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a b s t r a c t

In this article the potential variation in biochemical constituents of peanut plant leaves affect by
presoaking peanut seeds in copper oxide nanoparticles suspension has been studied and compared
with its bulk counterpart. The synthesized nanoparticles were characterized by x-ray diffraction (XRD),
scanning electron microscope (SEM) and transmission electron microscope (TEM) studies. The Fourier
transform infrared (FTIR) analysis shows the most prominent peaks at ~2923 cm�1, ~1636 cm�1 and
~1033 cm�1, which correspond to lipids, protein and carbohydrate content in leaf samples respectively.
The calculated mean ratio of the peak intensities for various frequency regions and total band area
calculation for various band regions explain the variation in lipid, protein and carbohydrate content of
leaf samples. Further the FTIR spectra were processed by de-convolution and curve fitting to quanti-
tatively examine the chemical contents and structure changing of the secondary structure of protein.
The calculated integrated band area of b e sheet, b e turn and a e helix secondary structure of protein
varies to greater extent in all samples compared to control. Principal component analysis (PCA) has
been carried out to explain the total variance in secondary structure of protein content in peanut plant
leaves. Principal component 1 (PC1) accounts for 63.50% variation in secondary structure of protein
whereas principal component 2 (PC2) accounts for 29.56%. The application of nanoparticles via pre-
soaking method implies potential variation in biochemical constituents but doesn't affect the growth
of plants considerably.
© 2016 The Authors. Publishing services by Elsevier B.V. on behalf of Vietnam National University, Hanoi.

This is an open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).
1. Introduction

Heavy metals are toxic to living organisms at elevated concen-
trations but it is more essential for many biochemical reactions. The
elements essential for plants are classified as macronutrients (C, H,
O, N, P, K, Ca, Mg, S) andmicronutrients or trace elements (B, Cu, Fe,
Mn, Mo and Zn). Lead and cadmium are the non-essential elements
for any biochemical reaction or processes [1e3]. The micro-
nutrients or trace elements are required for plants nutrition at
micro level concentration but at higher concentrations affect the
plants growth badly. Even though macronutrient required for plant
growth, it becomes toxic when the concentration exceeds the
t. Joseph's College of Engi-
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permissible level. Copper (Cu) is an essential micronutrient
involved in carbon assimilation and nitrogen metabolism; its
deficiency results in severe growth retardation. Cu is also involved
in lignin bio-synthesis, which not only provides strength to cell
walls but also prevents wilting. Leaf chlorosis, stunted growth and
stem and twig dieback are common symptoms of Cu deficiency [4].
Presoaking wheat seeds in Cu e EDTA solution (0.04e0.16 kg of
copper per hectare (Cu ha�1)) substantially increased grain yield,
but suppressed seedling emergence. Presoaking wheat seeds in Cu
e EDTA solution at very low rates (0.04 kg Cu ha�1) prevented Cu
deficiency in wheat with significant increases in seed yield [4]. In
another experiment on oats, seed presoaking with Cu (0.001% so-
lution of CuSO4) had no effect on germination; yet the number of
grains (per panicle) and grain weight increased resulting in yield
increase of 16.53% compared with untreated control [5]. Nowadays
many works focus on application of nanoparticles in agriculture
field. Nanoparticles gained considerable attraction because of their
National University, Hanoi. This is an open access article under the CC BY license
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unusual and fascinating properties, with various applications, over
their bulk counterparts. Nanoparticles can serve as “magic bullets”,
containing herbicides, nano-pesticide fertilizers, or genes, which
target specific cellular organelles in plant to release their content. In
many works they are used to stimulate the seed germination and
are used as a source of micronutrients [5e7].

Peanut (ArachishypogaeaL.) contains rich oil and protein, and is
an important oil source in processing industry. In some cases,
peanut also serves as a supplementary food due to its high
nutrition. They are extremely rich in vitamin B. They also stand
out because of their high fat content and their huge amount of
protein. Peanut is an important legume food crop of India grown
in about 8 million ha of land. Peanut cultivation occurs in 108
countries around the world. The average productivity of peanut in
India is around 1178 kg ha�1, which is far less than the world's
average 1400 kg ha�1. The low productivity is mainly due to the
fact that the crop is mostly grown in rain-fed, low fertility soils.
Nanotechnology can present a solution to increase the value of
agricultural products and environmental problems. With the us-
ing of nanoparticles and nanopowders, we can produce controlled
or delayed releasing fertilizers [8]. Nanoparticles were high
reactivity because of larger specific surface area, higher density of
reactive areas, or increased reactivity of these areas on the particle
surfaces. These features simplify the absorption of fertilizers and
pesticides that are produced in nano scale. In this work the effect
on biochemical constituents and metal concentration in peanut
plant leaves (collected after 30 days of sowing), due to presoaking
peanut seeds in copper oxide bulk and nanoparticle suspension
for 10 h has been studied.

2. Experimental

2.1. Synthesis of nanoparticles

The copper oxide nanoparticle was synthesized using chemical
precipitation method. Cupric nitrate is used as the precursor
material and is taken as solution in a beaker. The cupric nitrate
solution is stirred well using a magnetic stirrer and ammonium
hydroxide solution is added in drops to form the copper hydroxide
precipitate. The solution was continuously stirred to avoid
agglomeration of precipitated particles. The precipitate is then
washed several times with distilled water and ethanol further
annealed at 400 �C for 4 h to remove water content and form
copper oxide nanoparticles [9]. The annealed sample analyzed for
phase confirmation and particle size using x-ray diffraction
analysis (XRD), scanning electron microscope (SEM) and high
resolution transmission electron microscope (HR-TEM) tech-
niques [10].

2.2. Seed preparation and presoaking

The peanut seeds were obtained from Regional agricultural
research institute, Virudhachalam. The seeds were sterilized in a
5% sodium hypochloride solution for 5e10 min, and then rinsed
thoroughly several times with deionized water. The seeds were
treated with two different concentration of copper oxide sus-
pension (500 & 4000 ppm) of both nano and bulk for 10 hrs time
period. Nanoparticle and bulk copper oxide suspensions were
prepared by ultrasonification for 1 hr time period. Later the
seeds sowed in separate pots for each concentration of both
nano and bulk copper oxides. A total of three replicates were
chosen for each morphological and physiological measurement
(at an average of three plants per replica) where the results were
presented as mean ± standard deviation (SD). Statistical signif-
icance was accepted when the probability of the result assuming
the null hypothesis (p) is less than 0.05 (level of probability)
[11e13].

2.3. FTIR spectral study

The leaf samples were sectioned from the plant collected after
30 days of sowing. All the leaf samples were oven dried at 100 �C
for 48 hrs to remove moisture and ground to fine powder. The
infrared spectra of leaves were recorded using KBr pellet tech-
nique in BRUKER IFS 66V model FTIR spectrometer in the region
4000e400 cm�1. For each spectrum, 100 scans were co-added at a
spectral resolution of ±4 cm�1. The spectrometer was continu-
ously purged with dry nitrogen. The frequencies for all sharp
bands were accurate to 0.001 cm�1. Each sample was scanned
under the same conditions with three different pellets. These
replicates were averaged and then used. Absorption intensity of
the peaks was calculated by the base-line method. Special care
was taken to prepare the pellets at the same thickness by taking
the same amount of sample and applying the same pressure.
Therefore, in the current study it is possible to directly relate the
intensities of the absorption bands to the concentration of the
corresponding functional groups. The spectrawere analyzed using
Origin 8.0 software (OriginLab Corporation, Massachusett, USA).
For discussion the samples were named as L1, L2, L3 and L4 where,
L1 e Leaf samples of plant seeds soaked in 500 ppm copper oxide
bulk suspension collected after 30 days of sowing, L2 e Leaf
samples of plant seeds soaked in 4000 ppm copper oxide bulk
suspension collected after 30 days of sowing, L3 e Leaf samples of
plant seeds soaked in 500 ppm copper oxide nano suspension
collected after 30 days of sowing, L4 e Leaf samples of plant seeds
soaked in 4000 ppm copper oxide nano suspension collected after
30 days of sowing.

2.4. Statistical analysis

All the statistical analysis was performed using SPSS 16.0 soft-
ware. Pearson's correlation matrix was calculated for secondary
structure protein and metal constituent variation in leaf samples.
Principle component analysis was carried out to find the factors
which influence the variation in protein content among the leaf
samples treated with bulk and nano copper oxide in comparison
with control sample. Graphical work was carried out using Origin
software 8.0.

3. Results and discussion

3.1. XRD, SEM and TEM analyses of copper oxide nanoparticles

Fig. 1 visualizes the XRD pattern of copper oxide. The formation
of copper oxide phase in 400 �C annealed sample was confirmed by
an X-ray diffractometer. The average grain sizes were determined
from the XRD patterns using the Debye-scherrer formula.

D ¼ 0:9*l
b cos q

where D is the crystallite size, l is the wavelength of
Cu � ka1 ¼ 1.54060 Å, b can be calculated from the experimental
peak width (FWHM) of the most intense peak (0 0 2). The average
particle size of the nanoparticle was found to be 28.45 nm. The
peaks were matched using JCPDS software and it was well matched
with the copper oxide (CuO) of file no “Pdf # 892531”. Fig. 2 visu-
alize the SEM image of copper oxide. The SEM image confirms the
uniformity of phase formation and the particle size of the copper
oxide nanoparticle. Fig. 3 shows the TEM image and selected area



Fig. 2. SEM image of copper oxide nanoparticles.

Fig. 3. TEM images of copper oxide nanoparticles.

Fig. 1. XRD pattern of copper oxide nanoparticles.
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electron diffraction (SAED) pattern of copper oxide nanoparticle.
The image clearly shows the particle sizes are in nanometer and the
SAED pattern explains the polycrystalline nature of copper oxide
nanoparticle.
3.2. FTIR spectral studies of leaf samples

The tentative frequency assignment of averaged spectra for the
peanut leaf samples collected after 30 days of sowing was tabulated
in Table 1 and spectra shown in Fig. 4. The strong characteristic
band at ~3404 cm�1 to ~3420 cm�1 in all the samples control, L1, L2,
L3 & L4 is assigned to the OeH Stretching/NeH stretching of amide
A. The CH3 symmetric stretching band at ~2955 cm�1 in control
sample was present in all the leaf samples however the intensity of
L1 sample found to be decreased attributed to weak bank at
~2955 cm�1. The CH2 symmetric stretching band and CH2 asym-
metric stretching of lipid, protein band at ~2921 cm�1 and
~2851 cm�1 respectively shows decreased intensity in all the leaf
samples but L2 leaf sample doesn't affect much compared to other
leaf samples. The weak band at ~1736 cm�1 assigned to carbonyl
C]O stretch: lipids, chlorophyll was found in leaf samples. The
stretching vibration of free keto group at ~1725 cm�1 showelevated
intensity in L1 and L2 samples but an 8 cm�1 shift was observed in
all samples. The amide I protein is present in all the samples which
was observed from the very strong band at ~1636 cm�1. The band at
~1547 cm�1 gives the presence of amide II in all leaf samples but an
increased intensity was found in L2 sample alone might be due to
the increase in overall protein content of leaf sample. There is no
significant variation in bands at ~1426 cm�1, ~1383 cm�1,
~1255 cm�1 and ~1156 cm�1 in all leaf samples which shows there
is no considerable variation in amide III protein and carbohydrates
of these samples. The variation in intensities of bands from 1070 to
1033 cm�1 indicates the variation in carbohydrates and all other
nucleic acids in L1, L3 and L4 whereas there is no significant varia-
tion in L2 sample. A very weak band at 962 cm�1 of CeNþeC
symmetric stretch of nuclei acids present in control sample alone
and was absent in all other samples. The FTIR results show that the
presoaking of peanut seeds with cuo bulk and nanoparticle sus-
pensions of concentration 500 and 4000 ppm might have consid-
erable influence on the protein, chlorophyll, carbohydrate and
other biochemical constituents of leaf samples collected after 30
days of sowing. Many peaks were hidden in the raw FTIR spectra
which can be unleashed by de-convolution and derivative spectra
[14e16].

The total band area calculation for various spectral regions
gives the changes in biochemical constituents of leaf samples
directly from raw spectra. The spectral region between 3200 and
3450 cm�1 was selected to analyze amide A and B protein. The
spectral region between 3000 and 2800 cm�1 was selected to
analyze lipids. The spectral region between 1800 and 1500 cm�1

was selected to analyze proteins. The spectral region between
1450 and 1300 cm�1 was selected to analyze amide III protein. The
spectral region between 1200 and 1000 cm�1 was selected to
analyze carbohydrates [17].

Table 2 shows the total band area calculated for all the leaf
samples control, L1, L2, L3 & L4. The total band area of the
3200e3450 cm�1 region increases in samples L1, L3 & L4 but in L2

sample it decreases by 8.78% compared to the control sample. This
might be due to the decrease in amide-A protein in L2 sample. The
lipid content of leaf samples were analyzed by calculating the total
band area in the region 2800e3000 cm�1, which was found to
decrease by 51.82%, 19.81% and 25.58% in L1, L3 & L4 samples
compared to control sample contrastingly the total band area was
found to increase in L2 by 6.85% attributed to slight increase in lipid
content of L2 sample. The amide I and amide II protein of leaf
samples found to be increased in all the samples compare to control
sample which was evidenced by the increase in total band area
calculated for the region 1800e1500 cm�1. The amide III protein,
cellulose and ligninwas estimated by the total band area calculated
in the region 1300e150 cm�1 was found to decrease slightly in L1, L2



Table 1
Tentative frequency assignment of FTIR spectra for control, L1, L2, L3 & L4 leaf samples.

Control Copper oxide bulk Copper oxide nano Tentative frequency assignment

L1 L2 L3 L4

3415 (vs) 3404 (vs) 3420 (vs) 3404 (vs) 3404 (vs) Bonded OeH Stretching/NeH stretching, mainly due to Amide A protein
3347 (vs) 3384 (vs) 3365 (vs) 3366 (vs) 3365 (vs)
2955 (m) 2955 (w) 2956 (m) 2956 (m) 2956 (m) CH3 symmetric stretching; lipid, protein
2921 (vs) 2921 (m) 2920 (s) 2919 (m) 2920 (m) CH2 asymmetric stretching; mainly lipid, protein
2851 (m) 2850 (w) 2850 (m) 2850 (w) 2850 (w) CH2 symmetric stretching; lipid, protein
1736 (w) 1734 (w) 1734 (w) 1735 (w) 1734 (w) Carbonyl C]O stretch: lipids, chlorophyll
1725 (w) 1717 (m) 1717 (m) 1719 (w) 1717 (w) Stretching vibration of free keto group, chl a
1630 (vs) 1636 (vs) 1635 (vs) 1639 (vs) 1636 (vs) Amide I: C]O stretching of proteins, chlorophyll-water aggregates
1547 (m) 1541 (m) 1540 (s) 1535 (m) 1541 (m) Amide II: NeH Bending/CeN stretching of proteins
1426 (m) 1419 (m) 1418 (m) 1425 (m) 1419 (m) CeN stretching/in-plane OH bending
1383 (m) 1386 (m) 1385 (m) 1384 (m) 1385 (m) CH3 symmetric bending; protein
1255 (w) 1247 (w) 1260 (w) 1251 (w) 1248 (w) C-0 stretching (ethers)/CeN stretching (amines)
1156 (m) 1152 (m) 1151 (w) 1152 (m) 1153 (m) CH deformation, CeO, CeC stretching (carbohydrates)
1105(m) 1102(s) 1101(m) 1102(m) 1103(m)
1070 (m) 1069 (s) e e 1071 (s) PO2 e symmetric stretch: mainly nucleic acids
1061 (m) 1061 (s) 1047 (m) 1062 (s) 1062 (s)
1033 (m) 1034 (s) 1023 (m) 1035 (s) 1034 (s) CeO stretching/CeO bending of the CeOeH carbohydrates
962 (vw) e e e e CeNþeC symmetric stretch: nuclei acids

Fig. 4. FTIR spectra of control, L1, L2, L3 & L4 leaf samples.

Table 2
The total band area calculated for control, L1, L2, L3 & L4 leaf samples.

Spectral region (cm�1) Control L1 L2 L3 L4

3200e3450 409.92 ± 2.084 437.74 ± 0.150
þ6.79

373.94 ± 0.864
�8.78

452.92 ± 1.026
þ10.49

456.23 ± 2.052
þ11.30

3000e2800 145.64 ± 0.841 70.17 ± 0.248
�51.82

155.61 ± 0.341
þ6.85

116.79 ± 0.898
�19.81

108.37 ± 0.414
�25.58

1800e1500 135.35 ± 0.515 141.66 ± 0.481
þ4.67

152.81 ± 1.015
þ12.91

140.78 ± 0.980
þ4.01

157.20 ± 0.180
þ16.14

1300e1450 66.63 ± 0.478 65.21 ± 0.589
�2.12

62.72 ± 0.255
�5.86

72.30 ± 0.625
þ8.52

65.93 ± 0.473
�1.05

1000e1200 96.02 ± 1.056 125.23 ± 0.840
þ30.42

100.38 ± 0.634
þ4.54

108.61 ± 0.756
þ13.12

105.26 ± 0.314
þ9.63

The values are the mean ± S.E for each group (n ¼ 9). Comparisons were done by student t-test. The degree of significance was p < 0.05.
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& L4 samples but slightly increases in L3 by 8.52%. The carbohy-
drates in all leaf samples found to be increased compared to control
and highest variation was found in L1 sample by 30.42% compared
to control sample. On the whole the total band area calculations
gives that there is considerable variation exists in proteins, lipid,
carbohydrates, nuclei acids and other substances due to the pre-
soaking of peanut seeds with copper oxide bulk and nano
suspension.
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The FTIR spectra were recorded with care by preparing the
pellet of all the samples taking same weight during pelletizing, so
the relative biochemical change is assessed by calculating the mean
ratio of the peak intensities corresponding to various wavenumber.
The mean ratio of the peak intensities of the bands at 1540 cm�1

and at 3347 cm�1 (I1540/I3347) was used as an indicator of the
relative concentration of the protein in the leaf samples (Table 3).
The calculated (I1540/I3347) ratio of L1 and L3 are 0.4816 ± 0.002 and
0.4336 ± 0.003 respectively which correspond to 9.89% and 18.88%
decrease in relative protein over the control sample. On the other
hand the relative protein found increased in L2 and L4 by 29.79%
and 0.85% respectively with a mean intensity ratios of
0.6937 ± 0.003 and 0.5390 ± 0.005. The mean ratios of the ab-
sorption intensity of the methyl band and methylene band (I2954/
I2850) of samples L1, L2, L3and L4 are 1.2948 ± 0.011, 1.0647 ± 0.006,
1.1745 ± 0.008 and 1.2254 ± 0.009 respectively, which correspond
to an increase of 28.25%, 5.45%, 16.33% and 21.37% respectively. The
increase in the ratios indicates the number of methyl groups in
protein fibers is more compared to methylene groups in these leaf
samples [17e19].

The mean ratio of the intensities of the bands at 1540 cm�1 and
1635 cm�1 could be attributed to change in the composition of the
whole protein pattern. The calculatedmean ratio of intensities of L1,
L3 and L4 samples are 0.5350 ± 0.002, 0.4868 ± 0.002 and
0.5552 ± 0.001, which attribute to the decrease in whole protein of
13.97%, 21.73%, and 10.73% in these samples respectively. The L2

sample of leaves shows 15.11% increase in total protein which in-
dicates the seeds soaked in 4000 ppm of copper oxide bulk sus-
pension increases the total protein content. From these results it
was observed that the total protein of leaf samples affect more
positivelywhen seeds presoaking in 500 ppm concentration of bulk
and nano copper oxide suspension compared to higher concen-
tration of 4000 ppm suspension.

The mean ratio of peak intensities of the bands (I1071/I1540) is
found to be 1.4740 ± 0.004, 0.8411 ± 0.002, 1.4688 ± 0.007 and
1.1436 ± 0.003 for L1, L2, L3 and L4 respectively. The glycoprotein of
L1, L3 and L4 leaf samples increased by 40.50%, 40.00%, and 9.01%
respectively, whereas L2 sample exhibit decrease of 19.83%. The
lipid, chlorophyll variation was analyzed from the calculated mean
ratio of peak intensities of the bands (I1734/I1430), the values are
0.6386 ± 0.009, 0.7570 ± 0.008, 0.5640 ± 0.005 and 0.6603 ± 0.006
for L1, L2, L3 and L4 leaf samples. The results shows a decrease of
6.06% and 13.68% in L1 and L3 leaf samples respectively but an in-
crease of 15.84% and 1.05% increase in L2 and L4 leaf samples
compared to the control value of 0.9071 ± 0.009. The increase in
ratio suggested that lipids are being oxidized in L2 sample. Since
oxidation can cause an increase in carbonyls and a degradation of
Table 3
Mean ratio of peak intensities of the bands at different wave numbers.

Ratio of bands Control L1

I1540/I3347 0.5345 ± 0.001 0.4816 ± 0.002
�9.89

I2954/I2850 1.0096 ± 0.002 1.2948 ± 0.011
þ28.25

I1540/I1635 0.6219 ± 0.008 0.5350 ± 0.002
�13.97

I1071/I1540 1.0491 ± 0.004 1.4740 ± 0.004
þ40.50

I1734/I1430 0.6535 ± 0.007 0.6386 ± 0.009
�6.06

I1734/I1540 0.6178 ± 0.003 0.6375 ± 0.004
þ3.20

I1430/I1540 0.9453 ± 0.002 1.0386 ± 0.007
þ9.86

The values are the mean ± S.E for each group (n ¼ 9). Comparisons were done by stude
lipids, both of these changes could be contributed to the elevated
ratio which in turn affects the chlorophyll. The mean ratio of peak
intensities of bands (I1734/I1540) and (I1430/I1540) of L2 sample
decreased when compared to the control leaf sample, suggesting
that lipid degradation predominates over carbonyl formation
whereas it found to be increased in L1, L3 and L4 leaf samples.

FTIR spectroscopy is one of the major techniques for the
determination of protein secondary structures. The Fourier self-
deconvolution and second derivative spectra could explain more
details about the impact of bulk and nano copper oxide suspen-
sion on peanut plant leaves. To study the secondary structure of
proteins in the leaf samples, further analysis has been carried out
by resolving the amide I band using the curve fitting method. To
find out the number of peaks in the amide I region for curve-
fitting process, the second derivative spectra were calculated us-
ing Origin 8.0 software (SavitskyeGolay as a derivative operation)
in the amide I region. The derivatives gave the number and po-
sitions, as well as an estimation of the bandwidth and intensity of
the bands making up the amide I region. After baseline correction,
the best fit for decomposing the amide I bands in the spectral
region of interest was obtained by Gaussian components using the
same software. The underlying bands of amide I band as deduced
by curve-fitting analysis for the control, and samples treated with
various concentration of bulk and nano copper oxide were tabu-
lated in Table 4. The band around 1633 cm�1 is assigned for b e

sheet of secondary structure of protein and its integrated band
area is found to increase in L1 and L2 leaf samples by 1.31% and
20.29% respectively but found to decrease in L3 and L4 samples by
41.33% and 39.63% respectively. This indicates the peanut seeds
soaked in copper oxide nanoparticle suspension show a decrease
in b e sheet of secondary structure of proteinwhereas it increased
in copper oxide bulk suspension. The random coil of the second-
ary structure of protein was observed from the peak centered at
1648 shows increase in band area of all the samples considerably
expect L4 sample where it found decrease by 12.86%. The band at
1656 is due to a e helix of secondary protein structure which
shows a steep increase in band area of 200.37%, 65.40, 125.48%
and 164.11% in L1, L2, L3 and L4 samples respectively. The bands
centered around 1666, 1673 and 1684 were assigned for the b e

turn of the secondary protein structure (Table 4). The integrated
band area for 1666 is found to decrease in L3 sample by 38.92%,
whereas it was increased in all other samples. The integrated band
area of 1673 and 1684 were increased in all the leaf samples. The
percentage variation in band area of b e sheet, b e turn and a e

helix of secondary structure of protein might be due to the
interaction of peanut seeds with copper oxide bulk and nano-
particles [20,21].
L2 L3 L4

0.6937 ± 0.003
þ29.79

0.4336 ± 0.003
�18.88

0.5390 ± 0.005
þ0.85

1.0647 ± 0.006
þ5.45

1.1745 ± 0.008
þ16.330

1.2254 ± 0.009
þ21.37

0.7159 ± 0.005
þ15.11

0.4868 ± 0.002
�21.73

0.5552 ± 0.001
�10.73

0.8411 ± 0.002
�19.83

1.4688 ± 0.007
þ40.00

1.1436 ± 0.003
þ9.01

0.7570 ± 0.008
þ15.84

0.5640 ± 0.005
�13.68

0.6603 ± 0.006
þ1.05

0.5725 ± 0.003
�7.32

0.6414 ± 0.012
þ3.83

0.6289 ± 0.003
þ1.80

0.7563 ± 0.001
�19.99

1.1372 ± 0.009
þ20.29

0.9523 ± 0.006
þ0.74

nt t-test. The degree of significance was p < 0.05.



Table 4
Frequency assignment for secondary protein obtained by self deconvoluted spectra.

Wavenumber
(cm�1)

Control L1 L2 L3 L4

1633 (b e sheet) 1.4785 ± 0.002 1.4978 ± 0.005
þ1.31

1.7784 ± 0.002
þ20.29

0.8674 ± 0.004
�41.33

0.8926 ± 0.004
�39.63

1648 (Random coil) 2.2533 ± 0.004 3.7506 ± 0.008
þ66.45

2.7740 ± 0.005
þ23.11

2.4114 ± 0.007
þ7.02

1.9635 ± 0.002
�12.86

1656 (a e helix) 1.0347 ± 0.006 3.1078 ± 0.001
þ200.37

1.7113 ± 0.004
þ65.40

2.3329 ± 0.003
þ125.48

2.7327 ± 0.004
þ164.11

1666 (b e turn) 1.3915 ± 0.006 3.6970 ± 0.002
þ165.69

1.6319 ± 0.006
þ17.28

0.8500 ± 0.007
�38.92

2.1345 ± 0.001
þ53.40

1673 (b e turn) 0.9997 ± 0.008 1.9707 ± 0.006
þ97.14

3.1976 ± 0.006
þ219.87

1.6977 ± 0.004
þ69.82

1.9068 ± 0.002
þ90.74

1684 (b e turn) 2.1776 ± 0.007 2.7620 ± 0.009
þ26.84

2.6755 ± 0.003
þ22.87

2.2840 ± 0.009
þ4.89

3.6277 ± 0.003
þ66.59

The values are the mean ± S.E for each group (n ¼ 9). Comparisons were done by student t-test. The degree of significance was p < 0.05.

Table 6
Variation of metal concentration in leaf samples of control, L1, L2, L3 and L4 is
calculated using varimax rotated factor analysis of principal component extraction
method.

Component Rotation sums of squared loadings

Total % of variance Cumulative %

1 3.175 63.496 63.496
2 1.478 29.555 93.051

Rotated component matrix

Samples Component

1 2

Control �0.695 0.700
L1 0.980 �0.057
L2 0.889 0.015
L3 0.091 0.988
L4 0.966 �0.087
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3.3. Pearson correlation coefficient matrix for secondary structure
of protein

The Pearson's correlation coefficient matrix measures the
strength of a linear relationship between any two variables on a
scale of þ1 (positive linear correlation) to �1 (negative linear cor-
relation). In this study, the derived intensities of the secondary
structure protein were used in calculating the correlation coeffi-
cient using the SPSS 16.0. The matrix of linear correlation coeffi-
cient is shown in Table 5 which is significant at the 0.01 level (2-
tailed). The correlation coefficient values vary from 0.709 be-
tween 1633 and 1648, to 0.990 between 1656 and 1673. The results
shows that positive correlation exist between 1633 and 1656,
1656e1673 and 1656e1684 which clearly indicates a e helix in-
creases with increase in be sheet and be turn vice versa. A positive
correlation exist between the wavenumber corresponds to 1673
and 1684 assigned to b e turn of secondary structure of protein.
There is no negative correlation between any of the secondary
structures of protein which indicates a e helix; b e sheet and b e

turn does not increase at the expenses of one another [22].
3.4. Principal component analysis for variation in secondary
structure of protein

Further principal component analysis using SPSS 16.0 software
is performed for understanding the protein secondary structure
variation among the samples treated with bulk and nano copper
oxide compared with control sample. The results in Table 6 shows
that the variation of secondary structure of protein due to themetal
treatment is calculated using varimax rotated factor analysis of
principal component extraction method.

Using rotated factor loading and commonalities varimax
rotation analysis, information about the main factors in the
studied samples was obtained. The successive factors account for
Table 5
Pearson correlation matrix for variation in secondary structure protein of control, L1,
L2, L3 & L4 leaf samples.

Wavenumber (cm�1) 1633 1648 1656 1666 1673 1684

1633 1 0.709 0.968a 0.927b 0.926b 0.941b

1648 0.709 1 0.853 0.712 0.888b 0.814
1656 0.968a 0.853 1 0.945b 0.990a 0.981a

1666 0.927b 0.712 0.945b 1 0.950b 0.987a

1673 0.926b 0.888b 0.990a 0.950b 1 0.987a

1684 0.941b 0.814 0.981a 0.987a 0.987a 1

a Correlation is significant at the 0.01 level (2-tailed).
b Correlation is significant at the 0.05 level (2-tailed).
decreasing amounts of residual variance using two factors (vari-
max rotation) for the samples Control, L1, L2, L3 and L4 of leaf
samples. Themain factor (>0.6) for L1, L2 and L4 is noted as factor 1.
Factor 2 contributes control & L3. Factor analysis or principle
component analysis is a useful tool in the examination of multi-
variate data (Fig. 5). The cumulative percentage of explained
variance in secondary structure of protein of all leaf samples is
93.051%. Factor 1 account for 63.496% of the total data variance so
the variation of secondary structure of protein was established by
accounting the L1, L2 and L4 samples. Factor 2 accounts for 29.555%
which includes the control and L3 samples. Fig. 6 shows the PC
loadings plot for the spectral range 1600e1700 cm�1 which
clearly shows the PC1 factor might establish the maximum vari-
ation of the secondary structure of protein in leaf samples
compared to other component.
4. Conclusions

The effect of presoaking peanut seeds in bulk and nano form
of copper oxide suspension is studied extensively. The synthe-
sized copper oxide nanoparticle was phase confirmed with XRD
results and it measures average particle size of 28.45 nm. The
SEM, TEM and AFM image confirms the uniformity and particle
size of nanophase throughout the sample. The FTIR results of
peanut plant leaves collected after 30 days of growth period
suggest the copper oxide nanoparticle has considerable effect
when applied through presoaking the peanut plant seeds in
copper oxide bulk and nanoparticle suspensions. The FTIR results
shows that the presoaking of peanut seeds with copper bulk and



Fig. 5. Principle component analysis explained variance in secondary structure protein of control, L1, L2, L3 & L4 leaf samples.

Fig. 6. PC loadings plot for the spectral range 1600e1700 cm�1.
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nanoparticle suspensions of concentration 500 and 4000 ppm
might have considerable influence on the protein, chlorophyll,
carbohydrate and other biochemical constituents of leaf samples
collected after 30 days of sowing. The band area results of b e

sheet, b e turn and a e helix of secondary structure of protein
varies to greater extent in all samples compared to control. The
correlation matrix for secondary structures of protein shows that
variation in a e helix plays a major role in secondary structure
protein variation of leaf samples. The PCA analysis suggests that
L1, L2 and L4 samples explains the total variance of the secondary
structure of protein content in leaf samples of peanut plant.
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