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CHAPTER 1
INTRODUCTION




1.1 NANOSCIENCE

The term “Nanoscience” itsell was coined in the 1970s by Proflessor Norio Taniguchi.

The word “nanoscience” comes from the Greek word “nanos™ (or Latin “nanus”), which means
“dwarf”, and the word “science”. Nanoscience is the study of processes and manipulation of
the materials at atomic or molecular scale, such that the properties vary considerably than at
larger scales i.e., bulk materials. Nanoscience is the study of structures and molecules on the
nanometer scale, which is between | and 100 nanometers. The way molecules and atoms
assemble on the nanoscale into larger structures determines important properties of materials,
such as electrical, optical, thermal, and mechanical properties. In nanometer size structures,
these properties often differ from those on the macroscale.

Nanoscience is a convergence of physics, materials science and biology, which deal with
manipulation of materials at atomic and molecular scales. Nanoscience is the study of
phenomena on a nanometer scale. Typically, nano means 10”°. So, a nanometer is one billionth
of a meter and is the unit of length that is generally most appropriate for describing the size of
single molecule. Anyhow the rough definition of Nanoscience could be anything which has at

least one dimension less than 100 nanometer [1].

1.2 NANOTECHNOLOGY

The term nanotechnology comes from the Greek word “nanos” that means “dwarf™.
Science uses this prefix to indicate 10 or one billionth. One nanometer one billionth meter that
is about 100,000 times smaller than the diameter of a single human hair. Nanotechnology is the
branch of science and engineering which deals with creation of materials, devices and systems
through the manipulation of individual atoms and molecules. The goal of nanotechnology is to
control the individual atoms and molecules to create computer chips and other devices that are

thousands of times smaller than current technologies limit.

The technology that utilizes nanoscience in practical applications is called
nanotechnology. Nanotechnologies include “nanoscale designing, characterizing, and
producing structures, devices and systems by controlling shape and size for their applications
in various fields”. Nanotechnology and Nano science open up new of research and lead to new
engines surface allow making products that perform better. The properties of materials differ

in fundamental and valuable ways from the properties of individual atoms and molecules or

bulk matter.[2]




1.3 NANOPARTICLES

Nanoparticles are tiny particles which have diameter between | to 100 nanometers and
they found in various products like electronics, medicine and these particles are made from
various materials such as metals ceramics or polymers. Nanoparticles have their unique
properties due to their size and which makes them useful in different fields, Nanoparticles have
special properties that regular particles don't have. Nanoparticles can be synthesized through
various methods, such as chemical synthesis, physical vapour deposition, or even by breaking
down larger materials into smaller particles. Scicntists and engineers are continuously

exploring new ways to create and utilize nanoparticles for a wide range of purposes.[3]

1.4 NANOMATERIALS

Nanomaterials are fascinating materials that exists at the nanoscale and which is very
small and typically ranging from 1 to 100 nanometers. At this range, material exhibits unique
properties. These properties are arises from the high surface area to volume ratio of
nanomaterials which is allowing for increased reactivity, strength and other characteristics. The
smaller something is the larger its surface area to volume ratio. If a bulk material is sub-divided
into an ensemble of individual nano materials, the total volume remains the same, but the
collective surface area is greatly increased. It means nano particles have increased surface to
volume ratio compared to bulk materials. For example, for example, for a particle of 1
micrometer in diameter, nearly 0.15% of its atoms are on the surface, while for a particle of
6nm in diameter, nearly 20% of its atoms are on surface. The chemical group that are at the
material interface determine its properties Like catalytic reaclivit{r, electrical resistivity,
adhesion, gas storage and chemical reactivity depend on the nature of interface. Nanomaterials
have a significant proportion of atoms at the existing at the surface. Nanoparticles are one of

the type of an nanomaterial. These special properties make nanomaterials stand out and

valuable for various applications in medicine, electronics and energy sectors. [4]




1.5 MAGNETISM

Magnetism is a force ol nature produced by moving eleetric charges. Sometimes these
motions are microscopic and inside of a material known as magnets, Magnets, or the
magnetic lields created by moving electric charges. can atiract or repel other magnets. and

change the motion of other charged particles.[5)
1.5.1 DIAMAGNETISM

Diamagnetic materials are those malerials that are freely magnelized when placed in
the magnetic field. However, the magnetization is in the direction opposite to that of the
magnetic field. The magnetism that is shown by these materials is known as diamagnetism.
Diamagnetic materials are substances that are usually repelled by a magnetic field. The
permanent magnetic momentum in an atom of the diamagnetic material is zero.
Diamagnetic properties arise from realignment of electron path under the influence of an
external magnetic field. Diamagnetism is present in all materials and is independent of
temperature but the effect is so weak it is often neglected in comparison to paramagnetic
and ferromagnetic effects. Diamagnetic materials have a weak, negative susceptibility to
magnetic field. Some of the most common examples of diamagnetic substances are Copper,

Zinc. Bismuth. Silver, Gold, Antimony, Marble, Water, Glass, etc..[6]

1.5.2 PARAMAGNETISM

Paramagnetic materials are materials that tend to get weakly magnetized in the
direction of the magnetizing field when placed in a magnetic field. Paramagnetic materials
have a permanent dipole moment or permanent magnetic moment. However, if we remove
the applied field the materials tend to lose their magnetism. These materials usually
experience a weak attraction to magnets. This type of magnetism is known as
paramagnetism. It occurs mainly due to the presence of unpaired electrons in the material
or due to the partial alignment of randomly oriented atomic dipole along the field. When
the net atomic dipole moment of an atom is not zero, the atoms of paramagnetic substances
have permanent dipole moment due to unpaired spin. Magnetic susceptibility is small and

positive. Some of the examples of paramagnetic materials include iron oxide, oxygen,

titanium, aluminium. transition metal complexes, ete.
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e FERRITES

The term ferrite is derived from a Latin word “ferrum meaning iron oxides which finds
pmcntiM applications for making many devices such as permanent magnetls, memary storage
devices, and for the telecommunication purpose. Ferrites are the magnetic material with
ferromagnetic ordering having iron as the principle component of its compasition, Iron which
is present in the form of iron oxide in nature has pure phases such as Magnetite (FeiQO4),
Hematite (Fe203), Iron oxide beta phase; Maghemite etc. these compounds have properties like
trivalent oxidation state, distinct color and low solubility. The most important ferrite is
magnetite (FesO4) which contains both Fe?!
ion and Fe** ion. Ferrites are basically the

class of magnetic nanoparticles which are the @

=]
as other oxides of metals. The growing interest

derivatives of magnetite and hematite as well

in ferrites is due to their spontancous
magnetization. In the absence of the applied L.
magnetic field, high permeability, low

magnetic losses, high electrical resistivity, low
eddy current losses, good thermal and chemical stability, biological compatibility, relative ease

of preparation and number of applications in various fields.[9]

In 1930, Yogoro Kato and Takeshi Takei. Spinel Ferrite Nanostructures for Energy
Storage Devices reported the first ferrite compound in the Tokyo Institute of Technology.
Ferrites canbe obtained in three different crystal systems by various synthesis methods, and the
flexibilityto prepare the unlimited number of solid solutions compositions to tailor their

properties for myriad applications.

e NANOFERRITES

Nanoferrites are a type of ferrites that have been engineered at the nanoscale. They have
unique properties due to their small size. These nanomaterials have enhanced magnetic
properties compared to regular ferrites, making them useful in applications like data storage
and high-frequency devices. They can also have other interesting properties like enhanced
catalytic activity and biomedical applications. They have many applications in medicine and
technology. Nanoferrites can be synthesized at the nanoscale using various methods, such as

sol-gel, auto-combustion, co-precipitation, or hydrothermal techniques. These methods allow

scientists to precisely control the size, shape, and composition of the nanoferrite particles.
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%) Classification on basis of magnetism

Ferrites can be classified according to crystal structure hag is, cubic vs. hexagonal ferrite
it magnetic behavior; that is, solt vs. hard ferrite. Sofl ferrites are easy to magnetize and
drmagﬂ“-'-izc- Hard ferrites are hard to magnetize and demagnetize, Hard magnetic materials

are commonly used for permanent magnetic applications.

1.1.1 Soft Ferrites

Soft ferrites have low coercivity, so they easily change their magnetization and act as
conductors of magnetic fields. They are typically composed of iron oxide and other metal
oxides such as nickel, zinc, or manganese. These ferrites have a high magnetic permeability
and low coercivity, which means they are susceptible to demagnetization. This property makes
them ideal for use in high-frequency applications such as transformers, inductors, and other
electronic components. Soft ferrites are also used in magnetic shielding applications, where
they can help to reduce magnetic interference. Soft ferrites are not permanent magnets. They
carry magnetism like mild steel but as soon as the magnetic field is removed, the magnetism
disappears. Soft ferrites are popular as transformers to change the voltage from primary to
secondary windings. So soft ferrites are often called transformer ferrites.[10]

There are several kinds of soft ferrites. Manganese-Zinc ferrites are the most common
type of soft ferrites, which are employed to make power, shielding, and linear inductive
components. Nickle-Zinc ferrites have outstanding resistivity. Ferrites that are used in

transformer or electromagnetic cores contain nickel, zinc, or manganese compounds.[11]
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2.1.2 Hard Ferrites

havegradually rising magnetization curve, large hysieresis loop and large energy losses during
magnetisation. Hard ferrites can be produced by he
casily magnetized and demagnetized.

strontium oXides,

ating and sudden cooling and cannot be

Hard ferrites are compound of iron and barium or
Hard ferrites have high saturation fMux density,
high eddy current losses, and high retentivity and coe
ferrites are used in permanent magnet, DC magnet,

low susceptibility and

rcivity., Therefore, hard
loud speakers, etc. [12].

permeability,

b P deraly
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2.2 Classification on basis of crystal structure

In most of the research work done on ferrites, scientists classify the ferrites according to

their crystal structure. Hence, there are four important types of ferrites: spinel ferrites, garnet
ferrites, ortho ferrites, and hexaferrites.

2.2.1 Spinel Ferrite

The general structural formula of a spinel ferrite can be written as MFe10s,

where M
stands for the divalent metal ion like, Fe, Co, Ni, Mn, Mg,

Cu and Zn, etc. or a combination of
these ions. The spinel structure belongs to space group Fd3m. The unit cell of spinel ferrite is

face-centered cubic (f.c.c) with eight formula units per unit cell (MsFei¢032).[13] Based on

crystal structure, spinel can be categorized into three types, that is, normal spinel, inverse spinel

and complex spinel. For normal spinel, M (I1) and Fe (111) occupy at tetrahedral and octahedral

sites respectively, and ZnFe204 is a typical example of normal spinel. Usually, the interstices

of octahedral sites are larger than that of tetrahedral sites, so the cations at smaller radius are
inclined to locate at the M sites while the cations at larger radius are inclined (o locate at the Fe
(111) sites. While for inverse spinel, half of the Fe (IIT) locates at tetrahedral sites, and the M
(IT) along with the other half Fe (111) locates at octahedral sites, such as NiFe204. For complex
spinel, M (11) and Fe (111) occupy at the tetrahedral and octahedral sites randomly.[14]

2.2.2 Garnet Ferrites




Garnel ferrites are a type of composite material that combines the propertics of both
garnets and Territes. The garnet erystal structure conatats of metal lons. like Sran. aluminium.
and yttrium. along with oxygen fons. Unit cell is cubic, These metal ions are substituted into
the crystal lattice of the garnet structure, Garnet ferrites have unigue magnetic properties that
make them useful in various applications. They exhibit high magnetic permeability, which
means they can easily respond to and transmit magnetic ficlds. They also have low magnetic
losses, meaning they retain their magnetism well. Additionally, gamet ferrites have high
electrical resistivity, which allows them 1o resist the flow of electric current. It is magnetically
hard.[13]

2.2.3 Ortho Ferrites

Ortho ferrites are a type of magnetic material that have a crystal structure called
orthorhombic. An orthoferrite is chemical compounds with the formula RFeQ;s, where R is one
or more rare-earth elements and most are weakly ferromagnetic. They have high magnetic
permeability, which means they can easily respond to and transmit magnetic fields. They also
have low magnetic losses. so they can retain their magnetism really well and are stable even at
different temperatures. In the absence of this interaction, the orthoferrites would be
antiferromagnetic. Its presence leads to a small canting of the sub lattices. making the
orthoferrites “weak™ ferromagnets. Another interesting feature of these materials is the fact that
some of them exhibit a transition as a function of temperature, in which the direction of the
antiferromagnetically ordered spins and consequently also of the net magnetization rotates by
90°, One common use is in permanent magnets, in magnetic recording media, like tapes or hard
drives, to store and retrieve data magnetically.

2.2.4 Hexaferrites

Hexagonal ferrites are also known as hexaferrites, are a type of ferrite material that have
a hexagonal crystal structure. These ferrites are composed of iron oxide along with other
elements such as barium, strontium, or lead, which are substituted into the crystal lattice.
Hexagonal ferrites are known for their excellent high-frequency performance, low energy
losses, and resistance to demagnetization. These properties make them wvaluable in
telecommunications, radar systems, and other RF applications. They exhibit high magnetic
anisotropy means their magnetic properties are directionally dependent. This makes them
suitable for devices like antennas, circulators, isolators, and phase shifters. One common
example of a hexagonal ferrite is barium hexaferrite, also known as BaFe_12 0_19. It is
composed of barium (Ba) ions and iron oxide (Fe_2 0_3). Barium hexaferrite is often used in

microwave devices and magnetic recording media due to its high coercivity and stability.[16]
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CHAPTER 3

LITERATURE REVIEW




i ThRpar ol M anaf) 1171, studied, Ni-zn lerrites are one of the most versatile

mpghetic materials for both low asd high |'1'F=!]I|cnc:}“ devices, In the last two decades, researchers

have focused on -.nh;snmng the magnetic and clecirical propertics of these ferrites. These

materials play a dominant role in many highend applications such as microwave devices, power

wansformers in electronics. rod antennas because of their excellent propertics like high de

resistivity. low diclectric losses, high mechanical hardness, high Curie temperature, low

production cost and good chemical stability, These properties are dependent on highly

homogeneous and uniform erystallites of Ni-Zn ferrite nanoparticles prepared with different

chemical methods. Moreover, optimization of dilTerent synthesis parameters like proper choice

of dopants, different compositions, different sintering temperature and atmosphere are also
equally important. All wet techniques like co-precipitation, citrate precursor, sol gel etc. have
their own importance and are adopted based on the need of nanomaterials size and device
fabrication. The low sintering temperature and slow heating rate will always result in uniform
and homogenous crystallites. It has been observed that cobalt, copper and rare earth metals are
widely doped in Ni-Zn ferrites and extensive investigations are performed by using XRD, SEM,
TEM, FTIR, UV-Vis, VSM. LCR etc. Most of the investigations are aimed for tuning
properties for high frequency applications,

1. G.5. Shahane et al. (2010) [18], published an article that. a low temperature chemical co-
precipitation method can be used for synthesis of nanocrystalline nickel zinc ferrite particles
with various compositions. The particle size can be effectively controlled by the pH of the
reaction mixture, time and temperature of reaction. The X-ray diffraction patterns confirm the
synthesis of single crystalline phase of NisZnixFez04 (x=0.1, 0.3, 0.5) nanoparticles. Lattice
parameter decreases with the increase in nickel content, resulting in reduction in lattice strain.
Similarly, crystallite size increases with increase in nickel content. The magnetic measurements
show superparamagnetic nature of the samples for x=0.1 and 0.3 whereas for x=0.5 the material
shows ferromagnetic nature with improvement in remanence and coercivity. The saturation
magnetization is low and increases with increase in nickel content. The superparamagnetic
nature of the samples with x=0.1 and 0.3 is supported by the EPR and ac susceptibility

measurement studies. The properties of the Ni-Zn ferrites can be effectively tailored by

changing the composition parameter.
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T ¥




3. Yuko Ichiyanagi et al. (2004) [19], Nig.oZnPFe204 (0=x21) mixed ferrite nanoparticles
encapsulated with amorphous-8iOz were produced and magnetization measurcmenls werc
performed. Particle sizes were controlled at about 6 nm through the calcination temperatures.

Magnetization measurements of the FC and ZFC could be explained by the blocking of the

5upcrparnmugnctic cluster model. The maximum value of Th was observed at x=0.6, where

anisotropy energy could be considered to be the largest. This might be an effect of the ion

distribution in extremely small particles. Different blocking temperalures were found
depending on the Zn concentration, and above Tb superparamagnetic behaviors were observed.
Both of the highest permeability and the lowest coercivity was found at a Zn content of x=0.6.
At that concentration magnetic parameters are optimum for soft magnetic materials. The value
of the saturation magnetization M; had the maximum when x=0.7, but M, value of nanoparticles
tended to be 30% lower than that of bulk crystal. This phenomenon could be due to the canting
of surface spins of nanoparticles at a definite angle. The canting angle 8 could be roughly

estimated as 8=45°. These are characteristic behaviors of extremely small NiZn ferrite
nanoparticle system.

4. Kamellia Nejati et al. (2012) [20] published that, nanosized nickel ferrite particles were

synthesized with and without surfactant assisted hydrothermal methods. The results show that

with increasing of temperature, the crystallinity of nanoparticles is increased. In the presence

of surfactants. the crystallinity of NiFe:0s nanoparticles decreased in comparison with

surfactant- free prepared samples. All of the nickel ferrite nanoparticles were

superparamagnetic at room temperature.

5. J. Azadmanjiri published a reasearch paper in (2008) [21], the sol-gel combustion

method is convenient far synthesis of nano-sized Ni-Zn ferrites. A series of NiZn ferrite

nanosized powders with composition Nij-xZnsFez0q (where x = 0, 0.1, 0.2, 0.3, 0.4) were

synthesized by this novel method. In this method gel exhibits a self-propagating behavior afler

ignition in air. The synthesized powders exhibited high sintering activity, and can be sintered

at temperature less than 950°C. The prepared low-temperature sintered Ni—Zn [errites possess

good electromagnetic properties, as well as fine-grained microstructures, making them good

materials for electronic applications with high performance and low cost. Zn content has

significant influence on the electromagnetic properties, such as dielectric constant. dielectric

loss tangent and magnetic properties for Ni-Zn ferrites.
6. Carlos Andrés Palacio Gémeza et al. (2020) [22] studied, series of Nickel-Zinc lerrite
samples (Nij.xZnsFez04, x = 0.0, 0.2, 0.4, 0.6, 0.8 and 1.0) were successfully prepared by using

the low-energy ball milling method with a single subsequent thermal treatment of un-pressed

samples. The samples were characterized by means of the infrared, Raman and Mussbauer
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spectroscopic techniques. Our results are in agreement with those reported in the literature for
samples prepared by other methods. The five Raman modes (A i+ E, + 3F2,) were observed in
all the Raman spectra. which also proves the purity of the samples. However, duc to symmetry
breaking, each of these modes were properly fitted by introducing two or three Lorentzian
components. Infrared studies confirm the spinel structure of the ferrites as given by the
tetrahedral absorption band frequencies located in the 548 cm™ 10 592 em™ range. With the
increase in x, the variation of the v1 band position to a lower frequency side confirms the
occupation of Zn ions at the tetrahedral sites. In NiFe:Qy, each Fep® ion at the octahedral site
is surrounded by Fea ™ ions at the tetrahedral sites. In Nij..ZnFe;04 as x increases, the number
n of Zna*" ons replacing Fea™ ions at the tetrahedral sites increases. It was found that the
average super transfered hyperfine field due to one Fea™- O*'- Fes®” super exchange interaction
was equal to 0.9T at 18K. Therefore, as x increases the number of Zna2*-0-Fep®* paths
increases, then reducing the average hyperfine field. In general, the reduction of the average
hyperfine magnetic field at the octahedral sites was well explained as due to a random
substitution of magnetically interacting Fes™ jons by diamagnetic Zna™" ions at the tetrahedral
sites. The tendency of large degree of obtaining mixed spinel structure is attenuated when using
the low-energy method. Finally, the Zn content al tetrahedral sites were calculated from the
intensities of the Ay, Raman bands, the relative areas of the A and B sites spectral components
in the Mossbauer spectra and from the intensity ratio of certain Bragg peaks (Ii2 2 0¥/1i4 4 o) and
lis 0 0liz 2 0y in the XRD patterns. The values were compared considering the different

approximations required by each technique.




CHAPTER 4

METHODS AND PROCESS OF
SYNTHESIS




R METHDDS

various forms of nanostructures can be synthesizeq using the synthesis process shown in

| nanostructure can be defined as a structure with at least one or two dimensions in

ihe 1-100 A range. Nanoparticles can be synthesized using u varicty of techniques. Dry
particles and nanoparticles in liquid dispersion are synthesized by these technigues.

Nanostructures can be generated by building from atoms or by diminishing the size from
mmm-ticic to nanoparticle.

MECHANICALMETHODS  CO-PRECIPTATIONMETHDD  ° 1 HESIS USING PLANT

EXTRACTS

VAPOUR DEFOSITION SOL-GEL METHOD SYNTHESIS USING ENTYMES

SPUTTER DEPOSITION MICROEMULSIONS SUNTHESS LIS
AGRICULTURAL WASTE

ELECTRIC ARC DEPOSITION ~ HYDROTHERMAL SYNTHESIS
10N BEAM TECHNIGUE SONOCHEMICAL SYNTHESIS

MOLECULAR BEAM EPTTAXY  MICROWAVE SYNTHESIS

o Hydrothermal method -

Hydrothermal synthesis refers to the synthesis by chemical reactions of substances in a
sealed heated solution above the ambient temperature and pressure. Hydrothermal synthesis of
single crystals depends on the solubility of minerals in hot water under high pressure. The
crystal growth is performed in an apparatus consisting of a steel pressure vessel called an
autoclave, in which a nutrient is supplied along with water. A gradient of temperature is
maintained at the opposite ends of the growth chamber so that the hotter end dissolves the
nutrient and the cooler end causes seeds to take additional growth.
®  Sol- gel -

Sol-gel is a method for producing solid materials from small molecules. In this chemical
procedure, the sol gradually evolves toward the formation of a gel-like diphasic system
containing both a liquid phase and a solid phase, the morphologies of which range from discrete
particles to continuous polymer networks. Ultrafine and uniform ceramic powders can be
formed by precipitation. These powders of single and multicomponent composition can be

Produced on a nanoscale particle size for dental and biomedical applications.[23]
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e Co-precipitation -

Constant-pH co-precipitation is a standard synthesis lechnique for catalyst precursors and
referred to as the method of low supersaturation. By proper adjustment of the precipitation
parameters the homogencous distribution of different metal cations in a mixed solution can be
carricd over 10 a multinary catalyst precursor by rapid solidification, Contrarily to the also
commonly used impregnation methods for pre-formed supports, these materials contain the
precursor species for the support and for the active components in the same material. Highly
dispersed, well inter-mixed and uniform supported metal/oxide catalysts can be obtained from
such precursors by decomposition (typically calcination) and/or reduction. For applied systems,
the empirical synthesis optimization is often far more advanced than the exact knowledge of
the underlying chemistry. Thus, the evolution of many applied catalyst syntheses is usually a
continuous long-term process that to a large extent is based on the experience of the
manufacturer and their accumulated knowledge often leads to complex recipes. This
complexity is sometimes generalized as the “black magic” of catalyst synthesis.[24]

® Microemulsions -

This method is one of the ideal techniques for the preparation of inorganic nanoparticles,
vet the mechanism of nanoparticle formation in the microemulsion has not yet been understood
well. Some researchers have suggested a mechanism for nanoparticle synthesis within
microemulsions. When the microemulsion material, including reactants, are mixed together,
reactant exchange takes place during the collision of water droplets in the microemulsion. The
reactant exchange is too fast and a precipitation reaction occurs in the nanodroplets, which is
followed by nucleation growth and coagulation of primary particles, resulting in the final

nanoparticles surrounded by water and/or stabilized by surfactants.
®  Laser ablation -

Laser ablation is the process of removing material from a solid surface by irradiating it
with a laser beam. At low laser flux, the material is heated by the absorbed laser energy and
evaporates or sublimates. At high laser flux, the material is typically converted to plasma.

Usually, laser ablation refers to removing material with a pulsed laser, but it is possible to ablate

material with a continuous wave laser beam if the laser intensity is high enough.
®  High -energy ball milling -
A process in which a powder mixture placed in a ball mill is subjected to high-energy

collisions from the balls. High-energy ball milling, also called mechanical alloying, can

successfully produce fine, uniform dispersions of oxide particles in nickel-base super alloys

e — —
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| cannot be made by conventional powder metally

rgy methods. This process is a way of
ifying the conditions in which

{ha

ol chemical reactions usunlly take place, cither by changing
" eactivity of as-milled solids or by inducing chemical reactions during milling.

’ Biological synthesis -

Biological synthesis of nanoparticles is o green chemistry approach that interconnects

na“mﬂhmﬁllﬂg}f and biotechnology. However, despite the stability,
nol munudispcfﬁﬁd and the rate of synthesis

biological nanoparticles arc

is slow. The concentration of synthesized
macmmnl1‘:¢ll|¢5 involved in the nucleation of particles varies with time and prolongs the

pucleation period, which causes polydispersity of nanoparticles and subsequent decreased rate
of synthesis. In order to overcome these problems, several methods, such as microbial
cultivation methods and the extraction techniques, have to be optimized, such as
thghiol.ug'lcal methods, may be used. Owing to the rich biodiversity of plants and microbes,

the potential as biological materials for nanoparticle synthesis is yet to be fully explored.[25]

4.2 PROCESS OF SYNTHESIS

Given Series - Nios Znos FeaO4
Methods that are used to synthesis ferrites nanoparticles are

4.2.1 CO-PRECIPITATION METHOD - .

Sr. No. Chemical used Molecular Weight For 50 ml of solution

0l. Zinc chloride 136.30 g/mol 0.6815 gm '
02. Nickel Chloride 237.69 g/mol 1.18845 gm .
03. Ferric Chloride 162.21 g/mol 3.2442 gm i
04. Sodium Hydroxide 40.00 g/mol 8.00 gm |

Synthesis process involve following steps

STEP 1- At first, 3 beakers are cleaned properly and 50 ml of distilled water is added in each

beaker. Now chemicals are weighted with the help of weighing machine as shown in the

calculations. After that, Zinc Chloride and Nickel Chloride is added in first beaker, Ferric

Chioride is added in second beaker and NaOH is added in the third beaker. After, all these

themicals are added in distilled water, first two beakers and magnetic needle in it, it is kept for
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fig. Solutions in beakers

stirring on magnetic stirrer for 20 minutes. Now solution from second beaker is transferred to
first beaker and kept for heating and stirring for another 20 minutes.

fig. Titration
STEP 2- When the temperature of solution is reached to 80" Celsius, titration using NaOH
solution in burette is started. By titration, we are adding base to acid dropwise, while
maintaining the pH of 12 for the synthesis. Afier attending the pH value of 12, the solution is

kept for heating and stirring till its water is evaporated to get precipitation i.e. for almost 2




4.2.2 SOL-GEL AUTO COMBUSTION METHOD -

Mﬂ- Chemical used Molecular weight For 30 ml solution
01 | ZincNitrate 237.70 g/mol 2.42180402 gm
___9.2'_ Nickel Nitrate 290.80 g/mol 2.9628128 gm
| 0. Ferric Nitrate 404.00 g/mol 16.46459948 gm
|04 Urea 60.06 g/mol 8.1507836 gm

Synthesis involves following steps

STEP 1- At first 30 ml of distilled water is taken in a beaker and Zinc nitrate, Nickel nitrate,

Ferric nitrate and Urea are added to it to form homogenous solution. This process is known as
hydrolysis.

Fig. Hydrolysis
STEP 2- Then the beaker is placed on a magnetic stirrer with a needle in it and stirred for 20
minutes. After stirring, it is kept for heating about 2 hours.
STEP 3- Heating and stirring is continued till gel is formed in the beaker. This method is known
as gelation.
STEP 4- Once, the gel formation takes place in a beaker, it is shifted to heater where it is heated
till fire or till auto-combustion occur. Auto combustion occur due to presence of urea, Now gel is

completely transferred in solid mass.

STEP 5- And the material is ready for grinding for almost 3 hours and then it is placed in the
fumace at 800degree Celsius for calcination.

STEP 6- Now the sample is ready for the characterization such as XRD, FTIR and Raman
Spectroscopy.




fig. Gel formation fig. Auto-Combustion fig. Crushing

423 HYDROTHERMAL METHOD -
R
Sr. No.| Chemical used Molecular weight For 50 ml of solution
01, | Zinc Chloride 136.30 g/mol 0.6815 gm
02. | Nickel Chloride 237.69 g/mol 1.18845 gm
03 | Ferric Chloride 162.21 g/mol 3.2442 gm
04, | Sodium Hydroxide 40.00 g/mol 8.00 gm N

Synthesis involves following steps

STEP 1- At first, 3 beakers are cleaned properly and 50 ml of distilled water is added in each

beaker. Now chemicals are weighted with the help of weighing machine as shown in the
caleulations. After that, Zinc Chloride and Nickel Chloride is added in first beaker, Ferric
Chloride is added in second beaker and NaOH is added in the third beaker. After, all these

chemicals are added in distilled water, first two beakers and a magnetic needle in it, it is kept

for stirring on magnetic stirrer for 20 minutes. Now solution from second beaker is transferred

to first beaker and kept for heating and stirring for another 20 minutes.

STEP 2- When the temperature of solution is reached to 80 *Celsius, titration using NaOH

solution in burette is started. By titration, We
Maintaining the pH of 12 for the synthesis. After attending the pH value of 12, the solution is

kept for heating and stirring till its water is evaporate
hours,

STEP 3- Now the solution is transferred to the autoclave and
hours,

are adding base to acid dropwise, while
d to get precipitation i.e. for almost 2

is kept in the oven for next 20
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STEP 4- Next day, the solution is filtered with the help of Whatman filler paper three times
using distilled water and then with acetone. Once this process is completed, it is kept for drying
: hot air oven at 800° C temperature for 5 hours.

GTEP 5- Now the material is taken out and grinded it in the mortar pestle for near about 3 hours.

fig. Solution for heating fig. Autoclave kept in oven

fig. Filtration fig. Crushing

STEP 6 — Finally, the material is ready for further characterization such as XRD, FTIR and
Raman Spectroscopy.

e — . ———————




CHAPTER S

CHARACTERIZATION

TECHNIQUES




< X-RAY DIFFRACTION

x.ray diffraction (XRD) is a powerful nondestructive technique for characterizing

; ials. It provi i i
m.-_r,mlllnc materials provides information 0N slruclures, phases, preferred crystal

srientations (texture), and other structural parameters, such as average grain size, crystallinity
straifl, and crystal defects. X-ray diffraction peaks are produced by constructive interference of

2 mmgchrumﬂli‘: beam of X-rays scattered at specific angles from cach set of lattice planes in
g sample. The peak intensities are determined by the distribution of atoms within the lattice.
consequently, the X-ray diffraction pattem is the fingerprint of periodic atomic arrangements
inagiven material.[26]

principle and working nl'l";RI}

Crystals are regular arrays of atoms, whilst X-rays can be considered as waves of
electromagnetic radiation. Crystal atoms scatter incident X-rays, primarily through interaction
with the atoms’ electrons. This phenomenon is known as elastic scattering; the electron is
known as the scatterer. A regular array of scatterers produces a regular array of spherical waves.
Inthe majority of directions, these waves cancel each other out through destructive interference,
however, they add constructively in a few specific directions, as determined by Bragg’s law:
2dsinf = nA

Where d is the spacing between diffracting planes, 0 is the incident angle, n is an integer, and
) is the beam wavelength. The specific directions appear as spots on the diffraction pattern
called reflections. Consequently, X-ray diffraction patterns result from electromagnetic waves
impinging on a regular array of scatterers. X-rays are used to produce the diffraction pattern
because their wavelength, A, is often the same order of magnitude as the spacing, d, between

the crystal planes (1-100 angstroms).[27]
Applications of XRD

XRD is a non-destructive technique used to
® Identify crystalline phases and orientation
*  Determine structural properties:

“Lattice parameters :
~Strain fig. Instrumentation of XRD

* Graip Size
i EPI'taxy
P i
hase Composition
Prel‘gmd orientation
' ®
Meaﬁ'-ﬁm thickness of thin films and multi-layers

Determine atomic arrangement
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o2 FTIR [Fourier Transform Infrared Spectroscopy)

FTIR stands for Fourier transform infrared, the preferred method of infrared (IR)
Wmﬁwpy. FTIR Spectroscopy is an analylical technique used to identify organic,

F”l:fmf"ic. and, in some cases, inorganic materials, The FTIR analysis method uses infrared

ight 10 scan test samples and observe chemical properties.
i

P dnciple and working of FTIR-

The instrument that determines the absorption spectrum for a compound is called a

hotometer. Fourier transform spectrophotometer provides the IR spectrum much more

spectrop
rapidlj? c
an, which is emitted from a glowing black-body source. Subsequently, the beam passes

ompared to the traditional spectrophotometer. The instrument produces a beam of IR
irradiati
(hrough into interferometer where the spectral encoding takes place. The recombination of
beams with different in path lengths in the interferometer creates constructive and destructive
interference called an interferogram. The beam now enters the samples compartment and the
sample absorbs specific frequencies of energy, which are uniquely characteristic of the sample
from the interferogram. Then, the detector measures the special interferogram signal in energy
versus time for all frequencies simultancously. In the meantime, a beam is superimposed to
provide a reference (background) for the instrument operation. Finally, the desirable spectrum
was obtained after the interferogram automatically subtracted the spectrum of the background
from the sample spectrum by Fourier transformation computer software.[28]

FTIR analysis is used to

® Identify and characterize unknown materials (e.g., films, solids, powders, or liquids)

®  Identify contamination on or in a material (e.g., particles, fibers, powders, or liquids)
® Identify additives after extraction from a polymer matrix.

®  Identify oxidation, decomposition, or uncured monomers in failure analysis

investigations.[29]

fig. Instrumentation of FTIR






5.1 XRD RESULTS
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Table 6.1:- Peak position, lattice dimensions, crystalline size, strain, dislocation density,

interplanar spacing and X-ray density fraction of Nigs Zngs FeO4.

Sr. Method 28 a(A") | Dx10? | ex10? [ Ex10% | B d- Prray
No. (degree) (m) lines/m* | (deg) | spacing

(A9) (g/cm?)
1. Sol-gel 35.134 | 8.4643 | 25.652 | 447703 | 1.51969 | 0.325 | 2.5521 | 5.20752
| Co-ppt 35.11 | 8.4699 | 12.825 | 8.96058 | 6.07974 | 0.65 | 2.5538 | 5.19713
3| Hydrothermal | 35.28 | 8.4305 | 16.039 | 7.131662 | 3.88712 | 0.52 | 2.5419 | 527046

*  X-ray diffraction of the prepared Nano crystalline sample Nio s Znos Fe204 by Sol-Gel Auto-
combustion, Co-precipitation and Hydrothermal method has been studied for the determi-

nation of crystallographic structure.
* The intensity of (311) plane is more as compared to other planes like (220), (440), (422)

and (333) and is chosen for the determination of crystallite size as per the standard reference
data of Joint Committee on Powder Diffraction Standard (JCPDS file No 74-2403) which

confirms the formation of spinel ferrite with space group Fd-3m.




. i I- m. ﬂ
/,—_— S
The avernge crystallite size of

synthesized o
palf maximum, (FWIHM) of dilMraction

D=KA/fcosn

. )5 i ile size i
difference observed in the erystalliie SIZC 15 due to presence of j
senee of impurity ph

ases in samples,
(hkl) plancs have been caleulateg by using th

The lattice dimension for all
A=dui (hatkaH;)'?

¢ formula,

+ The value of lattice dimension of {he given sample for Sof I, C
gel, Co-

: ‘ ppt and Hydrothermal
are 8.4643 A%, 8.4699 A and 8.4305 A° foung good agreement with earli
| ith earlier reports.
« The X- ray density calculated from fp] lowing relation
dx=ZM/N,V
Where Z=8, M=237.64 gm/mol and V= volume of unit cell=a’
« Itis observed that, X-ray density for So|

gel is 5.20752 gm/em?, Co-ppt is 5.19713 gm/cm’
and Hydrothermal is 5.27046 gm/cm?,

62 FTIR RESULTS

Sol-Gel

Transmittance(T%)

y T 4 T ¥ T —
= L v T ¥ T
2000 1800 1600 1400 1 200 1000 800 600

Wavenumber(em™)




/

Transmittance(T%)

= Co-ppt

=

0 T T 1 T - - . i I
2000 1800 1600 1400 1200 1000 800 600 400
Wavenumber(em™)
4.5
— H]I'drulhnrmnl]
4.0 1
1.5
. 307
=
& 257
g 2.0
s 2
E‘ 1.5
£ )
= 10
0.5 |
l.'l.[l'- I l
2000 1800 1600 1400 1200 1000 800 600 400
Wavenumber{em™)
Fig 6.2.1 FTIR RESULT GRAPH
Table 6.2: - Wavenumber, force constant and Debye temperature of Nios Znos FeaOs.
Wave | Wave Force Force | Average Force Debye
Sample Number | Number | Constant Constant Constant TEIanrat;:‘-l‘:
(A-Site) | (B-site) | (A- (B-site) | Kuw=(Kr+Ko)/2X (8_D)x1
site) | Kox10? 107
le“}:
1.3173
Solgel | 67222 | 476.44 | 33164 | 1.6633 2.48999
T | 7453 2.57150 1.3405
Co-ppt 68090 | 4ss.01 | 33977 | I =
Hydrotherm 1.6702 22311 12
ydrothermal | 617.24 | 47740 | 27920 | 1
-._,_‘_|_‘_‘_-_-_-_ e L
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CHAPTER 7
CONCLUSION




P

In this project, Nios Zno s Fe,q, ;. SUceess

OF dlffiease kilheats Mproaches | ¥ synihesizeq with the nim of studying impacy
ke “Bel e"ultn-(.‘nmhusilnn. Co-precipitation ang

nd 5 Cop|
pnclmacnm: pnrilmclﬂrs.

haracterizatio f
e " O Prepareg Samples gpa done by i
Spcctms::upy lcchnl'EIuns, L Hsing J{I?.D, FTIR and Raman
The structural Property hag ’ )
. ! Y been Studjeq Using X-ray diffracr: - .
the formation of spine ferrite With space group Fy Action technique which confirm
. P Fd-3m,,
The various structura] Paramet
vt : CLers such 45 Crystalljje size, lattice 4; , .
strain, dislocation density ang volum 1 ialen, H~raydcn5|t}",

€ Were
previous reports, Calculateq and foupg Eood agreemeni with

crystallite size for intens
The cry MOst intenge (311) peak Were calculateq using Scherrer’s equation

PPt which was analyzed by XRD

stallite size gpg therefore has Jess X-ray density

. roperties were studied using FTIR. The presence
of two strong absorption bang around 650 cm! gpqg 450 ¢me!

confirms the formation meta].
oxygen bond of mixed spinel ferrie. Th

© strength of he bond was calculated using force
constant,

And from FTIR, the proper vibrationa| bands were observed for hydrothermal as compared
to Sol-gel Auto-Combustion and Co-precipitation methods,

Molecular vibrations, crystal structures and chemical bonding in the sample Niy sZng sFe,04
for Sol-Gel Auto-Combustion, Co-precipitation And Hydrothermal are characterized by
using Raman spectroscopy.

Raman spectroscopy is performed at 520 nm range for different time in seconds. Samples

are characterized at the range of 0-1000 wavelength.
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L. INTRODUCTION

1. CHEESE:

Cheese is the fresh or ripened solid or semi-solig product in which cbtained by

coagulating milk through the action of rennet or other suitable coagulating agents,

acidification, or a combination of rennet and acidification methods (Shah et al., 2013).

Nutritious rich food, cheese is made mostly from the milk of cows, buffaloes, sheeps

or goats, and it is an important food component in the healthy diet of American, Asian
and European (Ash et al., 2010).

Cheese provides a rich source of proteins, peptides, amino acids, short-medium
and long- chain fatty acids, vitamins, and essential minerals including calcium. A
large variety of cheeses has been produced in the world to meet the requirements of
taste and health need of individuals. But their consumption varies with individual,
race, ethnicity of people and type of milk in cheese preparation. In recent years,
cheese found to be health beneficial due to the presence of health promoting factors,
such as essential amino acids, free fatty acids and so on. Numerous factors which
include type of milk, lactation period, ripening process, type of starter used can vary
the nutritional components of the cheese. The fully ripened cheese contains highly

water soluble components than its source, milk (Kosikooski et al., 1997).

It also contains several peptides which has various bioactive roles in humans.
These peptides can be generated not only during the ripening process of cheese but
also can generate during the digestion process in human tract. Bioactive peptides
generated during the ripening as well as during digestion are found to be health
beneficial, such as ACE-inhibitory activity (Macchi and Gobbetti 1998).

The peptides derived from the casein and whey proteins are also serving as
prominent source for the nutraceutical functional foods. Cheese also generates certain
free amino acids by the actions of enzymes produced by the starter culture and rennet.
However, the amount of free amino acids present in cheese varies with the source of
milk and rennet used. Biogenic amine formed during decarboxylation of free amino
acids by the action of microorganisms which are added during the preparation process

or by contaminant also lowers the amino acid index in cheese. The enhanced
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digestibility of cheese can be produced by the breakdown of casein during ripening of
cheese. The potential and the nutrient significant of chea

se are of wide range due to
the presence of potentially significant

. amount of both saturated and unsaturated fat.
However, different type of fats has different health effects and not all saturated fats
elevated the plasma cholesterg] (Kwak et al | 201 2).

Cheese also acts as good source minerals, vitamins, and probiotic bacteria

which have various health enhancing effects. Cheese containg concentrated source of

calcium and it helps in the prevention of osteoporosis of future, Among the various

vitamins in cheese, water soluble vitamins are extensively lost during the cheese

preparation. But some water soluble vitamins are retained, such as niacin, folate and
vitamin B132. Folic acid is important for the reduction of homocysteine in blood. Fat
soluble vitamins, such as vitamin A, are essential in immune system which also found

high in cheese. It enhances the flavor of cheese during ripening by the action of its

enzymes. It also produces certain peptides and amino acids which increase the
bioactivities of cheese an human health (Kwak et al., 2012).

2. MILK COAGULATION:

Milk coagulation is the main step for producing cheese, and coagulating enzymes,
which are preparations of proteolytic enzymes, have been used in cheese making for
thousands of years, and they seem to be the oldest known application of enzymes.
Historically, most enzyme preparations used for cheese have been extracts from the
stomachs of ruminants, but coagulants from microbes and plants were also used at
very early dates (Jacob 2011).

The coagulation of milk is the basic step in the manufacture of all types of cheeses,

The addition of rennet or coagulating agents has been greatly used in the coagulation
of milk for the production of cheese. Calves'rennet contains a very high concentration
of chymosin which is also known as rennin, which could account for up to 95% of the
total proteases found in young calves’ abomasum extract. Due to its ability to separate
milk into curds and whey, rennet is important for cheese production. As the demand

for cheese products has increased by a factor of approximately about 3.5 since 1961,




the enzyme used as rennet enzyme supplied for cheese niietioni i vaduced. duo:to
the limited waﬂabﬂiry of ruminant stomaoch (Shah et al 201 3)

The worldwide increase in cheese production has reduced the availability of

rennin, which became short in supply and expensive for local farmers, The reduced
supply of rennin has led to the search for coagulant substitutes. Numbers of
proteolytic enzymes from wvarious sources have been used: bovine, porcine and
chicken pepsins, fish chymotrypsins as well as proteases of fungi and transgenic
microorganisms (Lopez et al, 1998). The use of these coagulants gave rise to
unwanted final products, and led to ethic (been against genetically engineered foods),
religious (Judaism and Islam), diet (vegetarianism) and public health problems (bird

flu, bovine spongiform encephalopathy, HIN1 virus and microbial toxins) (Roseiro et
al., 2003).

Recent publications on new proteases from vegetable origin for milk coagulation
indicated that they are subject with growing interest for dairy technology. Plant
coagulants have been used in cheese-making since fifty centuries before our era.
Since the renewal of interest in 1960, vegetable coagulants have been used the more
in dairy technology; especially at the artisanal scale (Silva and Malcata 2005). Cheese
production with plant coagulants contributes significantly to the socioeconomic
development of a locality, region and hence whole country where it is produced.
Protein input is improved for those populations to whom restrictions are imposed by
the use of animal and microbial coagulants. The technology led by farmers is easy and
straightforward (Roseiro et al., 2003).

Most of the coagulants from microbial sources that have been investigated appear
to be extracellular in nature and thus these microbes are likely candidates for the
elaboration of milk coagulants. Consumer acceptance of cheeses made with microbial
rennets does not pose any problems as such products have been classified as
"yvegetarian” cheeses. Secking an alternative new rennet substitute -her.:nm:s
demanding in order to increase global demand for diversified and high-quality cheese
production. Plant rennets have become a subject of growing interest in the cheese

industry, due to their easy availability and simple purification processes (Grozdanovic

etal, 2013).
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3. PROTEASES:

A protease (also called a peptidase, proteinase

or proteolytic enzyme) is an
enzyme that catalyze proteolysis,

breaking down proteins into smaller polypeptides or

single amino acids, and spurring the formation of new protein products (Lopez and
Bond 2008).

Enzymes are the complex protein molecules, often called biocatalysts, which are

produced by living cells. They are highly specific both in the reactions that they

catalyze and in their choice of reactants, which are known as substrates. An enzyme

typically catalyzes a single chemical reaction or a set of closely related reactions.
Enzymes can also be defined as soluble, colloidal and organic catalysts that are

produced by living cells, but are capable of acting independently of the cells (Berg et
al., 2002).

< History:

Pepsin, an aspartic protease of the stomach, was one of the first enzymes to be
discovered, characterized, and named (in 1825), and it was crystallized in 1530
(Northrup 1930). Studies of pepsin's action can be found in the JBC as far back as in
1907, and mechanistic studies were well on the way in the 1970s.

% Plant proteases:

Proteases are enzymes that hydrolyze protein molecules into peptides and amino
acids. Proteases are required by plants in all aspects of their life cycle. The research
has been directed towards discovering milk-clotting enzymes which would
satisfactory replace calf rennet in cheese making, including microbial, recombinant,
and plant-based enzymes (Jacob et al., 2011). The most important substitutes which
fulfill the requirements of cheese manufacture include microbial, recombinant, and
plant-based enzymes which have been isolated and studied. Rennet substitutes
produced by microorganisms and genetically engineered microorganisms have proven
to be suitable substitutes for animal rennet, but increasing interest has been directed

toward vegetable coagulants i.e., the milk-clotting enzymes extracted from plants.
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2. AIM AND OBJECTIVES

Aim :- The aim of (he present study was (o investigate the role of plant based
enzyme: a sustainable development

by producing a cheese with the goodness of
papaya and drumstick powder & |

solation of probiotic bacteria.

Objectives:- The objectives of the present work were:

To extract the milk clotting enzymes from Carica papaya and Moringa oleifera.
To examine the characterization of extracted purified enzyme,

To produce a cheese from extracted enzyme,

To isolate and identify the probiotic bacteria.

To study the Antibiotic resistance profile against bacterial isolates.
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3-REVIEW OF LITERATURE

Kunitz (1947) examined that the protease activity can be assayed by using casein
as a substrate.

J. R. E. Wells (1965) reported that a proteolytic enzyme with some features of a
carboxypeptidase has been purified some 1180-fold from the sap of French beans
(Phaseolus vulgaris var. Prince). A bright blue protein, plastocyanin, was separated
from the enzyme by DEAE-cellulose chromatography.

Arima et al., (1967) stated that out of some 800 strains of microorganisms, a
potent fungus for milk clotting enzyme was isolated from soil during the course of
screening tests and was identified as one of strains of Mucor pusillus Lindt.

Satisfactory results were obtained in cheese making experiments with this enzyme.

Derso and Dagnew (1970) evaluated the milk-clotting activity was screened from
leaves of Carica papaya, Mangifera indica and Moringa oleifera in order to use the
leaf with the highest milk-clotting activity as a source of the enzyme. The results of
the present study showed that milk-clotting activity was only detected in the leaf
extracts of Carica papaya and Moringa oleifera and the leaf extract from the leaf of
Mangifera indica showed no activiry.

Kawai and Mukai (1970) stated the course of screening tests of Basidiomycetes

proteolytic enzymes, it was observed that some strains produced milk clotting

enzymes with fairly weak proteolytic activities.

Nelson (1975) studied that Veal rennet now plays a minor role in United States

cheese production, reflecting an inadequate and continually decreasing supply.

Pearson and Hapchuk (1978) evaluated the two strains of Clostridium perfringens
(ATCC 12915 and 13124) exhibited excellent growth on amino acid and peptone
media, only one (ATCC 13124) produced measurable proteolytic enzyme activity.

Thus, subsequent purification steps concentrated on isolation of a proteolytic enzyme

preparation produced by this strain.



Giori et al., (1985) reported that the effect of temperature and pH on the
proteolytic activity of lactic acid bacterin was studied. Lactobacilli and thermophilic
streptococei showed highest proteolysis at 15 and 45°C, and mesophilic strepiococei
exhibited only slight activity at all temperatures used. Variations in pH also had a

strong influence on casein hydrolysis; this effect was more evident in streprococei
than in lactabacilli,

Musilek et al., (1989) reported that Basidiomycetes Phellinus chrysoloma,
Kuehneromyces mutabilis and Ganoderma applanatum produce extracellular milk-
clotting enzymes.

Winwood (1989) stated that the use of calf rennet substitutes in cheese
manufacture will increase because of costs linked with the availability of calf vells on
the world market and the development of new cheese making processes such as
ultrafiltration. The development of recombinant DNA techniques for chymosin

production will also have an impact on the traditional calf rennet market when rennet
manufacture by this method has been perfect.

Cserhati and Szogyi (1990) given that the effect of 33 polyethoxylated nonionic
tensides with various hydrophobic moieties was studied on the proteolytic activity and
phase transition behaviour of papain. Tensides with longer ethyleneoxide chain
markedly increased the phase transition temperatures of papain indicating possible
hydrogen bond formation between the hydrophilic ethyleneoxide chain and the polar
sub-structures of papain.

Uhlig (1998) studied the cysteine proteases derived from plant sources, such as
papain and bromelain from papaya and pineapple, respectively, have been used as

meat tenderizers as well in baking and production of protein hydrolysates.

Cupp-Enyard (2008) given the Sigma's non-specific protease activity assay may
be used as a standardized procedure to determine the activity of proteases, which is
what we do during our quality control procedures. In this assay, casein acts as a

substrate,

16
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Brzostek and Finzi (20) 1) demonstrageq i

udy were to determi
how temperature and substrate availabi rmine whether and

lity afTect the activity of proteolytic cnzymes

in temperate fi i
in temp orest soils, and whether the activity of proteolytic enzymes and other

nzymes involved in isiti i
E. Zym the acquisition of N (i.e., chitinolytic and ligninolytic enzymes)
differs between trees species (hgt f,

. Orm associations with either ectomycorrhizal or
arbuscular mycorrhizal fungi.

Anusha R et al., (2013) shows that

the screening of Latex of latex producing
plants from Eu;;hurbia-::eau,

. ‘a‘scleFl“dﬂﬂfﬂﬁ. and Apocyanaceae families for their milk
clotting efficiency. Latex enzymes were partially purified by salt or solvent precipitation.

Donato et al., (2014) observed study to

isolate, identify and characterize the in
vitro and in vivo adhesion of Lactobacillus strains isolated from birds.

Mangal et al., (2014) observed that the attempts were made to utilize papain
enzyme for the stabilization of rice bran. Rice bran was treated with different

concentrations of papain. Experiments were conducted using Response Surface
Methodology.

Joshi (2015) examined the extraction of papain enzyme from ripe papaya gives
around 80-90% activity. Lumps formations and absorptiometry methods were studied
to know the action of papain enzyme. The efficacies of the enzymatic activities were

checked when drugs were analyzed by TLC, spectrophotometer before and after the
treated with papain enzyme.

Maskey and Shrestha (2020) revealed that the papaya latex as a source of crude
papaya protease may have potential application to manufacture soft-unripened cheese
and further could be utilized as a milk coagulant in cheese making.

Roha et al., (2022) conducted a study to optimize the yield and viscosity of soft
cheese by papain using response surface methodology (RSM) and to determine the

physicochemical and textural properties of soft cheese.

Maskey and Karki (2022) study aim to determine the potential of kiwifruit milk
clotting enzyme in cheesemaking. The study hiikghont Wim. Kivri it fectesen s
ability to be used as efficient milk clotting enzyme in fresh cheese making.

i7
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4 MATERIALS AND METHODS

MATERIALS AND EQUIPM ENTS:

Sample plants: Caricq Ppapaya and Moringa oleifera leaves powder,

Chemicals and reagents: Aceiic acid, Ammonium sulphate [(NH():SO04],

Calcium chloride (CacCly), Disodium phosphate (Na;HPO\), Potassium dihydrogen
phosphate (KH:PQy), Trichloroacetic acid, Sodium acetate, Sodium chloride,
Sodium hydroxide, Casein, Antibiotics.

Crystal violet, Gram's iodine, Safranin, Kovac's reagent, Methyl red indicator,
ethanol, Barrit’s A and Barrit’s B reagent, Hydrogen peroxide.

Sugars: Glucose, Sucrose, Lactose, Mannitol.
Media: Nutrient broth, nutrient agar, Lactobacillus MRS Agar, Glucose
phosphate broth, cimmon’s citrate agar, triple sugar iron agar.

Instruments: Centrifuge, portable pH Meter, coloriometer.
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4 EXPERIMENTAL METHODS:

1. EXTRACTION OF MILK CLOTTING ENZYME:-

1) Sample collection:

» The Ieave-:a of the following plants Carica papaya
and Moringa oleifera were collected from the |
botanical garden.

¥ The collected leaves were washed with running
tap water to avoid surface contaminants and
shade dried for about 7 days.

» The dried leaves were coarsely grounded using
an electric grinder into a powder and kept in a

Figure 4: Dried papaya and
polyethylene bags at 4°C for further use.

drumstick powder.

2) Enzyme extraction:

% The crude extract were prepared from Carica papaya

and Moringa oleifera dried leaves powder by using
different extracting buffers which described previously
(Ahmed et al., 2009).

% The sample of 20g of both Carica papaya and
Moringa oleifera powder were immersed in 200ml of
of 1M sodium acetate buffer (pH 5.0).

f extraction was carried out for 24 hrs  Figure 5 : Papaya and drumstick

" SR powder in sodium acetate buffer.
at 4°C.

% Then, the filtered extract were centrifuged at 5000xg for 20 minutes.

% The clear supernatant was collected and used for further enzyme purification process.




Where, T = Time taken for formation of clots (

The proteolytic activity was measured by a modifi
and (Neilier Junior 2020).

Calculations:

MCA (_ll) _ 2400 x v

ml T x ‘UE

5).
V5= Volume of milk (ml).

Ve= Volume of enzyme (ml),

5) Proteolytic assay:

cation of (Tomarelli et al., 1949)
In a proteolytic assay, the amount of substrate was measured

(in this case, casein) that has been cleaved by the protease enzyme. The cleaved products
usually have a different color or absorbance properties compared

to the intact substrate.

Procedure:
The series of test tubes were
assay.

In each tubes, initially 750p1 of (100mM) phosphate buffer, (pH 6.3) and 2.0% (w/v)
casein were added in both the test tubes,

labelled as a blank and test to perform proteolytic

The mixtures were mixed well and equilibrated at the 55°C temperature for 10
minutes.

Then add 300 pl of the sample (enzyme source) in only ‘test® labelled tube.

The reaction mixtures were mixed well and incubated at a usually (37°C) for a
specific time period. The incubation time may vary depending on the enzyme being
assayed.

Iml aliquot of solution were removed from both the test and blank solution and
placed into 2ml microtubes.

Again, a 1000 p! Trichloroacetic acid was added in both the test tubes.

The reaction mixture were centrifuged at 20,000g for 10 minutes and again 1ml
aliquot of solution were removed from both the test and blank solution and placed

into 2ml microtubes.
Then, 1000yl of sodium hydroxide was added in both the test tubes.
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3. CHEESE PRODUCTIQN FROM EXTRACTED ENZYME:

» The commercially availgpe fresh
¥ Approximately 100m| of the

experiment and cooled,

milk was purchased from a loeal market,

fresh milk was heated upto 50°C for each
then 15.2¢ drops of
added by continuous stirring. The milk was all

calcium chloride (CaClz) were
OW 1o stand for 10 minutes,

Figure 6: a) Preparation of cheese from Carica papaya.
b) Preparation of cheese from Moringa oleifera.

0.2g of starter culture (Thermophile B cheese culture) was added with
continuous stirring and the milk was allowed to ripen for atleast 1 hr to develop
acidity.

The purified papain enzymes which were extracted earlier poured into a milk by
dissolving in distilled water.

Then the milk were incubated at a desired temperature for 30-50°C without
stirring and left until coagulation completed.

The coagulated milk were poured into muslin cloth and let it drained about for 1

hr and was allowed to ripen for 1 week at a desired temperature of 7-8°C.
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4, ISOLATION AND IDENTIFICATION OF PROBIOTIC
BACTERIA:

Ingredients g/L

Protease peptone 10.000
HM Peptone B# 10.000
Yeast extract 5.000
Dextrose(Glucose) 20.000
Tween B0 (Polysorbate) 1.000
Ammonium citrate 2.000
Sodium acetate 5.000
Magnesium sulphate 0.100
Mangenese sulphate 0.050
Dipotassium hydrogen phosphate 2.000
Agar 12.000
Final pH (at 25°C) 6.5+0.2 ]

Table 1: Composition of Lactobacillus MRS Agar medinm.
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47bo vdrate ferment ion tests:

i orbohydrate fermentation test helped determine the abi

ferment specific carbohydrates, aiding in bacterial idcm:ﬁn “"w > 'h'am'ri" .

wbﬂh},dmtﬁ were determined as per Forouhandeh et al {:i::ll;m plaion
. test involved inoculating various carh-nhydm;: I:rml}I'll

tgbﬂh}'dﬁte broths were used such as plucose, sucrose, ]acws::;nj ]r:lr:l;ni:::;r

The pH indicators are required to detect the :

production of acid
o - s cid so bromothymol
These four broths were then incubated. After incubation, observations were made
for changes 10 the broth, such as gas production (indicated by bubbles) and pH

indicator changes (red for acid production, yellow for alkaline)

hvdrolvsis test:

e test detects the presence of the enzyme urcase in bacterial ¢
leading to an

ultures.
Urease hydrolyzes urea 10 produce ammonia and carbon dioxide,
increase in pH.
The urease 15t
After incubation, observations were mad

ta. This reaction
ding in bacterial identification.

involved inoculating urea agar slants and then incubated.
e for a color change in the agar, typically

from yellow 10 pink or magen helped differentiate urease-positive

bacteria from urease-negative ones, ai

Catalase test:
The catalase test confirmed the ability of the bacteria to break down hydrogen

peroxide into water and oxygen, aiding i bacterial identification.

involved transferring & small amount of

test reaction performed that
using a sterile loap-
dded to the bacterial growth.

f bubbles, indicating the

This slide
bacterial growth to a clean glass slide

Then, a drop of hydrogen peroxide was
Observations were made for the :mmediate release ©

presence of catalase enzyme activity.




Page 70




T — —_—

2. Mille clotting netivity:

The results of the present study evaluated that the milk clotting activity was only

detected in the crude leaf extract of Carjeg papaya plant which is nothing but a

papain enzyme and the crude enzyme extracted from g Moringa oleifera leaves failed |
to showed the milk clotting activity, The following table represented the milk clotting
activity of the above study,

Sr. No Sample TOC(sec) MCA (U/ml)

1. Carica papaya 176 sec 136 U/ml

v B Moringa oleifera | ND ND

Table 3: The milk clotting activity of the purified enzymes.
3. Proteolytic assay:

In this proteolytic assay, the amount of substrate of casein were measured that has
been cleaved by the protease enzyme. The colour change was observed in both the

extracted milk clotting enzymes as a yellow coloured solution.

Sr. No Sample 0.D of Blank 0.D of Test AA L00m ,
1. Carica papaya 0.18 0.41 0.23
2. Moringa oleifera | 0.10 0.15 0.05

Table 4: Absorbance of milk clotting enzymes at 440nm.

By observing the above (T able 4), it were reported that the absorbance of the
solution increased and the proteolytic activity of papain enzyme which were extracted

from Cariea papaya showed the highest enzyme activity as compared to Moringa

oleifera,
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Figure 9 : a) Proteolytic assay of enzyme from Carica papaya.
b) Proteolytic assay of enzyme from Moringa oleifera.

A positive value of AAwsnm evaluated by subtracting the absorbance of the
blank sample from the absorbance of the test sample, this indicated that more

substrate has been cleaved by the protease enzyme in the test sample compared to the
blank.

4. Characterization of extracted purified enzyme:

% Effect of temperature on the activity of enzymes:
The plant based protease enzyme production by the leaves of Carica papaya which
were taken at various incubation periods ranging between 10°C to 100°C. Graph 1

showed that the maximum activity of Carica papaya and the optimum temperature of
papain enzyme at 60°C with 0.42 absorbance at 440nm,

< Effect of pH on the activity of enzymes:
The plant based protease enzyme production by the leaves of Carica papaya which
was tested at different pH range of 0-10.0. The pH dependence of protease that is

papain enzyme showed in graph 2, the optimum pH was found at pH 7.0 with 0.43
absorbance at 440nm.
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Graph 1. Effect of temperature on purified papain enzyme.
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Absorbance at 440mm

Graph 2. Effect of pH on purified papain enzyme,




5. Cheese production:

The results of the present study stated that cheese was produced by an milk

clotting enzyme or papain enzyme extracied and purified from Carica papaya due to
its highest activity, On the other

failed to produced cheese.

hand, enzyme extracted from Moringa oleifera had

a)

Figure 10 : a) Drained cheese curd produced from Carica papaya.
b) Cheese curd failed to produced from Moringa oleifera.

Figure 11: The seperated whey and a cheese.




Biochemieal TSI Carbohvdrate e MName of
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Figure 13: Biochemical test for bacterial isolate-1.
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Figure 15: Biochemical test for bacierial isolate-3.
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Figure 16: Representation of antibiotic susceptibility test against three bacterial isolates.
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6. DISCUSSION

The present study was conducted to the extraction of milk clotting enzymes in
which (Figure 7) showed the crude enzyme which were isolated from plants were
purified and the purified enzyme were found in (Figure 8). The results investigated in
(Table 3) that the milk clotting enzyme which was extracted from Carlea papaya
leaves having highest milk clotting activity and enzyme extracted from Moringa

oleifera failed to show its activity.

The proteolytic assay of the extracted enzyme showed the activity of enzyme by
observing their colour of test sample which showed as a yellow and difference
between the absorbance of both blank and test sample at 440nm showed by (Table 4)
when the casein was used as a substrale at room temperature to carry out reaction

(Figure 9) and which agreed with the study of (Tomarelli et al., 1949).

In the characterization of extracted enzyme, it were evaluated that the maximum
activity or optimum temperature of papain enzyme reached at 60°C and at pH 7.0 the
papain enzyme showed it’s maximum or excellent activity which were represented
by Graph 1 and Graph 2. The results were near about complied with (Derso and
Dagnew 2019) and (Hullikere et al., 2014).

The production of cheese was only accomplished by a enzyme of Carica papaya
which officially referred as papain enzyme as in (Figure 10). The results is not fully in
agreement with the work of (Derso and Dagnew 2019) where they found that both
milk clotting enzyme from Carica papaya and Moringa oleifera showed highest
clotting activity which were capable in the preparation of cheese.

In the study of isolation of probiotic bacteria, three bacterial isolates (Figure 12)
were isolated from the produced cheese sample, which were nothing but a lactic acid
bacteria’s. By observing the several test including morphological, cultural and
biochemical characterization of bacterial isolates, it investigated that the bacteria
which were found in this present research work were Lactobacillus spp.,

Bifidobaterium spp. and Lactococcus spp (Table 6). The isolates were capable of
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fermenting different sugars used i.e. glucose, fructose, sucrose, lactose and mannitol
which indicates their broad range potential to utilize different carbohydrates for their
growth. The findings of the study of (Dinakar and Mistry 1994) and (Martin et al.,
2003) significantly implemented with this project work,

The major aim of using these probiotic bacteria’s should be to affect beneficially
the gut microbial composition and activities. Hence, in the present study, when the
selected three bacterial isolates were also tested for their antibiotic resistance profile, to
all of the eight antibiotics which used (Table 7). These were found that only few
antibiotics showed low resistance in which streptomycin having low resistance to
Lactobacillus spp. And Lactococcus spp. The Bifidobacterium spp. evaluated that

tetracycline, Vancomycin, Oxacillin and ampicillin showed low resistance.
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CHAPTER VII
CONCLUSION




7. CONCLUSION

In the field of biotechnology and food science,

the extraction of milk clotting
enzymes from plants and the isolation of probiotic

advancements. The process of extracting milk clotting enzymes from plants presents a

bacteria stand as pivotal

sustainable and economically viable alternative to animal-derived rennet, a substance
traditionally used in cheese-making, Simultaneously, the isolation and identification of
probiotic bacteria hold immense promise for enhancing the nutritional value and health
benefits of dairy products. By isolating strains of Lactobacillus and Bifidobacterium
with probiotic potential from diverse sources such as fermented dairy products and the

human gut microbiome, researchers have widened the scope of functional foods.

Furthermore, the synergy between plant-derived milk clotting enzymes and
probiotic bacteria opens avenues for the development of novel dairy products with
enhanced nutritional profiles and improved functional properties, The combination of
plant-derived enzymes for milk coagulation with selected probiotic strains offers the
potential to create cheeses and dairy beverages with improved texture, flavor, and
health-promoting attributes. This symbiotic approach not only aligns with the growing
consumer demand for natural, plant-based alternatives but also underscores the

importance of functional foods in promoting human health and well-being.



Page 83



REFERENCES:

Adams, M. R., and Moss, M. O., (2008). Food Microbiology, The Royal Society

of Chemistry, Cambridge, Pg no: 112-1 15.
Ahmed, 1. A, M., Morishima, I, Babiker, E. E., Mori, N (2009). “Characterization

of partially purified milk-clotting enzyme from solanum dubium freshen seeds™.
Food Chemistry, Volume: 116, Issue: 2, Pg no: 395-400.

Anson. M. L., (1938). “Estimation of pepsin, trypsin, papain and cathepsin with
hemoglobin”. The Journal of General Physiology, Volume: 22, Issue: 1, Pg not
79-89.

Arbita, A. A., Paul, A, N., Cox, J. and Zhao, J. (2023). “Screening & isolation of
milk clotting enzymes from seaweed. Journal of applied phycology.

Arima, K., Twasaki. S. and Tamura, G., (1967). “Milk clotting enzyme from
microorganisms. Screening (ests and identification of the potent fungus”.
Agricultural and Biological Chemistry, Volume: 31, Issue: 5, Pg no: 540-545.
Arima, K., Yu, J. and Iwasaki, 5. (1570). “Milk-clotting enzyme from Mucor
pusillus var. Lindt". Methods in Enzymology, Volume: 19, Pg no: 446-459.

Ash, A., and Wilbey, A. (2010). “The nutritional significance of cheese in the UK
diet". International Journal of Dairy Technology, Volume: 63, Issue: 3, Pg no:
305-319.

Babalola, A. B., Akinwande, I. A., Gboyega, A. E., Ahmed O, A. (2023).
“Extraction, purification & characterization of papain, cysteine-proteases from
the leaves of Carica papaya” Scientific African, Volume: 19.

Bah, 5., Paulsen, B. S., Diallo, D., Johansen, H. T., (2006). “Characterization of
cysteine proteases in Malian medicinal plants”. Journal of ethnopharmacology,
Volume: 107, Issue: 2, Pg no: 189-198.

Bauer, A. W., Kirby, W. M., Sherris J. C. and Turck M., (1966). “Antibiotic
susceptibility testing by a standardized single disk method". American Journal of
Clinical Pathology, Volume: 45, Pg no: 493-496.

Beeley, J. A., Yip, H. K. and Stevenson, A. G, (2000). “Chemochemical caries
removal: A review of the techniques and latest developments”. Br. Dent. J.
Volume: 188, Pg no: 427-430.

Berg, J. M., Tymoczko, J. L. and Stryer, L. (2002). Biochemistry, Edition: 5., W.
H. Freeman Publishing, New York.

Page 84



Heywood, V. H., Brummitt, R. K., Culham, A., Seberg, 0., (2007). “Flowering
plant familics of the world™. Firefly Books.

Holt, J. G., (1984). Bergey's Manual of Systematic Bacteriology. Williams and
Wilkins, Ballimore.

Huet, J., Looze, Y., Bartik, K., Raussens, V. and Wintjens, R. (2006). "Structural
characterization of the papaya cysteine proteinases at low pH". Biochemical and
Biophysical Research Communications, Volume: 341, Issue: 2, Pg no: 620-626.
Jacob, M., Jaros, D. & Rohm, H. (2011). “Recent advances in milk clotting
enzymes". International journal of dairy technology, Volume: 64, Issue: | Pg no:
14-33,

Joshi, D. D. (2015). “Extraction & application of papain enzyme on degradation
of drug”. International journal of scientific research in science & technology,
Volume: 1, Issue: 1, Pg no: 73-75.

Kamphuis, 1. G., Drenth, J. and Baker, E. N. (1985). “Thiol proteases:
Comparative studies based on the high-resolution structures of papain and
actinidin and an amino acid sequence information for cathepsins B and H and
stem bromelain”. Jounal of molecular biclogy, Volume: 182, Issue: 2, Pg no:
317-329. _
Kawai, M. and Mukai, N. (1970). “Studies on milk clotting enzymes produced by
Basidiomycetes: Part I”. Bioscience, biotechnology & biochemistry. Volume: 34,
Issue 2, Pg no: 159-169.

Khanna, N. and Panda, P. C. (2007). “The effect of papain on tenderization and
functional properties of spending hen meat cuts”, Indian Journal Of Animal
Research, Volume: 41, Issue: 1 Pgno : 55 - 58,

Kunitz, M. (1947), “Crystalline soybean trypsin inhibitor II. General properties”.
The Journal of General Physiology, Volume: 30, Issue: 4, Pg no: 291-310. -
Kunji, E. R., Mierau 1., Hagting A., Poolman B., and Konings N. (1996), “The
proteolytic system of lactic acid bacteria”. Antonie van Leeuwenhoek, Volume:
10, Issue: 2-4, Pg no: 187-221.

Kwak, H. 5., Ganesan, P. and Hong, Y. H. (2012). “Nutritional benefits in cheese.

Cheese: Types, Nutrition and Consumption™, New York, USA: Nova Science
Publisher Ine, Pg no: 269-289,

Lalonde, 1. M., Zhao, B., Smith, y#f;n,?}; , C.C. and DesJarlais, R. L.,

(1998). “Use of papam as a mndeE((Ef Wienbased design of cathepsin K
17 & E
/Ir,m" Y/
_ RN -/ S. 8. E Arnratratl'a
£ SSESAS : -

Science College, Nagpur

Page 85



Shri Shivaji Education Society Amravati’s

Science College, Congress Nagar, Nagpur

Environmental Studies project/ field hand book

Topic: Biodiversity

Session: 2023-2024

Submitted To: Ms. P B Zamarkar

Submitted By: Akshita P Mohadikar

Page 86



.‘.
l

Shri Shivaji Education Society Amravati’s

Science College

Congress Nagar, Nagpur

0

Icate

|
This is to Certify that the Environmental Studies project/ field hand book
written is satisfactorily performed by
Mr/Miss ,ﬁﬂ{& { g%&cﬂ}{'&«* Class_ 75-5r.. Section
Batch during the academic
session 9093% - F01% Il
S Joz /ey Mooy
Date Place
I
(e Wﬂf I
Co-convener e
vaz:“t.rﬁﬁiutlétﬂ P;ul:}iﬂr AS-S fsgi?:ener
Department of Botany D rofessor
B.S.F - 's Science College, ; .psa r:Emgnt of Geo| og III
Cungiess Nagar, Nagpur, a Bcianca . Amravatij's

Page 87



(l.
I
|

DECLARATION

I, the undersigned hereby declare that the project/ field hand book entitled
Biodiversity has been carried out under the guidance and supervision of
| Dr P. B. Zamarkar, Assistant Professor & Convener and Dr. R. P.
Sonwalkar, Assistant Professor & Co convener, SSESA’s Science

College, Congress Nagar, Nagpur,

This work has been collected from different sources and has not submitted
to any other University/ Institution for the award of any degree and
diploma.

III Place: Nagpur
Date: 5/03/2024

Akshita P Mohadikar

Page 88



ACKNOWLEDGEMENT

|| We would like to express my deep since gratitude to the Principal I
I Dr.0.S.Deshmukh Sir Shivaji Science College Nagpur and Dr. P. B.
Zamarkar and Dr. R P Sonwalkar who gave us the opportunity to explore

i about the subject which help us study and we came to know about so many Il
new facts eventually leading to improving our knowledge and report

| writing. We are also thankful to our teachers and friends for emboldening .
and helped us to finalizing this project/ hand note book within the limited 1

frame of time.

Date:

Place: Nagpur

Akshita P Mohadikar .I‘

Page 89




—

Table of Content
Sr. No. Content
1 Definition: Genetic, Species, Ecosystem, Diversity
2 Biogeographic classification of India
3 Value of Biodiversity
4 Biodiversity at global, and local levels
5 India as a mega diversity nation
6 Hotspots of Biodiversity
7 Threats of Biodiversity
8 Endangered and endemie species of India
9 Common plant species
|| 10 Common animal species
11 Conservation of Biodiversity
l
£
Il
I
I
Il
l — — — —

Page 90



| S

Subtopic : INTRODUCTION — DEFINITION: GENETIC, SPECIES, ECOSYSTEM
DIVERSITY.

Introduction :

The great variety of life on earth has provided for man’s needs over thousands of
years. This diversity of living creatures forms a support system which has been
used by each civilization for its growth and development. Those that used this
“bounty of nature” carefully and sustainably survived. Those that overused or
misused it disintegrated. Science has attempted to classify and categorize the
variability in nature for over a century. This has led to an understanding of its
organization into communities of plants and animals. This information has helped
in utilizing the earth’s biological wealth for the benefit of humanity and has been
integral to the process of ‘development’. This includes better health care, better
crops and the use of these life forms as raw material for industrial growth which
has led to a higher standard of living for the developed world. However this has
also produced the modern consumerist society, which has had a negative effect
on the diversity of biological resources upon which it is based. The diversity of life
on earth is so great that if we use it sustainably we can go on developing new
products from biodiversity for many generations. This can only happen if we
manage biodiversity as a precious resource and prevent the extinction of species.

Definition:

‘Biological diversity’ or biodiversity is that part of nature which includes the
differences in genes among the individuals of a species, the variety and richness
of all the plant and animal species at different scales in space, locally, in a region
in the country and the world, and various types of ecosystems, both terrestrial
and aquatic, within a defined area.
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What is biodiversity? |

Biological diversity deals with the degree of nature’s variety in the biosphere. This
variety can be observed at three levels; the genetic variability within a species,
the variety of species within a community, and the organisation of species in an
area into distinctive plant and animal communities constitutes ecosystem
diversity.

Genetic diversity

L‘n-"l_!”'hﬁ':ui :

Each member of any animal or plant species differences widely from other
individuals in its genetic makeup because of the large number of combinations
possible in the genes that give every individual specific characteristics. Thus, for
example, each human being is very different from all others. This genetic
variability is essential for a healthy breeding population of a species, If the
number of breeding individuals is reduced, the dissimilarity of genetic makeup is
reduced and in-breeding occurs. Eventually this can lead to the extinction of the
species. The diversity in wild species forms the ‘gene pool’ from which our crops
and domestic animals have been developed over thousands of years. Today the
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variety of nature’s bounty is being further harnessed by using wild relatives of
crop plants to create new varieties of more productive crops and to breed better
domestic animals. Modern biotechnology manipulates genes for developing
better types of medicines and a variety of industrial products.

Species diversity

The number of species of plants and animals that are present in a region
constitutes its species diversity. This diversity is seen both in natural ecosystems
and in agricultural ecosystems. Some areas are more rich in species than others.
Natural undisturbed tropical forests have a much greater species richness than
plantations developed by the Forest Department for timber production. A natural
forest ecosystem provides a large number of non-wood products that local people
depend on such as fruit, fuel wood,fodder, fiber, gum, resin and medicines.
Timber plantations do not provide the large variety of goods that are essential for
local consumption. In the long-term the economic sustainable returns from non-
wood forest products is said to be greater than the returns from felling a forest
for its timber. Thus the value of a natural forest, with all its species richness is
much greater than a plantation. Modern intensive agricultural ecosystems have a
relatively lower diversity of crops than traditional agro pastoral farming systems
where multiple crops were planted. At present conservation scientists have been
able to identify and categorise about 1.8 million species on earth. However, many
new species are being identified, especially in the flowering plants and insects.
Areas that are rich in species diversity are called ‘hotspots’ of diversity. India is
among the world’s 15 nations that are exceptionally rich in species diversity.

Ecosystem diversity

There are a large variety of different ecosystems on earth, which have their own
complement of distinctive inter linked species based on the differences in the
habitat. Ecosystem diversity can be described for a specific geographical region,
or a political entity such as a country, a State or a taluka. Distinctive ecosystems
include landscapes such as forests, grasslands, deserts,mountains, etc., as well as
aquatic ecosystems such as rivers, lakes, and the sea. Each region also has man-
modified areas such as farmland or grazing pastures. An ecosystem is referred to
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as ‘natural’ when it is relatively undisturbed by human activities, or ‘modified’

when it is changed to other types of uses, such as farmland or urban areas.
Ecosystems are most natural in wilderness areas. If natural ecosystems are
overused or misused thelr productivity eventually decreases and they are then
said to be degraded. India Is exceptionally rich in its ecosystem diversity.

BIOGEOGRAPHIC CLASSIFICATION OF
INDIA

Our country can be conveniently divided into ten major regions, based on the
geography, climate and pattern of vegetation seen and the communities of
mammals, birds, reptiles, amphibian, insects and other invertebrates that live in
them. Each of these regions contains a variety of ecosystems such as forests,
grasslands, lakes, rivers, wetlands, mountains and hills, which have specific plant
and animal species. India’s Biogeographic Zones

1. The cold mountainous snow covered Trans
Himalayan region of Ladakh.

2. The Himalayan ranges and valleys of Kash-
mir, Himachal Pradesh, Uttarakhand, Assam
and other North Eastern States.

3. The Terai, the lowland where the Himalayan
rivers flow into the plains.

4. The Gangetic and Bhramaputra plains.
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5. The Thar Desert of Rajasthan.

6. The semi arid grassland region of the
Deccan plateau Gujarat, Maharashtra,
Andra Pradesh, Karnataka and Tamil Nadu.
7. The Northeast States of India,

8. The Western Ghats in Maharashtra,
Karnataka and Kerala.

9. The Andaman and Nicobar Islands.

10. The long western and eastern coastal belt with sandy beaches, forests and
mangroves.

VALUE OF BIODIVERSITY
Values of Biodiversity
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Environmental services from species and ecosystems are essential at global,
regional and local levels. Production of oxygen, reducing carbon dioxide,
maintaining the water cycle, protecting soil are important services. The world
now acknowledges that the loss of biodiversity contributes to global climatic
changes. Forests are the main mechanism for the conversion of carbon dioxide
into carbon and oxygen. The loss of forest cover, coupled with the increasing
release of carbon dioxide and other gases through industrialization contributes to
the ‘greenhouse effect’. Global warming is melting ice caps, resulting in a rise in
the sea level which will sub-merge the low lying areas in the world. It is causing
major atmospheric changes, leading to increased temperatures, serious droughts
in some areas and unexpected floods in other areas. Biological diversity is also
essential for preserving ecological processes, such as fixing and re-cycling of
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nutrients, soil formation, circulation and cleansing of air and water, global life
support (plants absorb CO2, give out 02), maintaining the water balance within
ecosystems, watershed protection, maintaining stream and river flows
throughout the year, erosion control and local flood reduction. Food, clothing,
housing, energy, medicines, are all resources that are directly or indirectly linked
to the biological variety present in the biosphere. This is most obvious in the tribal
communities who gather resources from the forest, or fisherfolk who catch fish in
marine or freshwater ecosystems. For others, such as agricultural communities,
biodiversity is used to grow their crops to suit the environment. Urban
communities generally use the greatest amount of goods and services, which are
all indirectly drawn from natural ecosystems. It has become obvious that the
preservation of biological resources is essential for the well-being and the long-
term survival of mankind. Thisdiversity of living organisms which is present
wilderness, as well as in our crops and live-stock, plays a major role in human
‘development’. The preservation of ‘biodiversity’ Is therefore integral to any
strategy that aims at improving the quality of human life.

BIODIVERSITY AT GLOBAL, NATIONAL

AND LOCAL LEVELS

There are at present 1.8 million species knownand documented by scientists in
the world. How-ever, scientists have estimated that the number of species of
plants and animals on earth could vary from 1.5 to 20 billion! Thus the majority of
species are yet to be discovered. Most of the world’s bio-rich nations are in the
South, which are the developing nations. In contract, the majority of the countries
capable of exploiting biodiversity are Northern nations, inthe ecanomically
developed world. These nations however have low levels of biodiversity. Thus the
developed world has come to support the concept that biodiversity must be
considered to be a ‘global resource’. However, if biodiversity should form a
‘common property resource’ to be shared by all nations, there is no reason to
exclude oil, or uranium, or even intellectual and technological expertise as global
assets. India’s sovereignty over its biological diversity cannot be compromised
without a revolutionary change in world thinking about sharing of all types of
natural resources.
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INDIA AS A MEGA DIVERSITY NATION

Geological events in the landmass of India have provided conditions for high
levels of biological diversity. A split in the single giant continent round 70 million
years ago, led to the formation of northern and southern continents, with India a
part of Gondwanaland - the southern landmass, together with Africa, Australia
and the Antarctic. Later tectonic movements shifted India ndia northward across
the equator to join the Northern Eurasian continent. As the intervening shallow
Tethis Sea closed down, plants and animals that had evolved both in Europe and
in the Far East migrated into India before the Himalayas had formed. A final influx
came from Africa with Ethiopian species, which, were adapted to the Savannas
and semi-arid regions. Thus India’s special geographical position between three
distinctive centres of biological evolution and radiation of species is responsible
for our rich and varied biodiversity. Among the biologically rich nations, India
stands among the top 10 or 15 countries for its great variety of plants and
animals, many of which are not found elsewhere. India has 350 different
mammals (rated eight highest in the world),1,200 species of birds (eighth in the
world), 453 species of reptiles (fifth in the world) and 45,000 plant species, of
which most are angiosperms, (fifteenth in the world). These include especially
high species diversity of ferns (1022 species) and orchids (1082 species). India has
50,000 known species of insects, including 13,000 butterflies and moths. It is
estimated that the number of unknown species could be several times higher. It is
estimated that 18% of Indian plants are endemic to the country and found
nowhere else in the world. Among the plant species the flowering plants have a
much higher degree of endemism, a third of these are not found elsewhere in the
world. Among amphibians found in India, 62% are unique to this country. Among
lizards, of the 153 species recorded, 50% are endemic. High endemism has also
been recorded for various groups of insects, marine worms, centipedes, mayflies
and fresh water sponges.
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HOTSPOTS OF BIODIVERSITY
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The earth’s biodiversity is distributed in specific ecological regions. There are over
a thousand major ecoregions in the world. Of these, 200 are said to be the richest,
rarest and most distinctive natural areas. These areas are referred to as the
Global 200. It has been estimated that 50,000 endemic plants which comprise
20% of global plant life, probably occur in only 18 ‘hot spots’ in the world.
Countries which have a relatively large proportion of these hot spots of diversity
are referred to as ‘mega diversity nations’. The rate at which the extinction of
species is occurring throughout our country remains obscure. It is likely to be
extremely high as our wilderness areas are shrinking rapidly. Our globally
accepted national ‘hot spots’ are in the forests of the North-East and the Western
Ghats, which are included in the world’'s most bio rich areas. The Andaman and
Nicobar Islands are extremely rich in species and many subspecies of different
animals and birds have evolved. Among the endemic species i.e. those species
found only in India, a large proportion are concentrated in these three areas. The
Andaman and Nicobar Islands alone have as many as 2200 species of flowering
plants and 120 species of ferns. Out of 135 genera of land mammals in India, 85
(63%) are found in the Northeast. The Northeast States have 1,500 endemic plant
species. A major proportion of amphibian and reptile species, especially snakes,
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are concentrated in the Western Ghats, which is also a habitat for 1,500 endemic
plant species. Coral reefs in Indian waters surround the Andaman and Nicobar
Islands, Lakshadweep Islands, the Gulf areas of Gujarat and Tamil Nadu. They are
nearly as rich in species as tropical evergreen forests!

THREATS TO BIODIVERSITY: HABITAT LOSS, POACHING OF WILDLIFE,

MAN-WILDLIFE CONFLICTS.

Man has begun to overuse or misuse most of these natural ecosystems. Due to
this ‘unsustainable’ resource-use, once productive forests and grasslands have
been turned into deserts and wasteland have increased all over the world.
Mangroves have been cleared for fuelwood and prawn farming, which has led to
a decrease in the habitat essential for breeding of marine fish. Wetlands have
been drained to increase agricultural land. These changes have grave economic
implications in the longer term.

There are about 1.8 million species of plants and animals, both large and
microscopic, known to science in the world at present. The number of species
however is likely to be greater by a factor of at least 10. Plants and insects as well
as other forms of life not known to science are continually being identified in the
worlds’ ‘hotspots’ of diversity. Unfortunately at the present rate of extinction
about 25% of the worlds’ species will undergo extinction fairly rapidly. This may
occur at the rate of 10 to 20 thousand species per year, a thousand to ten
thousand times faster than the expected natural rate! Human actions could well
exterminate 25% of the world’s species within the next twenty or thirty years.
Much of this mega extinction spasm is related to human population growth,
industrialization and changes in land-use patterns. A major part of these
extinctions will occur in ‘biorich’ areas such as tropical forests, wetlands, and
coral reefs. The loss of wild habitats due to rapid human population growth and
short term economic development are major contributors to the rapid global

destruction of biodiversity.

Loss of species occurs due to the destruction of natural ecosystems, either for
conversion to agriculture or industry, or by over-extraction of their resources, or
through pollution of air, water and soil.

In India, forests and grasslands are continuously being changed to agricultural
land. Encroachments have been legalized repeatedly. Similarly natural wetland
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systems have been drained to establish croplands resulting in loss of aquatic
species. Grasslands that were once sustainably used by a relatively smaller
number of human beings and their cattle are either changed to other forms of use
or degraded by overgrazing.

Our natural forests are being deforested for timber and replanted using teak, sal
or other single species for their timber value. Such plantations do not support the
same biological diversity as a multi-storied natural forest, which has a closed
canopy and a rich understorey of vegetation. When excessive firewood is
collected from the forest by lopping the branches of trees, the forest canopy is
opened up and this alters local biodiversity. Foraging cattle retard the
regeneration of the forest as seedlings are constantly trampled. Increasing human
population on the fringes of our Protected Areas degrade forest ecosystems. This
is @ major factor to consider in evaluating the quality of the ecosystem. Repeated
fires started by local grazers to increase grass growth ultimately reduces
regeneration and lowers the diversity of plant species. Without alternate sources
of fodder this pressure cannot be decreased.

In our country a variety of traditional farming techniques have evolved over
several centuries, Cultivation by slash and burn in the Himalayas, and ‘rab’ by
lopping of tree branches to act as a wood-ash fertilizer in the Western Ghats, are
two such systems. When human population in these areas was low, these were
sustainable Biodiversity methods of agriculture. Unfortunately these areas now
have a large number of people who subsist largely on forest agriculture. These
methods are now unsustainable and are leading to a loss of forest biodiversity.

Poaching: Specific threats to certain animals are related to large economic
benefits. Skin and bones from tigers, ivory from elephants, horns from rhinos and
the perfume from the must deer are extensively used abroad. Bears are killed for
their gall bladders. Corals and shells are also collected for export or sold on the
beaches of Chennai and Kanyakumari. A variety of wild plants with real or at times
dubious medicinal value are being over harvested. The commonly collected plants
include Rauvolfia, Nuxvomica, Datura, etc. Collection of garden plants includes
orchids, ferns and moss.
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ENDANGERED AND ENDEMIC SPECIES OF INDIA

To appreciate the endemic and endangered species of India it is important to
understand the wide variety of plant and animal species that are found in the
country. Of the well-known species, there are several which are endangered by
human activity. The endangered species in the country are categorised as
Vulnerable, Rare, Indeterminate and Threatened. Other species are found only in
India and are thus endemic or restricted to our country. Some of these may have
very localized distribution and are considered highly endemic.

Several plant and animal species in the country are now found in only one or a
few Protected Areas. Among the important endangered animals are charismatic
species such as the tiger, the elephant, the rhino, etc. The less well-known major
mammals restricted to a single area include the Indian wild ass, the Hangul or
Kashmir stag, the Golden langur, the pygmy hog and a host of others. There are
also endangered bird species such as the Siberian crane, the Great Indian Bustard,
the Florican and several birds of prey. During the recent past, vultures which were
common a decade ago, have suddenly disappeared and are now highly
threatened. Equally threatened are several

species of reptiles and amphibia. Many invertebrates are also threatened,
including a large number of species that inhabit our coral reefs. Many plant
species are now increasingly threatened due to changes in their habitats induced
by human activity. Apart from major trees, shrubs and climbers that are
extremely habitat

specific and thus endangered, there are thousands of small herbs which are
greatly threatened by habitat loss. Several orchids are yet another group of plants
that are under threat. Many plants are threatened due to overharvesting as
ingredients in medicinal products. To protect endangered species India has
created

the Wildlife Protection Act.

This includes lists of plants and animals categorised according to the threat on
their survival. We know so little about the species diversity of our country. There
are several groups of which we know very little. Most of us are only aware of the
plight of a few glamorous large mammals, but we need to appreciate the threat
to the less known species of plants and animals. We need to find ways to support
the conservation of our incredible wildlife for future generations.

Common Plant species
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Teak: This tree is from the Southwest parts of peninsular India. It is a common
tree in deciduous forests. It yields a much sought after timber used for making
excellent furniture. During the early British period it was cut down from many
forest tracts to build ships. As the stocks were diminishing, the British selected
areas which they called Reserved Forests where teak was planted for the
Government’s use. Teak is grown extensively by the Forest

Department and is a highly priced wood. The teak tree is identified by its large
leaves, which grow to more than 40 or 50cms long and 20cms wide. It has tiny
flowers and fruit. In the winter, the trees shed all their leaves. In the

growing season, which begins in April and extends through the monsoon, teak
forests are bright green and shady.

Most natural teak forests have various other species of plants and have a large
number of wild animals. Some areas of teak forests that have exceptional
populations of wildlife have been included in our National Parks and Wildlife
Sanctuaries.

Sal: This is a common species of several types of forests of the Northeastern
region of India, extending into Madhya Pradesh and Orissa. It has bright green
foliage and its canopy remains green nearly throughout the year. Sal wood is
hard and durable. Sal gets a large number of seeds which are used in ma king
cosmetics. The sal forests are rich in wild mammals, birds, reptiles and insect life.
Several areas are included in our network of National Parks and Sanctuaries.

Flame of the Forest (Butea monosperma): This tree grows in many parts of India.

It has bright orange flowers when it is leafless, thus it is called “flame of the
forest’. The flowers are full of nectar which attracts monkeys and many
nectar dependent birds.

Coral Tree (Erythrina): A common deciduous tree that is leafless in February
when it gets bright scarlet flowers that are used for their nectar by many birds
such as mynas, crows and sunbirds, that act as its major pollinators. Its long black
seed pods contain several shiny brown seeds which germinate well. This tree can
also

be propagated by cutting and planting its young branches. It is a rapid grower and
usually begins to flower in four or five years time.
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Dipterocarps: This group of trees grows in evergreen forests of the southern part
of the Western Ghats and in the Northeast of India, in high rainfall areas. It grows
to an enormous height with a wide girth. The seed has a pair of wing like
structures which aid in wind dispersal,

Common Animal species

Mammals: The common deer species found in India include the sambar, chital,
barasingha and barking deer. Sambar live in small family parties especially in

hilly forested areas and feed mainly on shrubs and leaves of low branches. They
are dark brown in colour and have large thick antlers, each having 3 branches.
Chital or spotted deer live in large herds in forest clearings where they graze

on the grass. They have a rust brown body with white spots which camouflages
them in the forest. Each antler has three branches called tines.

The rare Hangul deer is found only in Kashmir. It has a magnificent spread of
antlers with 6 branches on each antler. The Barasingha, or swamp deer, has wide
hoofs that enable this beautiful animal to live in boggy areas of the

Terai. Each antler has 6 or more branches. The tiny barking deer lives in many
forest areas all over India. It has two ridges on its face and a short antler with only
2 branches. Its call sounds like the bark of a dog. The blackbuck is the only true
antelope found in India. It lives in large herds. The males are black on top and
cream below and have beautiful spiral horns that form a 'V’ shape. The

chinkara, also known as the Indian gazelle, is a smaller animal and is pale brown in
colour it has beautiful curved horns. The rare Chausingha, or four horned
antelope, is the only animal in the world that has four horns.

The nilgai is the largest of the dryland herbivores. The males are blue-gray. Nilgai
have white markings on the legs and head. They have short strong spike-like
horns. A very special rare species is the Indian wild ass, endemic to the Little
Rann of Kutch. Himalayan pastures support several species of wild goats and
sheep, many of them restricted to the region, like the goral and the Himalayan
tahr. A single species, the Nilgiri tahr is found in the Nilgiri and Annamalai hills in
south India.

The rhinocerous is now restricted to Assam but was once found throughout the
Gangetic plains. The wild buffalo is now also restricted to the Terai. The elephant
is distributed in the Northeastern and Southern States. It is threatened by
habitat loss and poaching for ivory. Gaur is found in patches in several well-

wooded parts of India.
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The best known predator of our forests is the Tiger. Its gold and black stripes hide
it perfectly in the forest undergrowth. It preys on herbivores such as sambar or
chital or less frequently on domestic animals. The tiger kills only three or fnyr
times a month. Its numbers have declined due to poaching for its superb skin, and
for the supposed magical value of its teeth, claws and whiskers. In the recent past
it has been extensively killed for the supposed medicinal properties of its bones

that are used in Chinese medicine.

The wolf, jackal, fox and the wild dog or ‘dhole’ form a group called canids.
Another threatened predator is the Himalayan wolf. The wolves are now highly
threatened as they have become increasingly dependent on shepherd’s flocks.
Thus shepherds constantly find ways to kill the wolves.

CONSERVATION OF BIODIVERSITY: INSITU AND EX-SITU
In-situ conservation

In situ conservation

Biodiversity at all its levels, genetic species and as intact ecosystems, can be best
preserved insitu by setting aside an adequate representation of wilderness as
‘Protected Areas’. These should consist of a network of National Parks

and Wildlife Sanctuaries with each distinctive ecosystem included in the network.
Such a network would preserve the total diversity of life of a region.

In the past National Parks and Sanctuaries in India were notified to preserve
major wildlife species such as tigers, lions, elephants, and deer.

The objective of these areas should be expanded to the preservation of relatively
intact natural ecosystems, where biological diversity — from microscopic
unicellular plants and animals, to the giant trees and major mammals — can all be
preserved.

Wildlife Sanctuaries and National Parks of India:

There are 589 Protected Areas in India of which 89 are National Parks and 500 are
Wildlife Sanctuaries. They include a variety of ecosystems and habitats. Some
have been created in order to protect highly endangered species of wild plants
and animals found nowhere else in the world.
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The Great Himalayan National Park is the largest sanctuary in this ecosystem and
is one of the last homes of the beautiful snow leopard. Dachigam Sanctuary is the
only place where the rare Hangul or Kashmir stag is found.

There are several Sanctuaries in the Terai region, Kaziranga National Park is the
most famous which has elephant, wild buffalo, gaur, wild boar, swamp deer, and
hog deer, in large numbers, as well as tiger and leopard. Its bird life is

extremely rich and includes ducks, geese, pelicans and storks.

The Manas Sanctuary, in addition to the above Terai species, also includes

the rare golden langur and the very rare pygmy hog, the smallest wild boar in the
world. The florican is found only in a few undisturbed grasslands

in the Terai sanctuaries.

In the sal forests of Madhya Pradesh, there are several Protected Areas. Kanha
offers a wonderful opportunity to observe wild tigers from elephant back. It is the
only Protected Area in which a sub species of the Barasingha is found. Bharatpur
is one of the most famous water bird sanctuaries in the world. Thousands of
ducks, geese, herons, and other wading birds can be seen here, This is the only
home of the very rare Siberian crane which migrates to India every

winter. During the last 20 years, the 30 or 40 Siberian cranes have dwindled to
only 2 or 3. During 2002-3 no cranes were seen and it is possible that this
beautiful bird will never again come to India.

In the Thar desert, the wild life is protected in The Great and the Little Rann of
Kutch have been made into sanctuaries to protect the very rare wild ass, the
flamingo, the star tortoise and the desert fox.

In Gujarat, the Gir Sanctuary protects the last population of the majestic Asiatic
lion. This thorn and deciduous forest is also the home of large herds of chital,
sambhar, and nilgai.

The Sanctuaries of the Western Ghats and associated hill ranges protect some of
the most diverse forest types in the country. The few examples of highly
threatened species include the Malabar giant squirrel, the flying squirrel and a
variety of hill birds, several species of amphibians, reptiles and insects. These
regions are also rich in highly endemic plant life. Sanctuaries such as
Bhimashankar, Koyana, Chandoli and Radhanagari preserve this rich flora in
Maharashtra, Bandipur, Bhadra, Dandeli, Nagarhole, etc. in Karnataka, and
Eraviculum, Perambiculum, Periyar, Silent Valley, in Kerala.

Ex-situ conservation
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Conservation of a species is best done by protecting its habitat along with all the
other species that live in it in nature. This is known as in-situ conservation, which
is conserving a species in its own environment by creating National Parks and
Wildlife Sanctuaries. However, there are situations in which an endangered
species is so close to extinction that unless alternate methods are instituted, the
species may be rapidly driven to extinction. This strategy is known as ex-situ
conservation, i.e. outside its natural habitat in a carefully controlled situation such
as a botanical garden for plants or a zoological park for animals, where there is
expertise to multiply the species under artificially managed conditions. These
breeding programs for rare plants and animals are however more expensive
than managing a Protected Area. There is also another form of preserving a plant
by preserving its germ plasm in a gene bank so that it can be used if needed in
future. This is even more expensive. When an animal is on the brink of extinction,
it must be carefully bred so that inbreeding does not lead to the genetic makeup
becoming weak. Breeding from the same stock can lead to poorly adapted
progeny or even inability to get enough offspring. Modern breeding programs are
done in zoos that provide for all the animal’s needs, including enclosures that
simulate their wild habitats. There may also be a need to assist breeding
artificially. Thus while most zoos are meant to provide visitors with a visual
experience of seeing a wild animal close up, and provide the visitors with
information about the species, a modern zoo has to go beyond these functions
that include breeding of endangered species as a conservation measure.

In India, successful ex situ conservation programs have been done for all our
three species of crocodiles. This has been highly successful. Another recent
success has been the breeding of the very rare pygmy hog in Gauhati zoo. Delhi
200 has successfully bred the rare Manipur brow antlered deer. However the
most important step of a successful breeding program is the reintroduction of a
species into its original wild habitat. This requires rehabilitation of the degraded
habitat and removal of the other causes such as poaching, disturbance, or other
manmade influences that have been the primary cause of reducing the
population of the species. Conservation of cultivars and livestock
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h!rEEdE There were an estimated thirty thousand varieties of rice grown in India
s about 50 years ago. Now only a few of these are still grown. The new varieties
which are now being cultivated everywhere have been developed using germ
Plasm of these original types of rice. If all the traditional varieties vanish
COMpletely it will be difficult to develop new disease resistant varieties of rice in
the future, several varieties have been preserved in gene banks. However, this is
hﬂth Very expensive and risky. Encouraging farmers to continue to grow several
traditiona| varieties is thus an important concern for the future of mankind. At

F'l"i‘sent gene bank collections have over 34 thousand cereals and 22 thousand
Pulses,
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1 Introduction

2.

3.

Purpose of field work

+ Geological fieldwork helps exploration it’s generate new ideas.
It provides a setting for discussion and allows the application of
new concepts. The rocks don't change; what changes is the way
we view them. In the field, observations can be discussed and

new doors opened to collaboration.

Aims and Chiectives

< The aim behind organizing a field excursion is to give a proper
exposure to the student in the field of geology and to get idea
about the nature and mineral deposits of the area under study
and to locate and position in the map.

CObjectives of geclogical field excursion

%+ To get well a quainter with the ficld directly.

% To study and map different structure on different scales.
+ To get a details about geology of the area.
o>

To predict the past geological history and environment on the
basis of lithology, structure and other important things.

To know the economic importance of particular by studying
minerals.

o

About the study area

Kanhadevi is a small Village hamlet in Parshvini Taluka in
Nagpur District of Maharashtra State, India. It comes under
Kanhadevi Panchayath. It belongs to Vidarbh region. It belongs to
Nagpur Division. It is located 38KM towards North from

{
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District headquarters Nagpur.11 (km) from State capital M

Kanhadevi Pin code is 441101 and postal head office is Ka{apa:
Kothulna (6KM), Kirnapur (8KM), Amgaon (KM), Amgon, B [lﬂ_li
(9KM) are the nearby Villages to Kanhadevi. Kanhadevi Is
surrounded by Saoner Taluka towards west Ramtek Taluka

towards east Kalmeshwar Taluka towards west.

Accessibility:

The visit was made on 6th March 2024. The luxury bus was
made to reach the study area from Nagpur city. The distance 1s
about. We gathered in the morning at about 8:30 am in the college

premises the bus left for the Nagpur at about 7p.m. in the evening.

GCeneral Cecgranhical Area:

It is situated 18km away from sub-district headquarter
Parshivni (Tehsildar office) and 53km away from district
headquarter Nagpur. As per 2009 stats, Tekadi is the gram
Panchayat of Kanhadevi village.

The total geographical area of village is 213.45 hectares.

According to Census 2011 information the location code
or village code of Kanhadevi village is 535372. Kanhadevi
village is located in Parshivni tensile of Nagpur district in
Maharashtra, India.

It is situated 18km away from sub-district headquarter
Parshivni (Tehsildar office) and 53km away from district
headquarter Nagpur. As per 2009 stats, Tekadi is the gram
Panchayat of Kanhadevi village.

His total geographical area of village is 213.45 hectares
Kanhadevi has a total population of 272 peoples, out of male

population is 124 while female population is 48.

umbai.
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1. Egquipment’s:

Geologist’s Hammer

A geologist's hammer, rock hammer, rock pick,
geological pick, or informally is a hammer used for splitting and
breaking rocks. In field geology, they are used to obtain a fresh
surface of a rock to determine its composition, bedding
orientation, nature, mineralogy, history, and field estimate of rock
strength. In fossil and mineral collecting, they are employed to
break rocks with the aim of revealing specimens inside.
Geologist's hammers are also sometimes used for scale in a
photograph. The hammer also serves as an extension of the senses,
permsitting the geologist to perceive the rock's granularity,

soundness, and resistance to fracturing that may be relevant to its

use.

Geologist’s Hammer
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2. Brunton Compass

The Brunton compass, while over 100 years old, is still the
primary tool for generating geologic field data. There are several
key components of the compass, including the sighting arm,

magnetic needle, clinometers, index pin, and bubble and
clinometers levels,

It is used to directional degree measurements (azimuth)
through use of the Earth's magnetic field. Holding the compass at
waist-height, the user looks down into the mirror and lines up the

target, needle, and guide line that is on the mirror.

Brunton Compass

|
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3. Topographic Map

A topographic map refers to a detailed, graphical, and accurate

representation of features that appear on the Earth’s surface.

Topographic maps are an essential part of the field of geology due to
the comprehensive analysis of a particular surface. Students can explore
more about the topographic map here. A topographic map is a map that
represents the locations of geographical features. Furthermore, these
geographical features can be mountains, valleys, plain surfaces, water

bodies and many more.

Topographic maps refer to maps at large and medium scales that

incorporate a massive variety of information. All the components of

topographic maps carryequal importance.
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Topographic maps refer to a graphical representation of the
threedimensional configuration of the surface of the Earth. Moreover, such
maps show the size, shape, and distribution of landscape feactures.Also,
such maps present the vertical and horizontal positions of those features
whose representations take place. Most noteworthy makes use of contour

lines so as to show different elevations on a maps.
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L1: Study of topographic Map

Topographic Map of Parshvini: Precambrian metasediments of
Parshivni area belong to the Sausar Group. These comprise of quartzite,
mica schist with manganese ore and marble. The metasediments of the area
show evidence of three phases of folding. The early folds (F1) are isoclinal
with an axial planar cleavage (S1). The second folds (F2) are tight to
1soclinal with axial planar crenulation cleavage (S2). These F2 folds have
EW striking vertical axial planes and congruous pucker axis lineation. The
third folds (F3) are open upright with NS striking axial planes. An
antiformal F2 fold plunging E is mapped in the area. In the absence of any

primary top-and-bottom criteria the stratigraphic succession for the area
suggested by earlier workers is debatable.
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LZ.Saucer Fold Belt:

Precambrian metasediments of Parshivni area belong to the Sausar
Group. These comprise of Quartzite, mica schist with manganese ore and
marble. The metasediments of the area show evidence of three phases of
folding. The early folds (F 1) are isoclinal with an axial planar cleavage (S1).
The second folds (F2) are tight to isoclinal with axial planar crenulation
cleavage (S2). These F2 folds have EW striking vertical axial planes and
congruous pucker axis lineation. The third folds (F3) are open upright
with NS striking axial planes. An antiformal F2 fold plunging E is mapped
in the area. In the absence of any primary top-and-bottom criteria the
Stereographic the area suggested by earlier workers is debatable.
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2 Quartz Feldspar Tourmaline Veins

Pegmatite and alkali feldspar granite emplaced in the

basement Triode biotite Gneisses and Saucer Group of rocks in

Saucer mobile belt of Central Indian Tectonic Zone (CITZ)

around Parshivni, Nagpur district. Pegmatite occurs as parallel

sills, dykes and veins showing sharp contact with host TBG and

rocks of Saucer Group. In petrography, pegmatites are essentially

composed of quartz, plagioclase, k-feldspar (microcline),

muscovite, biotite, tourmaline and garnet.
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: Mica Schist’s Quterop

Mica schist is a metamorphic rock that formed through the intense
heat and pressure that were generated when Africa and North America
slammed together to create Pangaea, about 275 million years ago. Foliation
is a rock characteristic that looks like fine layering in the rock. These layers
form during metamorphism and often make the rock look like it might break
into thin sheets. The foliation forms due to minerals being squished and
flattened by the intense pressure that exists during metamorphism and by
flat minerals (like micas) being rotated to line up perpendicular to the
pressure. The presence of foliation will tell a geologist that this rock
experienced the intense heats and pressures required to cause the minerals
to squish and rotate in this way. The only natural forces known that can

cause foliation like this are continental collisions.

MICA SCHIST OUTCROP
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L5: Mansar

» The Mansar rock found in the Mansar area of Maharashtra,

India are part of the Sausar group and the Tirodi Gneiss:-

» Mansard formation: this formations rich in mica schist,
muscovite —biotite -schist with sillimanite, and intercalations of

manganese ore horizon with gondites rocks,

» Charbroil Formation: This formation is made up of quartzite,
quartz-schist, and quartz muscovite schist with sillimanite
bearing tabloids.

» The Sausar Group rocks are precambrian in age and show signs
of polyphase deformation. The basement for the Sausar group is
the Tirodi biotitic gneiss.
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L6:  Z type Told

17

Z-folds have short limbs that appear to have been rotated
clockwise with respect to their long limbs. Z-folds thus mimic the
letter Z when considering the short limb and its two adjacent long
limbs. The difference between S- and Z-folds lies in their sense of

rotation, or mergence. The long limbs of S-
shorter limb that implies

displacement:

folds are connected by a
counter-clockwise rotation or sense of

the opposite applies to Z-folds. Thus. the vengeance
of parasitic folds is towards the hinge line (or zone).

Zid-oler (ramasiney fulds fomme) by flexural ship dring folding I

M - folds

& and 2 folils Frm o nippueite lambes
ol the Di-ander [dd

M Rl i the Binge are symmerrical
» O
a

Vergenios disceted fowanls the hinge

Z-folds are three dimensional structures and will have hinge
lines (or fold axes if we consider them to be cylindrical folds) and
axial surfaces that can be measured. Another important property
of parasitic folds is that their hinge lines (or fold axes) are parallel

(or approximately so) to the hinge line of the 1storder fold.
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A note of caution: the sense of fold rotation-displacement
will change if a fold is viewed from the opposite direction (i.e.
Sfolds will appear as Z-folds). Hence it is necessary to indicate

the direction in which observations are made. Where possible,

folds should be viewed down-plunge.
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Z type fold

The geometric disposition of Z-folds is extremely useful for

deciphering large-scale folds, particularly when exposure is

incomplete (as is commonly the case). The diagram below shows

a scenario, where small folds are exposed in two outcrop
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7. Magnetite and Cyyp

bonate Rock

Basin ending towards north and supply through south.

carbonate is a type of intrusive or extrusive igneous rock defined

by mineralogical composition consisting of greater than 50%

carbonate minerals Carbonate may be confused with marble and

may require geochemical verification,

Carbonates usually occur as smal| plugs within zoned alkali

intrusive complexes, or as dikes, sills, breccia’s, and veins. They

are almost exclusively assocjated with continental rift-related
tectonic settings. It seems that there has been a steady increase

in the carbonate igneous activity through the Earth's history,

from the Achaean eon to the present.

Nearly all carbonate occurrences are intrusive or sub
volcanic intrusive. This is because carbonate is therefore unlikely
to be preserved in the geologic record. Carbonate eruptions as
lava may therefore not be as uncommon as thought, but they

have been poorly preserved throughout the Earth's history.

Carbonate liquid compositions are significantly more

alkaline than what is preserved in the fossil carbonate rock record

as composition of the melt inclusions shows
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Magnetite and
Carbonate rocks -
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In geology, a bed is 5 layer
of sediment, sedimentary rock,
or volcanic rock "hounded
above and below by more or Jess
well-defined bedding surfaces".
Specifically in sedimentology, a
bed can be defined in one of two
major ways.

First, Campbell and Reinbeck and Singh use the term bed to
refer to a thickness-independent layer comprising a coherent
layer of sedimentary rock, sediment, or pyroclastic material
hounded above and below by surfaces known as bedding planes.
By this definition of bed, lamina are small beds that constitute the
smallest (visible) layers of a hierarchical succession and often, but
not always, internally comprise a bed.

In geology, a bedding surface is a planar, nearly planar, too
wavy or curved 3-dimensional surface that visibly separates each
successive bed (of the same or different lithology) from the
oreceding or following bed. Where bedding surfaces occur as
cross-sections, e.g., in a 2-dimensional vertical cliff face of
horizontal strata, are often referred to as bedding contacts.
Within conformable successions, each bedding surface.

4]
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L11: Boudinage

27

Boudinage is a geological term for structures formed by
extension, where a rigid tabular body such as hornfless, is
stretched and deformed amidst less competent

surroundings.

The competent bed begins to break up, forming
sausage-shaped bounding. Boudinage is common and can
occur at any scale, from microscopic to lithospheric, and can
be found in all terranes.

In lithospheric-scale tectonics, boudinage of strong
layers can signify large-scale creep transfer of rock matter.

The study of boudinage can also help provide insight into

the forces involved in tectonic deformation of rocks and their

strength.
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rocks such as micas schist's, literate, quartaite and also

We learnt about varioys characteristics of this rock which

was beneficial for us as it forms 3 part of our sybullus.

The trip to Parshivni also gave us and ideas of conducting
field work and the various aspects of field work such as sampling

of the rock, drawing geological field diagrams etc.

The saucer group of palaeoproterozoic age comprises a
thick sequence of carbonate quartzite psammopelitic rocks.
These rock have undergone polyphase deformation. The regional

E-W to ENE-WSW alignment .
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INTRODUCTION

agpur district and Nagpur revenuc

Parsconi is town Ramick sub-division of N
. India, ILis located on

Division in the Berar region in the stale of Maharashtri

the banks of Pench River.

and history. Itisa popular

Parsconi is a fine confluence of devotion, lileraturc
places of worship

and important tourist center as the tiger sancluary nearby,
and having a lot significance of geological history.

The region which is around 57 kilometers from Nagpur, it belongs to Nagpur
division. It is located 35 km towards North from district head-
The Precambrian meta sediments of Parseoni are belong to the Sausar Group.
These comprise of quartzite, mica schist with manganese ore and marble.
Braunite (mangancse ore) is found in the Mansar formation belonging to the

Sausar group found in Parseoni.

Quarter Nagpur.
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PURPOSE OF THE TOUR

Tour or E.\'.L'u_rh'-iun is a journey by o group of people Lo a place away from them
lo nature environment. The purpose of this tour is usually ebservation for
educational research or 1o provide students with experience outside their
Ev‘iir}"dab’ activitics. Geological ficld trips provide several advantages for
students.

Firstly, field trips allow students to engage in hands-on leaming experiences,
which are considered fundamental and effective in teaching the natural
sciences. By being in the field, students can have the opportunity to observe
and investigate real geological phenomena, rather than relying solely on
textbook examples.

Additionally, field trips help students develop important skills such as critical
thinking, problem- solving, and data collection and analysis. Field trips also
conlribute to a deeper understanding of geological concepts and processes, as
student scan directly apply their knowledge in real-world settings.

Furthermore, field trips promote inclusivity and accessibility in geoscience
education, as virtual tools and universal design principles can be incorporated
to accommodate students with disabilities or other barriers to traditional field
work. Overall, geological field trips offer unique leaming opportunities and
foster a deeper appreciation and understanding of the Earth's geology
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ACCESSIBILITY

Our tour started on the morning of 6th March. We all gathered at our college
premises at 8.00 am and departed for Parseoni at 8.15 am by bus. It was a 34.80
km journey. We reached there at 11.30am and then our teachers bricled us
about the various procedures and guidelines to follow for the field work and
they also provided us with the tools we would be requiring for the survey.
shortly after which we were on our way marching towards our first spot. There
sir told us about the basics of toposheets, topography of the arca, hills, rock
types etc. From Parseoni, we went to Salai for seeing another formation from
the same stratigraphic group. We saw all the formations of the Sausar group. At
4.00 pm we went 1o Ghogra Mahadev Temple. We had lunch there after which
we enjoyed playing in the river.We were therefore couple of hours and then we
departed for Nagpur at 6.00 pm and by 8.00 pm we reached Nagpur.
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METIIUI)ULU{H"

Brunton Compass

A compiact pocket instrumeny gy consists of an ordinary compass, folding,
open sights, a mirror and o reclangular Spil- level clinometer which can be used
in the hand or on a stalT or lighy roq lor reading horizontal and vertical angles
for leveling and for reading the magnetic bearing of a line, It is used in

sketching mine workings, and ii preliminary topographic and geologic surveys
on the surface.,

Ex; in determining clevations, stratigraphic thickness and strike an dip.
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GEOL(’}GICAL HAMMER

A geologist's hammer, rock hammer
hammer used Tor splitting ang break
to obtained a lresh surface of

» rock pick or geological pick is a

i“}_—". rocks. In field geology, they are used
: arock to determine its composition, bedding
orientation, nature mineralogy, history and field estimate of rock strength. In
fossils and mineral collecting they are employed to break rocks with the aim

of revealing fossils inside. Geologist's hammers are also sometimes used for
scale in photograph,

The hammer also serves as an extension of the senses, permitting the geologist

to perceive the rock's granularity, soundness and resistance to fractu ring that
may be relevant to its use or identification.

1
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GEOLOGY OF THE AREA

Precambrian metasedimeng of' S
ol Nagpur. These metasedimen
superposed folding, § .
axial traces ol the second i !LI‘W EXtension of the belt is parallel to the
: A 5 Fition ol g 5 T s

(NNW-SSE in the western pagg gng NN[E-8§ fvcuate nature of the belt

from the overprinting ol uprighy fy1qs nrrll I o
planes. Detailed mapping correfate
understand the tectonics of (e belt
Parsconi, Nagpur District. M
deciphered {rom other aregs,

Husar Grroup crop oul in

| . an arcuale belt north
wenr impring

The ers S ol atlenst three penerations ol
he regiong) B

hird generation with NS striking axial
S the variations in structural geomelry and to
- Structural evolution of an arca around

ahar; . :
aharashtra, corroborates the structural history

In 111”"" s the Efrccls ﬂ{:lllﬂ folds of third generation in modifying
the orientation of the earlier structures are cstablished on map scale

Additionally, the stratigraphic success is of the studied area has been
a matter of debate.

Therefore, the structural pattern of the arca is discussed here to critically

analyze the stratigraphic problem, and lo understand the litho-structural

controls of the manganese ore body exposed in the area.
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GEGLDGICAL SETTING

The Parseoni manganese ore-body was
ol India during 1972-1976. Sever

width, each extending for a maxj,
from the arca. The major strueqyy
form plunging towards east, with an
Chorbaoli, Mansar and I,ohangi Fix
chodochrosile, pyroxmangite, magnetite, garnet, Mn cummingtlonite,
pyrophanite. quartz and tephroite from conformable
rich rocks in mica schist of Parseoni areg.

al lenticular bodies of

The assemblage was interpreted to be the product of
metamorphism of a rhuduchl'i}silﬂmagnc[i[e-

quartzprotolithinalowC02condition by the followi ng reaction: -
1. Rhﬂ-:lu::hmsitc+magnclilc+qumz=Tcphmilc+magnctitcﬂjﬂz
2. Rhnduchmsitiﬁmugnelit::+qua:lz-Pymxmangite+-magncﬁu:+CDE

3. Tephroite+tmagnetite-+quartz=Pyroxmangite+magnetite.

Xplored by the Geological Survey

lenses of mangancse-

one lo seven melres
num length of 400 metres, were reported
¢ of the arca was confirmed o be an anti-
inverted stratigraphic sequence of
rmations. The mineral assemblage of

13
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ROCK TYPES

The three metasedimentary rocks mapped in Parseoni area are quartzite, mica
schist and marble. The marble is exposed in the northern part ol the arca. The
quartzite and its lithofacies equivalent unit (micaceous quartzite and
conglomerate) are exposed along a low ridge passing through the township of
Parseoni and forming a horse-shoe shaped pattem to the east of the township.
The mica schist (phyllite, sericite schist, muscovite-biotile schist and
feldspathic schist with manganese ore is exposed along the outer frin
arcuate ridge of quartzite. These rocks contain sericite, muscovite, biotite,
chlorite, microcline, plagioclase, sillimanite, gamet, rhodonite, iephroite and

ge ol the

opaque minerals,

The manganiferous rock mainly conlains braunite, jacobsite and bixbyite as ore
minerals.

Minor amounts of rthodochrosite are also present. Aggregates of quartz are
elongate with long axis parallel to the schistosity. These grains show

undulose extinction and subgrain development.

The aspect ratio of these aggregates varies from 10to35. Muscovite and biotite
aggregates are also parallel to the schistosity. Some of the mica grains show
post- crystalline kink [olding. Gamet porphyroblasts show pressure shadow
parallel to the schistosity (S1) and rotational Sitrails, indicating their
syntectonic crystallisation with respect to the F1 deformation.

14
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GEDMDRPH(}LDG\*’
SPOTI-TOPOGRAPIy ¢ MAP

Topographic maps are detaile

features, showing the uu:'L"ILd Jepresentations of a fandscape's surface

maps are essential tools ;[:nur h-nus that delincate changes in elevation. These
lanni s T various purposes, from ouldoor recreation tour

ban planning and scientifie research

Here are some points to consider regarding topographic maps:
1. Elevation In ation- ;

T ﬁ?n““mn' Topographic maps provide precise information
i 3 & ahon nrlllw land surface. This information is crucial for
understanding the terrain's Shﬂpﬂ, 5[(:;:an551 and overall relicl.

2. Contour L1r1-:5£ Contour lines are the primary feature of topographic maps.
13 homnent LS of equal elevation, allowing users to visualize the shape
of the land and its features such as hills, valleys, ridges, and depressions.

3. Scale: Topographic maps have a scale that indicates

the relationship between distances on the map and actual distances on-the-go
runs. This allows users to measure distances accurately and plan routes.

4. Symbols and Legends: Topographical sues symbols and legends to
represent sent various features such as rivers, roads, trails, buildings,
vegeltation, and cultural landmarks. Understanding these symbols is essential
for interpreting the map accurately.

5. Gradient and Slope: By closely examining contour lines, users can

determine the steepness of slopes and gradients. This information is valuable
for activities like hiking, skiing, engineering projects, and land use planning

15
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6. Applications: Topographic MADS ke e
ed in

including outdoor recreation (hiking,
pafural FESOUTCE managemeny. -

Awide range of applications,
ampings,
Chvironmen

| L al
exploration. and military Operitions

Imting ), urhan planning.
issessment, peological

M F AR
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SIrOT 2 WEATHERE DGNEISS

Weathered pneiss refers 1o, 4 IVpe of mey

! . : amorphic rock, that has undergone
weathering processes, Gneiss IV pic

e ally Torms from the metamorphism of pre-
existing rock, such as granite or g0

wessure conditions, The Parseani aee. ' ! .
i irscom area, located in the region of rarscon

India. is known for its peologica) formations, including weathered gneiss.
Gneiss in this area has likely undergone sipnificant weathering processes duc
to environmental faetors such as rain
biological activity over time, Weathered gneiss in the Parsconi arca might
exhibit distinetive characieristics resulting from this weathering. This could
include a more rounded appearance, altered mineral composition, and
possibly a dilferent coloration compared (o [resh

all, temperature Nuetuations, and

fneiss,

Additionally, weathering may have led to the formation ol soil rich in
minerals derived from the breakdown of the gneiss, which can influence
local ecosyslems and agriculture,

Weathered gneiss, like any weathered rock, holds significance and finds
various uses due to its altered physical and chemical properties. Overall,
weathered gneiss plays a significant role in geological process land uses and

human activities, making it an important resources and subject of study in
vanous fields.

dimentary rock, under high temperature and

17
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SPOT I-ERODED BIOTITE GNEISS

seoded Biotite gneiss is o tvoe off .
I.lullf-d I E S AIYpe of metamorphic rock characterized hy its distincl
handimg.

which IIESH.“H ﬁlf“" the recrystallization ol minerals under extreme hicat and
pressure dip within the Earth's ey, Biotite pneiss contains significant
amounts of the mineral biotie, along with :llllfr minerals such as quart 7.
feldspar, and sometimes amphibaole,

Overtime, crosion processes like wind, water, and jce wear away at the
surface of the rock, gradually breaking it down into smaller particles and
transporting them away. This crosion can oceur through various mechanisms
such as abrasion, chemical weathering, and biological activity.

As the ouler layers of the biotite gneiss are weathered away. the underlying
rock becomes exposed. This can lead to the formation ol unique geological
[eatures such as outcrops, cliffs, and rock formations, depending on the local
geology and environmental conditions.

The eroded biotite gneiss may undergo further weathering and transportation
processes, eventually contributing to the formation of sedimentary deposits
elsewhere. These sediments can become lithified over time through processes
like compaction and cementation, forming new sedimentary rocks.

Owerall, the process of erosion plays a crucial role in shaping the Earth's
surface and recycling geological materials, including croded biotite gneiss into
new rock formations over geological time scales. The age of the eroded biotite
gneiss of the Parseoni arca is Proterozoic and forms the basement of the oldest

rock formation

18
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SPOT 4: MARBLE

Matble is ametamorphic rogk gy med Trom )

. : e me
dolomite rock. The process of e
undergo high temperatures ang pr

their mineral composition an (e

tamarphism of limestone or
illﬂl!ri‘ll1l'iﬂ| OCClrs “hf” pru—r.\i\til'l;: rocks
s - - " u -

ssures deep within the Fanh's crust causing
Slure (i l,:h“"w:_

imestone, which is primarily
I,lmlL £ e frrm.lrlly composed of the mineral calcite, under goes
metamorphism to become marh)e. During this SR the salolla Gavietala s
- } " L S - L & daad | i el
the |l“1¢h|““'-_|"-'2l‘} stallize and interlock, resulting in a denser, harder, and
more crystalline structure characteristic of marble

Marble typically exhibils range

of colors, including white, pr: k. pi
green and even blue, depending o e

s ‘ n the impurities present during its formation.

1 el _E }"ﬂ cms S_Et.‘ln It marble are often the result of mineral impuritics or
irregulanties in the original limestone.

In the figure below we can see Manganese (black color) of Lohangi formation

assGI:.iEII'l'd with Marble and can be scratched by nail or can be verified by doing
an acid test.

The basin I5en losed towards north because materials are supplied from the
southern direction.The Manganese in the marble comes from the syn-genetic

sediments where in the silicais replaced by MnO3 Because of this the carbonate
is present as a very small thin layer.

XY P T DETG
i - e R o
“ ARy

k] T 4

(3 A . 's

* 7 _— o
" ™ . ] -
i & . ‘. s

-
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(pOT 5: - Z-TYPEFOLD

A 7-fold is a IYPE of structural fold that occurs when rock layers are hent info @
?i,l_ﬂ”ll_l ]."H.Illln.'ﬂl rl-.'f'ti-l.ll1ll"l|l.llg the ]1.'“1..‘!" A owhen viewed from the side. “III'H r-llltlilll'
|q1it‘=l”}' happens d”." {0 '-'{1‘|'l'||‘-|ll'l.:.li._-;m||;|| forees acting on the Farth's crst
which can oceur during teetonic plate collisions or other peological progesses.
7-folds are characterized by altemating anticlines ( upward arching folds)
5}rn.::|im:s (downward arching [olds) that create a repealing patlerm

and el 8
ling the letter Z. The anliclines are convex upward, while the

resemb
gynclines arc concave upward. This lolding pattern can be observed in

carious scales, from small-scale features in rock outerops to large-scalc
gruclures in mountain ranges.

The formation of Z-folds is influenced by several factors, including the
mechanical properties of the rocks involved, the direction and intensity of the
mmpr:sainnal forces, and the presence of pre-existing weaknesses or faults b
(he rock layers. These lolds can provide valuable information about the
tcctonic history and deformational processes that have affected a particular

region over seological time.

Studying Z-folds can help geologists understand the deformational history of
an area, including the direction and magnitude of the forces that caused the
folding. as well as the timing of these geological events. This information s
crucial for reconstructing past tectonic processes and interpreting the geological
evolution of a region. Additionally, Z-folds may also have implications for
natural resource exploration, as they can influence the geometry and

orientation of underground rock formations that may contain valuable mineral
deposits or hydrocarbon reservoirs

i

20
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SI’UT 6: -MARBLE WITH PEGMATITIC INTRUSION

Atite i an igncous rock showing o very :
,_-gm.ltm. is an igneous rock showing a very coarse lexture with large

AP

e ; A
pave a similar solid composition compared to granile,

The gero-fault pegmatile is alargeun zones pegmatite or graphic granite that is
well exposed.

Fe gmuhcmicul data has lacilitated development of a three step process
responsible for its origin.

1. An atectic fusion of a potassic meta rhyolite.

5 [ntrusion of Eﬁ’-ﬂilﬂ into marble, during which the anatectic mell underwent
dense mineral [ractionation resulting in the formation of zero fault pegmatitic

fault.

3. The melt encountered COzvapours which reduced HzOactivity,
increased solidas temperature and resulted in significant cooling.

4 This led to rapid crystallization resulting in a graphic texture.

5, The placement of graphic granite into marble common among ptﬁmaﬂtes.

rlocking crystals. Most pegmalites are composed of orthoclase, quartz and

21
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sp0T 7: - PENECONTEMPORANEOUS §1RUCTU RES
PenecontcMpoRInEous deformation struciyres comprise disturhe

tl, distorted, or
Jde formed "

<cdimentary layers produced by inorganic
jormed at the time “ﬁ'_"' i shortly afler deposition ol sediment, but in any
case, before the consolidation of sediment, Generally, such deformation

feghures 8% of local characicr, hc[ﬂE |1t‘ilnm'i|}f conlined to a single bed within
und::l"urnu:d beds.

dgencies, These features have been

They are intraformational meaning they are bounded above and below by
relatively undeformed strata. Penecontemporancous folds and faults are
ysually chaotic. The fluid pressure in the layers keeps the layers apart. They
are formed almost at the same time as the deposition of the original layers.

i L n T
S
- b :

B e S |

i . e

b X &
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CONCLUSION

parseoni, We observed the Stratigraphic suceession of Sausar Group and
yarious types ol l'“‘:"‘S_ such as mica schist, marble, biotite gneiss, pegmatite and
als0 different types ol 5'-:"'-1“'-'“1[ features like folds and joints and cconomically
: { ore minerals like Braunite,

M

jmportan

We leamt about the 1-:13:]':15.!5 characteristics of these rocks and the
ratigraphic SUCCESSION of the Sausar group which was very helpful for us
s it forms @ part of our syllabus.

The trip t0 Parseoni also gave us an idea of conducting field work and the I
cariols aspects ol field work such as sampling of the rocks, drawing
gﬁﬂ]ﬂgiﬂal field diagrams, measuring dip and strike etc.

Allin all, the trip to Parseoni was a fruitful one.

23
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Study Tour Report
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SHRI SHIVAJI EDUCATION SOCIETY, AMRAVATI
SCIENCE COLLEGE
CONGRESS NAGAR, NAGPUR-440012

CERTIFICATE

DEPARTMENT OF BOTANY

This is to certify that the study tour report on * Pench Forest,
Ghogara Mahadev, Shivtekadi” has been carried out by the

students of B.S¢ ?.ndycar (CBG) during the academic year
2023-2024

(Pt _

Signature of Teacher Prof. R. N. Deshmukh

Dr. R.P.Sonwalkar ' Dgﬁmﬂrﬂgﬁr SF BOTANY
Agsociate Professor SAKR! SHIVAJI EDUCATION SOCIETY,
Assi];:a:;tj#mem af Botany ARMRAVATI'S SCIENCE COLLEGE
BS.E 5,.!51;111Ij +'s Science College, CORURRES 5—“553--'55*”593”“ 4

Congress Nagar, Nagpur.
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DEPARTMENT OF BOTANY

STUDT TOUR

COMPLETION CERTIFICATE

This is to certify that Sayali Kambale, a student of B.Sc.

2nd Year (CBG), successfully participated in the study tour

organized by the Department of Botany for the academic

session 2023-2024.

e~

Signature of Teacher
Dr. R.P.Sonwalkar

j=te Professor

4
nt of Botanvy

CSE O Amit's Science '-r_."":.|":1'-ilf:,.
| " T

* "
v Magar, MNagpul

4
Prof, :E N. Deshmukh

HEAD
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of shri Shivaji science college Nagpur for organizing Botanical study tour at shiv
Tekadi, Pench Forest (Navegaonkhairi)GhograMahadev.Mysincerethanksgotomy
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me throughout the tour.

STUDY TOUR REPORT SUBMITTED BY FOLLOWING STUDENTS

1. SayaliKamble
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AMS AND OBJECTIVES OF THE STUDY TOUR
To observe and collect the plants species from study site. To Study
the Natural habitat and characters of the plants found in the area. To

collected plant may be kept and used for reference studies.

REQUIRMENTS FOR THE FIELD COLLECTION

»  Forceps
»  Scissors

¥  Plasticcontainers

» Scales

» Notebook
» Pen

» Pencil
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INTRODUCTION

Field s b i . .

eld study is essential part of Botany. The natural Environment i.c.
I u L i a .

he Surrounding where we all interact the plants in their natural

Habitat is one of the most interesting things that is needed to be

studied by the students.

111 A B h T RLLIA ' s * ' -
LIFESCIENCES Studyingplantsintheirnaturalhabitat2
nhances our knowledge that is learn from the classroom

discussion and Laboratory Experiment...

From Botany Department shri Shivaji Science college Congress
MNagar Nagpur made students ol the IH'E"dSHchur of the botany
(CBM) (CBZ) (CBG) Group so happy. Our joy to knew no bounds
when the spot was fixed

toshivTekadi,PenchForest(Nave gaonKhairi)Gho graMahade vwhichi

son the 93J5+3R8 Parashivani Maharastra-441105

AnApprehensive Knowledge of things are always required for
students to start a particular study of'a particular site in their natural
environment so classroom study and field study are complementary
to Environment to each other’s and we cannol ignore any one of
them. Hence Keeping these lwo thingsinmindsinviewthisstudy
lm:mrgunir.u-:]b:..rli'.::d::p:lrtnmnlullmiuny Shivaji science college as

per syllabus prescribed by the Nagpur (RTMNU) University...
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<0 Tekdiis small village/hamlet in Parsconi Taluka in Nagpur District ol
Maharashira State India, It comes under Tekdi Panchayath.Itbelongsto
NagpurDivision ltisLocated 3SKM TowardsNorthfromDistricthead-
quattersNagpur.83 1KM From state capital Mumbai, Tekdi pin code is

441404 and postal head office is Kamthi Colliery.

“ Tekdi surrounded byRamtekTaluka towards East SaonerTaluka Towards west.
Kamptee Taluka towards south, NagpurTaluka towards South.Ramtek,
Kamptee,savner, Nagpurarethenearbye itiestoTekdi. TekdiLocal InnguagciHMﬂlehi
Tekdi village TotalPopulationis 352 and the number of houses is 79, females
Population is 48.3%Village literacy rate is 67.0% and females Literacy rate is

29 8% Amdi Railway Station is the very near by railway to Tekdi.Ramtek,

Kamthi, Nagpur, Khapa are the nearby towns to Tekdi having road connectivity

1o Tekdi.

< LocalityName:Tekdi

& TalukaName:Parsconi

< Constituency:Ramitek

L]
-
-

District:Nagpur

i
L]

3 State:Maharashira
< Region:Vidarbh

“ Division:MNagpur

% Lanpguage:Marathi,Hindi

“ Date:Monday 16oct 2023
TimeZone: 1ST(UTC+5:30)
Flevation:310Meters,abovesealevel

Telephonecode/stdeode: 07102

< Pin code:441404
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» Temperature:29.0C

% Humidity:41%

 Wind:1.07Mt/sectowards South

.
-

< StationName:*Mansar”

INTRODUCTION“GHOGRAMAHADEV”™

Ghogra Mahadev is a Hindu temple dedicated to Lord Shiva, located in
the parashivni Tehsil of Nagpur district,
Mabharashtra,India.ItispopulardestinationforHindusandisalsoknownforit
snaturalbeauty. TheTemple issituated on a rockyhillock, and is

surrounded by a maze of white rocks.

AStream of water flows throughthe rocks, creating a beautifulwaterfall.
TheTemple is believedto be very ancient about 1000 years old making it one
of the oldest temples in the state of Maharashtra. The Shivling in the temple

is believed to be very
powerfulManifestationofShiva. Devoteescomes fromalloverthestateofMaharas

htratoworshipatthetemple. They pray for shiva s blessings and they seek his

protection from evil.

Thetempleisespeciallycrowded
duringtheShivaratrifestivalinFebruaryormarch.ShivratriisamajorHindufestiv

althat celebrates the nightof shivas marriage to Parvati.During
shivratri,devoteesfast and prayto Shiva. Theyalso visittemples dedicatedto
shiva, such as Ghogra Mahadev. In addition to its religious significance
ghogra Mahadeyv is also a popular tourist destination. The natural beauty of
the place is simply stunning. The rocky formations the flowing river,andlush
vegetationmakefortrulyunforgettableexperiences.therocky
formationsaroundthetemple resembles a maze whichis one of the things that

makes the place unique.
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INTRODUCTION “NAVEGAON-KHAIRI DAM"
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Location:OntheKanhanriver Canal breaches:Thedamcanal has
experienced breaches in the past Navegao khairi Dam, also
called Pench Dam, is on the Pench River near Parshivni in the
state of Maharashtra, India. The dam was constructed for
irrigation, and supplies water to
twndistrictsnfMahm*ashtra,Nagpuranchandara.Thedamisirllthc
West PenchNational Park Range, surrounded by forested hills,
and is 54 km north of Na
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Tephrosia purpurea

Tephrosia purpurea is a species of flowering plant in
the famy Fabaceae, that has
apantropicaldistribution.Itis
acommonwastelandweed.In many parts it is under
cultivation as green manure crop. It is found

throughout India and Sri Lanka [1] in poor soils.

Selantific classificatlan

Kingdam: Plantae
Cilodler Tracheaphylos
Cladle: AnNGiospernms
Clade Eudicots
Clade, Rosids

Crder: Fabales
Family: Fabaceas
Subfamily: Faboldeas
Ganus: Tephrosia
Species; T. purpurea

Binomilal name

Tephrosia purpurea
(L.} Pers
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Holy Basil

Scientific classification s
Kingdom: Plantae
Clade: Tracheophyles
Clade: Anglosperms
Clade: Eudicols
Clade: Astlerids
Order: Lamiales
Family: Lamiaceae
Genus. Oclmum
Species: 0 tenuiflorum

Binomlal name

Ocimum tenuiflorum
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DracaenaTrifasciata(Snakeplant)
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Dracacna trifascinta is =@ xpcrh-ﬁ of  Mowering  plant
inthefamilyAsparagaceae, native to tropical West Africa from
Nigeria east to the Congo. It is most commonly known as the snake
plant, Saint George's sword, mother-in-law's tongue, and viper's
bowstring hemp, among othernames,|2|Until 2007, it was known
under the synonym Sansevieria trifasciata.[1] This plant is often

kept as a houseplant due to its non=demanding maintenance; they

can survive with very littleShiv Tekdi, Parshivni

e Coordinator Princlpal” °
SSES.A's 8.8 E8. Ami watl®n
Science College, Nagpur Belance Callomi .. e
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