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Agriculture and allied sectors, unquestionably, are considered to be the largest source of
livelihood in India contributing largely to the GDP of the country. However, despite a
significant increase in the production of food grains, the agriculture sector has been facing
innumerable challenges primarily because of its dependency on natural resources, which
have shrunk due to increasing demographic and socioeconomic pressures. This book, a
study assigned by the Ministry of Agriculture, studies different facets of agriculture and
allied sectors. It provides an overview of Indian agriculture, and presents an analysis of its
performance over the years. Showcasing the issues faced in the development of
agriculture, it captures the interventions and initiatives of the government for the
development of Indian agriculture.
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Abstract

The performance or quality of the Virgin coconut oil (VCO) during continuous/prolonged deep fat
frying of soaked bengal gram dhal was evaluated at 180 °C ± 5 °C for 8 h with the help of physico-
chemical and rheological parameters. Chemical changes indicated that the free fatty acid (FFA)
content and TBA increased significantly (p ≤ 0.05) from 0.11 to 0.98 % lauric acid and 0.06 to 0.61
malonaldehyde/kg of oil respectively. Initially, the peroxide value (PV) of VCO sample was 3.25
meqO2/kg which increased to 9.12 meqO2/kg after 6 h of frying but at the end of frying the value of
PV was again found to decrease (8.01 meqO2/kg). The regression coefficients (R(2)) between CD232,
CT270 and frying time were 0.964 and 0.983 respectively. The L*, a* and b* colour values measured on
the CIELAB colour scale showed a decrease in L* and increase in a*, b* values after 8 h of continuous
frying. The p-AV and total polar compounds were increased significantly (p ≤ 0.05) from 2.41 to 17.93
and 2.77 to 8.14 % respectively. Initially, the viscosity of VCO was 49.87cp which increased to 69.87cp
after 8 h of continuous frying. The FTIR spectra justify that VCO samples after 8 h of frying found to be
stable and acceptable as there was no change occurred at 1,739 cm(-1) frequency which mainly
corresponded to carbonylic compounds resulted from the hydroperoxide decompositions after 8 h of
continuous frying.

Keywords: FTIR; Peroxide value (PV); Specific absorptivity; Total polar compounds; Virgin coconut oil
(VCO); Viscosity.
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A first principle study of structural stability, electronic and dielectric properties of pristine and ethanethiol
adsorbed Au atomic layer have been carried out within the framework of density functional theory (DFT).
The ethanethiol energetically favors the Bond site adsorption on Au monolayer among other studied sites.
The adsorption of ethanethiol leads to decrease in quantum ballistic conductance of Au monolayer from
4G  to 2G . A blue shift of 0.10 eV and 0.25 eV has been found in imaginary part of dielectric function (ɛ )
and electron energy loss spectra (EEL) of pristine Au atomic layer respectively. These results suggest that Au
atomic layers may hold a key towards sensing applications.
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Abstract

Different types of nanomaterials possess excellent physical and chemical properties. Nanoparticles (NPs) have been
implicated for use in drug and gene delivery. Several in vitro and in vivo studies suggest the cytotoxic and
proinflammatory potential of NPs. Further, parenteral administration of NPs results in their accumulation in
several tissues. The possible mechanism of toxicity appears to be production of free radicals, mitogen activated
protein kinase (MAPK) activation and translocation of transcription factors from cytoplasm to nucleus. This leads
to induction of apoptosis, growth arrest, and cell death. Further, factors like nuclear factor-κB (NF-κB) lead to
production of proinflammatory cytokines. The present review focuses on the cytotoxicity, biodistribution, and
mechanism of NPs toxicity with special emphasis on carbon nanotubes (CNTs) toxicity.
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Abstract 

Biosorption through agricultural lignocellulosic wastes and by-products has been 
identified as a viable substitute to current technologies applied to remove toxic metal ion 
and organic pollutants from water and wastewater. The present study emphasizes the use 
of agricultural and agro-industries based residues as low-cost biosorbents. The study aims 
to revisit the status of biosorption and various recent advances made in this arena. 
Biomasses are the main focuse of this study which requires substantial management. 
Further, this is supplemented with the physicochemical processing of such biomasses and 
their application in adsorption. The surge in biomass to energy applications in recent 
years has resulted in charred biomass production as a residual. These biochars have been 
used as adsorbents. The biosorbents have been divided into the following three groups: (i) 
raw biomass, (ii) processed biomass and (iii) charred biomass. The affinity of sorbents in 
the removal of organic and inorganic pollutants and their applications on water and 
wastewater have also been studied. 
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1. Introduction 

Agriculture and akin sectors are pivotal to sustainable growth and development. 
Agriculture derives its prominence from the fact that it has vital supply and demand links 
with the manufacturing sector. During the past few decades, the production and 
productivity of food grains, commercial crops, oilseeds, fruits, and vegetables in India 
have witnessed remarkable growth [1]. The Indian economy is driven by the agricultural 
sector and since independence, an exponential growth has been encouraged in this 
particular sector.  It has been primarily an outcome of multi-pronged, government-driven 
program known as ‘Green Revolution’ which aimed at ensuring availability and use of 
quality seeds, irrigation facilities, chemical fertilizers, pesticides, farm machinery, 
equipment, etc. 

With the onset of the green revolution, the surplus crop residue generation increased 
proportionally in developing and developed countries. About 4000 Mt/yr crop residue is 
produced worldwide from food crops [2].  The widely available agricultural residue is 
one of the most abundant renewable resources in the world. About 25% of nitrogen, 25% 
phosphorus, 50% of sulfur and 75% of potassium uptake by cereal crops are retained in 
residues, thus serving as valuable sources of nutrients. These residues have little or no 
economic value and often create a disposal problem. Globally, open agricultural residue 
burning is practiced for farm management, resulting in the emission of particulate matter, 
polycyclic aromatic hydrocarbons (PAH), soot and greenhouse gasses [3,4]. A Large 
proportion of the residues, about 140 Mt, is burned in open fields, to immediately clear 
straw after harvest of the previous crop [5]. Typically, the residue is burnt for rice, wheat, 
maize, sugarcane, cotton, jute, millet, rapeseed, and groundnut crops. Several endeavors 
have been started for the proper utilization of the waste viz: composting of residues for 
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manure, farmyard manure (FYM), energy from waste, bioethanol, biomethanation, 
gasification of residues and pyrolysis to produce biochar [6,7]. Particularly, biochar 
technology is investigated for its carbon sequestration characteristics and is suitable for 
multifaceted applications in conservation agriculture [2,8] to combat the climate change 
scenario. Alternatively, biomass, its composites, and biochar have been studied for the 
biosorption of various organic and inorganic pollutants in water and wastewater treatment 
[9,10,11]. 

Biomass-based biosorption is one of the prominent processes for removal of organic and 
inorganic pollutants from water and wastewater at lower concentrations. In the recent 
past, several studies have been carried out, where the plant materials constituting 
lignocellulosic content have proven efficient and effective biosorbents for heavy metal 
ion removal. Heavy metals are hazardous for the environment and humans due to their 
toxic nature and non-biodegradability [12,13]. Both natural and anthropogenic sources 
contribute to heavy metals present in the environment. Natural sources are generally 
geogenic in origin. Volcanic eruptions, weathering of rocks, and leaching to water bodies 
act as a mode of entry of these contaminants to air, water and soil. Anthropogenic sources 
can be classified as industrial, agricultural, domestic effluents, mining, motor vehicle 
emissions etc. many of the inorganic pollutants remain unaffected by water and 
wastewater treatment processes because of their conservative nature. These include heavy 
metals from metal finishing and plating operations, and other industrial discharges [14]. 
Heavy metals are regarded as trace elements, whose bioavailability is influenced by many 
physical, chemical and biological factors. Toxicity of non-essential metals like Hg(I, II), 
Cd(II) and Pb(II) etc. mainly occurs through displacement of trace metals from their 
binding sites or through ligand interactions [15,16]. Long-term exposure to these metals 
may lead to carcinogenicity (through arsenic); dysfunctional nervous system (through 
mercury); hypertension and heart ailments (through cadmium); and interference with 
hemoglobin formation (through lead). Organic contaminants can be broadly classified as 
pesticides, dyes, antibiotics and polycyclic aromatic hydrocarbons (PAH). These 
contaminants originate from industries, agriculture, landfills, household wastes and 
through accidental leakage or spills leading to their entry in environmental matrices. Such 
contaminants can pose danger to living organisms by entering into the food chain. 
Therefore, there is a need to adopt proper disposal methods or treatment technologies to 
remove these harmful chemicals from the environment. 

Several methods have been adopted to treat water and wastewater, which include 
biological, chemical and physical techniques. In the past few decades, the commonly 
used techniques are ion-exchange [17], electrolysis [18], flotation [19], membrane 
filtration [20], coagulation [21] and adsorption [22]. Treatment technologies available for 
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removal of organic contaminants include ultrasound combined with photo-Fenton 
treatment [23], advanced oxidation processes [24], ozonation [25], electrodialysis 
membranes [26] etc. However, these methods have several shortcomings such as high 
operational and maintenance costs, generation of secondary pollutants etc. Compared to 
all these treatment techniques, adsorption has emerged to be an effective approach for the 
abatement of water and soil organic contaminants. The most commonly used adsorbent is 
activated carbon, which is used for removal of a variety of organics broadly classified as 
pesticides, dyes, drugs, pharmaceutical products, polycyclic aromatic hydrocarbons 
(PAH) etc. However, concerns related to its use include higher costs, regeneration 
capacity, and disposal. 

Agro-wastes are energy efficient, low cost and effective substitute for activated carbon as 
an adsorbent. Agricultural wastes are lignocellulosic rich in organic content and contain 
many functional groups which help in binding the contaminants on the adsorbent surface. 
The basic components of the agricultural waste biomass include cellulose, hemicellulose, 
lignin, lipids, proteins, sugars, starch, polysaccharides, and pigments. These constituents 
have varied functional groups on their surface. In the present chapter, the 
physicochemical adsorption mechanism of the biomass, chemically modified biomass 
and thermochemical treated biomass has been explored for the removal of organic and 
inorganic pollutants. 

1.1. Use of raw biomass as biosorbents 

Agricultural based plant adsorbents are abundant, economical, and renewable and are 
mainly composed of cellulose and lignin, hence making them a viable option for 
wastewater treatment. The presence of structural-functional groups plays important role 
in efficacy of the biosorbents [27,28]. In the last few decades various researchers have 
explored the efficacy of agricultural wastes as biosorbents viz: husk [29,30], stalk 
[31,32], bagasse [33,34], shell [35,36] and straw etc. [37,38]. 
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Table 1 Adsorption behavior and efficiency of raw biomass for heavy metal pollutants. 
S.No. Agricultural 

Waste 
Heavy 
metal 

Adsorbent 
dose (g/L) 

pH Reaction 
time 

(min) 

Amount 
adsorbed (qe) 

(mg/g) 

Ref. 

1.  Rice straw Cd(II) - 2-6 180 13.84 [39] 

2.  Barley straw Cu(II) 1 6-7 120 4.64 [37] 

3.  Cashew nut 
shell straw 

Ni(II) 3 5 30 18.86 [35] 

4.  Rice shell Cu(II) 10 6 180 2.95 [40] 

5.  Wheat shell Cu(II) 10 6 180 17.42 [40] 

6.  Lentil shell Cu(II) 10 6 180 9.59 [40] 

7.  Wheat stem Cd(II) - 5 60 11.2 [41] 

8.  Wheat bran Cr(VI) 20 - - 0.942 [42] 

9.  Picea 
smithiana 

Cr(VI) 2.0 4.5 1440 228 [43] 

10.  Pinus sylvestris Cr(VI) 1 7 120 0.201 [44] 

11.  Sugarcane 
bagasse 

Hg(II) 5 4 60 35.71 [45] 

12.  Agave bagasse 
raw 

Pb(II) 2 5 - 35.60 [34] 

13.  Agave bagasse 
raw 

Zn(II) 2 5 - 7.84 [34] 

14.  Olive stone Cu(II) - 5.5-6 60 2.02 [46] 

15.  Olive stone Pb(II) - 5.5-6 60 9.261 [46] 

16.  Olive stone Ni(II) - 5.5-6 60 2.13 [46] 

17.  Olive stone Cd(II) - 5.5-6 60 7.733 [46] 

18.  Egyptian 
mandarin peel 

Hg(II) 5 6.02 1440 19.01 [47] 

19.  Sunflower hull Cu(II) 2 5 180 57.14 [48] 
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Table 2 Agricultural wastes as adsorbent for organic pollutants. 

S. 
No
. 

Agro-waste Organic 
contami

nant 

Particle 
size 

Adsorption 
conditions 

Adsor
bent 
dose 
(g/L) 

Amount 
adsorbed(qe)

(mg/g) 

Ref. 

1.  Phaseolus 
vulgaris 
biomass 

Reactive 
Red 198 

<300µm pH=2 
Contact 

time=20min 
at 20°C 

1.6 80 [49] 

2.  Rice husk ash 2, 4-
Dichloro
phenoxy

acetic 
acid 

- Contact 
time=12h at 

30°C 

0.1 1.425 
 

[50] 

3.  Pine leaves Acid 
yellow 
220 dye 

63–500 
μm 

pH=2 
Contact 

time=90 min 

1 32.26 [51] 

4.  Coir pith Crystal 
violet 

600 µm 300K 0.1 65.53 [52] 

5.  Coir pith Rhodam
ine B 
(RB) 

600 µm 300K 0.1 55.54 [52] 

6.  Sugarcane fiber Crystal 
violet 

600 µm 300K 0.1 10.44 [52] 

7.  Sugarcane fiber rhodami
ne B 
(RB 

600 µm 300K 0.1 15.98 [52] 

8.  Sugar beet pulp Safranin - pH=10 
Contact 

time=240 
min 

8 147.00 [53] 

9.  Sugar beet pulp Methyle
ne blue 

- pH=10 
Contact 

time=240 
min 

8 211 [53] 

10.  Sunflower seed 
shells 

Triflural
in 

- 298K 12 2.29 ×10−2 [54] 

11.  Sugarcane 
bagasse 

Indosol 
turquois
e FBL 

dye 

300 µm pH=3 
Contact 

time=30 min 

1 22.72 [55] 
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1.2 Mechanism of biosorption 

Biosorption is a multifaceted process affected by several factors. Mechanisms involved in 
the biosorption process includes chemisorption, microprecipitation, ion-exchange, 
complexation, adsorption–complexation on surface and pores, heavy metal hydroxide 
condensation onto the surface and surface adsorption [57]. Functional groups present on 
the surface of adsorbent play a pivotal role in immobilizing the metal adsorbed onto 
biomass material. Plant cell walls are the sites where all the functional groups are present 
which are helpful in the binding process, cell walls are generally composed of cellulose 
molecules, organized in microfibrils, surrounded with hemicellulose (glucomannans, 
mannans, galactans, arabinogalactans, xylans), lignin and pectin [58]. The arrangement of 
cellulose, hemicelluloses, and lignin is depicted in Fig. 1. The inner core is made of 
crystalline cellulose, stacked one above another by interlayer hydrogen bonding with few 
of the sections carrying amorphous cellulose [59]. These amorphous regions are better 
known for the adsorption of heavy metals based on the available functional groups. The 
cellulose layers are intertwined with the amorphous hemicellulose followed by the 
covalent binding with lignin in the shell surface. Lignin is a polyphenolic polymer 
comprising of three main phenol derivatives namely, coniferyl alcohol, coumaryl alcohol 
and sinapyl alcohol. These three components primarily have hydroxyl and carboxyl 
components, which are responsible for heavy metals sorption, whereas the crystalline 
structure with hydrophobic pores is essentially responsible for the adsorption of various 
organic adsorbates. Thus, the behavior of the substrate is highly dependent upon the 
porosity, crystallinity, surface area and degree of polymerization of fibers. The additional 
features of high ash content i.e. silica, N, P, K etc. in the crop residues result in enhancing 
adsorption behavior of the crop residues vis-a-vis the woody biomass [60]. 

12.  Citrus sinensis Reactive 
yellow 

42 

<0.25 Contact 
time= 
60min 

20 13.99 [56] 

13.  Citrus sinensis Reactive 
red 45 

<0.25 Contact 
time= 
60min 

20 15.21 [56] 

14.  Citrus sinensis Reactive 
blue 19 

<0.25 Contact 
time= 
60min 

20 14.80 [56] 

15.  Citrus sinensis Reactive 
blue 49 

<0.25 Contact 
time= 
60min 

20 27.41 [56] 
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Figure 1 Lignocellulosic biomass compositions, structural arrangement and chemical 
characteristics of the components of biomass [2]. 
 

Laszlo and Dintzis, [61] have shown that lignocellulosic have sorption capacity. 
Lignocellulosic are hygroscopic in nature, where water permeates the non-crystalline 
portion of cellulose, hemicellulose, and lignin. Cellulose can thus adsorb heavy metals 
from a solution [62]. The molecular structure and supramolecular structure of cellulose 
have a strong influence on sorption properties. Adsorption of an aqueous solution by 
fibersresult in cellulose swelling. The more it swells, the higher is the amount of 
adsorption. Swelling also depends on the fibre structure, degree of crystallinity or 
amorphous and void regions [63]. 
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2. Physicochemically treated biomass and their adsorption characteristics 

As discussed earlier, agricultural solid waste materials are available in abundance and can 
be used as biosorbents due to their physicochemical characteristics. The utilization of 
agricultural solid wastes is of countless significance and can play a vital role in the 
national economy [63]. The major constituents of agricultural waste are lignin, 
hemicellulose, and cellulose that contain several functional groups such as aldehydes, 
alcohols, carboxylic acid, ketones, phenolic and ether linkages. These groups have 
resilient ability to bind with toxic metal ions by utilizing an electron pair to form different 
complexes in solution [64]. Recently, Zafar et al. [65] modified rice bran through various 
chemicals and utilized for the adsorption of nickel ions. Similarly, various results (Table 
3) focus on using treated biomass for contaminant removal. 

Table 3  Physicochemically processed agricultural residual biomass and their adsorption 
efficiency for metal ions. 

S.No
. 

Agri waste Heavy 
metal 

Adsorbent 
dose (g/L) 

pH Reacti
on 

time 
(min) 

Amount 
adsorbed 

(qe) (mg/g) 

Ref. 

1.  Barley 
straw citric 

acid 

Cu(II) 1 6-7 120 31.71 [37] 

2.  Grapefruit 
ZnCl2 

Pb(II) 10 5.3-
6.5 

90 12.73 [66] 

3.  Agave 
bagasse 

HCl 

Cd(II) 1 5 - 12.50 [34] 

4.  Agave 
bagasse 

HCl 

Pb(II) 1 5 - 42.31 [34] 

5.  Agave 
bagasse 

HCl 

Zn(II) 1 5 - 12.40 [34] 

6.  Agave 
bagasse 
HNO3 

Cd(II) 1 5 - 13.50 [34] 

7.  Agave 
bagasse 
HNO3 

Pb(II) 1 5 - 54.29 [34] 

8.  Agave 
bagasse 
HNO3 

Zn(II) 1 5 - 14.43 [34] 

9.  Agave 
bagasse 

Cd(II) 1 5 - 18.32 [34] 
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NaOH 

10.  Agave 
bagasse 
NaOH 

Pb(II) 1 5 - 50.12 [34] 

11.  Agave 
bagasse 
NaOH 

Zn(II) 1 5 - 20.54 [34] 

12.  Orange peel 
citric acid 

Cd(II) 4.3 6 120 0.90 [67] 

13.  Egyptian 
mandarin 

peel NaOH 

Hg(II) 5 6.02 1440 23.26 [68] 

14.  Orange peel 
KCl 

Cu(II) 5 5-5.5 120 59.77 [44] 

15.  Orange peel 
KCl 

Cd(II) 5 5-5.5 120 125.63 [44] 

16.  Orange peel 
KCl 

Pb(II) 5 5-5.5 120 142.94 [44] 

17.  Orange peel 
KCl 

Zn(II) 5 5-5.5 120 45.29 [44] 

18.  Orange peel 
KCl 

Ni(II) 5 5-5.5 120 49.14 [44] 

19.  Orange peel 
K+ 

Cu(II) 5 5-5.5 120 59.77 [69] 

20.  Orange peel 
Mg2+ 

Cu(II) 5 5-5.5 120 40.37 [69] 

21.  Orange peel 
sulfured 

Pb(II) 5 5 - 164.0 [70] 

22.  Orange peel 
sulfured 

Zn(II) 5 5 - 80.0 [70] 

 

Various studies have reported the effect of pre-treatment on raw agricultural wastes 
(Table 4). Sadaf et al. [55] investigated the effect of chemical (acids, chelating agents, 
and organic solvents) and physical treatment (autoclaving and boiling) on sorption 
capacity of sugarcane bagasse and reported an increase in sorption capacity by these 
treatments. Treatment with HCl achieved the highest increase in the investigations. 
Increase in porosity, and high surface area, resulting in the availability of more active 
sites was the reason for higher sorption capacity. 
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Table 4  Physicochemically treated agricultural residual biomass and their adsorption 
characteristics for organic pollutants. 
 

 

 

 

 

 

 

 

 

 

 

3. Use of charred biomass 
  

S. 
No. 

Agricultural 
waste 

biomass 

Organic 
contamin

ant 

Parti
cle 
size 

Kinetic 
condition

s 

Loadi
ng 

(g/L) 

Amount 
Adsorbed 

(mg/g) 

Ref. 

1.  Rice husk 
Mechanical 

2, 4- 
Dicholoro
phenoxya
cetic acid 

42.1 
nm 

pH=5 
60min 

1.5 76.92 [71] 

2.  Rice hull 
Tartaric acid 

Methylen
e blue 

- 300min 5 25 [72] 

3.  Sugarcane 
bagasse  

HCl 

Indosol 
turquoise 
FBL dye 

300 
µm 

pH=3 
30 min 

1 27.17 [55] 

4.  Sugarcane 
bagasse 

 Na-alginate-
immobilized 

forms 

Indosol 
turquoise 
FBL dye 

300 
µm 

pH=3 
1h 

1 10.54 [55] 

5.  Cotton stalks 
NaOH 

Methylen
e blue 

- 1440 min 2 - [73] 

6.  Palm shells 
H2SO4 

Chloropyr
iphos 

- pH=6 
240 min 

- 52.63 
 

[74] 

7.  Palm shells 
H2SO4 

Monocrot
ophos 

- pH=6 
240 min 

- 51.099 
 

[74] 

8.  Citrus 
sinensis 

Acetic acid 

Reactive 
yellow 42 

<0.2
5 

mm 

60 min 2 17.64 [56] 

9.  Citrus 
sinensis 

Acetic acid 

Reactive 
blue 19 

<0.2
5 

mm 

60 min 2 23.31 [56] 

10.  Citrus 
sinensis 

Acetic acid 

Reactive 
blue 49 

<0.2
5 

mm 

60 min 2 33.53 [56] 
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While many adsorbents derived from agro-waste are widely available, but their 
adsorption capacity is low when compared with the processed forms. Many researchers 
have reported enhanced activity of pyrolyzed waste or activated char compared with the 
parent material in the raw form [75]. Biochar is gaining attention for its use as an 
adsorbent to remove organic compounds from water and soil environments. It's used as 
adsorbents environmental friendly, renewable and generates minimum waste production 
besides supporting, regeneration of adsorbent. Biochar is a solid material obtained from 
thermochemical conversion of biomass in an oxygen-limited environment. It is a source 
of renewable energy with the high potential to aid in environmental management. 
Biochar considered a form of black carbon is stable, recalcitrant organic, and produced 
from a variety of waste biomass materials such as crop residues, wood waste, garden 
waste, municipal solid waste, animal manure and food waste etc. under temperature and 
oxygen controlled conditions [76]. It has varied functional groups on its surface (Fig. 2). 
Slow pyrolysis leads to the generation of biochar and gas as major products. The key 
application of biochar is in sequestration of carbon and hence combating climate change. 
Beside this, when added to soil, biochar also acts as a soil conditioner which helps in 
holding carbon, improving microbial activity, increasing soil biodiversity by replenishing 
nutrient in deficient soil and thus enhance crop yield and food security. Biochar also 
helps in retaining nutrients and agrochemicals for a plant, hence resulting in reduced run-
off and leaching into the underlying water. Due to all these functions, it has emerged as a 
very effective tool for environmental management [76]. Biochar was primarily 
introduced as a soil amendment, but the recent research has highlighted its ability to 
immobilize various organic contaminants in soil [75,77,78]. Biochar is known to enhance 
the sorption as well as the bioavailability of pesticide residues for biota. The two major 
processes governing the fate of organic contaminants in soil are sorption-desorption and 
degradation [79]. Biochar amended soils are reported to have high inorganic content, high 
cation exchange capacity (CEC), moisture content, adsorptive capacity, and pH. Biochar 
increases soil’s sorption capacity for pesticides. Wheat and rice residue biochars were 
found to be 2500 times more effective than soil in sorbing diuron [80]. Highly 
carbonaceous and aromatic structure and high surface area play an important role for 
such high sorption [79]. 
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Figure2 (A) Structure of biochar with different functional groups present on its surface 
(Adapted and redrawn from [81]and [76]); and (B) SEM images of wheat straw biochar 
synthesized at 400°C. 

 

3.1 Production of biochar 

Biochar is produced through thermochemical conversion of biomass at high 
temperatures, usually ranging from 200-900°C with limited or no oxygen, by the process 
known as pyrolysis. Pyrolysis can be fast or slow. Fast pyrolysis results in more liquid 
fuel (bio-oil), with the lesser solid product (biochar), whereas slow pyrolysis yields a 
high amount of biochar and lesser liquid fuel. Residence time is <2s in fast pyrolysis, 
which yields about 75% bio-oil, and for slow pyrolysis, it varies from few minutes to 
days, with biochar as the major product (25-35%) [82,83]. 

Biochar yield generally depends on the temperature of pyrolysis, residence time, heating 
rate and type of feedstock. Sohi et al. [84] reported that high biochar yield is obtained 
from biomass with high lignin content. Biochars produced from crop residues and wood 
biomass has low carbon content and high molar H/C and O/C ratios and thus higher 
surface areas than those produced from animal litter and solid wastes. The heating rate is 
found to be the least influencing factor in determining biochar yield [85]. Pyrolysis 
temperature is known to affect biochar characteristics significantly. The increase in 
pyrolysis temperature enhances carbonization and lowers O and H contents. The surface 

A 
B 
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area of biochar also increases with increasing pyrolysis temperatures as it removes 
volatile material which results in high micropore volume [86]. Keiluweit et al. [87] 
observed a decline in biochar yield at a temperature of less than 300°C due to initial 
dehydration reactions. With an increase in temperature, plant-based biomass undergoes 
dehydration and depolymerization into smaller dissociation products of lignin and 
cellulose. This change can be shown by Van krevelen diagram. McKendry et al. [88] 
compared biomass and fossil fuels in terms of their oxygen to carbon and hydrogen to 
carbon ratios and inferred that these ratios are inversely proportional to the energy 
content of material (Fig 3).  

 

Figure 3 Van krevelen diagram depicting fuel characteristics (Source: McKendry et al. 
(2002). 

 

Use of biochar as an adsorbent can be limited because of its relatively low surface area 
and high residual volatile matter. However, these shortcomings can be overcome by 
various pre- and post-treatment technologies (Fig 4). These modified biochars have large 
surface area and high porosity, which leads to their use as an alternative for activated 
carbon. Activation is suggested for enhancing biochar properties. Biochar properties can 
be modified by physical activation (steam activation and heat treatment) and chemical 
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activation (acidic or alkaline modification and impregnation methods) [89]. These two 
methods are successfully used to enhance the surface area and porosity of biochar 
[90,91,92]. The biochars thus produced from these treatment types are called activated 
biochars. In physical activation by steam, biomass is subjected to steam at 800-900°C 
temperature after carbonization. Heat treatment involves heating of biochar at 800-900°C 
for 1-2 hours to provide more basic surface functional groups which are quite efficient for 
sorbing hydrocarbons [93,94]. Chemical activation, which yields better porous structure 
[95] involves impregnation of raw material with an activating agent under heat treatment 
in the inert atmosphere [96]. Different oxidants are used for acidic modification of 
biochars to increase their acidic property by removing mineral elements [94]. It is 
conducted by soaking biochars in acidic solutions at 120°C in biochar to acid ratio of 
1:10 [96,97]. Alkaline modification helps to adsorb negatively charged species. It is 
carried out by soaking biochars in different basic concentrations at 25-100°C after which 
pyrolysis is done with limited or no oxygen [93,98]. In impregnation, biochars are mixed 
with metal salts or oxides to facilitate easy adsorption of metal ions. Application of these 
methodologies gives biochar different properties. Azargohar and Dalai [90] investigated 
the effects of steam and potassium hydroxide (KOH) as a means of physical and chemical 
activation of biochar. The BET surface area was found to have increased when the 
temperature for steam and chemical activation was increased. Biochars produced from 
fast pyrolysis were given steam treatment, which showed enhanced sorption capacity for 
the removal of contaminants by increasing the biochars’ surface area and porosity [91]. 
Wheat straw was used as a precursor for the production of activated biochar by activating 
it using phosphoric acid, acid treated char was heated afterward to acquire desired 
properties for the removal of heptachlor from aqueous solution [99]. 
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Figure 4  Physical and chemical activation of biochar leading to the different surface 
phenomenon. 
 

3.2 Characteristics of biochar for adsorption 

The pyrogenic conversion of waste materials into biochar is beneficial as it adds 
considerable economic value; helps in the reduction of waste disposal cost, and is a 
potentially reasonable alternative to the present commercial activated carbons. These 
waste materials have high adsorption capacity, considerable mechanical strength, and low 
ash content [100]. Pyrogenic carbon is an amorphous carbon with a high degree of 
porosity, which governs the way in which it performs the purifying role, and the large 
surface area provides multiple sites upon which the adsorption takes place [101]. The 
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factors which favor selection of agricultural adsorbents include widespread presence, low 
cost, regenerability and organic composition. 

Various mechanisms such as H-bonding, cation-bridging, covalent bonding, and 
hydrophobic interactions are involved in adsorption of anthropogenic organic compounds 
onto biochar [102]. Surface properties of biochar and characteristics of adsorbate play an 
important role in determining the reaction rate for adsorption. For various natural and 
synthetic organic compounds present in terrestrial environments, aromatic structures form 
the major components. Different adsorption mechanisms have been suggested for 
interactions between aromatic π-systems of organic compounds and sorption sites at the 
organic matter and biochar [87]. Aromatic π-systems have been considered to be 
involved in π-π electron donor-acceptor (EDA) interactions, and polar-π interactions 
between organic matter and biochar [103,104].  

The surface activity of biochar particles may become attenuated with time as the external 
space available for adsorption reactions diminishes with the increasing presence of 
organic compounds at the surface [105]. Surface activity of biochar can be affected by 
aging process (like pore blockage, surface oxidation, swelling, surface coverage), which 
has been studied in the soil in detail [106-110].Various studies on biochar from agro 
waste have manifested a good adsorption capacity for heavy metal contaminants such as 
Cu, [111-116], Zn [111,116], Pb [117, 118], and Cr [119].  

Table 5  Biochar generated under various pyrolysis conditions and their adsorption 
characteristics for heavy metal ions. 
S. 

No. 
Agri waste Pyroly

sis 
Tempe
rature 
(oC) 

Heavy 
metal 

Adso
rbent 
dose 
(g/L) 

Opti
mum 
pH 

Reacti
on 

time 
(h) 

Amount 
Adsorbed 

(qe) 
(mg/g) 

Kinetics Ref. 

1.  Rice husk 300-
400 

Cu(II) 10 5 24 44.47  [120] 

2.  Rice husk 300 Pb(II)  5 5 2.40 Pseudo 
second 
order 

[117] 

3.  Corn 
straw 

600 Cu(II) 0.1 5 24 12.52 Pseudo-
second-
order 

[111] 

4.  Corn 
straw 

600 Zn(II) 0.1 5 24 11.0 Pseudo-
second-
order 

[111] 

5.  Corn bran 600 Cr(VI) - 2 - 86.49 - [119] 
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6.  Corn cob 300-
400 

Cu(II) 10 5 24 2.70  [120] 

7.  Banana 
peel 

230 Pb(II) 0.01 2-7 3 359 Pseudo-
second-
order 

[121] 

8.  Switchgra
ss 

300 Cu(II) 1 5 24 - - [113] 

9.  Switchgra
ss 

300 Cd(II) 1 5 24 - - [113] 

10.  Spartina 
alterniflor

a 

400 Cu(II) 0.5 6 - 48.8 Pseudo-
second-
order 

[122] 

11.  Eucalyptu
s 

300-
400 

Cu(II) 10 5 24 3.48  [120] 

12.  Acacia 300-
400 

Cu(II) 10 5 24 9.70  [120] 

13.  Olive mill 
waste 

300-
400 

Cu(II) 10 5 24 24.10  [120] 

14.  Pine wood 
char 

400-
450 

F- 10 2-10 48 - Pseudo 
second 
order 

[118] 

15.  Pine bark 
char 

400-
450 

F- 10 2-10 48 - Pseudo 
second 
order 

[118] 

16.  Pine wood 300 Pb(II) - 5 5 4.25 Pseudo 
second 
order 

[117] 

17.  Hardwood 450 Zn(II) 0.1 5 24 4.54 pseudo-
second-
order 

[111] 

18.  Hardwood 450 Cu(II) 0.1 5 24 6.79 Pseudo-
second-
order 

[111] 

 

Various studies have shown the effect of agro-wastes on pesticides and other organic 
contaminants in an aqueous environment (Table 6). In a study by Cederlund et al. [123], 
heat treatment was found to enhance adsorption and decrease desorption of bentazone 
and 2-methyl-4-chlorophenoxyacetic acid (MCPA). Chemical treatment using magnetite 
increased the adsorption of glyphosate, decreasing desorption of chlorpyrifos. 
Chlorpyrifos and diuron were adsorbed on untreated biochar owing to their high octanol-
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water partition coefficients, whereas glyphosate was least adsorbed. The adsorption 
capacity of biochar iron composite was found to be highest for all pesticides [123]. In 
another study, the efficiency of rice husk agro waste in nano-sorbent form for removal of 
2,4 D was 96.87% removal of the contaminant at pH 5.0, temperature 30°C, the 
adsorbent dosage of 1.5 g/l attaining an equilibrium within an hour [71]. 

Sorption of pesticides was found to be more with biochar compared to soil or soil 
amended with raw material (straw) [78,79]. At intermediate and quasi-equilibrium 
conditions 48-55 and 66.6-72.4% sorptions were achieved respectively, for soil amended 
with biochar compared to control and straw for simazine [78].  

Table 6  Selected reports on adsorption-desorption of contaminants with biochar 
amended media. 

S. 
No
. 

Biochar  Organic 
contamina

nt 

Pyrolysis 
temperat
ure (°C) 

Surface 
area 

(m2/g) 

Adsor
ption 
Condi
tions 

Loa
ding 
rate 
(g/L

) 

Amount 
adsorbed 
(mg/g) 

Ref. 

1.  Soybean 
stover 

Trichloroe
thylene 

300 
 

6 
 

pH=7 
2880 
min 

0.3 9.85 
 

[101] 

2.  Soybean 
stover 

Trichloroe
thylene 

700 420 pH=7 
2880 
min 

0.3 25.38 [101] 

3.  Peanut 
shells 

Trichloroe
thylene 

300 
 

3 
 

pH=7 
2880 
min 

0.3 7.79 
 

[101] 

4.  Peanut 
shells 

Trichloroe
thylene 

700 448 pH=7 
2880 
min 

0.3 30.74 [101] 

5.  Switchgr
ass 

Metribuzi
n 

425 1.1 pH 2 
1440 
min 

 

1 223 [124] 

6.  Olive 
kernel 

(Physical 
activatio
n under 
steam) 

Bromopro
pylate 

800 600 
 

75 
min 

5  
0.094 

 

[125] 

7.  Corn 
cobs 

Bromopro
pylate 

800 630 
 

135 
min 

5 0.086 [125] 
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(Physical 
activatio
n under 
steam) 

8.  Rapeseed 
stalks 

(Physical 
activatio
n under 
steam) 

Bromopro
pylate 

800 490 
 

135 
min 

5 0.0893 [125] 

9.  Soya 
stalks 

(Physical 
activatio
n under 
steam) 

Bromopro
pylate 

800 570 135 
min 

5 0.078 [125] 

10.  Corn cob 
 

Atrazine 
(A) and 

imidaclopr
id (I) 

600 242.1 
 

1440 
min 

0.1 18.0–
30.4%(A
),(14.7–
28.4%(I) 

 

[126] 

11.  Eucalypt
us bark 

Atrazine 
(A) and 

Imidaclopr
id (I) 

600 188.2 
 

Conta
ct 

time=
1440 
min, 
27°C 

0.1 23.4–
40.1%(A

),5.9–
20.1%(I) 

 

[126] 

12.  Rice 
husk 

Atrazine 
(A) and 

Imidaclopr
id (I) 

600 159.1 
 

1440 
min 

0.1 11.8–
42.6%(A

), 
28.0–

46.2%(I) 

[126] 

13.  Rice 
straw 

Atrazine 
(A) and 

Imidaclopr
id (I) 

600 220.2 1440 
min 

0.1 37.5–
70.7%(A

), 

[126] 

14.  Corncob Methylene 
blue 

400 
 

700 
 

45min 
 

2 28.65 [127] 

15.  Corncob Methylene 
blue 

500 
 

633 
 

120mi
n 
 

2 17.57 [127] 

16.  Corncob Methylene 
blue 

600 600 120 
min 

2 0.809 [127] 

17.  Korean 
cabbage 

Congo red 500 11.44 pH=9.
18, 

1440 

1 21.9 [128] 
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min 
18.  Rice 

straw 
Congo red 500 34.73 pH=8.

61 
1440 
min 

1 13 [128] 

19.  Rice 
straw 

Crystal 
violet 

500 34.73 pH=8.
61 

1440 
min 

1 261.5 [128] 

20.  Wood 
chips 

Congo red 
 

500 <0.01 pH=4.
71 

1440 
min 

1 9.4 
 

[128] 

21.  Wood 
chips 

Crystal 
violet 

500 <0.01 pH=4.
71 

1440 
min 

1 78.21 [128] 

22.  Jatropha 
curca 
pods 

Remazol,b
rilliant 
blue R 

600  pH=3 8 90% [129] 

23.  Wheat 
straw 

Heptachlo
r 

500 176.4 ± 
5.6, 

0.631 
cm3 g- 

µm 

pH=7 
180 
min 

2 2.218 [99] 

24.  Groundn
ut shell 
biochar 

 

2, 4-
dichloroph
enoxyaceti

c acid 

650 
 

43 
 

pH=8.
5 
 

40 
 

3.02 
 

[75] 

25.  Groundn
ut shell 

activated 
carbon 

2, 4-
dichloroph
enoxyaceti

c acid 

800 709 pH=9.
7 

0.6 250 [75] 

26.  Rice 
straw 

Phenol 550 71.35 1440 
min 

2 83.4 [130] 

27.  Rice 
straw 

Phenol 550 143.3 KOH 2 93.5 [130] 

28.  Rice 
straw 

Phenol 550 87.2 HNO3 2 66.8 [130] 

29.  Rice 
straw 

Phenol 550 56.9 H2SO
4 

2 65.6 [130] 

30.  Rice 
straw 

Phenol 550 110.9 H2O2 2 80 [130] 

31.  Rice 
straw 

Phenol  550 87.75 KMn
O4 

2 64.2 [130] 



109 

Yavari et al. [131] found that biochars produced from oil palm empty fruit bunches were 
more efficient for the sorption of polar pesticides like imazapic and imazapyr. This 
sorption behavior is accounted to the elemental composition and surface functional 
groups on the oil palm biochar as compared to rice husk derived biochars. It was 
observed that low pyrolysis temperature retains organic functional groups on biochar’s 
surface, which leads to higher sorption of these polar pesticides. 

The surface functional moieties on biochar had a significant influence on adsorption than 
the surface area of the biochar at elevated pyrolysis temperature. In contrast to this study, 
biochar obtained at high temperature was more effective at terbuthylazine (non-polar 
pesticide) adsorption than the one produced at lower temperature [132]. This affinity for 
non-polar molecules is accounted to the non-polar nature of surface as well as increased 
porosity of biochar produced at elevated pyrolysis temperature. Trivedi et al. [75] 
highlighted the effect of preparation conditions on adsorption of 2, 4-D on groundnut 
shell biochar prepared at 650 and 850oC. The surface area and organic carbon content 
increased with thermal activation of biomass, which enhanced the sorption capacity. 
Phosphorous treated and untreated rice husk biochar (RHBC) showed maximum 
herbicide sorption as compared with eucalyptus bark, corn cob, and bamboo chips, 
prepared under similar operating conditions. The cation exchange capacity, pore volume, 
and polarity of RHBC were highest among other biochars. The performance of RHBC 
was further enhanced by phosphoric acid treatment as it increased the functional groups 
on the surface of biochar pores. Apart from this, the surface area for RHBC was lowest. 
Pore size and pore volume show good correlation with adsorption onto biochar whereas 
no correlation was observed with a surface area of biochar [126]. Carbera et al. [133] 
related sorption of bentazone on the biochar-amended soil to surface area and dissolved 
organic carbon (DOC) content of biochar. Sorption was lesser on biochar with high DOC, 
as DOC has the tendency to get adsorbed to soil particles, hence competing with 
herbicides for adsorption sites. On the other hand, sorption of aminocyclopyrachlor 
increased in biochar with high surface area and low DOC due to the interactions between 
biochar DOC and mineral soil surfaces. Polar herbicides such as glyphosate and 2-
methyl-4-chlorophenoxyacetic acid (MCPA) were weakly adsorbed on biochar owing to 
the negative charge on biochar surface which offered electrostatic repulsion [77]. soybean 
stover and peanut shells biochars produced at 700 and 300˚C have studied for 
Trichloroethylene (TCE) adsorption [101]. Low adsorptive properties of the biochars 
produced at 300˚C were attributed to high oxygen content or low carbon content at low 
temperature. Adsorption capacity was positively correlated with carbon content but 
negatively correlated with an oxygen content of biochars. This positive and negative 
correlation with C and O content of biochar, respectively, with adsorption of TCE, is 
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attributed to the hydrophobicity of biochar and to the removal of acidic functional groups. 
The surface functional moieties on the char result in increased polarity of biochar 
produced at low pyrolysis temperature. This results in reducing the adsorption of TCE, as 
polar sites are known to hinder the removal of TCE due to the formation of water 
clusters. Low oxygen content in high-temperature biochars hindered the formation of 
water clusters and enhanced adsorption of TCE. Another reason for high adsorption with 
rising temperature was the formation of micropores which increases surface area leading 
to greater diffusion of TCE.  

4. Conclusion 

Lignocellulosic biomass-based agricultural residues have been extensively studied for 
remediation of heavy metal and organic contaminants in water and wastewater. The basic 
approach involves raw biomass physicochemically treated biomass and pyrolyzed 
biomass (biochar) for use as surface active adsorbents for heavy metals and organic 
contaminants. Limited studies on the physicochemically treated biomasses and their 
applications in adsorption of heavy metal or organic contaminants are available. There is 
a substantial promise in the usage of biochar as an adsorbent for heavy metal and 
pesticides.  

One of the major concerns about adsorption is the disposal of the waste generated in the 
process. It is believed that lignocellulosic can be used in further thermochemical 
processes (combustion & pyrolysis) whereby the ash liberated would carry the adsorbate 
and be concentrated significantly, up to 50 times in case of heavy metals. This would 
have the added advantage that the thermochemical processes are catalyzed by the heavy 
metal adsorbates leading to a variety of value-added biorefinery products. On the other 
hand, the organic impurities volatilize and yield more toxic products. The other 
alternatives of regeneration and reuse are cost and environmentally ineffective so far. 
However, efforts are required in the management of these adsorption based wastes for the 
effective use of industrial wastewater and water treatment technologies. 
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Writing Self, Writing Empire by Rajeev Kinra is a biography of Chandar Bhan Brahman, a 17th-century Mughal munshi. (He
died in the 1660s, Brahman was his caste and also his takhallus or pen name.) Simultaneously, Writing Self, Writing Empire
is also a history of the political and administrative culture of the Mughal empire during Shah Jahan’s reign (1627–58), and
a contribution to the literary history of Persian in India. The book is part of a larger trend of writing Mughal and medieval
Indo–Islamic history (also referred to as “early modern”) that has focused largely on cultural history of the Indo–Islamic
milieu and shown how this was a “cosmopolitan” venture comparable to other similar “early modern” polities in West Asia
and Europe (Breckenbridge et al 2002; Lefèvre et al 2015). Theoretically, “cosmopolitan-ism” has been expounded by
academic �gures based in the West such as Kwame Anthony Appiah. Appiah sees cosmopolitan-ism as “a rejection of the
conventional view that every civilized person belonged to a community among communities,” and as “regard[ing] all the
peoples of the earth as so many branches of a single family, and the universe as a state” (Appiah2006).  However,
cosmopolitan-ism does not convincingly explain why a humanbeing should feel belonging towards all of humanity more
than towards any other community. In fact, is it possible to transcend cultural moorings and become “universal,” and
would not any such transcendence not inaugurate yet another cultural formation that would with time become
“particular”? The history of all ideologies, for example, Christianity,Islam, Marxism, Democracy or AryaSamaj, suggests so.

Methodologically, this research output is based on close philological engagement with a variety of original sources. Kinra
applies the model of “cosmopolitan-ism” to the Mughal cultural world and Chandar Bhan Brahman is his test case. The
book derives from a close reading of two texts from Chandar Bhan’s literary oeuvre, namely the Chahar Chaman (Four
Gardens) and the Munsha’at-i Brahman (Epistles of Brahman). This is supplemented by data from a variety of
contemporary and subsequent histories and commentaries that discuss Chandar Bhan’s life and career as a poet
andadministrator.

The Munshi

In the 20th century, the Persian munshi is already a relatively forgotten �gure. However, as late as the early 19th century,
colonial of�cials were made to read English translations of the Chahar Chaman. Ethnically, the munshi could be a Hindu or
a Muslim from South Asia, or a Muslim or Zoroastrian from Iran and Central Asia. Amongst Hindus, certain castes
traditionally associated with literacy, such as Khatris, Kayasthas and Brahmins, formed the bulk of munshis. Using the
biographical framework, Kinra documents the sociocultural processes through which Indian Muslims and Hindus became
munshis, and acquired Persian as a language of poetry and bureaucracy. This description gives reasons behind the
acceptance and success of the Mughal rule. Kinra suggests that the Mughal rule was part of a wider “cosmopolitan” world
of Persian language, literature and culture that included the Ottoman and Safavid empires, and other political formations
in Central and South Asia. Kinra foregrounds forgotten evidence, and provides a detailed description of active and willing
Hindu presence in the Mughal empire. He shows how dominant stereotypes of the present-day do not �t the evidence from
the 17th-century Mughal realm. The strength of Kinra’s work lies in the attention provided to the �gure of the munshi, his

Writing Self, Writing Empire: Chandar Bhan Brahman and the Cultural World of the Indo–Persian State Secretary by Rajeev
Kinra, Delhi: Primus Books (by arrangement with University of California Press), 2016; pp xix+369, ₹1,250.
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Abstract

This chapter presents the fundamental properties of polymer nanocomposites (PNCs) and their characteristics that
play a significant role in deciding their capability for the advanced energy storage devices. The various
synthesization methods used for the preparation of polymer electrolytes are described followed by the
characterization techniques used for the analysis. The properties of the polymer host, salt, nanofiller, ionic liquid,
plasticizer, and nanoclay–nanorod–nanowire are described. Various ion transport mechanisms with different
nanoparticle dispersions in polymer electrolytes are highlighted. Various important results are summarized, and a
pathway is built to fulfill the dream of the future renewable source of energy that is economical and environmental
benign. Chapter motivation is focused on the investigation of the role of polymer host, aspect ratio, surface area,
nanoparticle shape, and size in terms of boosting the electrolytic–electrochemical properties of PNC. It will
certainly help in order to open new doors toward the development of advanced polymeric materials with overall
balancing property for enhancement of the fast solid-state ionic conductor which would revolutionize the energy
storage–conversion device technology.
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Abstract

Natural plants and their derived products are effective against various diseases for their prevention and treatment
for several years. Availability of synthetic drugs with faster and selective responses against various diseases
decreased the use of herbal products. However, due to adverse side effects of synthetic drugs, in the last few years,
the clinical use of plant-derived medicines has been exponentially increased in developing as well as developed
countries due to their easy availability, low cost, and least toxicity. Therefore, in recent years, several human trials
have been done to analyze the toxicology, pharmacokinetics, and biologically effective dose of phytochemicals
against cancer, diabetes, and bacterial and viral diseases for their clinical application. In the present book chapter,
we have discussed the clinical studies on phytochemicals against several diseases including diabetes, cancer, and
diseases associated with microbial infections including women health problems.
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Abstract

Cardiovascular diseases (CVDs) are multifactorial noncommunicable diseases that are responsible for most
prominent health problems worldwide in the twenty-first century. The genetic factors, environmental factors,
change in diet, lifestyle, lack of physical activities, stress, and high blood pressure are the key risk factors for CVDs,
and diseases like diabetes also contribute to the progression of CVDs. Platelet aggregation, vascular endothelial
dysfunction, and imbalance in nitric oxide (NO) levels are the key events in cardiovascular pathologies that results
in inflammation and oxidative stress that ultimately leads to death. To counteract the pathogenicity of CVDs, the
use of phytochemicals is advancing as the conventional drugs have multiple side effects. Experimental
demonstrations have showed that phytochemicals exhibit numerous cardioprotective properties with limited side
effects. This chapter is focused on the use of resveratrol (3,5,4′-trihydroxystilbene), a phytochemical well known for
its cardioprotective, antioxidant, anti-inflammatory, anti-atherosclerotic properties in vitro and in vivo. Existing
systemic studies revealed that resveratrol could target various signaling pathways associated with cell growth and
proliferation, inflammation, and mitochondrial functioning by modulating PGC-1α and SIRT-1 activity and also
improves remodeling in the heart by activating adenosine monophosphate kinase (AMPK). Resveratrol can act as
an inhibitor of migration and proliferation of aortic vascular smooth muscle cell by decreasing the cross talk
between an inducer of matrix metalloproteinases (MMPs) and IL-18. Resveratrol improves the systolic performance
of heart by regulating diastolic function and thus prevents heart failure risk. Scientific literature shows that the use
of resveratrol as miracle drug for vascular pathogenesis can revamp cardiac health which will shed light on the path
to make treatment strategies for medication of vascular-related disorders.
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Abstract

Hypothalamus being the master regulator of the vertebrate endocrine system undergoes many
adjustments/alterations which body makes during the course of aging. Moreover, the endocrinological basis of
aging in male and female organisms is very complex, with multiple hormones along the hypothalamic-pituitary
(HP) axis interacting with each other via different feedback loops to maintain homeodynamic state. Also the
sensitivity of the hypothalamus to the external stimuli decreases with age mainly due to its lack of sensitivity
towards the feedback system The endocrine system is although severely affected by aging but all the organ systems
are not affected at the same time or in the same way. During aging cellular protein synthesis machinery as well as
immune functions are diminished and gradually physiological functions decline. There is also an increase in fat
mass, a loss of muscle mass and strength, and a decrease in bone mineral density profile that contribute to
declining health status with increasing age. The hallmarks of aging such as Genomic instability, Telomere attrition,
Epigenetic alterations, Loss of proteostasis, Dysregulated Nutrient Sensing, Mitochondrial dysfunction, Altered
intracellular communication, Cellular senescence etc. are well reported in literature. In this chapter we have
compiled information and discussed various hormonal changes that occur with age in hypothalamus and pituitary
gland and how these two master regulators gradually lose their sensitivity with the increasing age.
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Exact Solutions of Some Complex Non-Linear
Equations

Sachin Kumar, Member, IAENG

Abstract—Exact solutions of the coupled Higgs and Maccari
system are obtained. Travelling wave solutions of coupled Higgs
equation and Maccari system in the form of Jacobi’s elliptical
functions are presented.

Index Terms—exact solutions, coupled Higgs equation, Mac-
cari system

I. INTRODUCTION

COMPLEX physical phenomena in various fields of sci-
ences, especially in fluid mechanics, solid state physics,

plasma physics, plasma wave and chemical physics are rep-
resented by nonlinear evolution equations (NEEs). Analytical
solutions of such equations are of fundamental importance.
In the literature, quite a few methods have been proposed for
constructing explicit travelling and solitary wave solutions of
nonlinear evolution equations, such as the inverse scattering
method [1], tanh-sech method by author(s) [8], [10], sine
cosine method [2], [9], [11], ansatz method [4], etc.

The coupled Higgs equation [6]

utt − uxx + |u|2u− 2uv = 0
vtt + vxx − (|u|2)xx = 0,

(1)

describes a system of conserved scalar nucleons interacting
with neutral scalar mesons.
Attilio Maccari derived a new integrable (2 + 1)-dimensional
nonlinear system [5]

iut + uxx + uv = 0
vt + vy + (|u|2)x = 0.

(2)

The integrability property was explicitly demonstrated and
the Lax pair was also obtained.
Bekir in [2] looked for exact solutions of the coupled Higgs
[6] and Maccari system [5] using the tanh-coth [10] and the
sine-cosine [7], [11] methods.

II. TRAVELLING WAVE SOLUTIONS

A. Coupled Higgs equation

Assume that coupled Higgs equation (1) has a travelling
wave solution in the form

u = eiθU(ξ), v = V (ξ), θ = px+ rt, ξ = x+ ct, (3)

where p, r, c are arbitrary constants. Substitution of (3) into
Eq. (1) reduces the PDEs to system of ordinary differential
equations (ODEs)

(c2 − 1)U ′′ + r2(c2 − 1)U − 2UV + U3 = 0
(c2 + 1)V ′′ − 2(U ′)2 − 2UU ′′ = 0,

(4)

with condition p = rc.

Manuscript received March 15, 2017; revised April 24, 2017.
S. Kumar is with Centre of Mathematics and Statistics, Cen-

tral University of Punjab, Bathinda-151001 (Punjab), INDIA E-mail:
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Integrating the second equation in the system and neglect-
ing the constant of integration we get

(c2 + 1)V = U2 (5)

Substituting (5) into first equation of system (4), we find

(c2 + 1)U ′′ + r2(c2 + 1)U + U3 = 0. (6)

Integrating equation (6) we get

U ′
2
= − U4

2(c2 + 1)
− r2U2 +

C1

2(c2 + 1)
, (7)

where C1 is arbitrary constant. Again integrating we get
following solution of equation (6)

U(ξ) =
a3
√
2sn

(
1/2

√
2 a2 + 2

√
a22 + 4 a1a3ξ + C2,m

)
√
a3
(
a2 +

√
a22 + 4 a1a3

) ,

(8)
where sn is Jacobi elliptic sine function and

m =

√
−2
(
2 a1a3+a22+a2

√
a22+4 a1a3

)
a1a3

2 a1a3+a22+a2
√
a22+4 a1a3

,

a1 = 1
2(c2+1) , a2 = r2, a3 = C1

2(c2+1) .

(9)

Corresponding solution of Higgs field equation is

u(x, t) =
a3
√
2sn

(
1/2

√
2 a2+2

√
a22+4 a1a3(x+ct)+C2,m

)
√
a3
(
a2+
√
a22+4 a1a3

) e(ir(cx+t))

v(x, t) =
2a3sn

(
1/2

√
2 a2+2

√
a22+4 a1a3(x+ct)+C2,m

)2

(c2+1)
(
a2+
√
a22+4 a1a3

) ,

(10)
where m, a1, a2 and a3 are given by (9).

B. Maccari system

Let us consider the travelling wave solution of Maccari
system (2) in the form

u = eiθU(ξ), v = V (ξ), θ = px+ qy + rt, ξ = x+ y + ct,
(11)

and corresponding system of ODEs is

U ′′ − (r + p2)U + UV = 0
(1− 2p)V ′ + 2UU ′ = 0.

(12)

with condition c = −2p.
Integrating the second equation and neglecting the constant

of integration we find

(2p− 1)V = U2. (13)

Substituting (13) into first equation of the system (12), we
find

(1− 2p)U ′′ − (1− 2p)(r + p2)U − U3 = 0. (14)
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Abstract

Flavonoids are main class of secondary metabolites and occur in different tissues and organs in diverse plant
species. The higher accumulation of flavonoids in a wide variety of fruits and vegetables increases their economical
value because flavonoids are good for human health. It has been established that flavonoids help the plants to
protect against adverse environmental constraints and have not played a significant role in plant growth and
development. A number of recent reports provided strong evidences in support of significant role of flavonoids in
growth and development. The objective of this chapter is to provide an overview of the flavonoid biosynthetic
pathway and review the significant contribution of flavonoids in growth and development of plants. This study
provides an in-depth understanding of the role of flavonoids and is useful for further manipulation of flavonoids for
growth and development of wide types of plant species.
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Abstract

Metabolites from natural sources either from terrestrial or marine sources serve as unmatched resources for new
drug leads or diverse chemical identity. Due to ever-rising requirement for new pharmacophore in high-throughput
screening and discovery for therapeutic drugs from metabolites, there has been motivated interest particularly in
edible plants around the globe. Bioactive compounds are indispensable component present in different forms of
botanicals, nutraceuticals, and herbal preparations used for the various medicinal applications. The prime focus in
present chapter is to enlighten and discus diverse analytical methodologies which have been applied during
extraction, isolation, and characterization of active constituents in botanicals, nutraceutical, and herbal
preparations.
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Abstract

The diversion of carbon flux toward biosynthesis of targeted products could be achieved by manipulation of
targeted biosynthesis pathway in plants. This whole process consists of many steps in stepwise manners starting
with the identification and isolation of targeted metabolites, elucidation of complete biosynthetic pathway for
identification of point of intervention, discovery of corresponding potential metabolic genes, and overexpression of
the selected genes in heterologous system and collectively production of the metabolites. The various biochemical
processes including transcriptome, translatome, proteome, and reactome are being used to assist metabolic
engineering by providing new insights into novel pathways or bottlenecks of existing pathways. Apart from all
these, in-depth understanding of metabolic fluxes and feedback regulations is also mandatory for plant metabolic
engineering. All these different current approaches are collectively considered for investigating the plant metabolic
engineering to understand, reconstruct, analyze, and annotate the targeted pathways. The key applications of plant
metabolic engineering have been compiled with a few important applications including improvement of nitrogen
utilization in plant, development of highly nutritive food, and generation of biofuel production. In conclusion, the
plant metabolic engineering could provide comprehensive evaluation of manipulation of biosynthetic pathways for
numerous applications. This compiled information could act as a resource for crop breeding and biotechnology
purposes.
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Abstract

Plants possess a large number of organic compounds performing vistas of physiological functions associated with
plant defence and protection. Due to their no direct role in primary metabolism, they are called as secondary
metabolites (SM). These compounds perform a variety of functional roles such as protectant against UV radiation,
an attractant for insect feeding purpose, signal molecule during the nitrogen fixation and oligomeric flavonoid in
the formation of bark and wood. SM production in plants involves different strategies. Plant cell and tissue cultures
have huge potential in the production of a variety of secondary metabolites. Elicitation strategies using abiotic and
biotic factors have been found to increase the levels of SM. Metabolic engineering (ME) or pathway engineering is
also a potent tool in the scalable, selective and economical production of SM. Using this strategy, the increased titre
of therapeutically important compounds like artemisinin, reticuline, paclitaxel and strictosidine has been
obtained in heterologous hosts like Escherichia coli and Saccharomyces cerevisiae. Similarly increased titre of
various SM has been obtained by engineering native plant biosynthetic pathways via gene overexpression or
silencing transcription factors (TF), and manuplation of key biosyntheic pathway genes. Locational engineering
based upon the intensification of enzyme concentration and presence of transporter molecules which carry
metabolites to exact locations has also been used to engineer SM biosynthesis. Using this strategy increased levels
of triterpenes and sesquiterpenes have been obtained in the plastids and mitochondria of tobacco plants. Novel and
unnatural SM can be generated via swapping enzymes and reconstruction of metabolic circuits between various
biosynthetic pathways. CRISPR/Cas9 is another potent upcoming gene-editing tool modulating SM biosynthesis. It
has been successfully used in altering SM (tanshinones) biosynthesis in Salvia miltiorrhiza. Reports of
enhancement in terpene and flavonoid content in tomato using RNAi have been also documented.
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 Constructivist Pedagogy:  Vital for Meta Cognitive Reflection (MCR) 

Dr. BiswajitBehera 

 

Abstract 

The core of learning is to develop basic forms of understanding which is characterized by forms 

and processes of verification, validation and justification, knowledge creation and creativity. 

Both explicit and articulated knowledge as well as tacit and experiential knowledge, creativity 

and excellence are all integral to the form of knowledge and knowing. It is therefore to organize 

learning experiences to empower ‘learners’ and ‘transform learning’. Reflection is critical to 

learning and transfer; it means to be embedded in assessment. A related approach is to require 

learning to serve a Meta cognitive reflection (MCR). This strategy is the presentation of multiple 

perspectives to learners by providing multiple representations on the content because there is no 

single schema.Therefore,Constructivist pedagogycan become the medium for practices of 

reflection. Strategies like reflective lesson logs, reflective journal, self assessment questions, wait 

time and group processing which provide opportunities for use of Meta cognitive reflection are 

suggested. 

Key words: Constructivist pedagogy, Reflection, Meta cognitive reflection (MCR) 
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