V/V %) CRE at 303 K is reduced
to 90.67% at 308 K and to 87.61% when the temperature raised to
313 K. This decrease in inhibition efficiency with temperature
can also be explained in terms of kinetic energy. As temperature
increases, more inhibitor molecules get enough kinetic energy to
detach from the metal surface and higher temperature may also
lead to the decomposition of the inhibitor molecule (Fig. 2).

Fig. 5. Langmuir adsorption isotherm for (A) CRE and (B) CRW at three different temperatures.

Table 5
Kinetic parameters of corrosion inhibition by CRE and CRW in 0.5 N HCl solution.

Inhibitor concentration Cinh(V/V%) Arrhenius plot (ln CR vs 1000/T) Transition state plot (ln (CR/T) vs 1/T

Ea (kJ/mol) DSa0 (kJ/mol) DHa
0 (kJ/mol) Ea- DHa

0

CRE BLANK 31.6667 �128.9843 28.318 3.348
1 47.9034 �93.2571 43.938 3.965
2 78.0421 �13.41156 69.155 8.8871
3 50.44926 �77.25717 49.847 0.6022
4 67.4489 �38.0717 62.333 5.1159

CRW BLANK 31.6663 �128.9850 28.318 3.3483
1 99.4823 66.4988 91.933 7.5493
2 67.4720 �31.9249 62.186 5.286
3 56.1802 �65.4794 52.4709 3.7093
4 61.8461 �48.4398 57.919 3.9271

A.T. Jeeja Rani, A. Thomas and A. Joseph Journal of Molecular Liquids 334 (2021) 116515

8



3.4. Tafel polarisation study

In this, we plot the natural logarithm of corrosion current den-
sity in units of A/cm2 on the X-axis and corrosion potential on Y-
axis after applying a potential sweep of �250 mV to Ecorr at a scan
rate of 60 mV/min concerning calomel electrode. Using the Tafel
extrapolation technique, we get parameters like corrosion current

density, cathodic and anodic Tafel slopes, corrosion potential etc.
The corrosion current of pure metal in blank solutions increases
from 1.1696 to 1.6356 when we increase the temperature from
303 K to 313 K. On adding 4(V/V %) inhibitor solution these values
decrease to 0.1493, 0.2673, and 0.3774 mA/Cm2 for CRW and
0.0501, 0.1002 and 0.2541 mA/Cm2 for CRE respectively at 303 K,
308 K, and 313 K, indicating the effectiveness of the plant extracts
to offer resistance towards metal dissolution. On increasing the
temperature of the system, the corrosion rate increases. This is
because of the desorption of some active components from the
metal surface which in turn facilitates the corrosion rate. The cor-
rosion rate for the blank solution at 303 K is 20.849 mm/year
which decreases to 9.3501 and 9.3301 for 4 (V/V %) CRW and
CRE at the same temperature. At 313 K the value decreases from
27.201(blank) to 10.677 and 8.2241 mm/year respectively for
CRW and CRE. Since the difference in Ecorr values on adding various
volume percentage solutions is within �85 mV the inhibitor shows
a mixed type behaviour [25] (Fig. 3). Moreover, there are irregular
trends in the values of ba and bc which again supports the adsorp-
tion of more than one type of phytochemicals on the metal surface,
leading to a lesser corrosion rate [26]. The data is shown in Table 3
for CRE and CRW.

Fig. 6. Transition state (A and B) and Arrhenius plot(C and D) for CRE and CRW.

Table 6
Global parameters for the three important fatty acids in CRE obtained from B3LYP/6-
311G(dip).

Parameters Linoleic acid Linolenic acid Oleic acid

Total Energy(au) �855.877 �854.473 �857.123
E HOMO(ev) �6.734 �6.435 �6.624
E LUMO (ev) �0.603 �0.199 �0.175
DE 6.131 6.236 6.448
IE (ev) 6.734 6.435 6.624
EA (ev) 0.603 0.199 0.175
Dipole moment (D) 5.165 2.034 1.525
v 3.6686 3.317 3.399
ƞ 3.0655 3.118 3.224
DN 0.5433 0.5906 0.5584
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3.5. Bode plots

The capacitive, inductive and resistive nature of an inhibitor
system can be explained in the light of Bode curves, by plotting
log (frequency) against phase angle. For a perfect capacitor, the
phase angle is 900. Any deviation from this angle leads to a ’leaky’
capacitor. I.e. circuit contains a capacitor and a resistor in parallel.
The deviation from a perfect capacitor is more for a blank solution
indicating the greater rate of corrosion. The broadened nature of
Bode curves implies adsorption of inhibitor on mild steel leading
to lesser corrosion rate.

Taking blank solution (0.5 N HCl) at 303 K the phase angle is
14.64�. On increasing the temperature to 313 K, the deviation is
more and reaches 10.79�, giving a greater degree of corrosion.
When we add 4 V/V% extract (both CRE and CRW), the deviation
from the perfect capacitor angle is less and the value of phase angle
increases. The higher phase angle value is for CRE indicating its
greater protection ability than CRW. On increasing the tempera-
ture, the rate of corrosion increases, which is confirmed from its
Bode phase angle plot (Fig. 4)

3.6. Adsorption isotherms

Inhibitors reduce metal corrosion mainly by adsorbing on the
metal surface by donating electrons. There are different types of
adsorption isotherms namely Langmuir, Freundlich, Temkin, Frum-
kin etc. which are used to evaluate the adsorption of inhibitor over
metal electrode [2]. The adsorption of inhibitors takes place by the
active displacement of pre-adsorbed water molecules from the
inner plane of the electrode. The phenomenon of adsorption also
gives an idea about the interaction between various adsorbed inhi-

bitors and also between the electrode surface and inhibitor mole-
cules. As the concentration of the inhibitor increases more
molecules are on the surface of the metal leading to greater surface
coverage (h). Langmuir, Frumkin, Temkin, and Freundlich iso-
therms are plotted separately for both aqueous and alcoholic CR
extracts (Table 4), and from the value of R2 (regression constant),
it is found that Langmuir is the best isotherm for both the extracts
(Fig. 5), which confirms the monolayer adsorption of various phy-
tochemical constituents on the metal surface [27]. Since the DG
values are negative, the adsorption may be considered as a sponta-
neous process, and as the values are below �20 kJ/mol, the
physisorption of constituent phytochemicals occurred [2]. From
the result, it is clear that the adsorption constant for alcoholic
extract is higher than that for water which again confirms that
phytochemicals from alcoholic extract are firmly adsorbed on the
metal surface than from aqueous extract. Kads value decreases with
temperature. This result also supports the physisorption of con-
stituent phytochemicals on the mild steel surface than chemisorp-
tion. The adsorption of phytochemicals on metal may either
through the p or nonbonding electrons on the heteroatom with
the metal surface or through the Vander Waal’s interaction [16,28].

3.7. Kinetic data

A kinetic study was done to understand the mechanism of cor-
rosion inhibition. From the results, (Table 5) it is clear that the acti-
vation energy is increasing on adding inhibitor which indicates
strong adsorption of inhibitor on the mild steel surface. There is
an increase in the activation energy with an increase of inhibitor
concentration indicating the resistance to corrosion in the HCl
medium because the inhibitor raises the activation energy needed

Fig. 7. Optimized geometry, HOMO and LUMO of the constituent fatty acids in CRE.
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for the dissolution of the metal. DHa
0 values are positive indicating

the endothermic nature of metal dissolution. Moreover, its value is
higher than the blank solution, indicating that the enthalpy of dis-
solution for the metal is higher in presence of the inhibitor. This is
why the inhibition efficiency increases with the addition of the
inhibitor. The evolution of the hydrogen gas during the corrosion
process was affirmed from the values of Ea and DHa

0. Since the
value of Ea is greater than DHa

0 and their difference is approxi-
mately equal to RT, which again suggest the unimolecular reaction
as shown in Fig. 6.

3.8. Theoretical calculations

3.8.1. Geometry optimization
DFT analysis using B3LYP with 6-311 + G (d, p) as a basis set

gives different parameters which are listed in Table 6. The lower
DE value for linoleic acid indicates its high inhibition ability
through greater adsorption on the metal surface [27]. However,
the stability is higher for oleic acid which is reflected from their
higher DE values. Dipole moment value analysis reveals that lino-
leic acid has greater inhibition due to larger dipole-dipole interac-
tion [4]. Electron affinity for linoleic acid is very much higher than

the other two fatty acids and hence it has a greater tendency to
accept electrons frommild steel surface which makes it an efficient
inhibitor. Mild steel in acidic medium is considered as soft species
with which maximum interaction is possible with inhibitor having
low hardness value (soft-soft interaction), i.e. with linoleic acid.
Optimized geometry, HOMO, and LUMO of these fatty acids are
shown in Fig. 7.

3.8.2. Material studio analysis
Biovia material studio calculation was carried out for knowing

the type and nature of the interaction between the inhibitors and
the mild steel surface. From the visualized configuration of the
inhibitor and metal surface, it is clear that all fatty acids are firmly
adsorbed on the mild steel surface (Fig. 8). Moreover, the orienta-
tion of these phytochemicals over the Fe surface is flat indicating
maximum surface coverage by the inhibitor on the metal surface.
Material studio calculation implies that the total energy of the
adsorbate and adsorbent is maximum for linolenic acid and mini-
mum for oleic acid (Table 7). This implies that the stable interac-
tion is between oleic acid and Fe surface. But this interaction has
lower adsorption energy than with the other two fatty acids, giving
the lower possibility to get adsorbed. This may be because oleic

Fig. 8. Snapshots showing the adsorption of three important fatty acids in CRE on mild steel surface using Biovia material studio software.

Table 7
Adsorption parameters obtained from MD simulation.

Molecule Total energy Adsorption energy Rigid adsorption energy Deformation energy

Oleic acid �213.050 �148.363 �144.817 �148.363
Linolenic acid �195.756 �152.930 �146.990 �152.930
Linoleic acid �206.895 �154.230 �153.598 �154.230
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acid has a lesser number of double bonds among the three. From
the energy of adsorption, the molecule which has strong adsorp-
tion on the metal surface is linoleic acid, then linolenic acid, and
finally oleic acid. It is not only the number of double bonds but also
the geometry of the molecule that has a great role in the adsorp-
tion process on a metal surface. Moreover, the deformation energy
of linoleic acid is �154 Kcal/mol, �152.93 Kcal/mol for linolenic
acid and �148.36 Kcal/mol for oleic acid. The deformation energy
values also support the strong interaction of linoleic acid and mild
steel surface than other fatty acids.

3.9. Surface morphology

3.9.1. AFM analysis
Fig. 9 shows the AFM images of mild steel coupons immersed in

0.5 N HCl containing 4 V/V % CRE and CRW respectively taken after
24 h of immersion. The average roughness value of these images
gives an idea about the surface morphology. Specimen dipped in
blank acidic solution has an average roughness value of
237.84 nm, but for samples dipped in an inhibited solution con-
taining CRW and CRE has the value of 70.3 nm and 57.7 nm respec-
tively. From the inspection of these values, it is clear that the
surface is seriously damaged in bare acid solution while it is highly
protected in inhibited solutions. Among these, the protection of the
surface is greater for the solution containing CRE (lower roughness
value) than with CRW. In inhibited electrolytic solution, the
adsorption of various phytochemicals on the metal surface offers
protection to the surface of the metal from acid attack. Since the
fatty acid concentration is higher in CRE than CRW, the surface is

more effectively protected here as evident from the roughness
parameter [29].

3.9.2. XPS spectral analysis
The surface composition of the metal, state of bonding of ele-

ments in a sample and their relative concentration on a surface
was recorded effectively through XPS analysis. After 24 h of
immersion, the metal coupon was cleaned with distilled water,
dried and then the XPS spectra were taken. The spectra detect
the presence of C, O, and Fe on the surface of the specimen. The
presence of the inhibitor on the sample was verified and confirmed
by analysing the deconvoluted spectra of C 1s and O 1s. The decon-
volution of Fe 2p accounts for the mild steel coupon and its corro-
sion counterparts. The high- resolution spectra of C 1s has three
peaks. It gives an idea about the state of bonding of C at the surface.
The peak with binding energy 284.79 accounts for C-H, and C-C
grouping. The second peak with binding energy around 284 corre-
sponds to C=C linkage and the third at 288.23 is responsible for the
O-C=O bond. The high- resolution spectra of O 1s encounters two
peaks; one at 531 eV accounts for the O=C functional group and
another at 529.9 corresponds to O-Fe bonding (metal oxides). A
narrow scan of Fe 2p has five peaks at the surface represents the
existence of Fe in five different environments. A peak at
710.78 eV represents Fe(III) oxides like Fe2O3 and Fe (III) oxyhy-
droxides. The second peak at 713.31 eV shows a small amount of
ferric chloride due to the presence of HCl medium. The third peak
at 719.52 eV is for metallic iron and also for the satellite peak of
iron oxides (represents its reluctance for the oxidation of Fe2+).
Peak with binding energy 724.58 eV attributes Fe 2p ½ of the iron

Fig. 9. AFM images of mild steel coupons in 0.5 N HCl, 0.5 N HCl containing 4 V/V % CRW and CRE respectively.
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oxides and the other at 726.87 ascribed to Fe 2p ½ of FeO(OH) [30–
34].

The above data agrees that the iron surface is almost 90% cov-
ered with the important fatty acids (linoleic acid, linolenic acid
and oleic acid) when the mild steel coupon immersed in CRE which
gives them protection against corrosion in HCl medium (Fig. 10).

3.10. Mechanism of inhibition

Inhibition ability of an inhibitor arises due to the formation of a
layer of inhibitors on a metal surface by replacing preadsorbed
water molecule from the metal surface as

Inhibitor + M ðwithadsorbedH2OÞ ! M ðwithadsorbedinhibitorÞ + H2O

Donor-acceptor interaction between the organic molecules pre-
sent in the extract and the metal surface is the main cause for the
inhibition efficiency of both CRE and CRW. Both extracts contain
electron-rich aromatic system, hetero atoms like O, N etc. with
lone pairs, fatty acids like linoleic acid, linolenic acid and oleic acid
having –COOH functional group that are capable of donating elec-
tron pairs to the metal d orbital. From the theoretical calculations,
it is found that the number of electrons transferred from these
fatty acids to the metal surface is quite high making it an effective
inhibitor. In addition to the electron transfer, these organic inhibi-
tors are adsorbed as negatively charged species which has an affin-

ity to the positively charged metal ions in solution due to the great
electrostatic force of attraction between the oppositely charged
species, resulting in enhanced surface coverage even at a small
concentration of the inhibitor. The presence of the acidic group
in the fatty acids in the extract makes it a better inhibitor even
at high temperature [35]. The fatty acids exist in its carboxylate
form in biological system can donate electron pair to the vacant
metal d orbitals forming a co-ordinate type bond. Thus the interac-
tion of inhibitor with metal can be considered as a combination of
both physisorption (electrostatic interaction) and chemisorption
(co-ordinate type bond) evidenced from XPS data [36]. Gibb’s free
energy value focuses on the nature of adsorption as physisorption
than chemisorption.

4. Conclusion

1. Crotalaria pallida leaf extracts are good corrosion inhibitors for
mild steel in 0.5 N HCl solution. The inhibition efficiency of 95%
for 4(V/V %) alcoholic extract and 87% for the same volume per-
centage aqueous extracts in 0.5 N HCl indicate that the ethano-
lic extracts are more efficient in corrosion inhibition than their
water counterpart. The high inhibition efficiency of the alco-
holic extract is ascribed to the extended contribution of various
fatty acids.

Fig. 10. The XPS spectrum showing (A) survey scan spectrum and deconvoluted profiles of (B) Fe 2p, (C) C 1s and (D) O 1s for mild steel coupon dipped in 0.5 N HCl containing
4 V/V % CRE after 24 h of immersion.
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2. The inhibition efficiency decreases with increasing temperature
and acid concentration, suggesting physical adsorption of con-
stituent phytochemicals on the metal surface.

3. Kinetic and adsorption studies support the tendency of phyto-
chemicals towards physisorption than chemisorption. The
adsorption mechanism follows Langmuir unimolecular model.

4. The potentiodynamic polarization technique suggests mixed
type behaviour of the active molecules of the inhibitor system.

5. Theoretical studies suggest that the phytochemicals are
adsorbed on the Fe surface by donating electrons from the
LUMO of heteroatoms present in the active components of the
phytochemicals to the Fe surface and also by accepting elec-
trons to their HOMO from the Fe atoms. Among the three fatty
acids discussed here, linoleic acid is the best inhibitor for mild
steel in 0.5 N HCl, confirmed from its DE values and also from
dipole moment values. However, the stability is maximum for
oleic acid among the three.

6. The region of adherence between the Fe(110) plane and the
constituents were recorded using Biovia material studio soft-
ware. Visualized snapshots, as well as the energies, confirm
the adsorption of three fatty acids on the metal surface, but
the adsorption of linoleic acid is favoured more than the other
two during the exposition.

7. The surface adsorption of the fatty acids from the extract was
further supported by AFM and XPS results.
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ABSTRACT : Morphological, physiological and biochemical responses of feeding by Cassava spider mite, Oligonychus biharensis

(Hirst) on the detached leaves of cassava Manihot esculenta L. were evaluated in the laboratory at 35 ± 2°C and 65 ± 5% RH.

Cultivation of mite-infested (M+) and mite-free (M–) host plants was done by constructing block design plots and replicated. Live

cultures of different stages of mites were also maintained in the laboratory using leaf flotation technique. The results showed

that O. biharensis colonized on both surfaces of the leaf lamina of mature leaves and the petioles showed high population

densities. Initial symptoms of damage were numerous white spots at the points of feeding on the leaf surface. Prolonged feeding

encompassed the formation of dark brown patches, crinkling and subsequent drying and defoliation of affected leaves. Attack by

these mites affected the growth and vigour of cassava plants. Analysis of damage symptoms revealed extensive bleaching and

chlorosis of the leaves. Protein profile of M. esculenta leaves revealed 5 prominent bands each, both in M+ and M– host samples.

However, M– samples invariably showed higher protein concentration than the M+ samples. Per cent loss in chlorophyll ‘a’ and

‘b’ recorded 82.75 ± 1.2% and 80.10 ± 1.5%, respectively. Chlorophyll loss was significant at 1% levels. Increase in total

phenol content of M+ plants ranged from 14.53 ± 0.50 mg phenol/gm plant material.
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INTRODUCTION

The spider mite O. biharensis is a sporadic pest of

vegetable crops and many other economically important

plants (Jeppson et al, 1975; Gupta, 1985; Sangeetha and

Ramani, 2011). This spider mite is well known for its

extraordinary ability to colonise vegetable plants, to

replenish all the available nutrients and to cause serious

injuries to its host plants (Chen et al, 2005; Ji et al, 2005).

The mites occur invariably on both the leaf surfaces

preferably near the petioles of mature leaves causing

crinkling, drying and defoliation of affected leaves. This

has raised their importance as pests in terms of the degree

of damage induced. The host plant, M. esculenta

(cassava) stands out in the country as the most important

source of energy especially for the low income calorie-

deficient population and a major horticultural export

commodity earning foreign exchange in addition to its use

as animal feed and industrial usage (Hillocks et al, 2002).

Field observations showed that these plants are highly

susceptible to attack by O. biharensis as the species

emerged as the prominent faunal element on them.

Whereas a large body of work is available on the breeding

biology of these mites, much less is known about the

feeding injury induced by O. biharensis. In the present

study, the feeding characteristics and damage induced

by O. biharensis on cassava is addressed in a series of

laboratory experiments.

MATERIALS AND METHODS

Outdoor culturing of mites

Live cultures of O. biharensis were maintained on

cassava in the field to observe closely the mode of

infestation, progressive damage symptoms induced on the

host plant and also to make quantitative estimation of

damage potential of the concerned species. To achieve

this objective, two mite treatments (i) M–, mite free plants

and (ii) M+, plants artificially infested with mites, were

included in a randomized block design plots (3 m × 3 m)

which was replicated four times within a season.

Cultivation of host plants was done by planting stem

cuttings of cassava in enriched soils prepared for the study.

The plots were irrigated regularly and the plants were

made mite-free by spraying a broad-spectrum insecticide
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thiodicarb to eliminate mite pests and predators (Reddall

et al, 2004). Artificial infestations of M+ plants were done

by stapling mite- infested leaf bits grown in the glass house

60 days after planting. The plots were covered with fine

nets to ensure protection from pest attack and to reduce

the risk of cross infestation between M+ and M– plots.

Indoor culturing of mites

Live cultures of different stages of the mites were

maintained in the laboratory at 30 ± 2°C and 70 ± 5%

relative humidity on fresh leaves of cassava, collected

from the plots at an interval of 2 days or at the time of

need. Mite culturing was carried out following the leaf

flotation technique (Sangeetha and Ramani, 2007). Each

culture set consisted of 2-4 leaves, kept in petri dishes

lined with moistened cotton pads and was treated as an

experimental unit. Stock cultures of the mites were also

maintained in the laboratory in the same manner so as to

ensure constant supply of life stages.

Estimation of chlorophyll content

The concentrations of chlorophyll (a and b separately)

was determined using the method described by Ekanayake

and Adeleke (1996). Fully expanded 2-3 main stem leaves

5 nodes below the terminal taken from two M+ and M–

plants per plot were used for extraction. This area marked

the region showing highest mite density within the M+

plant. 2gms each of M+ and M– leaf tissue was crushed

using mortar and pestle and 20ml of 80% acetone was

added to it to allow the tissue to be thoroughly

homogenized. The supernatant was decanted through filter

paper into a 100 ml volumetric flask. The extraction

procedure was repeated by the addition of 20 ml acetone

to the residue. Additional acetone was added to wash

off the chlorophyll and the solution was made upto 100

ml mark in the volumetric flask. The resulting solution

was thoroughly mixed and 5 ml pipetted into a 50 ml

volumetric flask and made up the volume with 80%

acetone. The absorbance of the extract from M+ and

M– plants was measured at 645, 663 and 652 nm

wavelengths for chlorophyll a, b and total chlorophyll

respectively against 80% acetone as blank.

Concentrations of chlorophyll (mg /g fresh leaf weight)

were calculated as follows:

Chlorophyll a = (20.2 × D 645) × (50/1000) × (100/5)

× (1/2),

Chlorophyll b = (8.02 × D 663) × (50/1000) × (100/5)

× (1/2)

where, D = absorbance.

The data were statistically analyzed using students t

test with SPSS (Version 12). Values are expressed as

Mean ± SEM. ‘n’ indicate the number of trials.

Estimation of total phenol content

The response of plants to mite attack in terms of

concentration of total phenols content of each extract

was determined using methods previously described by

Singleton et al (1999). 1gm each of M+ and M– fresh

leaf sample was ground in a pre-cooled mortar into fine

paste with 10 ml of 80% ethanol. The homogenate was

centrifuged at 10,000 rpm for 20 min, the supernatant

was saved, and to the residue 5 ml of 80% ethanol was

added for re- extraction. Pooled supernatant was

evaporated to dryness in a hot water bath. Dried residue

was dissolved in 5 ml of distilled water. To 1 ml of the

above solution, 2 ml of distilled water and 0.5 ml of Folin-

Ciocalteau reagent were added and incubated for 3

minutes. Added 2 ml of 20% Sodium bi-carbonate solution

(freshly prepared), mixed thoroughly and placed in boiling

water bath for 1 minute. Cooled the reaction mixture and

the absorbance value was read at 650 nm using a

Shimadzu UV-VIS spectrophotometer (Model UV -

1601). Final concentration of phenol present in each test

sample was calculated by plotting a standard graph

prepared using different concentrations of standard

Tannic acid. Values are expressed in terms of mg phenols/

100g material.

Estimation of protein profile

Protein profiles of the M+ and M– leaf samples of

M. esculenta were prepared by SDS Poly Acryl amide

Gel Electrophoresis (Gaal et al, 1980). 1 gm each of M+

and M– leaf tissue sample in duplicate were weighed

separately and ground into a fine paste in ice cold condition

using 5ml of Tris extraction buffer and fine sand powder.

In order to control the phenolic oxidation, β  -

mercaptoethanol (200 µl) was used during the preparation.

The fine paste obtained after grinding was transferred to

centrifuge tube (8ml) and spun at 10,000 rpm at 4°C using

a refrigerated centrifuge (Plast Crafts Model - Rota 4R

- V/F M) for 30 minutes. The supernatant was collected

using micropipette in a separate micro-centrifuge tube

and stored at –28°C. 50 µl of sample was loaded in the

wells of the apparatus (Genei Mini Model Electrophoresis

Unit) assembled for running at a voltage set at 80V. The

gel was stained in coomassie brilliant blue and molecular

weights of the bands were determined using Quantity

One software.

RESULTS AND DISCUSSION

Qualitative assessment of feeding injury

Studies on feeding activities of all life stages of O.

biharensis on M. esculenta, damage symptoms and

progress of infestation was made through repeated field
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cum laboratory studies.

Morphological responses of feeding

Feeding   activity   of   O.   biharensis : O.

biharensis represented the category of ‘leaf suckers’

encountered on M. esculenta during the survey. It

colonised the mature leaves and built large colonies.

However, young or newly sprouted leaves of the host

plant were left unfed by the mite. The adults, larval and

nymphal stages equally engaged in active feeding by

piercing their stylets set on protrusible stylophore that

could be seen moving back and forth during feeding and

sucking the tissue fluids out from the leaves. The colony

structure of the mites as reflected in the current study

were complex attained through construction of thinner

complicated webbing on the leaf surface connecting the

petioles and major veins of the leaf. Females initiated

oviposition soon after web construction and laid golden

brown eggs at random on the leaf surface. As feeding

progressed, faecal matter was deposited as black globules

that spread on the leaf surface soon after ejection from

the body. Such black patches could be seen scattered all

over the leaf surface amidst a separate layer formed of

webbing, egg cases, moulting skin, eggs and life stages,

dust particles and damage symptoms. This coating

imparted a cumulative effect on the retardation of

photosynthesis by preventing the absorption of light by

the residual chlorophyll left unfed by the mite. Formation

of such a thick layer over the leaf surface could be

explained on the basis of earlier reports by Sumangala

and Haq (2000), Reddall et al (2004) and Sangeetha and

Ramani (2007b).

Damage symptoms induced by O. biharensis :

Feeding injury to the host leaf was marked by the

appearance of characteristic spots and later patches at

the areas of suction of sap from the plant cells. Initial

symptoms of damage were manifested in the form of

numerous white spots at the points of feeding on the leaf

surface. Continuous sucking by all stages of this mite

from leaves and petioles caused fusion of these spots

and formation of large chlorotic patches. Following this,

a change in colour from white to yellowish brown patches

could be observed. Severe infestation and prolonged

feeding encompassed the formation of dark brown

patches, crinkling and subsequent drying and defoliation

of affected leaves. Attack by these mites was so severe

that the whole plantation appeared to be crinkled due to

water loss through the feeding punctures produced on

the leaves. This had a negative impact on the growth and

vigour of cassava plants. This observation is in support

of the findings of Reddy and Baskaran (2006) at much

lower infestation levels of Tetranychus ludeni on four

varieties of egg plant.

Quantitative assessment of damage potential

Physiological responses from mite feeding

Estimation of leaf chlorophyll content :

Chlorophyll content of the leaves is regarded as one of

the parameters determining the photosynthetic efficiency

of the plant (Lahai et al, 2003). So chlorophyll content of

M+ leaves were compared with that of M– leaves in order

to quantify the extent of damage induced by the feeding

activity of O. biharensis. Quantitative reduction in

chlorophyll ‘a’ and ‘b’ was observed to be 7.56 ± 0.04

and 6.70 ± 0.10 mg/gm tissue, respectively. Per cent loss

in chlorophyll ‘a’ and ‘b’ was recorded 82.75 ± 1.2 %

and 80.10 ± 1.5%, respectively (Table 1). Results were

found significant at 1% level. The leaf chlorophyll content

thus decreased with increase in mite density and duration

of feeding (Haq 1997; Sumangala and Haq, 2000;

Nachman and Zemek, 2002; Park and Lee, 2002 and

Sangeetha and Ramani, 2007b). In addition, feeding

activity of the individuals induced heavy loss of water

from the leaf tissue. The overall impact of the above

processes had resulted in the total destruction of the

photosynthetic machinery of the plant leading to its final

collapse. These results have clearly established the

potentiality of the leaf sucking forms in damaging the host

plants (Iatrou et al, 1995; Ekanayake et al, 1996 & 1998;

Bounfour et al, 2002; Lahai et al, 2003; Reddall et al,

2004; Sangeetha and Ramani, 2007b).

Estimation of total phenols : Phenols are wide

spread in plant kingdom, the role of which in the

metabolism of the plant has not been adequately explained,

though are believed to offer resistance to pests and

diseases. Because certain phenolics have the ability to

precipitate plant proteins and render them indigestible,

they have been considered as defense compounds.

Analysis of feeding response of O. biharensis in terms

of phenol content of cassava leaves provided better

picture on the impact of their feeding. Significant increase

of 14.53 ± 0.50 mg phenol/ gm plant material of M+ plants

was observed following infestation by O. biharensis

(Table 2). Ananthakrishnan et al (1992) recorded a similar

increase in the production of phenolics in cassava, castor

and eucalyptus during pest attack and concluded that

increase in total phenols induced resistance in hosts against

herbivory. Such an increase in phenolic content due to

spider mite feeding in ‘Conica’ leaves was reported earlier

(Puchalska, 2006), estimating up to 50% reduction in

photosynthesis rate after 3 weeks of heavy infestation

by O. ununguis. Accumulation of phenolic compounds

in plant tissues is reported to be one of the causes of



photosynthetic suppression (Puchalska, 2006). These

results reflected on the innate response of the cassava

plants against O. biharensis attack.

Biochemical responses from mite feeding

Estimation of protein profile : Preliminary studies

on the protein profile of M. esculenta leaves revealed 5

prominent bands each, both in M+ as well as M–   samples

(Fig. 1). However, the positions of these bands were

identical in both the leaf samples. Of the 5 bands, the

third band from the top (62 kDa) was quantitatively the

major one as indicated by the band width and staining

intensity. The other bands recorded substantially very low

concentration in comparison to the major band. Further,

the M– leaf samples invariably had a higher protein

concentration than the M+ samples as the former had

more intensity of staining than the latter. Endogenous

degradation of existing proteins might have occurred

following mite infestation in M+ leaves. Apparently neither

de novo synthesis of proteins occurred nor was there a

selective depletion of any protein. Following infestation

and damage by O. biharensis, a slight decrease in the

protein concentration in the M+ leaves was observed

though no significant change in the protein profile could

be recorded in the present investigation. However, studies

undertaken on this aspect were preliminary and first of

its kind and in- depth studies are underway to substantiate

the results. Yet the results gained by SDS PAGE provide

a simple picture which makes it possible to understand

the biochemical changes that followed infestation by O.

biharensis.

The feeding activity of these mites also induced

mechanical injury to epidermal and mesophyll tissue and

hence heavy water loss from the leaf tissues. These

results clearly reflect on the capacity of O. biharensis

in damaging the host plant, M. esculenta by inducing

mechanical damage aggravated by biochemical

alterations.
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The Medical Divide:A Postcolonial Critique of 

Inequities in Access to Healthcare 

1
Bindu Amat 

 

Abstract: 

The aim of this paper is to highlight the significance of postcolonial studies in addressing the problem 

of inequities bred by disparities in social structures. Focusing on the current global crisis caused by the Covid 

pandemic, the paper seeks to establish how the prejudices engendered by hierarchical notions of race, class and 

gender impact access to healthcare facilities. The attempt here is to project the relevance of postcolonialism in 

subverting such cliched notions and thus facilitating the opening up of spaces that ensure equity in the 

basic right to health and hygiene. The paper foregrounds the possibility of the gap between privilege and 

privation being bridged by the impetus given by postcolonial studies.  

Key words: Postcolonialism, healthcare, equity, privilege, pandemic 

 

I. Introduction 

This paper proposes to recommend creative and critical engagement with Postcolonial texts and studies 

as a strategy to root out the divisive structures of race, caste, class, ethnicity, religion, region and gender, the 

structures that have deepened the fissures in a world presently challenged by a pandemic. The paper was 

prompted by the recent incident of an advertisement evoking public ire and its subsequent withdrawal by the 

manufacturing company. The story was reported, among other publications, in NDTV when the advertisement in 

question raised protests on social media platforms like Twitter. Capitalising on the lockdown trend of culinary 

experimentation as evidenced explosively on networks like Instagram and Facebook, the Kent Home Appliances 

Company published one of the very few advertisements made during this period – one for a Roti/bread maker. 

The text of the advertisement zeroed in on the worry currently uppermost in the public mind: getting infected. It 

read: “Are you allowing your maid to knead atta-dough by hand? Her hands may be infected. Now don‟t 

compromise on health and purity. Bring home Kent Atta maker and bread maker” (Sanya n.p). As the 

advertisement triumphantly introduced its exclusive product, what got shockingly compromised was the quality 

of being inclusive.  

The sexist and classist tone of the advertisement drew a huge round of protest on social media, and as 

an expected course of action, the company withdrew it immediately. However, the fact remains that such an 

advertisement was indeed conceived and made in the first place, and that at no point during the various stages of 

its production, from the conceptualising and copy writing to the publication, did it get called off for its 

insensitive content. The ideology that gives sanction to this kind of divisive and hierarchical thinking is what 
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needs to be challenged, particularly in a context that discusses the aftermath of Postcolonial Studies.The impetus 

derived from postcolonial studies can aid the identification and rejection of persistent patterns of discrimination 

involving centres and margins evenbeyond those of the colonizer and colonized, or the west and the east. 

Problematized thus, the advertisement reveals the voice of privilege that it is resonant with, andexposes a state of 

affairs where the safe spaces are colonized and monopolized by certain classes, relegating the natives of the 

other classes to the unsafe margins and the ghettos.  

The advertisement is reflective of the divisions rampant in the society to which it was delivered. It 

ratifies the circumstances that led to some appalling instances seen unfolding over the first two months of the 

lockdown period in India, during the pandemic. One of the most disturbing images seen during the initial months 

of the lockdown period has been that of an exodus, of thousands of migrant familiesin the metropolises trudging 

the long distances back to their native places, on foot and often in the most perilous manner. These scenes have 

verily exposed the fault lines of the society, demarcating the safe spaces reserved for the privileged, from the 

unsafe zones meant for the underprivileged. Apart from the humiliation faced by the masses who were thus 

displaced, the displacement also added an alarming edge to the already critical situation of the outbreak of the 

illness caused by the Covid 19 virus. Infectious diseases are prone to spread quickly in situations of social 

inequality, for social inequality polarizes spaces, separating sanitized zones from the fecund sites of infection 

and transmission. Poverty and discrimination create health disparities with one side suffering from limited 

access to health facilities. Therefore,while dealing with the challenge of controlling the spread of the disease, 

there is an inevitable need to take cognizance of the social determinants of health care. Social Sciences need to 

be integrated with Science and Medicine, because an understanding of the human indices and local context is 

essential in analyzing the healthcare scenario so as to be able to anticipate problems and search for appropriate 

remedies. It is in this context that the study of Postcolonial literature gains relevance.  

 

Postcolonial literary studies can aid the exposure of discriminatory practices in the field of health care 

and the inequality in access to it. One of the major instances of prejudiced practices in the field of medicine 

recorded in published studies is that of the experiments conducted by J.Marion Sims, a pioneer in the field of 

gynaecology surgery. This paper looks at two works which deal with the issue: Harriet Washington‟s work 

Medical Apartheid: The Dark History of Medical Experimentation on Black Americans from Colonial Times to 

the Present (2006) and a recent play based on it, Behind the Sheet (2019) by the Canadian feminist playwright 

CharlyEvon Simpson.  

 

Washington‟s historical studyanalyses the treatment of Afro Americans by the medical establishment, 

which has a dominant presence of White practitioners and researchers. It questions the unjust racist practices 

adopted to achieve significant strides in scientific development. The author focusses on mainly three categories 

of practices:  

1. African Americans put up for display as museum artefacts, as objects of ridicule for the 

titillation and entertainment of the whites 

2. The eugenic control of Afro American reproduction so as to reduce their numbers  
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3. Using Afro American bodies for experiments without their consent or any form of anaesthesia.  

As Washington indicates in her work, mainstream medical history books state that the first Women‟s 

Hospital in America was a four-storey, 20-bed institution in New York City, founded by Dr. J. Marion Sims in 

1855, where he operated on ailing white women, benevolently granting them solace and wellness. What is not 

mentioned therein, and what is revealingly exposed in Washington‟s path breaking study, is the counter narrative 

of this version of history. It reveals a ramshackle shed, the eight-bed “sick house” Sims had set up on a small 

slave farm in Mount Meigs, Alabama, where,during the period between 1844 and 1849 he performed crude 

surgical experiments on  enslaved women, mainly suffering from obstetric fistulas. These surgeries were often 

conducted without the consent of the patients, and without administering any pain relief or sterilisation measure. 

One of these enslaved  women, named Anarcha, underwent as many as thirty surgeries on her body. The surgeon 

could perfect his skill with these experiments, as a result of which, when he set up practice in New York in the 

1850s, he rose to immediate eminence as a surgeon who effectively healed countless white women and gave 

them the relief that soon earned him the sobriquet of “the father of gynaecology” in America.  

With that kind of eminence, Sims was the first medical professional to have his statue erected in New 

York City in 1894.However, with studies like the ones conducted by Harriet Washington, the reverence 

accorded to Sims began to wither. Subsequently, in response to protests against the statue, during the summer of 

2017,a Public Design Commission came out with a report containing the categorical statement  that the statue be 

moved because it represented “a legacy of oppressive and abusive practice on bodies that were seen as 

subjugated, subordinate, and exploitable in service to his fame.”The statue was indeed removed, and a large 

share of the credit for that goes to the work of Harriet Washington and others who have done research in the 

field. The work helped to keep alive the debates on racism in medicine, and has even generated creative ventures 

like the playBehind the Sheet by Charly Simpson.  

Behind the Sheet asks questions which hitherto remained unasked: “If J Marion Sims was the father of 

gynaecology, what about the mothers?” It is set in the 1840s in Alabama, where the character of Dr. George 

Barry, based on the life of Dr. J. Marion Sims, is about to perfect the cure for a problem that was a major 

concern for women: vaginal fistulas, a common but painful complication of childbirth. To practise the surgical 

procedure and make himself an expert at it, Dr. Barry performs operations on enslaved women afflicted with the 

condition. As a feminist play, it rewrites known medical history and foregrounds the women who suffered to 

pave the way for Simson‟s success. The women are initially presented as the hapless victims who are the 

enemies of each other, since each one has to perform the task of pinning another down as Sims‟ accomplice 

during the surgical procedure, and stifle the other‟s cries. Eventually, they realise the precariousness of their 

common lot, and they decide to resist. They rise in solidarity, form a strong sisterhood, and thereby make 

themselves heard, unlike their counterparts in history.  

The significance of such solidarities lies in the fact that in the absence of such a coming together of 

various voices, practices of exclusion and marginalization will thrive, facilitating the production of racial and 

other kinds of stereotyping. The fact that racism in Medicine is not an obsolete condition is reiterated when 

recent textbooks like the one brought out by Pearson Publishers in 2017, Nursing: A Concept-Based Approach to 

Learning,devote a whole section to describing the pain tolerance levels of various categories of people, and 

states that a patient‟s culture influences the response to, and beliefs about pain. As long as Medical Science 

panders to this kind of prejudice, and peddles it as knowledge, it will continue to remain biased againstthe 
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victims of racial and socioeconomic inequalities. The monologism of such practices need to be countered by 

critical thinking, which is vital to ensure common human rights in the matter of the health and welfare of 

voiceless minorities. Engagement with postcolonial texts and studies is one of the most effective means of 

critiquing these forms of  “coloured knowledge”. The narrative of mainstream texts can thereby bechallenged 

and subverted by voices from the voiceless in the margins. The abuse of vulnerable populations has to be 

critiqued, and it can be done best by the impetus given by the subversive impulse of postcolonial studies.  
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Rebels for every cause: 

Mythologies of youth in 

contemporary India

ABSTRACT

The processes of globalization and liberalization currently underway in most parts 
of the world address young people as agential subjects, even as a primordial fear 
of the raw, uncontained, chaotic force symbolized by unrestrained youth persists. 
In such a context, I argue that youth becomes an aspirational subject position 
signifying different things to various social actors. Drawing upon Roland Barthes’ 
notion of ‘myth’ as a sign in a second-order semiotic system (Mythologies, 1993), 
I examine various popular cultural texts of the mid-2000s such as the popular 
Hindi film Rang De Basanti (‘Paint me the colour of spring’, Rakeysh Omprakash 
Mehra 2006), as well as select advertisements, music videos and public service 
campaigns in order to unravel the ‘mythologies’ converging in the figure of youth 
in contemporary India.

INTRODUCTION

An advertisement video for the reputed daily newspaper The Hindu (2012) 
neatly captures the ways in which youth is configured in the contemporary 
conjuncture. In an urban college classroom, a political science professor asks 

KEYWORDS

youth
protest
citizenship
Hindi cinema
popular culture
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 1. The Mandal 
Commission 
was formed in 
1979 to identify 
socially backward 
communities. Headed 
by the parliamentarian 
B. P. Mandal, it 
recommended 
‘affirmative action’ in 
the form of reservation 
policies in educational 
institutions in 
favour of socially 
and educationally 
backward castes 
termed the Scheduled 
Castes, Scheduled 
Tribes and the Other 
Backward Classes 
who formed more 
than half of the Indian 
population. The 
attempt to implement 
these policies sparked 
off a wave of protests 
by upper-caste 
students in colleges 
across the country 
who argued that 
reservations would 
result in the death of 
merit. A 19-year-old 
student of Deshbandhu 
College, Delhi, named 
Rajiv Goswami, 
attempted to immolate 
himself in protest. 
Though Goswami 
was rescued, several 
students followed his 
example, with Surinder 
Singh Chauhan being 
the first student to die 
from self-immolation. 
Goswami and Chauhan 
have since become 
youth icons of the anti-
Mandal struggle.

 2. Anna Hazare is a 
Gandhian activist 
who started a hunger 
strike in April 2011, 
campaigning for 
a stringent anti-
corruption bill termed 
the Lokpal Bill. His fast 
garnered nationwide 
attention and support, 
with many of the 
supporters being 
(mostly middle-class) 
youth.

 3. The Citizenship 
Amendment Act (2019) 
was passed by the 
Indian parliament, 
allowing fast-tracking 
of citizenship for 
refugees fleeing 

his students to role-play as legislators discussing the Rural Development Bill 
in parliament with the stipulation, ‘I want proper parliamentary behaviour’. 
The hitherto orderly and studious youth take that as a cue for chaos: fistfights 
break out, papers fly, furniture is overturned and two young men watch what 
appears to be internet porn on their mobile phones while the professor looks 
on, nonplussed. The one-minute-long commercial ends with the warning,  
‘[b]ehave yourself, India. The youth are watching’. The overall message is clear. 
The seemingly chaotic behaviour of the young people in the classroom is a 
performative critique of the ageing parliamentarians and, by extension, of the 
political processes they observe in their everyday life. Another, more recent 
version of this critique can be heard in teenage environment activist Greta 
Thunberg’s words to world leaders at the UN Climate Change Action Summit, 
‘[w]e’ll be watching you’.

A new figuration of youth emerges in this narrative – a youth that is politi-
cally charged but avowedly ‘apolitical’, that is, not associated with any politi-
cal organization, and indeed standing outside the formal political sphere and 
critiquing it. Young people have consistently been part of momentous soci-
opolitical movements in recent times, from the Occupy Wall Street move-
ment (2011) to the Arab Spring (2011), from the Gezi Park protests in Turkey 
(2013) and the Sunflower Movement in Taiwan (2014) to the international 
protests against climate change spearheaded by teenage environmental activ-
ist Greta Thunberg (in 2018). Many of these movements saw the confluence 
of (mostly young) protesters from across the political spectrum. In India, the 
notion of the ‘apolitical’ youth has attained great visibility from the time of 
the anti-Mandal protests of 1990 with the self-immolation attempts of young 
upper-caste students like Rajiv Goswami in protest against the caste-based 
reservation policies being introduced in higher education,1 and has been occu-
pying the political public as recently as during Anna Hazare’s anti-corruption 
crusades in 2011, in which thousands of young people participated regard-
less of political affiliation.2 Even during the writing of this article, a massive 
citizens’ protest has risen against the controversial Citizenship Amendment 
Act (CAA) passed by the Indian parliament, with young university students 
and activists as the icons of this protest.3 In such a context, there is a need to 
study the sociopolitical and cultural conjunctures in which such a figure of 
youth rises and thrives in the global and national imaginaries – a figure that 
arguably first rose in the radical student movements and counterculture of the 
1960s, but which owes its heightened visibility, at least in part, to its greater 
spending power as a result of the processes of globalization and economic 
liberalization. This figure articulates certain deep-seated anxieties and desires 
of a newly emergent, upwardly mobile middle class – a category as aspira-
tional as it is empirical – that seeks to redefine its relationship with the nation, 
at a moment when notions of citizenship and the national public are being 
constantly reconfigured and opened up to new populations that had hitherto 
been excluded from meaningful political participation.

Early scholars of childhood and youth had surmised that childhood as a 
concept emerged into fullness in the industrial age, when child labour laws 
necessitated the separation of children from the adult workforce in fields and 
factories, and the mass of children thus freed from labour were directed into 
education through laws on compulsory universal schooling (Hall 1904; Aries 
1962). The extension of the schooling period led to an extension of the expe-
rience of childhood, leading to the rise of related concepts like adolescence 
and teenage. From this history, we can easily assume that being a part of the 
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religious persecution 
from neighbouring 
countries. The Act 
became controversial 
as it clearly excluded 
Muslims from the list 
of religions eligible 
for this recourse, 
leading to a massive 
countrywide protest 
against what was 
perceived as a threat 
to the secular fabric 
of India’s constitution. 
At the time of writing 
this article, the protest 
was ongoing, though 
displaced from public 
spaces by the lockdown 
measures enforced 
by the government to 
prevent the spread of 
COVID-19.

workforce started defining adulthood – a conflation of social and psychologi-
cal maturity with economic value (as labour). Thus, we can reconceptualize 
youth as a process of constant becoming – a continuous evolution whose end 
is to become waged labour. Early studies of youth in (British) cultural stud-
ies concentrated on working-class youth subcultures as products of leisure – 
understood as a private space outside the publicness of labour. Scholars like 
Paul Willis (1977), Stuart Hall and Tony Jefferson (1976) and Dick Hebdige 
(1979) explored the resistant nature of these subcultures that are marginal from 
the adult working-class culture, precisely by focusing on how such subcultures 
created an alternative public through leisure activities. This influential trend 
of studying youth through subcultural behaviour and sartorial style – though 
expanded by later theorists of youth to accommodate the aspects of race and 
gender – has contributed to a long tradition of studying youth in relation 
to consumption patterns understood variously as both resistance to and as 
passive acceptance of the existing socio-economic system.

In contemporary late capitalist society, we see a shift in the concept of 
labour itself. On the one hand, the line dividing labour and leisure has blurred 
to the point of extinction. Angela McRobbie (1994), for one, has insisted that 
youth subcultural activity be also studied in terms of entrepreneurship, giving 
due importance to the invisible labour (mostly of young women) behind the 
production of subcultural style. Thus, even the heightened consumption of 
today can be understood as yet another form of unpaid, immaterial labour 
performed freely. On the other hand, as Achille Mbembe has pointed out, 
the increased mechanization and rationalization of the production process 
has imbued labour with a nomadic quality: ‘[t]here are no more workers as 
such. There are only labouring nomads’ (Mbembe 2017: 3). Mbembe uses this 
observation to speculate about how late capitalist existence leads to a ‘becom-
ing black of the world’ (Mbembe 2017: 6) – a degradation of the conditions of 
existence of all subaltern populations to the absolute abjection earlier faced 
by Black slaves. Today, the mere fact of employment does not guarantee the 
sustenance of waged labour. Today, universally across the globe, we see a focus 
on ‘employability skills’, which emphasizes the nomadic nature of all labour 
today – across traditional notions of blue-collar or white-collar – and the fact 
that, even while employed, one has to constantly work on his/her employ-
ability. There is no end to this process of becoming. Mature adulthood, as we 
hitherto knew it, ceases to exist, creating an experience of incessant youth, 
an experience of the precarity of youth that is extended throughout one’s 
employment, up to the point that one is no longer employable. This contin-
uous shrinkage of ‘mature adulthood’ creates a situation of constant precar-
ity and vulnerability of human life. This is to say, the experience of incessant 
becoming that had earlier been an attribute of youth is now the experience of 
the majority of the world. This could be an important reason why the figure 
of the youth has become one that can represent the desires and anxieties of 
a wide variety of populations. Guy Debord has argued that the service sector, 
composed of labour displaced from the sphere of production after being made 
redundant by mechanization and automation, performs the function of glori-
fying the commodity and reinforcing the reign of the spectacle (Debord 2014: 
18). It is no coincidence that youth is the preferred allegorical figure for the 
representation of the desires and anxieties of the middle class in India and 
beyond, a class that has traditionally occupied the lion’s share of the service 
sector. As a repository of the representations of desire claiming to be an 
embodiment of desire itself, youth is indeed spectacular.
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In this article, I trace the contours of this newly emergent figure of youth 
in contemporary India through an analysis of what I shall call ‘mythologies’ of 
youth. I examine the plethora of cultural meanings, often contradictory, coher-
ing in this figure and the modalities through which this figure comes to repre-
sent the ideal citizen-subject in globalizing India and beyond, in conversation 
with representations of youth in post-2000s popular culture.

MYTHOLOGIES OF YOUTH

The word ‘mythology’, used in conjunction with ‘youth’, brings to mind a 
plethora of myths relating to eternal youth, the fountain of youth, the Holy 
Grail, etc. However, my use of the term here draws inspiration from Roland 
Barthes’ deployment of ‘myth’ to refer to historically specific, ideologically 
loaded concepts that present themselves as universal and natural. ‘Youth’ is 
constructed as a signifier in a ‘second-order semiological system’ (Barthes 
1993: 137), connoting various attributes of ‘youthfulness’ that seem to cohere 
in the notion of rebellion. It is both a sign in the first order of a semiotic chain 
(what Barthes calls ‘meaning’) and a signifier in the second order (what he 
calls ‘form’). The signifier of a ‘myth’, according to Barthes,

presents itself in an ambiguous way: it is at the same time meaning and 
form, full on one side and empty on the other. As meaning, the signi-
fier already postulates a reading […] As a total of linguistic signs, the 
meaning of the myth has its own value, it belongs to a history […] in 
the meaning, a signification is already built, and could very well be self-
sufficient if myth did not take hold of it and did not turn it suddenly into 
an empty, parasitical form. The meaning is already complete, it postu-
lates a kind of knowledge, a past, a memory, a comparative order of 
facts, ideas, decisions. 

(Barthes 1993: 140–41)

‘Youth’ has, historically, been a concept associated with two sets of meanings. 
On the one hand, the youth are imagined as an extremely vulnerable category, 
poised at the threshold of maturity, holding within a simmering energy that 
might at any moment deviate towards social disruption, chaos and anarchy. 
On the other hand, youth are also imagined as the repository of a more posi-
tive energy that makes them protagonists in social movements and revolu-
tions. The specific contours of these two images of youth may vary according 
to temporal and geographical coordinates. In the contemporary conjuncture, 
these two images co-exist side by side.

Both these narratives acknowledge the irrepressible energy of the discur-
sive category of youth: if the latter celebrates the productive deployment of 
that energy, the former constructs itself around the anxieties of managing that 
energy. Following Balibar’s (1992) description of the two different ways of 
imagining the ‘subject’, as subjectum (the autonomous philosophical or gram-
matical subject, which goes on to become the ‘citizen’) and subjectus (the polit-
ical and legal term for one who is subjected to or submissive to power), one 
might say that the category of youth is thus split in popular imagination into 
youth-as-citizen and youth-as-subject. These two categories can even be seen 
as two separate and distinct constituencies. Even a cursory glance at the differ-
ent representations of youth in popular media reveals that the first category – 
namely youth-as-citizen, as agential political subject – tends overwhelmingly 
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 4. National Democratic 
Alliance (NDA) is a 
coalition of political 
parties in India, formed 
in 1998 and led by 
the Hindu right-wing 
party Bharatiya Janata 
Party (BJP). They first 
formed a government 
from 1998 to 2004 
under Prime Minister 
Atal Bihari Vajpayee. 
At the time of writing 
this article, the NDA 
under Prime Minister 
Narendra Modi has 
been governing India 
from 2014 to the 
present.

to refer to the ‘apolitical’ youth, which is ostensibly unmarked but invisibly 
marked as upper caste, Hindu, urban, middle class and male. To borrow the 
words of Susie Tharu and Tejaswini Niranjana:

In the Indian context, for example, [the imaging of the human subject 
as the citizen subject] (a) articulated gender, caste and community (and 
initially even class) only in the realm of the social; (b) marked these 
as incidental attributes of a human self; and (c) rendered invisible the 
historical and social/cultural structuring of the subject of politics. The 
shaping of the normative human-Indian subject involved, on the one 
hand, a dialectical relationship of inequality and opposition with the 
classical subject of western liberalism, and on the other hand, its coding 
as upper-caste, middle-class, Hindu and male. 

(Tharu and Niranjana 1996: 236)

Thus, ‘youth’ as a cultural category enables even the ‘others’ of this category – 
for example, women, transgender people or Dalit/Muslim/working-class men 
– to be accommodated into this category if they possess the elusive attribute 
of ‘youthfulness’. On the other hand, the second category, youth-as-subject, 
is characterized by an excess of identity markers, whether in terms of caste, 
community, religion, region or gender. While the citizen figure of youth – a 
category imagined as ‘secular’ or ‘unmarked’, urban, modern and gender-
neutral – has come to represent the new protagonist of a nationalist narrative 
in the age of globalization, the much pathologized figure of ‘youth as subject 
of governance’ is imagined as a threat posed by marginalized youth to the 
same nationalist narrative.

Thus, ‘youth’ is a sign derived from a signifying process, the equivalence 
between a signifier (the word ‘youth’, for instance, or a visual depiction of a 
youthful figure) and a signified (the notion of youthfulness as rebellion and 
resistance against the established order); but this notion of ‘youth’ as ‘rebel-
youth’ thus produced again functions as a signifier when it is invested with the 
mythological concept, youth-as-citizen. The second-order signifier of ‘youth’ 
then is divested of its previous richness of meaning, and prepared to be a 
vehicle in service of the new mythological concept.

In the next section, I look at several such processes of signification ulti-
mately adding up to the contemporary mythology around ‘youth’ in India. I 
focus on popular cultural depictions of ‘national’ significance, including a popu-
lar Hindi film, as well as select advertisements and public service campaigns in 
the national media. Rather than conduct a close analysis of these texts, I seek 
to discover ideological and aesthetic patterns and commonalities across them.

YOUTHFUL ENTHUSIASM AND POLITICS IN INDIAN POPULAR 
CULTURE

A recent historical moment when the figure of ‘youth’ came to be reconsti-
tuted in a powerful way was the early to mid-2000s, during the tenure of the 
first BJP-led NDA government,4 with its very obvious focus on gaining India 
a respectable position in the global arena, mostly through neoliberal devel-
opmental policies. Below, I look at the popular Hindi film Rang De Basanti 
(RDB; ‘Paint me the colour of spring’) (Rakeysh Omprakash Mehra 2006) as 
positioned at the high point of this national euphoria – a high point that also 
foreshadowed the nation’s disillusionment with the promises of this euphoria. 
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 5. MiG-21, or Mikoyan-
Gurevich-21, was the 
first supersonic jet 
fighter aircraft used 
by the Indian Air Force 
(IAF). Manufactured 
in the Soviet Union 
in 1955, it was 
successfully used in the 
IAF from its induction 
in 1963 till it was 
decommissioned in 
2013, following a spate 
of fatal accidents due 
to safety problems.

RDB is a perfect example, though by no means the only example, of how the 
figure of youth emerges at this historical conjuncture as protagonist of the 
nation, crystallizing the desires and anxieties of the new, rapidly expanding 
Indian middle class.

RDB is the story of a band of young students from Delhi University – DJ, 
Karan, Sukhi, Aslam and Sonia. Their lives undergo a transformation when 
they encounter Sue McKinley, a British filmmaker trying to make a docu-
mentary on the young freedom fighters Bhagat Singh, Chandrasekhar Azad, 
Sukhdev, Rajguru, Ashfaqulla Khan and Ramprasad Bismil. Through Sue, the 
young, happy-go-lucky students gradually realize the role these revolutionar-
ies played in the struggle for India’s independence from the British and, in the 
process, their own sense of patriotism is awakened. This awakening is trig-
gered by a rude shock when their friend Flight Lieutenant Ajay Rathore is 
killed in an aeroplane accident involving a MiG-21 fighter plane with faulty 
parts.5 When their peaceful protests demanding an inquiry into the construc-
tion of the faulty MiG-21 planes are disrupted by police violence that leaves 
Ajay’s mother in a coma, the protagonists decide to assassinate the home 
minister, whom they hold responsible for procuring the faulty parts for the 
MiG-21 plane. The assassination is carried out, re-enacting a scene from the 
lives of Bhagat Singh and his companions. The plan works, but the home 
minister is idolized as a martyr in the media, and his unknown killers vili-
fied as terrorists. Realizing that they need to clarify their stand to the public, 
the students commandeer the office building of the All India Radio (AIR) and 
go on air to confess their crime and offer their reasons for it. While they are 
fielding questions from callers, several anti-terrorism squads of the police 
storm the AIR building and gun down the boys. Their legacy survives in the  
‘generation’ they inspire to ‘awaken’ into political awareness (the tagline of 
RDB being ‘A Generation Awakens’).

There is one particular scene in RDB that directly illustrates this political 
awakening. The young friends meet in a pub to celebrate Ajay and Sonia’s 
engagement. When the others express their disdain for the corruption in India 
with the words, ‘[t]his country won’t change’, Ajay retorts passionately:

It’s easy to comment from a distance, and to curse others. If you have 
such a big problem [with this country], then change this country. 
It’s your country, too. Join politics, join the police or the IAS [Indian 
Administrative Service] and change things. But you won’t do that, and 
shall I tell you why? Because who wants to get their hands dirty while 
cleaning up the house? If you’re so passionate, then go on. Change this 
country. 

(RDB 2006)

Ajay’s political idealism as a committed member of the armed forces gives 
his utterance added moral weight. And yet, it is not the idealistic patriot 
Ajay who is the protagonist of the narrative, but the cynical young university 
students who get transformed by Ajay’s idealism and who end up transform-
ing an entire generation of youngsters. Indeed, it is the process of ‘awakening’ 
that the film elaborates, thus performatively constructing a historical moment 
around itself from which ‘awakening’ begins.

This awakening is also a very specific one: the students do not follow the 
Nehruvian model of serving the nation that Ajay suggests – joining politics, 
the police or the civil services – but instead take on the mantle of vigilantes 
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 6. In January 2016, 
Rohith Vemula, a 
Dalit Ph.D. scholar 
at the University of 
Hyderabad, committed 
suicide in the fall-out 
of the disciplinary 
measures taken 
against him and four 
other students by the 
institution for several 
activities conducted 
under the banner 
of the Ambedkar 
Students’ Association. 
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the youth and more 
specifically public-
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and rebels, standing outside the mechanisms of the state to take on the state. 
Their models are the revolutionary freedom fighters such as Bhagat Singh, 
but they are empty of the revolutionary Marxist ideology that animated such 
figures. Neelam Srivastava points out that RDB equates the anti-colonial 
struggle with the struggle against the corrupt postcolonial state and that it 
posits the middle-class youth of today as ‘the ideal heirs of Bhagat Singh and 
his collaborators’ by ‘divesting Bhagat Singh of his revolutionary Marxist ideals 
and repackaging him as a hero for urban youth’ (Srivastava 2009: 704). In her 
analysis, this repackaging defines the film as a conservative version of the 
‘national-popular’. Key for me in this connection is the way youthful energy 
and passion stand in as substitutes for ideology. This is an important distinc-
tion, since this ‘youthfulness’ can be seen as a second-order signifier, simulta-
neously the product and the building block in a chain of signification. Thus, 
Bhagat Singh becomes a floating signifier, opened up to new ideological possi-
bilities. He still signifies revolution – a sudden, drastic change in social forms 
brought about without recourse to accepted procedures – but the content of 
that revolution is open to change.

The portrayal of the youth in RDB – meting out vigilante justice in their 
frustration with corrupt politicians – foreshadows the massive participation of 
young people in anti-corruption movements in India in recent years. A recent, 
concrete example of this participation is the youth presence documented 
during the anti-corruption struggles by the Gandhian social activist Anna 
Hazare in 2011–12 and the spectacular victory of the breakaway anti-corrup-
tion political party, the Aam Aadmi Party (The Common Man’s Party), headed 
by Arvind Kejriwal in the Delhi legislative assembly elections ephemerally in 
2013, but more strongly in 2015 and 2020.

Another point to note is that the state against which Bhagat Singh 
revolted was one of British colonial domination, whereas the youth in RDB are 
portrayed as resisting and ultimately being gunned down by their own state. 
Ten years after the release of RDB, India has seen an increased and unprec-
edented rate of violent police action against its own middle class, particularly 
students and young people, during the protests against the Delhi gang rape in 
2012; in the siege against the Jawaharlal Nehru University, Delhi, prefigured 
by events at the University of Hyderabad in 2016 following the suicide of Dalit 
researcher Rohith Vemula;6 and, most recently, in the central government’s 
response to the anti-CAA protests of late 2019. The specific political content of 
these struggles can be considered ideologically antithetical to the one repre-
sented by RDB. The struggles in the universities mentioned, for instance, were 
aimed at questioning the very definition of nationalism, yet it is striking that 
the film anticipates their structure: the entrenched political system on one 
side and a mass of politically assertive, university-educated youth hungry for 
change on the other.

The interrelations between youthfulness and nationalism can be further 
historically situated. From the late nineteenth century to the mid-twentieth 
century, young people formed a core constituency in various social reform 
movements across India, as well as in other progressive movements, the 
multiple communist movements and the anti-colonial struggle. Satadru Sen 
analyses how ‘youth’ and the notion of youthful ‘anarchy’ become focal points 
for both the colonial and the nationalist press to thrash out their agendas in 
the context of the ‘Oaten affair’ in colonial Calcutta. This refers to an incident 
of February 1916 at Presidency College, Calcutta, when two students, includ-
ing freedom fighter Subhas Chandra Bose, were expelled for assaulting their 
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 7. Hartal is a form of 
mass protest involving 
the total shutdown of 
workplaces, offices, 
shops and virtually 
any activity except 
emergency services. 
Satyagraha (literally, 
an insistence on truth) 
is the name given by 
M. K. Gandhi to the 
mass movement of 
non-violent non-
cooperation that 
he deployed in the 
struggle for India’s 
Independence.

history professor, Edward Oaten. Sen points out that such incidents were 
attributed to the ‘anarchic’ tendency of colonial youth by both colonialists and 
nationalists. The pedagogic and paternalistic attitude of the empire towards 
the ‘immature’ native led to a discourse of the ‘anarchy of youth’, which 
stripped youth of their privileges as adolescents in a period when the concept 
of adolescence was just evolving in India. In Sen’s words, it ‘eroded their status 
as the appropriate wards of teachers and parents, and upheld their subjection 
to an alternative and overtly colonial model of adult authority, which was that 
of policemen and jailers’ (Sen 2007: 206). On the other hand, the Indian press 
constructed anarchy either as the ‘distorted reflection of a maturity that could 
no longer be denied’ (2007: 206) or as evidence of the innocence of youth 
damaged by colonial institutions. Both colonialists and nationalists used this 
incident to narrativize a wide range of anxieties, using ‘youth’ as a metaphor 
for the colonial subject.

However, this centrality of youth recedes after independence, when the 
same energy that made it a valuable constituency in the pre-Independence 
period makes it a group to be strictly regulated in the post-Independence 
period. In an essay discussing the different formats of protest in pre-Inde-
pendence and post-Independence India, Dipesh Chakrabarty (2005) recalls 
an instance where Jawaharlal Nehru, the first prime minister of Independent 
India, addressed a gathering of college students at BN College, Patna, berat-
ing them for engaging in precisely the kind of mass political movements and 
strikes that M. K. Gandhi had led during the freedom struggle. Nehru’s point 
is that the time for mass politics is past; that was a necessity imposed by the 
anti-colonial struggle; what the newly independent nation needed was a focus 
on development and a way of resolving problems through rational debate, 
and not through mass strikes, hartal and satyagraha.7 In the post-liberalization 
context when young people – part of a generation whom anthropologist Ritty 
Lukose (2009) dubs ‘Liberalization’s Children’ – are announcing their visibility 
and their spending power, RDB presents itself as the moment when ‘youth’ 
returns to aggressively claim a central position for itself in Indian politics by 
declaring its investment in the nation.

M. K. Raghavendra (2006) has argued that RDB serves to replace the agents 
of mass politics with the upwardly mobile urban middle class, by analysing 
the ‘liquidation of the politician’ (2006: 1505) as an allegory for the complete 
withdrawal of the state from public services and its substitution by private 
capital, which is seen as the only possible model of development. Nandini 
Chandra (2010) draws a direct link between RDB and upper-caste, bourgeois, 
anti-reservation, pro-merit organizations like Youth for Equality based on the 
latter’s appropriation of symbolic codes popularized by the film. We may take 
these analyses further, if we were to posit that the ‘youth’ in RDB enacts a 
figurative claim to ownership of the national public sphere, and could indeed 
stand for an entire range of socio-economic interests that we may classify as 
middle class, rather than for the corresponding empirical category of middle-
class youth. Thus, RDB does not merely represent youth; rather, it reinvents 
the figure of ‘youth’ and symbolically codes it with middle-class attributes and 
aspirations while also positioning this figure in the narrative to speak on behalf 
of the nation, thus reimagining the nation itself as composed of middle-class 
interests. In other words, these texts reimagine the citizen-subject through the 
figure of ‘youth’, who are depicted as taking up civic and political roles and 
thus articulating their own sense of national belonging.
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Variations of the theme elaborated in RDB were already seen in Yuva 
(Youth) (Mani Ratnam 2004), which follows a young aspiring professional’s 
self-awakening as he comes into contact with two other young men – a gang-
ster and a politically committed student. Another later film, No One Killed 
Jessica (Rajkumar Gupta 2011), shows a generation of youth being inspired 
by RDB to start protesting the murder of a young model by the son of an 
influential politician. Alongside these films, the domain of popular culture 
also yields several other narratives that posit the youth as agents of social and 
political change. The figure of youth has also taken centre-stage in advertising, 
no doubt due to the increase in the purchasing power of young people post 
economic liberalization. This has made the youth a target market segment 
for corporations. Nowhere is this figure so prominent as in advertisements of 
carbonated soft drinks like Pepsi, Coca-Cola and ThumsUp. During the early 
2000s, when ThumsUp came up with an advertisement series projecting itself 
as a drink for ‘grown-up’, ‘macho’ consumers with the tagline ‘Grow Up to the 
ThumsUp Challenge’ starring action heroes from Hindi cinema like Salman 
Khan, it was premised on the marketing strategy that portrayed Pepsi’s ‘sweet’ 
taste as befitting ‘kids’ (see Shatrujeet 2001). Pepsi retaliated with a series of 
commercials in which the protagonist (played by MTV anchor Cyrus Broacha) 
is introduced as a boring young man constantly being spoon-fed a bever-
age named ‘GrowUp’; when he shifts his soft drink preference to Pepsi, he 
suddenly becomes the epitome of all that is ‘cool’ and ‘fun’. Both series of 
advertisements make use of contrasting meanings of the concept of youthful-
ness. While the ThumsUp ad privileges experience and maturity and likens 
youthfulness to immaturity and a lack of masculine vigour, the one by Pepsi 
inverts this concept of youthfulness by reclaiming it as ‘fun’. While most soft 
drinks do focus on appealing to the younger generation (Mazzarella 2003), 
Pepsi especially has made use of the attribute of youthfulness again and again, 
even going so far as to create a campaign called ‘Youngistaan’ in 2008. The offi-
cial press release of the campaign says:

Today, the Indian youth are in control of their lives. They want to create 
the lives they want to live. They want to be successful but not neces-
sarily by following conventional careers, but by doing the things they 
enjoy. The new campaign attempts to capture not only the youth atti-
tude of today but also the great sense of optimism, success and buzz 
about India and the Indian youth.
With the new campaign thought of ‘Youngistaan’ Pepsi will brand this 
new generation. Youngistaan is not a place, it is an attitude. As the name 
suggests, it represents a world of the youth, where the young generation 
likes to be in control. It brings forward their never failing attitude, their 
desire to take on challenges and the power to turn things around. 

(PepsiCo India 2008)

The campaign started off with an upbeat advertisement showing a young 
man tricking his girlfriend’s brother into letting him enter her room in order 
to drink a Pepsi. This theme of young people using their wits to get hold 
of their favourite soft drink runs through most of the ads in this campaign. 
However, in 2009, Pepsi came out with a new ad in this series, titled the ‘Pepsi 
Youngistaan “Baap” Ad’. It shows Indian cricket team members Ishant Sharma, 
S. Sreesanth and Virendra Sehwag being intimidated and mocked by the sons 
of influential politicians and policemen with the words ‘Jaanta hai mera baap 
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kaun hai? [Do you know who my father is?]’. The ad ends with the cricket-
ers drinking Pepsi in their dressing room, saying they do not know who those 
famous ‘baaps’ are and that the only important connection is the one with 
your thirst. The ad is definitely a precursor to the nationwide anti-corruption 
campaigns in which youth would figure prominently, like the India Against 
Corruption campaigns of 2011 and 2012 mentioned earlier.

It is indeed significant that a soft drinks advertising campaign target-
ing the youth chose to make a social problem like corruption its theme. 
However, even more interesting is the attitude of fun and carelessness with 
which it responds to the problem. ‘Youngistaan’ thus comes to represent the 
attitude of the youth who are the confident citizens of a new nation full of  
opportunities – opportunities that are thwarted again and again by corruption 
and ‘connections’ – who are shown as needing no other strategy to overcome 
these obstacles than their own take on a consumerist lifestyle (represented by 
Pepsi). An immersion in consumerist lifestyle practices is presented in these 
ads as a way for young people in the ‘new’ globalizing India to move ahead in 
life, unhindered by obstacles in the form of traditional, nepotistic connections 
representating the ‘old’ India.

The last text I analyse in this context is the case of a song video from 
another Hindi film Rockstar (Imtiaz Ali 2011), which throws light on the para-
dox of the political potential of ‘apolitical’ youth. The song ‘Sadda haq aithe 
rakh’ (Punjabi for ‘My rights, right now’) is a revolutionary song composed by 
A. R. Rahman and portrays the film’s rebellious rockstar protagonist perform-
ing in the midst of a ‘Free Tibet’ rally. On the film’s release, the director was 
ordered by the Censor Board to blur out the images of the Free Tibet flag and 
banners, with the result that a proliferation of banners abound in the video, 
saying ‘Free ––’. The censoring does not affect the film’s narrative, which is a 
highly personal story of a young musician’s pursuit of an impossible romance, 
which results in both personal trauma and immense musical fame. However, 
I argue, the censorship inflects the video of this song. What makes this song 
‘youthful’ and ‘revolutionary’, apart from the lyrics by Irshad Kamil, is the 
combination of the fresh voice of Mohit Chauhan, the rock genre, the tech-
nological sophistication and distinctive style of Rahman’s music, as well as 
the use of international artists like the bass guitarist Orianthi, who had been 
Michael Jackson’s lead guitarist for his This Is It concert series. The very choice 
of these musical tropes – vocal, instrumental, generic, technological – as well 
as the cosmopolitan outlook implied in these choices function as symbolic 
codes with ideological content. However, I would argue that the blank left 
by the censorship also indexes an underlying ideological vacuum, which can 
be filled in by any ideology – much like the stirring music of A. R. Rahman 
himself, which can be and has been used to frame all kinds of ideologies: 
nationalist, religious, revolutionary, etc. Thus, the rebelliousness of the song 
is predicated on its discursively constructed attributes of ‘youthfulness’ rather 
than on any specific political content, and this ‘youthfulness’ becomes avail-
able for meaning-making variously in different contexts, as a floating signifier.

CONCLUSION

Thus, in this article, I have tried to analyse the factors contributing to the rise 
of ‘youth’ as a discursive figure that positions itself as the ideal citizen figure 
claiming to represent the desires and anxieties of various populations other 
than the empirical category of young people. These desires and anxieties stem 
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from several, even contradictory, ideological positions. Drawing on Barthes’ 
concept of ‘myth’ as a second-order signifier, I argued that the ‘mythologies’ 
of youth stem from a two-step process. The first step is the concept of the 
rebel-youth, which foregrounds rebellion against the established order as the 
characteristic feature of youth. This concept of rebel-youth is then fused with 
the notion of youth-as-citizen, an agential category that is distinguished from 
its twin – youth-as-subject – representing marginalized youth who have been 
rhetorically emptied of political will. I have proposed this splitting of the youth 
figure in the light of Balibar’s concept of the splitting of the subject into subjec-
tum and subjectus, into citizen and subject. Several Indian scholars, most nota-
bly Tharu and Niranjana in their theorization of gender in post-1990s India, 
have identified the specific contours of this splitting in India as referring to the 
‘unmarked’ or ‘invisibly marked’ upper-caste subject, on the one hand, and the 
marginalized subject who bears excessive markings of identity, on the other. 
Youth, in becoming youth-as-citizen, claims to represent the universal.

However, it is not merely a claim to represent all youth, but rather all of 
humanity that defines youth in the contemporary moment. Drawing on Achille 
Mbembe’s proposition of the ‘becoming black of the world’ as an extension of 
the experience of abjection and loss of agency to all populations in the time of 
late capitalism, I have proposed that the socio-economic precarity and psycho-
logical vulnerability experienced by young people in their incessant becoming 
has spread to all populations, making them all experience the precarity of a 
life defined by the endless expansion of education and ‘skill acquisition’ and 
the impossibility of job stability. This is especially true of India’s middle class 
that has historically enjoyed the stability of government jobs in the service 
sector. It is in such a context that this class begins to look to youth as repre-
sentatives of its interests. The texts I have analysed to demonstrate youth’s 
representative function – the Hindi film RDB, the ‘Youngistaan’ advertisement 
series by Pepsi and the song video ‘Sadda Haq’ from the Hindi film Rockstar 
– are all positioned at a time when the service-sector middle class was begin-
ning to encounter the destabilization of its privileges, partly due to the socio-
economic consequences of globalization, liberalization and privatization, and 
partly due to the influx of new, hitherto marginalized populations that chal-
lenge the established allocation of power and resources. Thus, the figure of 
youth today is no longer a ‘rebel without a cause’, a tragic James Dean figure, 
but rather a ‘rebel for every cause’, a freewheeling signifier connoting energy 
and enthusiasm that can be deployed for varying ideological purposes.

Identifying this process of myth-making is not necessarily just to denounce 
it as facilitating privileged caste, class and gendered interests; it can also be 
a prelude to discovering alternative possibilities of political enthusiasm. In a 
recent Canadian film Antigone (Sophie Deraspe 2019), we see an elaboration 
of this process of image-making through a reworking of the Greek classic. 
Here, eastern European immigrant teen Antigone is produced as a youth icon 
and a symbol of resistance when she is imprisoned for supporting her brother 
Polynices, who is accused of assaulting a police officer after witnessing the 
shooting of their brother Eteocles. Both Eteocles and Antigone are valorized 
through a series of cellphone pictures, social media feeds, hip hop videos and 
stencilled images set to the background of rap music that is simultaneously 
angry and enthusiastic. This is the new, creative language of protest today, a 
language whose vocabulary includes giving roses to policemen even while 
protesting against the state; or sending postcards or greeting cards to the 
authorities; or fusing protest with art and music – strategies seen in protests 
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ranging from Occupy Wall Street to the anti-CAA protests in India. Such 
strategies include the massive deployment of free labour by young people – 
‘free’ in the dual sense of unpaid and freely given, as pointed out by Tiziana  
Terranova (2000).

Again, the use of Classical Greek names and the mystery around Antigone’s 
country of origin serve to divest the protagonist of cultural specificity and 
make her story universal to all victims of anti-immigrant policies, racial-
ized police brutality and xenophobia. Here, the abstraction of youthfulness 
serves a progressive purpose to highlight entrenched state violence against 
marginalized populations. The revolutionary potential of youthful enthusi-
asm converges in a courtroom scene in which Antigone is to be arraigned, 
and a swarm of young people who have turned up to support her disrupt the 
proceedings by setting their cellphones to ring in quick succession. This scene 
mobilizes the image of the ‘clueless’, cellphone- and social media-obsessed 
generation, reinventing it in a critique of entrenched statism and opaque legal 
procedures. Such creative uses of both hi-tech and low-tech strategies can be 
seen in real-life protests as well, as in the case of the Hong Kong protests of 
2019: on the one hand, protesters masked surveillance cameras with umbrel-
las and used traffic cones to contain tear gas grenades before soaking them in 
water, while, on the other hand, they used online platforms like the dating app 
Tinder and the Pokémon Go video game to invite, share the time and venue 
of protests (see Byrne 2019; Borak 2019). This complication of the assumed 
binary between consumption and rebellion is indicative of the erasure of hith-
erto defined lines between work and leisure globally in the late capitalist soci-
ety. If the rebellion of youth has been appropriated by consumer culture in the 
service of capitalism and the neoliberal state, consumption practices have also 
been appropriated by youth to wreak havoc against the entrenched power 
structures of the same state.
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In this study, we evaluate the efficiency of Garcinia fruit rind extract (GIW) as a green inhibitor for mild steel in
HCl medium. The aqueous extract is rich in cyanidin and anthocyanin pigments and their presence are detected
by a peak around 520 nm in the UV–Visible spectrum and the functional groupswith oxygen atoms and aromatic
rings are found from the IR spectrum. The inhibition efficiency is determined byweight loss and electrochemical
methods. GIWact as an effective inhibitor giving 93% efficiency in 0.5MHCl and 87% for 1MHCl at 303 K and 80%
for 1MHCl at 333 K. GIW act as amixed type inhibitor and the inhibitionmechanism is bymonolayer adsorption
of constituentmolecules of GIW,which obeys Langmuir adsorption isotherm. The quantum chemical calculations
on chief constituent molecules of GIW show that they can be adsorbed on the metal surface through free OH
groups or π electrons. The cyanidin molecules exist as oxonium ion in HCl and engage in back bonding with
metal-cantered orbitals.

© 2020 Elsevier B.V. All rights reserved.

1. Introduction

Mild steel, a low carbon alloy of iron is a moderately cheap form of
steel widely used in multiple fields because of its mechanical compe-
tency and availability [1]. Control and prevention of corrosion to such
an alloy is a very important research topic because of the huge loss of
money and manpower. Hydrochloric acid is largely used in the indus-
trial processes for the removal and cleaning of corroded products from
the metal surface. Vast research has been carried out in the area of cor-
rosion inhibition onmild steel using inorganic ions, organic compounds,
and synergistic interactions between anions, cations, and organic mole-
cules [2]. In recent years the use of natural products as corrosion inhib-
itors is highly appreciated in green chemistry perspective due to
availability, biodegradability, pollution-free, and renewable nature
[3–7]. They act as corrosion inhibitors by adsorbing on the metal either
through weak electrostatic force of interaction or through forming
bonds by donating lone pair and pi electrons of the aromatic system
to the metal. Studies show that the corrosion inhibition efficacy of nat-
ural products is enhanced by the synergistic interaction between con-
stituent molecules present in it. Various parts of the plants such as
flowers, leaves, fruits, etc. are proved to be efficient and eco-friendly
corrosion inhibitors. Hossein Hassannejad et al. have studied the corro-
sion inhibition properties of sunflower seed hull extract in 1 M HCl for
carbon steel and obtained an efficiency of 98% for 400 ppm at normal
temperature [8]. L.B. Molina-Ocampo et al. investigated the inhibition

ability ofHibiscus sabdariffa petals for Aluminium in the H2SO4 solution
[9]. Anticorrosive properties of Theobroma cacao peels extract in 1.5 M
HCl and 1.5 M NaCl are discussed by Yuli Yetri et al. and are found to
be efficient inhibitors for mild steel [10]. Merajuddin Khanetal has
screened the corrosion inhibition properties of Matricaria Aurea petals
by weight loss, EIS, and linear polarization method and is found as a
mixed inhibitor [11]. The corrosion inhibition ability of natural honey
for C-steel in formation water is studied by A.Y. El-Etre et al. and gives
an efficiency of 91% for one day and the efficiency is decreased to 43%
after three days [12]. The anticorrosive properties of banana peel extract
in 0.1 M HCl for mild steel studied by C. Bala Manikandan [13]. M.
Abdallah et al. have analyzed the inhibition capacities of aqueous ex-
tract of cassia bark, curcumin, and parsley for mild steel in H2SO4 by
galvanostatic and potentiodynamic anodic polarization and weight
loss methods. They obey Temkin adsorption and are found to be effi-
cient inhibitors for pitting corrosion [14]. The inhibitory action of tama-
rind fruit pulp aqueous extract is studied by weight loss and
electrochemical methods by Jayakumar et al. and found that it is
chemisorbed on the metal surface through coordinate bond [15]. K·K
Anupama et al. have screened the ability of Psidium guajava leaf extract
using electrochemical methods and found it as a mixed inhibitor [16].
The inhibition efficiency of rosemary oil is determined in H2SO4 using
weight loss, EIS, and PDP experiments and observed that as the temper-
ature increases efficiency decreases [17]. Attempts have been made to
study the inhibition property of aqueous extract of Garcinia indica
seed from 300C to 500C for Aluminium in phosphoric acid by Deepa
Prabhu and Padmalatha Rao and found it as a mixed inhibitor [18].
Garcinia indica is a tropical indigenous tree found in the Western
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Ghats of India in the general and southern regions in particular like the
state of Kerala, Karnataka, and Tamil Nadu. The fruit is known by various
names such as Binda, Kokkum, Panarpuli, Kattambi, etc. in different
parts of India and the English language it is named wild mangosteen
or red mango [19]. It is a fruit of nutritional value as well as
antiglycation, anti-inflammatory, anticancer, antiulcer, and antioxidant
properties [19–21]. The fruit rind which is having deep purple colour
is used as a culinary item and as a natural dye and food colouring
agent. The present work discusses the corrosion inhibition property of
aqueous extract of highly medicinal and biocompatible fruit rind of
Garcinia indica (GIW), to assess its industrial use. The relevance of this
study lies in exploring the corrosion inhibition property of an easily
available, inexpensive, human friendly, efficient fruit rind. To best of
our knowledge, this is for the first time the fruit rind of Garcinia indica
is evaluated as a corrosion inhibitor with detailed quantummechanical
calculations of the chief fruit rind constituents. Various methods have
been applied to screen the corrosion inhibition property of GIW extract.
The gravimetric analysis gives basic knowledge about corrosion inhibi-
tion property of an inhibitor. The electroanalytical method such as EIS
and PDP are powerful tools in studying the effects of temperature,
acid, and inhibitor concentrations in corrosion inhibition. The adsorp-
tion and kinetic studies help to understand the nature and strength of
adsorption and the effect of the inhibitor on anodic and cathodic corro-
sion reactions. The quantum mechanical calculations of chief constitu-
ents of fruit rind are done and that gives ideas about the molecule
which contributes more towards corrosion inhibition and the nature
of bonding on the metal surface by accepting or donating electrons.
The morphological analysis visualizes the impact made on the metal
surface by GIW extract.

2. Experimental section

2.1. Test solutions

2.1.1. Medium/electrolyte
HCl solutions of different molar concentration was prepared by di-

luting HCl (E Merk) with distilled water

2.1.2. GIW extract
A10% aqueous extract of Garcinia indica is prepared from the dried

and powdered fruit rind by refluxing with water for 3 h at 900C. It is
kept overnight and filtered to obtain the stock solution. 1%, 2%, 3%,
and 4% solution is prepared by diluting the stock solution with the elec-
trolyte and used for corrosion inhibition studies.

2.2. Electrodes

Three electrodes system with calomel electrode as the reference
electrode, a platinum sheet as the auxiliary electrode, and a mild steel
specimen as theworking electrode is used for electrochemicalmeasure-
ments. The composition of themild steel was Fe (98.75%), C (0.20%),Mn
(1.0%), P (0.030%), S (0.020%). The area of themild steel specimens used
for gravimetric analysis was 3.6 cm2 and 1 cm2 for EIS and PDP studies.

2.3. Characterisation of GIW extract

The different functional groups present in the GIW extract are de-
tected by FT-IR andUV visible spectroscopy. JascoUV–Visible spectrom-
eter is used to detect absorbance and the KBr pellet of the dried extract
is used for recording the IR spectrum in the range of 500-4000 nmusing
Jasco IR spectrometer.

2.4. Gravimetric analysis

Four sets of square-cut mild steel coupons are immersed in 80 ml of
HCl solution containing 1–4% (V/V) GIW for 24,48,72and 96 h. Before

the experiment, the working electrodes are polished using emery pa-
pers washed with acetone, ethanol, and water following the protocol
of ASTM and dried at room temperature. After exposure in the set pe-
riod, the metal specimens are taken out and washed with water to re-
move corrosion products and dried in an oven and the weight loss
due to corrosion was observed using a precision balance. Efficiency of
corrosion inhibition (%IE) and corrosion rate (CR) (mg cm-2 h-1) are
calculated using equations 1and 2

%IE ¼ Wuninh−Winh

Wuninh
ð1Þ

CR ¼ W
A� t

ð2Þ

where Wuninh and Winh are the weight loss in the blank and the
inhibited solution, W is the weight loss due to immersion of metal in
the test solution, A is the exposed area and t time in hours.

2.5. Electrochemical tests

ACMGill AC computer-controlled electrochemical work stationwith
inbuilt software is used for electrochemical tests. At the beginning of
each electrochemical impedance spectroscopy (EIS) and potentiody-
namic polarization (PDP) tests, the working electrode is immersed in
test solutions for an hour to attain equilibrium potential and open cir-
cuit potential (OCP) is recorded for 3 min with respect to a saturated
calomel electrode (Fig. S2.). AC signals of 10 mV amplitude with a fre-
quency range of 0.1 Hz to 100 kHz are used to record the impedance
spectrum of the electrochemical system. A potential sweep of ±
250 mV with respect to Ecorr with a scan rate of 60 mV/min is used
for recording Tafel plots.

2.6. Surface analysis

SEM and AFM images of mild steel specimens are taken using
EVOL18 Carl Zeiss scanning electron microscope and NTEGRA PRIMA
atomic force microscope to gather finite information on the surface
changes brought about on these materials in the absence and presence
of the inhibitor. It is done after immersing the specimen for 24 h in the
blank and the inhibited solution.

2.7. Calculations using Gaussian 09

Gaussian 09package is used for computational calculations. The chief
constituent of the GIW extract garcinol, cyanidins, and hydroxy citric
acid is selected for theoretical studies to see the structure-property rela-
tionships. The geometry optimization is done in two steps for better
equilibration of molecules

1. Optimization using HF method with 6-31G basis set
2. Optimization using DFT B3LYP with basis set of 6-31G(d,p) basis set

Further, the nucleophilic and electrophilic centers are studied by
computing the Fukui indices by optimizing the geometries with +1
and −1 charges and comparing the Mulliken charges of neutral with
the charged species. The calculations are doneusingfinite difference ap-
proximation given as

fþi ¼ qi
Nþ1ð Þ−qi

N ð3Þ

f−i ¼ qi
N−qi

N−1ð Þ ð4Þ

where fi+ and fi− are the condensed Fukui functions of ith atom and qNi ,
qi(N+1) and qi(N-1) are the charges on the ith atom of neutral, cationic
and anionic species.
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3. Results and discussion

3.1. Chemical composition of the extract

The chief constituents of the fruit rind are garcinol, a
polyisopreneylated benzophenone, o-hydroxy citric acid, its lactone,
and 2 anthocyanins, as cyanidin-3-sambubioside and cyanidin-3-
glucoside (Fig. 1) [20]. In addition to these, the fruit rind contains
smaller quantities of malic acid and tartaric acids. The approximate
composition of the fruit rind is given in Table S1 [22]. The aqueous ex-
tract of the fruit mainly contains anthocyanins and hydroxy citric acid.
Cyanidins have a basic unit with 15 carbon atoms, with three aromatic
rings and 4 free OH groups. The optimized structure of cyanidin is
given in Fig. S1. The difference in the structure of cyanidin glucoside
and cyanidin sambubioside is the carbohydrate unit which is glucose
in cyanidin glucoside and, sambubioside, a disaccharide of glucose in
cyanidin sambubioside [20]. The UV spectrum of the GIW extract
(Fig. 2a) shows a broad peak around 500 nm -520 nmwhich is the char-
acteristic peak for cyanidin anthocyanins at low pH [23,24] where it re-
mains as oxonium ion (Fig. 2c inset). The UV spectrum of the Fe ions in
the presence and absence of the GIW extract shows a decrease in

intensity of the peak around 320 nm (Fig. 2b) due to the formation of
a protective barrier of the constituent anthocyanins on the mild steel
surface through electron donation and acceptance [25]. Fig. 2c is the
complete spectrum of mild steel specimens in 1 M HCl containing 4%
GIW extract. The peak at 226 nm corresponds to π-π* transitions and
one at 273 is due to n-π*transition. The KBr –IR spectrum of the dried
GIW is given in Fig. 2d. Presence of OH group(3440 cm−1),C-H
stretching(2935 cm−1), C=O(1730 cm−1),Aromatic rings(1613 cm−1

and 1419 cm−1),C-O(1211 cm−1),C-O-C stretching(1082 cm−1)indi-
cates the presence of cyanidins and hydroxy citric acid in the extract.

3.2. Gravimetric studies

3.2.1. Effect of immersion time
The result of the gravimetric analysis is given in Table 1. The pH of

the solution is measured before and after adding the extract and
found that the pH is unaltered by the addition of the inhibitor. The re-
sults show that as a volume percentage of the inhibitor increases, the
rate of corrosion decreases, and inhibition efficiency increases. This
could be explained as blocking of active sites of corrosion on mild
steel by GIW extract through adsorption of its active molecules. Even

Cyanidin3-glucoside Cyanidin 3-sambubioside 
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Fig. 1. Structures of chief constituents of GIW extract.
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after dipping for 96 h the inhibition capacity of 4%GIWextract remained
as 93% assuring the effectiveness of the extract in corrosion mitigation
processes. As expected, a small decrease in efficiency and corrosion
rate observed with the increase in immersion time which is attributed
to processes such as metal dissolution and slow desorption of adsorbed
layer of inhibitor molecules from the metal surface. A plot of inhibition
efficiency versus GIW concentration (Fig. 3) shows that the maximum
efficiency is given by a volume of 4%.

3.3. Analysis of EIS data

Electrochemical impedance spectra provide the impedance offered
by the electrochemical system which has elements like resistance, ca-
pacitance, etc. A simplest electrical equivalent circuit for explaining
the electrochemical behaviour of a metal in acidic solution is Randle's
circuit given in Fig. 6a which consists of solution resistance (Rs), charge
transfer resistance (Rct), and double-layer capacitance (Cdl). The output
of EIS analysis is theNyquist plotwhere the real part of the impedance is
taken along the X-axis and imaginary part along the Y-axis. Charge
transfer resistance is obtained as the difference between real axis

impedance at the initial and final frequencies. From the values of the
charge transfer resistance of the inhibited (Rct) and the blank solution
(R*ct), the inhibition efficiency (IE%) is calculated using the Eq. (5).

%IE ¼ Rct−R�
ct

Rct
ð5Þ

At themetal solution interface, the ions from themetal, acid, and the
inhibitor create an ionic layer with properties of an electrical double
layer which causes a barrier to the current flow measured as double-
layer capacitance (Cdl) and is calculated by the Eq. (6).

Cdl ¼
1

ω Rctð Þ ð6Þ

where ω is the angular frequency given as 2πf and f is the frequency
(Hz) at which the imaginary part of impedance has maximum value
and Rct is the charge transfer resistance. The addition of inhibitors in-
creases the thickness of the double layer and thereby by reducing the
current flow and thus facilitates corrosion inhibition [26].

Fig. 2. UV–visible and IR spectra of GIW extract.

Table 1
weight loss parameters for mild steel in 1 M HCl containing GIW extract

Conc. of acid (M) 24 h 48 h 72 h 96 h

Volume of the inhibitor (V/V%) CR (mg/cm2.h) %IE CR (mg/cm2.h) %IE CR (mg/cm2.h) %IE CR (mg/cm2.h) %IE

Blank 16.16 – 9.82 – 9.3402 – 6.669 –

1 0.8194 94.98 0.6521 93.36 0.5671 93.22 0.4571 93.14
2 0.5347 96.69 0.5214 94.69 0.5054 94.5 0.4253 93.60
3 0.430 97.33 0.4913 94.99 0.4205 94.77 0.4050 93.92
4 0.4050 97.28 0.3472 96.46 0.4012 95.6 0.3980 93.94
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3.3.1. Effect of acid concentration
The Rct and Cdl values obtained for 0.5 M, 1 M, 1.5 M HCl for various

GIW concentrations are given in Table S2 and corresponding Nyquist
plots are given in Fig. 4. All the Nyquist plot has a single capacitive
loop and the radius of the capacitive loops decreases with an increase
in concentrations of acid for blanks aswell asmediumwith various con-
centrations of GIW extract. The Rct of 4% solution in 0.5 M HCl is 323.4
which is reduced to 56.24 in 1.5 M HCl. It is proved that with the in-
crease in the concentration of the acid the energy barrier for corrosion
decreases and the formation of the activated complex becomes easy
leading to higher corrosion rate [27]. The imperfectness of the semicir-
cles is mainly due to frequency dispersion.

3.3.2. Effect of GIW concentration
Nyquist plots of Fig. 5 give the charge transfer resistance offered in

the presence of GIW extract at 303,308and 313 K. As the volume per-
centage of the GIW extract increases, the impedance increases at all
temperatures. This is due to the increase in the thickness of the electrical
double layer on themetal electrolyte interface due to the adsorption of a
greater number of constituentmolecules of the extract causingdifficulty
to mass and charge transfer process which is essential for corrosion.

Charge transfer resistance (Ohm/Cm2), double layer capacitance (μF/
cm2), corrosion current density (mA/cm2), and corrosion rate (mm/
year) obtained from the EIS measurements are given in Table 2. On pe-
rusal of Table 2, it is evident that as the Rct increases Cdl decreases at all
temperatures. As the concentration of the inhibitor increases Rct in-
creases from blank to 4% solution (15.18 to 120.7) due to adsorption
of the inhibitormolecules on themetal surface. The decrease in the dou-
ble layer capacitance from 1046 to 177from the blank to the inhibited
solution is due to the increase in the thickness of the double layer.

3.3.3. Effect of temperature
To understand the effect of temperature EIS studies of 4% GIW ex-

tract were done from303 K to 333 K and are given in Fig. 5d. The diam-
eter of the Nyquist plot is minimum at 333 K and is maximum at 303 K.
For a 4% solution at 303 K, the Rct is 120.7 whereas it decreases to
34.19 at 333 K. This indicates that with an increase in temperature the
impedance decreases and the rate of corrosion increases. This is because
of the increase in the rate of desorption of inhibitor molecules from the
protective coating with the rise in temperature [28]. The values given in
Table 2 shows that GIWextract act as an efficient inhibitor even atmod-
erately high temperatures.

3.4. Bode plots

The Bode plot is drawn by taking log of the frequency versus phase
angle shift and is given in Fig. 6(b) and (c). Since the electrode-
electrolyte interface act as an imperfect capacitor, the phase angle devi-
ates from 900. The phase angles at intermediate frequencies for 4% in-
hibitor solution are 54.140and maximum deviation is expected for the
blank solution (14.820) reveals the reduced capacitive response and
greater corrosion ofmild steel in HCl. The bode plots broaden as the per-
centage volumeof GIWextract increases indicating the adsorption of in-
hibitor on themetal surface. The increase in temperature does not affect
the shape of the plot given in Fig. 6. (c) but the shift in phase angle is
more pronounced with the temperature rise (For 303 K phase angle is
54.140 and for 333 K it is 37.170) [29].

3.5. Polarization studies

In the potentiodynamic polarization technique, the polarization be-
haviour of a sample is studied as a current response as a function of ap-
plied potential. Potential which are positive of Ecorr values give rise to
anodic current and which are negative of Ecorr give cathodic current.

Fig. 4. Nyquist plots of various concentrations of GIW extract in 0.5 M and 1.5 M HCl.
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Fig. 3. Results of Weight loss studies of GIW extract.
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To calculate Tafel constants, Icorr, and Ecorr the linear portions of the po-
larization curve (stern diagram) are extrapolated until they intersect as
straight lines. Several analytical parameters obtained from the polariza-
tion studies are given in Table 3 and Table S3. Ecorr value of the solutions
does not follow a definite pattern. But the difference between the Ecorr of
the blank and the inhibited solution is less than 85 mV affirms the
mixed type behaviour GIW extract affecting both the anodic ionization

of mild steel and cathodic hydrogen evolution. The Ecorr values are
shifted to less negative values for the inhibited solution implies the in-
creased effect on the anodic reaction by the inhibitor [30]. The corrosion
current density is decreased from 1.4053mA for blank to 0.1455mA for
4% GIW extract at room temperature (Fig. 7a). The Tafel plots are given
in Fig. 7d for 4% solution at various temperatures also show that Icorr
values increase from 0.1455 mA at 303 K to 0.5479 mA at 333 K. This
could be attributed to the desorption of constituent molecules of the
protective layer from themetal surface due increase in temperature/en-
ergy. The efficiency calculated using the corrosion current density
values (Eq. 7) is in close agreement with that given by EIS measure-
ments [31].

%IE ¼ I�corr−Icorr
I�corr

ð7Þ

3.6. Adsorption studies

Adsorption is a process of separation of molecules from one phase
and accumulation of these molecules on another surface. Corrosion in-
hibition through adsorption is believed to be a quasi-substitution be-
tween molecules from the solution phase to a metal surface and water
molecules from the metal surface to the solution phase. The inhibition
property of natural products is by monolayer or multilayer adsorption
of constituent organic molecules on the metal surface. To know the na-
ture of adsorption and the interaction of the constituent molecules, ad-
sorption isotherms like Langmuir, Temkin, Frumkin, and Freundlich
isotherms are studied. The regression coefficient of the isotherms is
given in Table 4 and R2values are closer to unity only for Langmuir

Fig. 5. Nyquist plots for various concentrations of GIW extract at (a) 303 K, (b)308 K, (c) 313 K (d) for 4% solution at various temperatures in 1 M HCl.

Table 2
EIS parameters for GIW extract in 1 M HCl at different temperatures.

Temp Volume of GIW
(V/V%))

Rct

(Ohm/Cm2)
Cdl
(μF/cm2)

Icorr
(mA/Cm2)

CR

(mm/year)
IE%

303 K Blank 15.18 1046 1.719 19.92 –
1 61.12 336.1 0.4268 4.947 75.16
2 67.21 271.4 0.4055 4.499 77.41
3 72.86 229.7 0.3580 4.150 79.16
4 120.7 177.0 0.2161 2.505 87.42

308 K Blank 14.20 1079 1.837 21.29 –
1 44.41 455.1 0.5887 6.823 68.02
2 55.02 307.8 0.4741 5.495 74.19
3 74.06 300.6 0.3522 4.082 80.82
4 101.6 196.8 0.2568 2.976 86.02

313 K Blank 11.90 1113 2.192 25.41 –
1 38.97 483.2 0.6694 7.758 69.46
2 42.59 321.6 0.6125 7.099 72.05
3 66.08 308.3 0.3948 4.573 81.99
4 74.60 251.3 0.3497 4.291 84.04

323 K Blank 9.902 1085 2.635 30.53 –
4% 61.68 304.7 0.4271 4.583 83.94

333 K Blank 6.65 1571 3.922 45.45 –
4% 34.19 358.8 0.763 8.843 80.54
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isotherms and hence concluded that GIW extract obeys Langmuir ad-
sorption and is given by the equation

Cinh

θ
¼ Cinh þ

1
Kads

ð8Þ

where Cinh is inhibitor concentration, θ (%IE/100) is surface coverage
and Kads is the equilibrium constant of adsorption. By its very nature,
Langmuir isotherm suggests equal surface energy to all the active sites
and assumes the formation of a monolayer of the adsorbed molecules
on a homogeneous surface without the interaction of individual mole-
cules of GIW extract [32]. The free energy adsorption is related to Kads

as follows

ΔG0 ¼ −2:303RT log 55:5Kadsð Þ ð9Þ

R is the universal gas constant, 55.5 is the concentration of water
molecules in mol/L. The negative values ΔG0 confirms the spontaneity

of adsorption of molecules and less negative values of free energy
(−12 kJ/mol) suggests physisorption of the constituent molecules
through electrostatic force of attraction between the positively charged
metal surface and electron-rich aromatic rings or by back donation of
electrons from the metal surface to the molecules and free –OH groups
of cyanidin molecules. The slope of the isotherms (Fig. 8) almost equals
unity also proves that there is no noticeable interaction between the ad-
sorbate molecules. The negative value of enthalpy of adsorption proves
the exothermic nature of adsorption. Due to the confinement of
adsorbed molecules on the mild steel surface the entropy of adsorption
decreases.

3.7. Kinetics of corrosion inhibition

The activation parameters for corrosion inhibition (Table 5) are
studied using the Arrhenius equation by plotting ln (CR) versus 1000/
T and transition state equation. The higher value of activation energy
(Ea) for the inhibited solution than the uninhibited solution affirms
the adsorption of constituent molecules on the mild steel surface that
leads to a higher energy barrier for acid molecules to cause corrosion
in inhibited solutions. Ea values greater than 20 kJ/mol assure surface
processes (physisorption) for corrosion inhibition. The entropy of acti-
vation and enthalpy of activation is calculated from the plot of ln (CR/
T) Vs 1/T (Fig. 9). The positive value of enthalpy of activation (ΔHa) de-
scribes the endothermic nature of metal dissolution. The difference be-
tween Ea and ΔHa is equalled to 2.56 kJ/mol which is closer to RT and it
suggests the unimolecular mechanism for mild steel dissolution. The
more positive values of entropy of activation (ΔSa) in the inhibited so-
lution assumes the formation of an activated complex in the rate-
determining step for it is believed that disorder will be more when the
reactant is converted to activated complex.

3.8. Calculation of global descriptors

The various global parameters obtained from the geometry optimi-
zation of cyanidin glucoside, cyanidin sambubioside, garcinol, and hy-
droxyl citric acid are given in Table 6. The high energy of HOMO
validates the tendency to donate electrons and low energy of LUMO
agrees the capacity to receive electrons. Here the highest energy

Fig. 6. (a) Equivalent circuit used to fit EIS data of GIW extract in HCl (b) Bode plot for GIW at 303 K in 1 M HCl (c) at different temperatures for 4% GIW extract.

Table 3
Polarization parameters for GIW extract at different temperatures.

Temp. Volume of GIE(V/V%) -Ecorr
(mV)

Ba
(mV)

-Bc
(mV)

Icorr
(mA/cm2)

IE%
(%)

303 K Blank 472 169 182 1.4053 –
1 460 88 148 0.3194 77.27
2 449 90 153 0.2793 80.12
3 446 86 126 0.2233 84.11
4 451 85 113 0.1455 89.4

308 K Blank 475 123 137 1.2554 –
1 461 104 162 0.5197 58.60
2 458 97 183 0.4249 66.12
3 465 82 153 0.2167 82.73
4 455 72 145 0.1924 84.67

313 K Blank 474 202 202 1.4989 –
1 452 87 128 0.4348 70.99
2 432 76 140 0.4147 72.33
3 427 85 121 0.3748 74.99
4 302 78 203 0.3291 78.04

323 K Blank 424 102 107 2.0016 –
4 303 104 204 0.4759 76.22

333 K Blank 468 106 115 2.1629 –
4 474 83 170 0.5479 74.66
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HOMO is that of garcinol and the lowest energy LUMO is that of cyanidin
glucoside and cyanidin sambubioside. The low energy of LUMO of an-
thocyanin derivatives describes its inhibition property through the
back donation of electrons from the metal surface. Lower ΔE assumes
better activity and better inhibition efficiency. Cyanidin sambubioside
and glucoside with the lowest ΔE will act as an efficient inhibitor. Ac-
cording to Pearson's concept, hard acids prefer to combine with hard
bases and soft acids prefer to combines with soft bases. Iron in acid so-
lution is considered to be soft. Softness is the reciprocal of hardness
(1/??) is minimum for hydroxy citric acid and can be described to
haveminimumability to interactwith themetal. Two different explana-
tions are given for dipole moment (μ) value. One group suggests better
efficiency for compounds with high dipole moment due to increased
dipole-dipole interactions. Another group suggests that lower values
of dipolemoment are better for increased efficiency by an accumulation
of molecules on the metal surface. Herein the lower dipole moment
value of cyanidin glucoside ensures its increased capacity to be
adsorbed on themetal surface. Themolecule with higher electron affin-
ity (EA) tends to be an efficient inhibitor by accepting electrons from the
metal surface [33]. Cyanidin glucoside and sambubioside having a

higher electron affinity can be adsorbed on themetal through this inter-
action. According to Lukovit's study ΔN, the fraction of electron trans-
ferred from the metal surface increases, its inhibition efficiency
increases, whereas negative values of ΔN is characteristic of the
electron-accepting tendency of inhibitor molecules from the metal
through back donation. The general idea of the global electrophilicity
index (φ) is that higher the value greater is its capacity to accept elec-
trons. The higherφ values of anthocyanin derivatives show that they ac-
cept electrons from the metal surface [34]. The optimized geometries,
HOMO and LUMO of anthocyanin derivative, hydroxy citric acid and
garcinol are given in Figs. 10 and 11.

3.8.1. Condensed Fukui functions
The specific sites of electron donation and acceptance are obtained

from condensed Fukui indices. Higher values of f + indicate the greater
capacity of those sites for receiving charges and higher values of f- as-
sures the greater capability of those sites to donate charges and thus
we can predict the sites of adsorption on themetal surface [35]. The cal-
culated values of few atoms are given in Table 7. In the case of Cyanidin
glucoside C9 andO28, of Cyanidin sambubioside C2 and C10, of Garcinol

Fig. 7. Tafel plots for GIW extract in 1 M HCl at (a) 303 K (b) 308 K (c) 313 K and (d) 4% extract at various temperatures.

Table 4
Thermodynamic parameters of adsorption of GIW extract on mild steel surface in 1 M HCl.

Temp Langmuir Cinh Vs Cinh/θ Frumkin
θ/1-θ Vs logC

Temkin
logC Vsθ

Freundlich
logC Vs logθ

Slope R2 Ka
ds

ΔG0(kJ/mol) ΔH0
ads ΔS0ads R2 R2 R2

303 K 1.09 0.9847 2.9940 −12.880
−31.62 −63.33

0.2585 0.5968 0.6216
308 K 1.08 0.9942 2.0283 −12.095 0.9355 0.9308 0.8886
313 K 1.08 0.9908 2.2300 −12.538 0.0166 0.8168 0.8258
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C18 and C37, of Hydroxy citric acid C15 and O4 are with maximum
f + and f- (Table 7). Those sites with higher f+ receive electrons from
the metal atom by back donating whereas those with maximum f− do-
nate electrons and form bonds with the metal surface.

3.9. Surface analysis

Fig. 12(A) and (B) gives the AFM images of metal samples dipped in
blank and with 4% GIW extract. The morphology of these samples is
studied using this image. The average roughness value (Ra) correspond-
ing to the blank is 25.5 nm and the root mean square roughness (Rq) is
33.4 nm. For the sample dipped in HCl containing GIW extract the Ra
value is 16.8 nm and the Rq value is 21.9 nm. This indicates the forma-
tion of a compact protective film on the metal surface. The SEM images
of the mild steel specimens dipped in the blank (1 M HCl) and the
inhibited solution is also given in Fig. 12. The surface is seriously dam-
aged by HCl whereas in Fig. 12(b) the surface finish due to the adsorp-
tion of molecules of GIW extract can be seen and that ensuring the
formation of a protective layer.

3.10. Mechanism of inhibition

The effective molecules of the GIW extract are water-soluble
cyanidins and ortho hydroxy citric acid. The process of inhibition by or-
ganic molecules is through the formation of a protective film on the
metal surface by replacing the water molecules adsorbed on the metal
surface with molecules of the inhibitor.

Inhibitorð ÞSoln þ n Waterð Þads on metal↔ n Waterð Þsoln: þ Inhibitorð Þads:on metal

The type of adsorption depends on the charge of themetal surface as
well as the chemical structure of the active molecules in the GIW ex-
tract. The charge on themetal surface is given as the difference between
Ecorr (Corrosion potential) and ZCP (Zero charge potential) and when it
is negative, themetal surface is negatively charged and attract positively
charged molecules and when it is positive, the metal surface is posi-
tively charged and prefer negatively charged molecules. Usually, the
Fe in HCl is found to be positively charged and the chloride ions can
be pre-adsorbed on the mild steel surface [36].

The inhibition mechanism by GIW extract can be explained in three
different ways.

1. By the electrostatic interaction between the positively charged mol-
ecules such as cyanidin anthocyanins and the negatively charged
chloride ions.

2. The adsorption can be by sharing of lone pair of electrons of oxygen
atoms of cyanidin molecules and O– hydroxy citric acid and pi

Fig. 8. Langmuir adsorption isotherm for GIWextract at different temperatures in 1MHCl.

Table 5
Kinetic parameters of corrosion inhibition by GIW extract.

Arrhenius plot(1000/T Vs
logCR)

Transition state plot (lnCR/T Vs1/T)

Ea(kJ/mol) ΔHa
(kJ/mol)

ΔSa(kJ/mol) Ea-ΔHa(kJ/mol)

Blank 19.14 16.58 255.57 2.56
1% 35.55 32.99 298.56 2.56
2% 35.93 33.37 298.68 2.56
3% 38.80 36.24 307.53 2.56
4% 42.35 39.72 314.80 2.63

Fig. 9. Arrhenius and Transition state plot for GIW.
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electrons of aromatic rings of cyanidin to the vacant d orbitals of the
metal atom. It is found that as the number of –OHgroup increases the
inhibition efficiency of anthocyanins increases [33]. The use of hy-
droxy citric acid as an inhibitor is recommended because of the pres-
ence of the acidic group too [37].

3. From the theoretical calculation, it can also be attributed to the
back bonding of cyanidin with metal-cantered d orbitals. From

the theoretical calculations, it is seen that cyanidins can act as ef-
ficient inhibitors by accepting electrons from the metal surface
too. Adsorption and kinetic studies explain the preferable
physisorption of constituent molecules of GIW extract on the
metal surface.

4. Conclusions

1. Garcinia indica fruit rind extract (GIW) is used as a corrosion inhibitor
for mild steel in HCl medium. The extract contains compounds with
an oxygen atom and aromatic rings such as cyanidin anthocyanins,
hydroxy citric acid, and garcinol.

2. GIW extract acts as an efficient corrosion inhibitor for mild steel in
HCl at different temperatures and acid concentrations. An efficiency
of 93% in 0.5 M HCl and 87% in 1 M HCl and 74% is recorded for
1.5 M HCl at room temperature. The efficiency at 333 K is found to
be 80%.

3. Potentiodynamic studies show themixed type behaviour of GIW ex-
tract and its adsorption on the metal surface follows the Langmuir
adsorption isotherm model.

4. The kinetic and adsorption studies affirm the physisorption tendency
ofmolecules than chemisorption. The physisorption is assumed to be
the interaction between the positively charged anthocyanins and
preadsorbed chloride ions on the metal surface.

5. Theoretical calculations support the observation that constituent
molecules of the extract can be adsorbed on themetal surface by do-
nating electrons of the oxygen atoms or aromatic rings or by

Fig. 10. Optimized geometries of major constituent molecules.

Table 6
Global parameters of the chief constituent molecules obtained using B3LYP/6-31G(d, p).

Parameter Cyanidin
glucoside

Cyanidin
sambubioside

Garcinol Hydroxy citric
acid

Total energy (a.u) −1640.17 −2097.11 −1930.7 −830.8
EHOMO(eV) −9.10 −8.81 −6.06 −8.07
ELUMO(eV) −6.27 −6.03 −2.10 −1.61
ΔE(eV) 2.83 2.78 3.96 6.46

Hardness η ¼ ΔE
2

1.41 1.39 1.98 3.23

Dipole moment, μ(D) 3.10 5.13 6.40 2.85
IE = -EHOMO 9.10 8.81 6.06 8.07
EA = -ELUMO 6.27 6.03 2.10 1.61

χ ¼ IE þ EA
2

7.68 7.42 4.08 4.84

ΔN ¼ ðχFe−χinhχ
2ðηFe−ηinhÞ

−0.24 −0.15 0.73 0.33

φ ¼ χ2
inh

4ηinh

10.45 9.90 2.10 1.81
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Fig. 11. HOMO and LUMO of constituent molecules.

Table 7
Condensed Fukui functions of a few atoms of constituent molecules.

Hydroxy citric acid Cyanidin glucoside Garcinol Cyanidin sambubioside

At
oms

fk
+ fk

− At
oms

fk
+ fk

− At
oms

fk
+ fk

− At
oms

fk
+ fk

−

C1 0.07939 0.07421 C1 0.14120 0.1092 C3 0.03786 0.02864 C1 0.00186 0.01449
C3 0.03347 0.03648 C3 0.07978 0.0949 C4 0.05307 0.11660 C2 0.14777 0.04533
O4 0.02621 0.19595 C5 0.06231 0.0707 C5 0.06724 0.05879 C3 0.05401 0.06436
O5 0.04093 0.12717 C9 0.17480 0.0207 O10 0.0706 0.06346 C5 0.04527 0.01353
O7 0.03236 0.05938 O13 0.06575 0.0137 O12 0.03807 0.04021 C8 0.0625 0.06913
O9 0.12004 −0.1223 O14 0.06486 0.0715 C14 −0.0334 0.02725 C10 0.13119 0.10012
O10 0.01791 0.1640 O16 0.05191 0.0513 C16 0.01032 −0.0394 O13 0.05958 0.07267
C12 0.45125 0.08236 O18 0.02210 0.0232 C17 −0.0016 0.04951 O15 0.04563 0.04758
C15 0.70087 0.03736 C19 0.02149 0.0723 C18 0.07422 0.11236 O17 0.06228 0.00789
O16 0.23529 0.06972 C24 0.07781 0.1025 C21 −0.0136 0.08672 C18 −0.0005 0.01361
O17 0.13206 0.08012 C26 −0.0045 0.0146 O22 0.02603 0.10136 C19 0.08306 0.04726
O19 0.12387 0.04507 O28 0.04395 0.1127 O23 0.03123 0.04368 C20 0.10491 0.08168
O20 0.05301 0.08059 O30 0.06412 0.0971 C24 0.02273 −0.0266 C21 −0.0001 0.00622
O21 0.01464 0.07002 C38 0.03914 0.0297 O73 0.01491 −0.0098 C22 0.07736 0.08206

C43 0.05759 0.0616 C75 0.00374 0.00989 C24 0.00530 0.01385
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engaging in back donation between metal cantered orbitals and the
anthocyanin molecules.

6. The further study aims at the separation of components of the GIW
extract to analyze all the proactive molecules present in it.
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Abstract: 

The purpose of the present study was to find out the effect of SAQ training on 

selected psychomotor and game skills variables among basketball players. To 

achieve the purpose of the present study, twenty women basketball players from the 

Providence women’s college, Calicut were selected as subjects at random and their 

age ranged between 18 and 23 years. The subjects were randomly divided in to two 

equal groups namely experimental (SAQ training) and control group (CG). The 

experimental group underwent SAQ training for three days a week for a period of 6 

weeks in addition to their regular training program. The control group was not 

exposed to any experimental training. Before the training pre test was conducted to 

assess the psychomotor variables namely agility, explosive power, differentiation 

ability, orientation ability and reaction ability and game skill variables namely 

passing, shooting and dribbling. Agility was assessed using 4x10m shuttle run, 

explosive power was assessed using sergeant vertical jump, differentiation ability 

measured using medicine ball throw, orientation ability assessed using numbered 

medicine ball test reaction and reaction ability was measured using ball reaction 

exercise test. The game skills variables were assessed using AAHPERD Basketball 

skills test battery for females for both the groups.  After the experimental training 

period of 6 weeks, the post test was conducted. To find out the significant 

improvement suitable statistical tool was applied and the level of signifance was 

tested at 0.05 level. It was concluded that there was significant improvement on 

selected psychomotor variables namely agility, explosive power, differentiation 

ability, orientation ability and reaction ability also it was concluded that the game 

skill variables passing, shooting and dribbling had significant improvement due to 

the effects of SAQ training  

 

Key words: Mental Rehearsal, shooting, dribbling and imagery.. 

 

Introduction 

Basketball is an extremely dynamic sport that requires movements in multiple 

planes of motion as well as rapid transitions from jogging to sprinting to jumping. The 

ability to quickly elude defenders, rapidly decelerate to take a jump shot, 

or explosively jump up to grab a rebound are all skills required to effectively play the 

sport. 
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It is equally important for the athlete to be able to perform these skills in a variety 

of directions and in a controlled manner to ensure injuries do not ensue. Due to the 

myriad of physical demands that come with the sport makes speed and agility training 

a crucial component to incorporate into a basketball training program. 

Recently, acceleration, speed, and agility have been found to be independent, 

unrelated qualities that produce a limited transfer to each other (1). The next step is to 

investigate methods that produce the integral effects that can be used in the 

conditioning of basketball players. But, we found that few studies have investigated 

the training methods that produce the integral effects on various abilities. One of the 

most popular training methods that produce the mentioned results is the SAQ (speed, 

agility, quickness) method (2).  

A study that has investigated SAQ training and its effects on various abilities 

leads to the conclusion that programmed conditioning enhances power performance to 

a greater extent. However, random conditioning is not rejected, yet it comes as an 

advisable addition to programmed conditioning (3). That kind of conditioning uses 

randomized intermittent patterns seen in match performance. Both types follow the 

basic principles of conditioning and thus deliberately produce effects that can be in 

some way planned. The downside of random conditioning is that it has the inability to 

achieve the desired level of volume and intensity depending on motivation and effort, 

but on the other hand, the use of open skills produces specific demands that are used 

in a real match. Although the authors (4) found that programmed conditioning is more 

preferred when it comes to speed and agility, when it comes to endurance, it is 

speculated that random conditioning can have more effect. Thereby, both conditioning 

methods are valid in overall performance enhancing. 

The SAQ training method more frequently uses the programmed than random 

type conditioning after the SAQ continuum. One SAQ session is composed of 7 

components, where the main part of the session, explosion and expression of potential, 

are combinations of programmed and random conditioning. Integral planning and 

programming is required to progress from fundamental movement patterns to highly 

positional specific movements (5). A logical sequence in the learning process must not 

be neglected because it develops neural structures that are a prerequisite for elite-level 

upgrade. Consequently, elite players manipulate with their bodies without the loss of 

speed, balance, strength, and control. Also, with correct movement patterns 

(technique) and greater muscle power, they accelerate faster. Some studies (6,7,8,9,10) 

found that leg muscle power is a poor predictor of agility performance that emphasizes 

even more the integral influence within the vast range of capabilities. 

Furthermore, the SAQ training method consolidates speed, agility, and quickness 

through the range of soccer specialized exercises. All exercises are performed with 

optimal biomechanical movement structures, and consequently, energy and time 

savings are made. Power performance aside from major abilities has the need for 

optimal joint mobility, dynamic balance, appropriate locomotor system, and energy 

production among others. 
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Agility is the ability to start (accelerate), stop (decelerate and stabilize), and 

quickly change direction while maintaining proper postural alignment(11).This requires 

high levels of neuromuscular efficiency (movement coordination) because the athlete 

is constantly regaining their center of gravity over their base of support while 

changing directions at various speeds. All of these elements are very common in 

basketball and will be important to train for. 

Psychomotor variables act as the medium for the realization of cognitive and 

affective domains of learning and motor behavior. All these domains of learning are 

inseparable identities and work in perfect harmony and unison with one another. The 

psychomotor variables are primarily concerned with muscular contraction. 

Performance of motor skills involves neural, physiological and psychological aspects 

and is a continuum that runs the gamut from physical to cognitive and there is always 

integration between these aspects of human behavior. (12) 

Basketball is a fast-paced game that requires the knowledge and instinct to 

perform quickly and properly. The sport of basketball requires five basic skills. While 

some players might be more experienced with some skills than others, it is best to 

have at least some ability in all five areas namely dribbling, running, passing, shooting 

and jumping. 

 Statement of the Problem: 

The purpose of the present study was to find out the effect of SAQ training on 

selected psychomotor and game skills variables among basketball players. 

 

Methods: 

To achieve the purpose of the present study, twenty women basketball players from 

the Providence women’s college, Calicut were selected as subjects at random and their 

age ranged between 18 and 23 years. The subjects were randomly divided in to two 

equal groups namely experimental (SAQ training) and control group (CG). The 

experimental group underwent SAQ training for three days a week for a period of 6 

weeks in addition to their regular training program. Experimental treatment was given 

only in the evening between 5.p.m. and 6.00.p.m. The control group was not exposed 

to any experimental training. Before the training pre test was conducted to assess the 

psychomotor variables namely agility, explosive power, differentiation ability, 

orientation ability and reaction ability and game skill variables namely passing, 

shooting and dribbling. Agility was assessed using 4x10m shuttle run, explosive 

power was assessed using sergeant vertical jump, differentiation ability measured 

using medicine ball throw, orientation ability assessed using numbered medicine ball 

test reaction and reaction ability was measured using ball reaction exercise test. The 

game skills variables were assessed using AAHPERD Basketball skills test battery for 

females for both the groups.  After the experimental training period of 6 weeks, the 
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post test was conducted. To find out the significant improvement suitable statistical 

tool was applied and the level of signifance was tested at 0.05 level. 

 

Analysis of Data 

The data collected from the basketball players on selected criterion variables were 

statistically examined by using analysis of Covariance (ANCOVA) to determine the 

effect of SAQ training on selected psychomotor and game skills variables among 

basketball players. The level of significance was tested at 0.05 level.  

 

Table I  

Computation of Mean and Dependent ‘t’ Test of Experimental and Control Group on 

Selected Psychomotor and Game Skills Variables among Basketball Players 

S.No Variable Test 

Speed Agility 

Quickness 

Training Group 

Control 

Group 

1.  Agility 

Pretest Mean 11.38 11.59 

Posttest Mean 10.53 11.57 

‘t’ test 11.84* 1.70 

2.  
Explosive 

Power 

Pretest Mean 33.9 33.8 

Posttest Mean 38.5 34.1 

‘t’ test 17.25* 1.15 

3.  
Differentiation 

Ability 

Pretest Mean 14.7 14.6 

Posttest Mean 16.6 14.5 

‘t’ test 19.00* 1.00 

4.  
Orientation 

Ability 

Pretest Mean 10.14 10.41 

Posttest Mean 9.61 10.41 

‘t’ test 21.11* 0.79 

5.  
Reaction 

Ability 

Pretest Mean 3.17 3.31 

Posttest Mean 3.02 3.30 

‘t’ test 5.45* 1.30 

6.  Passing 

Pretest Mean 34.9 32.9 

Posttest Mean 36.8 33.3 

‘t’ test 19.00* 1.81 

7.  Shooting 

Pretest Mean 15.2 15 

Posttest Mean 17.6 14.9 

‘t’ test 10.85* 0.32 

8.  Dribbling 

Pretest Mean 10.67 10.88 

Posttest Mean 10.00 10.86 

‘t’ test 9.12* 1.74 

*significant at 0.05 level  

Table - I shows that the pre-test mean value of psychomotor and game skill variables 

namely on agility, explosive power, differentiation ability, orientation ability, 
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reaction ability, passing, shooting and dribbling of SAQ training and control groups 

are 11.38, 33.9, 14.7, 10.14, 3.17, 34.9, 15.2 & 10.67 and 11.59, 33.8, 14.6, 10.41, 

3.31 32.9, 15 & 10.88 respectively. The Post-test means are 10.53, 38.5, 16.6, 9.61, 

3.02, 36.8, 17.6 &10.00 and 11.57, 34.1, 14.5, 10.41, 3.30, 33.3, 14.9 & 10.86 

respectively. The obtained dependent t-ratio values of SAQ training group on agility, 

explosive power, differentiation ability, orientation ability, reaction ability, passing, 

shooting and dribbling are 11.84, 17.25, 19.00, 21.11, 5.45, 19.00, 10.85 and 9.12 

which was found to be greater than the required table value of 2.13 with df 14 at 0.05 

level of significance. The obtained dependent t-ratio values of control group on 

agility, explosive power, differentiation ability, orientation ability, reaction ability, 

passing, shooting and dribbling are 1.70, 1.25, 1.00, 0.79, 1.30, 1.81, 0.32 and 1.74 

respectively which was found to be less than the required table value of 2.13 with df 

14 at 0.05 level of significance. 

Table II 

Analysis of Covariance of Experimental and Control Groups on Selected Psychomotor 

and Game Skills Variables among Basketball Players 

S.No Variable Adjusted Post 

Test Means 

Source 

of 

Variance 

Sum of 

Squares 

df Mean 

Squares 

F 

Ex.Group Control 

Group 

1.  Agility 10.64 11.47 
B 3.35 1 3.35 

126.25* 
W 0.45 17 0.03 

2.  
Explosive 

Power 
38.45 34.15 

B 92.36 1 92.36 
125.74* 

W 12.48 17 0.73 

3.  
Differentiation 

Ability 
16.55 14.55 

B 20.06 1 20.06 
200.02* 

W 1.70 17 0.10 

4.  
Orientation 

Ability 
9.74 10.29 

B 1.41 1 1.406 
435.93* 

W 0.05 17 0.003 

5.  Reaction 

Ability 
3.09 3.24 

B 0.105 1 0.105 
24.04* 

W 0.07 17 0.004 

6.  
Passing 35.85 34.25 

B 11.61 1 11.61 
41.09* 

W 4.80 17 0.28 

7.  
Shooting 17.52 14.98 

B 32.13 1 32.13 
46.15* 

W 11.83 17 0.69 

8.  
Dribbling 10.12 10.75 

B 1.93 1 1.93 
79.78* 

W 0.41 17 0.02 

  *P < 0.05 Table F, df (1, 17) at (0.05) = 4.45 

Table –II shows that the adjusted post test means of SAQ training and control group on 

agility, explosive power, differentiation ability, orientation ability, reaction ability, 

passing, shooting and dribbling are 10.64, 38.45, 16.55, 9.74, 3.09, 35.85, 17.52 & 10.12 

and 11.47, 34.15, 14.55, 10.29, 3.24, 34.25, 14.98 & 10.75 respectively. The obtained ‘F’ 

ratio values of agility, explosive power, differentiation ability, orientation ability, 

reaction ability, passing, shooting and dribbling are 126.25, 125.74, 200.02, 435.93, 

24.04, 41.09, 46.15 and 79.78 respectively which are higher than the table value of 4.45 

with df (1, 27) at 0.05 level of significance. Since, the obtained F value found to be 
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higher than the required table value; it indicates that there is significant difference among 

the adjusted post test means of SAQ training and control group on selected psychomotor 

and game Skills variables among basketball Players. 

 

Discussion: 

The present research studied the effect of SAQ training on selected psychomotor and 

game skills variables among basketball players and the results is being studied with 

comparable and close researches. From the results of this research it is clear that SAQ 

training had showed significant improvement on selected psychomotor and game skills 

variables among basketball players. 

The results of this study supported by the available literature conducted by Ramesh & 

Madan (2019) effect of 12 weeks SAQ training programme on selected skill performance 

variables of youth basketball players which was strongly revealed that S.A.Q training had 

significant effect on performance variables dribbling and passing ability of youth 

basketball players. A study conducted by Sharma, & Dhapola, (2015) determine the 

effect of speed, agility, quickness (SAQ) training programme on selected physical fitness 

variables and playing abilities in basketball University players and the SAQ training 

programme were imparted a total period of six weeks. The result of the study showed 

significant effect on speed, agility and quickness and the playing abilities of basketball 

players. Sudha et.al, (2012). 

 

Conclusion: 

 On the basis of the findings of the study, it was concluded that there was 

significant improvement on selected psychomotor variables namely agility, explosive 

power, differentiation ability, orientation ability and reaction ability also it was 

concluded that the game skill variables passing, shooting and dribbling had 

significant improvement due to the effects of SAQ training.  
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