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Preface

Despite the explosive growth of structural geology and tectonics in the last few
decades, structural geological and tectonic fieldwork remain indispensable com-
ponents of geosciences education in Bachelor’s and Master’s level worldwide.
A (new) field instructor might be in search for (new) terrains close to her institute to
explore and demonstrate structures to students. This book fills up that requirement.
Through 26 main chapters, 84 authors and co-authors from 13 countries, the
book presents few well-known and several rather unknown transects where exciting
structures exist, and field-programs can be established.

Cite individual chapters in the following format:

Kaplay RD, Babar Md, Mukherjee S, Wable D, Pisal K. 2021. Granitic rocks
underlying Deccan trap along the margin of east Dharwar craton, Muntyal
(Maharashtra)—Bhaisa (Telengana), India—general description and deformation.
In: Mukherjee S. (Ed) Structural Geology and Tectonics Field Guidebook—
Volume 1. Springer Nature Switzerland AG. Cham. pp. 599-620. ISBN: 978-3-030-
60142-3.

Cite this book in the following format:

Mukherjee S. (2021) Structural Geology and Tectonics Field Guidebook—Volume
1. Springer Nature Switzerland AG. Cham. pp. 1-723. ISBN: 978-3-030-60142-3.

Mumbai, India Soumyajit Mukherjee
February 2021 soumyajitm @ gmail.com

smukherjee @iitb.ac.in

Vil

Scanned with CamScanner



Acknowledgements

Dripta Dutta (IIT Kanpur), Mohamedharoon A. Shaikh (MS University Baroda),
Mohit Kumar Puniya (National Geotechnical Facility, Dehradun), and Narayan
Bose (IIT Kharagpur) assisted profusely in preparing this book. The Springer
(proofreading) team, especially Boopalan Renu, Alexis Vizcaino, Doerthe
Mennecke-Buehler, Marion Schneider, Monica Janet Michael and Annett
Buttener helped a lot in different stages of this book preparation and publication.
I thank the contributing authors and the reviewers for participation. ] am espe-
cially thankful to the staff members of my Department for always cooperating. They
are Nilesh K. Borkar, Dr. Trupti V. Chandeasekhar, Shamit N. Karnekar,
Ramu K. Khandagale, Rajesh Y. Manjrakar, Dr. Shilpa V. Netravali,
P. S. Sawant, Javed M. Saikh, Srikanth Jonnala, Staphen T., Mary Thomas,
N. N. Vengulakar and Premkumar R. Verma.

X

Scanned with CamScanner



Introduction to Structural Geology and Tectonics
Field Guidebook

This book consists of 26 main chapters.

Chapter “Creating Geologic Maps in the Twenty-First Century: A Case Study from
Western Ireland”: Swanger and Whitmeyer (2021) discuss the modern techniques
of field mapping and the creation of geologic maps using recent software. The
authors also claborate the same using a case study from Western Ireland.

Chapter “Strain Softening in a Continental Shear Zone: A Field Guide to the
Excursion in the Ferriere-Molliéres Shear Zone (Argentera Massif, Western Alps,
Italy)”: Simonetti et al. (2021) field trip in the Western Alps shows evidences of
strain softening from ten field stops in the central portion of the Ferriere-Molliéres
shear zone. The authors further constrain the shearing event between 340 and 320
Ma using in situ U-Th-Pb petrochronology on monazite.

Chapter “The Geometry and Kinematics of the Southwestern Termination of the
Pyrenees: A Field Guide to the Santo Domingo Anticline”: Field trip to the Santo
Domingo anticline in the Pyrenees by Pueyo et al. (2021) reveals complex fold
kinematics from the fold-thrust belt.

Chapter “Miocene-Quaternary Strain Partitioning and Relief Segmentation Along
the Arcuate Betic Fold-and-Thrust Belt: A Field Trip Along the Western Gibraltar
Arc Northern Branch (Southern Spain)”: Jiménez-Bonilla et al. (2021) discuss the
strain partitioning modes from the hinge to the lateral zones of the Western
Gibraltar Arc (southern Spain). Two separate itineraries are presented for the same.
Chapter “The Southern Iberian Shear Zone (SW Spain): Inclined Transpression
Related to Variscan Oblique Convergence in 2 HT/LP Metamorphic Belt™
Diaz-Azpiroz and Fernandez (2021) present the ductile mesostructures from the
boundary between the Ossa-Morena and South Portuguese Zones of the Ibenan
Massif (Huelva Province, SW Spain). This boundary developed during the Upper
Paleozoic due to the sinistral oblique collision between Avalonia and Armorica.
Chapter “A Field Guide to the Spectacular Salt Mines of the Transylvanian Basin
and Romanian Carpathians”: Tamas et al. (2021) describe field trips in the
Romanian Carpathians and the Transylvanian Basin to study the 3D structural

X1
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features of the salt domes and diapirs in the abandoned salt mines. They propose a
route with five stops to explain the link between hydrocarbon and salt (ectonics.
Chapter “Spectacular Sandstone Rock Cities in the Czech Republic”: Novakova
and Novak (2021) describe sandstone rock cities from the Czech Republic. The
Cretaceous sandstones are broken into blocks during the Alpine orogenesis and
subsequently eroded to form these spectacular exposures.

Chapter “Field Guide to RODS in the Pireneus Syntaxis, Central Brazil”:
Martins-Ferreira and Rodrigues (2021) present a field guide focussing the linear
structural features from the Pireneus Range in Central Brazil. They describe the
occurrences as observed at the ten field stations from the Three Peaks area
(TrésPicos) to the Moc6 Boulders.

Chapter “Low Baric Metamorphic Belts in the Northern Tip of the Arabian-Nubian
Shield: Selected Examples from the Eastern Desert/Midyan Terranes, Egypt™:
Shallaly and Abu Sharib (2021) explore the pelitic metasediments from the LP/HT
andalusite-sillimanite-type metamorphic belts of the Arabian—Nubian shield in
Egypt. They report multiple phases of deformation in such belts.

Chapter “Review of the Geometric Model Parameters of the Main Himalayan
Thrust™: Ansari (2021) reviews geometric model parameters of the Main Himalayan
Thrust along different portions of the Himalaya. He compiles variation in the
dip-slip and strike-slip rates of this thrust along the Himalayan belt. This chapter is
not a field guide strictly speaking, but keeping this work in mind will be important
for the Himalayan field geologists.

Chapter “Traverses Through the Bagalkot Group from North Karnataka State,
India: Deformation in the Mesoproterozoic Supracrustal Kaladgi Basin”: Patil Pillai
and Kale (2021) conduct fieldwork along four different traverses within the Balakot
Group of the Kaladgi Basin. They report several mesoscale structural features,
primary sedimentary structures and bedding plane characters.

Chapter “Tectonic Framework of Northern Pakistan from Himalaya to Karakoram™:
Ali et al. (2021) explore the rocks along the Islamabad—Khunjerab transect of the
Pakistan Himalaya. They describe the lithounits encountered over a period of four
days that comprise 27 field stops.

Chapter “Structures of Lesser/Greater Himalaya in and Around an Out-of-Sequence
Thrust in the Chaura-Sarahan Area (Himachal Pradesh, India)”: Ghosh and
Mukherjee (2021) present detail field structural features near an out-of-sequence
thrust in the Western Himalaya in India. Such thrusts have been studied so far
mainly from geochemical perspectives, and field data were so far missing. This
chapter presents a good example of ductile and brittle shear sense indicators, so the
reader is referred to few recent publications”: Mukherjee (2011, 2013, 2014a, b,
2015, in press) and Mukherjee et al. (2020).

Chapter “Structural Geology Along the Nainital-Pangot Road (Kilbari Section),
Nainital Lesser Himalaya (Uttarakhand, India): Focus on Back-Structures™: Puniya
and Mukherjee (2021) study the structural geoiogy along the Nainital-Pangot road
(Kilbari section) in the Nainital Lesser Himalaya, Uttarakhand, India. The authors
report several mesoscale back structures. Such structures have increasingly been
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reported from the Himalaya (e.g., Mukherje 2013; 2019; Bose and Mukherjee
2019a, b).

Chapter “Geology, Structural, Metamorphic and Mineralization Studies Along the
Mandi-Kullu-Manali-Rohtang Section of Himachal Pradesh, NW-India”: Singh
et al. (2021) present lithounits and structures along the Mandi-Larji-Kullu-
Manali-Rohtang La transect in the NW Indian Himalaya.

Chapter “Tectonics and Channel Morpho-Hydrology—A Quantitative Discussion
Based on Secondary Data and Field Investigation”: Biswas et al. (2021) compute 30
geomorphic indices to describe the river channel morphologies and their tectonic
controis. They choose three study sites from India: the NE foreland basin of North
Bengal, the Singbhum Shear Zone (S5Z) and the Janauri—Chandigarh anticline.
Chapter “Geological Field Guide: Malvan (Maharashtra, India)”: Pundalik et al.
(2021) present detail of fieldworks from Malvan (Maharashtra, India) from the
lithologic, geomorphic and structural perspectives.

Chapter “A Field Guide to the Champaner Region, Southern Aravalli Mountain
Belt (SAMB), Guijarat, Western India”: Joshi and Limaye (2021) discuss the
structural features in the Paleoproterozoic basement gneisses L0 the recent sediments
of the Champaner region in Eastern Gujarat (India). They elaborate the lithounits
and structures encountered from 15 field stops along four different traverses.
Chapter “Importance of Fracturing in Uranium Mineralization in Gulcheru
Quartzite Host: A Case from Ambakapalle Area, Cuddapah Basin, Andhra
Pradesh, India”: Goswami et al. (2021a) map the fault zone in the Ambakapalle area
within the Cuddappah Basin. They focus on fractures and their influence on ura-
nium mineralization. The authors also discuss two phases of the alteration of rocks.
Chapter “Granitic Rocks Underlying Deccan Trap Along the Margin of East
Dharwar Craton, Mutnyal (Maharashtra)—Bhaisa (Telangana), India—General
Description and Deformation”: Kaplay et al. (2021) study the structural features
from the contact between the Eastern Dharwar craton and the Deccan Volcanic
Province. They detail shear tectonics along the contact.

Chapter “Structural Analyses of the Lunavada—Santrampur Area (Gujarat, India)
Using Remote Sensing Images”: Chauhan et al. (2021) analyze the folds and lin-
eaments from the Santrampur area (NE Gujarat, India) using remote sensing ima-
ges. They use Google Earth for identifying various folds geometries, Viz. polyclinal
folds, second-order folds and superposed folds. This chapter will enable field
geologist to get into the detail of the terrain.

Chapter “Fundamentals of Lithostructural Mapping: Example from the SW Part
of the Proterozoic Bhima Basin, Kamataka, India; A Note on Dharwarian Crustal
Evolution”: Goswami et al. (2021b) explore the geodynamic evolution of the
Eastern Dharwar craton with the help of GPS-aided lithostructural mapping of the
SW part of the Proterozoic Bhima Basin.

Chapter “A 3D Photogrammetric Approach in Mapping Meso-Scale Folds and
Shears in Structurally Controlled Syngenetic Mn-Mineralised Zones of Shivrajpur
Region, Eastern Gujarat, India”™: Joshi (2021) describes an innovative technique of
mapping mesoscale structures using 3D photogrammetry. The author maps an
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xiv

outcrop scale fold from an abandoned mine fr : .
o 3 : om the Mn- al /
Shivrajpur region (Bastern Gujarat, India), mineralized zones of the
ghapter e Geometry Around Bhuj (Gujarat, India)”; Omid et al. (2021) present
ﬁn\izr;e vein geomemes. from Bhuj area, Kutch Basin, Gujarat, India. Detail
eld-based and geochemical studies can be taken up in this hitherto unknown area

of structures.
Chapter “Oriented Rock Samples for Detailed Structural Analysis”: Gaidzik and

]Zal?a a§2021) discuss'how to collect oriented rocks from field for structural geo-
ogical analyses. This chapter is particularly important to undertake kinematic
analyses of shear zone rocks under an optical microscope.
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Ashwin Pundalik, Shiba Nikalje, Arnay Samant, and Hrishikesh Samant

ocation to (Indian)
cal and structural
been shown from

Abslrgct We present a geological field guide for a lesser known I
geologists from Maharashtra (India): Malvan. Geomorphologi
geology exercises have been explained, and a few results have
the 2016 field report of the third author.

1 Introduction

Fieldwork has been conducted by faculty members of the Department of Geology at
St. Xavier’s College (Mumbai) in Malvan for the last 25 years. Yet this exciting field
location is much less known among geologists in India and abroad. One of the reasons
is being that there have been no major research publications on this area despite there
being a very good scope of undertaking structural geology and geomorphological
studies. Various types of geological training can be conducted with students in and
around this area. The place is free from political disturbance and is relatively less
known to tourists. Through this chapter, we publish to the “world” an exciting field
location and encourage researchers and academicians to explore it. One can watch
the YouTube video (hups://www.youLube.com/watch?v=de84rADuC8) to have a

more vivid look.
Third Year B.Sc. fieldwork is conducted over a period of 12 days out of which

10 days are allotted for the actual fieldwork and two days for travelling between
Mumbai and Malvan by train. Some M.Sc. part 2 students also go to Malvan if they
choose this area for their dissertation. The fieldwork is mandatory and is spread across
fifth and sixth semester. In fifth semester, students prepare a pre-field report, which

is evaluated out of 100 marks equivalent to 4 credits (spread across all courses). In
the sixth semester, students are evaluated for actual performance during field work
and the field report that they generate later on.

Malvan is situated on the Indian west coast within the Konkan coastal belt and
comes under Sindhudurg district of Maharashtra. The extent of Malvan taluka may be

A. Pundalik - S. Nikalje - A. Samant - H. Samant (=)
Department of Geology, St. Xavier’s College, Mumbai, Maharashtra 400001, India

e-mail: hrishikesh.samant@xaviers.edu

© Springer Nature Switzerland AG 2021 495
S. Mukherjee (ed.), Structural Geology and Tectonics Field Guidebook—Volume 1,

Springer Geology, https://doi.org/ 10.1007/978-3-030-60143-0_17

Scanned with CamScanner



v URETEE - 1

Dr. Anil Laxman Bhalerao
Dr. Rajesh Shrirangrao Gaikwad

o~ CH

o % 'H
' : i

-, I
-~ N

mahi
rnp Publicotion




REVUIRIME AUTHORS sttt
Dr. Anil Laxman Bhalerao is Assistant Professor in
Botanyat Chikitsak Samuha's S.S. & L.S. Patkar and
V.P. Varde College Goregaon Mumbai,
Maharashtra India. He has perceived M. Sc.and Ph.
D. in Botany from Dr. Babasaheb Ambedkar
Marathwada University Aurangabad,
Maharashtra, India. He was awarded as J.R.F. and
S.R.F. by University Grants Commission (UGC) during the tenure of
his Ph.D. degree. He has 15 years of teaching and research
experience. He has published 22 research papers in various peer
reviewed, UGC care listed International and National journals and
conference proceedings. He has given invited talk in 07 colleges.

He is a member of Board of studies in Botany. He has attended 25
National and International conferences.

Dr. Rajesh Shrirangrao Gaikwad is Assistant
Professor, Swami Vivekanand Senior College,
Mantha, Jalna Maharashtra, India since 2010. He
obtained his M.Sc and Ph.D in Botany from Dr.
Babasaheb Ambedkar Marathwada University,
Aurangabad, Maharashtra, India. He also obtained
his M.Sc Enviornmental Science from Yashwantrao Chavan
Maharashtra Open University, Nashik, Maharashtra, India. He was
awarded J.R.F and S.R.F by University Grants Comnmission (UGC),
New Delhi, India during his research. He has ten years of teaching
and 15 years of research experience. He has published about 30
research articles in various prestigious international and national
journals and He has authored 04 textbooks with reputed
publishers. He is life member of various associations of plant
sciences. He has attended and presented his research findings in
60 national and international conferences.

Mp ;Latrl:caﬂo'l H\‘IH ‘

Office No.1, Krishnasagar Society, mahibookpublication@gmail.com B&XEL T Y EEE k4
Nr. Shivsagar sharda Mandir Road, | & +(91) 798 422 6340
Ahmedabad-380007 @ www.mahipublication.com ? 399/ b=




APPLIED RESEARCH IN
BOTANY VOLUME-1

Dr. Anil Laxman Bhalerao
[MSc.Ph.D ]

Dr. Rajesh Shrirangrao Gaikwad
[MSc.Ph.D.]

' mohi
ﬂp Publicetion




ISBN: 978-93-90661 -59-7

' pirst Edition: 2021

subject to the condition that it shall not, by way of trag
. resold, hired out, or otherwise circulated without ‘:h°f
e

n consent in any form of binding or cover other tha
lished and without a similar condition including th;
d on the subsequent purchaser and without limitin
ht reserved above, no part of this publication may bg
introduced into a retrieval system, or transmitted in
any form or by any means (electronic, mechanical, photocopying or
recording) otherwise without the prior written permission of both the
copyrightowner and the above-mentioned publisher of this book.

This book is sold

otherwise, be len
publisher's prior writte

that in which it is pub
condition being impose
the rights under copyrig
reproduced, stored in or

PRICE T 399/-

PUBLISHER
MAHI PUBLICATION

Q) Office No.1, Krishnasagar Society, N
Ahmedabad-380007

@ mahibookpublication@gmail.com
@ +(91) 798 422 6340
@ www.mahipublication.com

r. Shivsagar sharda Mandir Road,

Copyright © 2021\ MAHI PUBLICAT!ON



SRs
NO.

10

1

12

INDEX
TITLE OF THE RESEARCH PAPER

EFFICIENCY OF MYCORRHIZAE AND PGPF FOR
GROWTH PERFORMANCE ON CHILI CV SITARA

EFFECT OF MYCORRHIZA ON CHEMICAL
COMPOSITION OF THE TAJETES ERECTA. L AND
CATHARANTHUS ROSEUS. L

EXPLORATION OF EMERGENCY HERBAL FOOD
RESOURCES OF TRIBAL PEOPLE FROM THE

RAIGAD DISTRICT OF THE MAHARASHTRA STATE,
INDIA.

EFFECT OF GA+ IAA AND GA+ NAA PRE-
TREATMENTS ON SEED GERMINABILITY AND
ROOTING OF STEM CUTTINGS OF JATROPHA
SPECIES.

GENETICALLY MODIFIED DISEASE RESISTANT

FRENCH BEANS (PHASEOLUS VULGARIS L.) AS AN
IMMUNE BOOSTER- A REVIEW

EFFECT OF PEG-6000 INDUCED WATER STRESS ON
PHYTOCHEMICALS IN WHEAT CULTIVARS
(TRITICUM AESTIVUM L).

COMPARATIVE STUDY ON DIFFERENT CLEARING
METHODS FOR THE PREPARATION OF LEAF
VENATION OF LEAVES.

NAME OF AuTHoR

PROF. DR. UDHAY
N. BHALE

PRINCIPAL DR,
RANGNATH AHER

DR. KALPIT
MHATRE AND
PRINCIPAL DR.
RAJENDRA SHINDE

DR. RAJESH
SHRIRANGRAO
GAIKWAD

SHREYADOGRA &
NARAYAN
TOTEWAD

DR.DESHMUKH
R.N. & SAWANT
K.S.

SAIMA RASHID
MIR, B.M. SHINDE
AND M.M JANA

ETHNOMEDICINAL PLANTS USED BY KOKNI TRIBAL

OF NASIK AND DHULE DISTRICTS FOR TREATMENT
OF PILES (MAHARASHTRA)

SACHIN D. KUVAR
AND DR.
RAJENDRA D.
SHINDE

EFFECT OF MEDICINAL PLANTS ON PATHOGENIC
FUNGI

ADDITION OF SACRED GROVE FROM RAIGAD
DISTRICT FOR THE STATE OF MAHARASHTRA

EFFECT OF NITROGENOUS WASTE WATER OF
BUFFALO STABLE ON GROWTH PARAMETERS OF
SOME VEGETABLES IN MUMBAI

RAFI AHMED,
SACHIN CHAVAN
AND RUKHSAR
BANO ANSARI

DR. KALPIT
MHATRE

NISHA SUTAR AND
ANIL BHALERAO

FLORISTIC DIVERSITY OF PLATEAUS IN DEVGAD,
SINDHUDURG, MAHARASHTRA AND NEED FOR
THEIR CONSERVATION

DR. ALOK GUDE
AND KALPIT
MHATRE

No

9

3]

48

60

»

95


Leena Joshi

Leena Joshi

Leena Joshi


13

14

15

16

17

18

19

21

24

26

27

USE OF NATURAL FLORAL EXTRACTS AS PH
INDICATORS

FUNGAL CONTAMINATION OF PAPER CURRENCY
POSSESSED BY DIFFERENT OCCUPATIONERS AND
ITS CONTROL

EFFECT OF NITROGENOUS WASTE WATER OF
BUFFALO STABLE ON NUTRIENTS OF SOME
VEGETABLES

OCCURRENCE OF AM FUNGI IN CASSIA TORA L.
PLANTS OF OSMANABAD DISTRICT

EFFECT OF COOKING AND STORAGE CONDITIONS
ON THE NUTRITIVE VALUE OF DOLICHOS BEANS.

STUDY OF SEASONAL VARIATION IN LEAF
CHLOROPHYLL CONTENT OF SOME TREE SPECIES
OF HINGOL! REGION (M.S.)

USE OF POLYALTHIA LONGIFOLIA AS BIOPESTICIDE:
ADVANCEMENT TO TREAT FUNGAL DISEASE OF
SOME MEDICINAL PLANTS

INVESTIGATION OF PHYSICO-CHEMICAL AND
BIOACTIVE PROPERTIES OF HONEY FROM THE
RAIGAD DISTRICT OF MAHARASHTRA STATE
PROXIMATE ANALYSIS OF PORTULACARIA AFRA.
JACQ.

DIVERSITY OF MANGROVES AT JAITAPUR
(RATNAGIRI DISTRICT), MAHARASHTRA STATE

PRODUCTION OF CYANOBACTERIAL BIOFERTILIZER
AND ITS APPLICATION IN PADDY FIELDS.
TRADITIONAL USES OF MEDICINAL PLANTS BY
RURAL ZONE OF SAIKHEDA TAL-NIPHAD, DIST-
NASHIK (MS)

EFFECT OF STORAGE CONTAINER AND STORAGE
PERIOD ON INCIDANCE OF FUNGI OF FOODGRAINS

EFFECT OF MEDICINAL PLANTS LEAF EXTRACTS ON
GROWTH AND SPORULATION OF FUNGI.

CURRENT STATUS OF RESEARCH ON MUSHROOM
CULTIVATION IN INDIA

ANKIT YADAV,
NIKUNJ SULE AND
PRATIKSHA KARADE
DR. RAJENDRA B.
KAKDE

NISHA SUTAR AND
ANIL BHALERAO

PRAKASH
SARWADE, SHAHAJI
S. CHANDANSHIVE,
VIKAS P.SARWADE
AND KAVITA N.
GAISAMUDRE
SURVE SHIVANI A.
AND BHAGAT
SACHIN S.

DR. KIRANKUMAR
KHANDARE

DR. MANISHA S.
SUTARE

KALPIT MHATRE
AND ALOK GUDE

RUCHIRA JAVKAR
AND ANIL AVHAD

'DR. KALPIT MHATRE,

RAJENDRA SHEVDE
AND MAHADEO
BADGE

A. A. ATNOORKAR

S.V. GOSAVI

ANIL U. KULKARNI,
AND ASHOK M.
CHAVAN

ANIL N.
KORPENWAR AND
DEEPMALA A.
GAIKWAD

YUVRAI D. KENGAR
ILAHI |. MUJAWAR AND
NARAYAN D.

L aan=T17/Va)

97

103

m

118

128

133

137

155

163

m

195


Leena Joshi


€
)r
n

Applied research in Botany Volume-1

3. EXPLORATION OF EMERGENCY HERBAL FOOD RESOURCES OF
TRIBAL PEOPLE FROM THE RAIGAD DISTRICT OF THE
MAHARASHTRA STATE, INDIA.

KALPIT MHATRE ' Department of Botany, Arts, Commerce and Science College, Lanjs-
- Ratnagiri

RAJENDRA SHINDE | Department of Botany, St. Xavier's College, Mumbai

The present paper deals with an enumeration of emergency food resources of

5| tribal people in the Raigad district of Maharashtra State, India. While conducting
§ 'an ethno botanical survey of the district, authors came across with few plants
> | whose fruits have been widely used by tribal people as a source of emergency
@ food. Inthe presentstudy sixteen plant species have been collected and reported
‘asanemergency food resource of tribal in the district.
KEYWORDS  Tribal, Food, Raigad.
INTRODUCTION

Raigad district in the state of Maharashtra lies between 17°51" - 19°80" N latitude and
72°51' -73°40°’ E longitude. It covers an area of 7162 sq. km. The district is bounded on the
west by Arabian sea, Thane district lias to the north, Pune district to the east, Ratnagiri
district to the south while Satara district shares a boundary in south-east. Raigad
district forms an important part of the traditional Konkan region. There are several hill
ranges stretching out from the main Sahyadri range which runs almost parallel to the
west coast. On the north-east boundary of the district, the Sahyadri range is crossed by
several passes or ghats. Interesting forest vegetation is reflected due to varied
physiological, geological, edaphicand climatic conditions.

Raigad district consist of dark coloured volcanic lava flows and laterites. On plateau,
basalt lava forms dominant ‘Basaltic composition'. Next to that is a little softer, purple
to grayish, usually showing rounded or elongated or tubular cavities and geode with
infillings of secondary mineral occupying the portion of slopes and valleys.

Soil in the district is Murum, grayish to dirty green In colour which on decomposition
gives reddish-brown to black solil. Rice soil and coastal alluvial soils are also present.

25
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There are three types of tribal communities
1. KatkariorKathodi

2. Thakaror Thakurs

3.  MahadeoKoli

in the district:

. Their name is deriy
ange of Sahyadris T ed
The Katkari or Kathodi lives in the mountain r g"Khalr" wrees. Katkari are agriculturg

from their occupation of preparing “Katha” from

labors and ﬁm:ood ullo‘:s. ’;hoy are dark complexioned, sturdy ‘“d‘::il' F;::}::que and

are hot-tempered by nature. Katkari women are hardworking an P mer'\ by
s, squirrels, peacocks, fish, varioys

carrying head loads of firewood. They eat field rat
types of roots, nachani, vari etc. The tribe is divided into 4 endogamous sub-groups viz,

i) DhorKatkari ii) DhorKathodi iii) Son Katkari iv) Son Kathodi. Out ar s iour sk
groups, Son Katkariare superior among all and are mainly found in Ra?igad district,
DhorKatkariare not found in Raigad district. Katkaris lives in I'.luts whtc.h are mud-
daubed with a roof of palm leaves. In their hut, generally the cooking room IS separate,

They have several hens, dogs and few fishery traps.

Thakar or Thakur also lives in Sahyadri mountain range. The hutment of Thakar or
Thakur is known as Thakurwadi. There houses are built at some distance from each
other. These houses are rectangular in shape and has only one pillar at the middle. Wall
are made up of sticks of Karvi (StrobilanthescallosusNees) and plastered with dung.
People in this community are firewood sellers, honey sellers and agricultural labors.
Thakar are normally of medium height and are less angry.

MahadeoKoli is the third tribe found in the district. It has less population as compared
to Katkari and Thakar. MahadeoKoli are dark complexioned people and earned their
livelihood from agriculture, animal husbandary etc.

MATERIALS AND METHODS

For the collection of ethno-medicinal data, number of tribal, ‘vaidus', ‘*hakims', Mid-
wife, traditional healers were interviewed regarding the uses of plant they use in thei
day-to-day life. These interviews have been taken with the help of standard formats
given by (Jain &Goel1995) with modifications. Necessary permissions have been taker
from the Forest Department for the collection of plant specimens. Plants collected
during present study have been properly processed and herbarium ;heets have bee"
prepared as per the standard methods given by (Jain and Ra01978) and (Bridson an’

Forman 1998). Critical studies of coll
ected of
Herbarium. Collected plants are plants have been done at the Bla®

=

-
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RESULTS AND DISCUSSION
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International Code of Nomenclature for algae, fungl and plants (Melbourne Code,

Inthe present study seventeen plant spacies belonging to fourteen families have been

studied from Raigad district of Maharashtra state. Which are as follows:

Sr. |Family Plant Name Common |Habit Parts Voucher

No. Name Used

1 |Anacardiaceae |Buchanania Charoli Tree Fruits KGM - 637
cochinchinensis
(Lour.) M. R. Almeida

2 |Anacardiaceae |Spondias pinnata (L. |Ambada |Tree Fruits KGM - 545
f.) Kurz.

3 |Apocynaceae |Carissa carandas L. |Karvanda |Shrub Fruits KGM - 546

4 |Begoniaceae Begonia Motiya Herb Leaves KGM-419
crenataDryand.

5 |Capparidaceae |Capparis moonii Garabadudi|Shrub Fruits KGM - 242
Wight

6 |Ehretiaceae Cordia Bhokar Tree Fruits KGM - 693
dichotomaForst. f.

7 |Fabaceae Aeschynomene Chichani [Herb Fruits KGM - 159
indica L.

8 |Lecythidaceae |Careya arboreaRoxb.|Kumbhi Tree Fruits KGM - 156

9 |Moraceae Ficus racemosa L. Umbar Tree Fruits KGM-473

10 |Myrtaceae Syzygium cumini (L.) |[Jambhul |Tree Fruits KGM- 101
Skeels

11 |Rhamnaceae |Ventilago Khandvel |Climber |Fruits KGM - 745
maderaspatana
Gaertn.

12 |Rhamnaceae |Zizyphus mauritiana |Bor Tree Fruits KGM - 221
Lam.

13 |Rubiaceae Meyna spinosaRoxb. |Alu Tree Fruits KGM -553
ex Link.

14 |Rubiaceae Neolamarckla Neev Tree Fruits KGM - 587
cadamba (Roxb.)
Bosser

15 |Sapindaceae |Cardlospermum Kanphuti |Herb Fruits KGM - 806
halicacabum L.

16 |Tiliaceae Grewla aslatica L. |Dhaman |Shrub  |Fruits  [KGM-643

17 |Vitaceae Ampelocissus Ran- Climber |Fruits KGM- 191
latifolia (Roxb.) draksha
Planch

27




Applied research in Botany Volume-1
CONCLUS'ONtu dy seventeen plant species belonging to fourteen families haye - tﬂ|
lr:;::tz'::: ::\semoyrgency food resources.
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8. ETHNOMEDICINAL PLANTS USED BY KOKNI TRIBAL OF NASIK AND
DHULE DISTRICTS FOR TREATMENT OF PILES (MAHARASHTRA)

Dr. Sachin D. Kuvar Department of Botany, Siddharth College of Arts, Science & Commerce,
Fort, Mumbai

Dr.. Rajendra D. - Department of Botany, St. Xavier's College, Mahapalika Marg, Mumbai -
Shinde 400001, Maharashtra

An ethno-botanical survey was undertaken to collect information on the use of
medicinal plants for the treatment of Piles and Fistula by Kokni tribal community
-of Nasik and Dhule Districts of Maharashtra. In the present work information on
42 plant species used especially for the treatment of Piles and Fistula, as the
traditional herbal remedies are based on ancestral knowledge and empiric
experiences. Apart from efforts are ruined to educate the further generations
about their importance, it may be missing in future. This diversity of information
might contribute comprehensively in modemn drug conniving or in government
policies to advancement contemporary innovative drug design systems in rural,
folkloric areas, and in the enhancement of advance formulas with reference to
indigenous remedial medicinal plants. The rural and tribal communities still
continue to depend on medicinal plants, this wealth of traditional knowledge
needs to be collected and preserved which may help to understand remedial
plant metabolites for development of novel herbal medicines and for the
betterment of the mankind.

KEYWORDS Kokni, Piles, Fistula, Nasik, Dhule, Maharashtra

ABSTRACT

Introduction:

The consequence of indigenous remedial medicinal plants in indulgence piles has not
been acknowledged perfectly from rural, folkloric background of Indian society. India
has been considered a rich in biodiversity of medicinal plants and their indigenous
cleverness.

Piles are inflammation of the blood vessel that generally occurs nearby in anal canal.
The piles are producing when the anal cushions are disrupted by the power of
defecation. The stool uniformity and defecator routine for countless wounded are

almost positively to clam. The smash up is increases due to hard stools which is vigor of
shearing.

The majority of the people that living in villages have been using the home-grown
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vision of the factthat ages because the '"formu
ti
the subject of local plants I8 transfers from generation to generation anqg itig on "
e

ly have les LITVS
le llving in villages most 8 Suitap) on

xperiences lifelong. The peop )
::):t;n:)n services because villages have long distance far away from the Centry) cxlcal

plants for medicinal purpose. In

ument and analyze the ethnic facts 1o

the custom and exploit of indigenous remedial therapeutic plants in hea“ng
treating piles. So the present work was carried out in.Kokni tribal dor.ninated Villa

Nasik and Dhule districts of Maharashtra. The Kokni are one of the important tﬁbegm
Maharashtra. The Kokni tribe had migrated from the Konkan region of Manarag,
during the famine of 1396 - 1408. Itis because of this they gotthe name 'Kokn; and th:
‘Kankan' armlet worn by the tribe. They are also known as Kokna or Kukna, | I8 an
independent tribe and does not have sub-tribes. In the list of Scheduled Tribes 4 the

three names are included inthe same group.

The present exertion is an effort to doc 'a“n

Materials and Methods:
Different tribal localities of Nasik and Dhule district were surveyed during the

ethnobotanical research work on Kokni tribal during the year 2014 to 2019. The
information on the uses of plants used in treatment of Piles is collected from tribal §-
people of these districts. The digital photos of the plant were taken in their natural
habitat and plant specimens were collected for proper authentication. The fresh '
specimens were compared with the earlier collected herbarium from different partsof §~
country for authentication in Blatter herbarium, St. Xavier's College (Autonomous) §.
Mumbai, Maharashtra. The plants Global Position System (GPS coordinates) location §
was also recorded for further reference. The plant specimens were preserved and

housed in Blatter herbarium, St. Xavier's College (Autonomous), Mumbai
Maharashtra.
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Result and discussion:

The study reveals 42 plant species used for the treatment of Piles by Kokni tribal
community of Nasik and Dhule districts of Maharashtra reveals utilization of ma‘orita
of plant remedies which are prepared in the form of juice followed by powderjang
paste form, from freshly collected plant parts. For few remedies, medicines are
prepared after drying. Using a single plant part or a combination of several plant parts
usually makes the preparations. Medical administration includes inhalation, oral
administration, paste or applying plant part directly on piles which is given in Table No.
1. Further extensive Ethnobotanical and Ethno-pharmacological study may lead to the

exploitation of plants and compounds for treatment of Piles.

Table 1: Plants species used by Kokni tribal to cure Piles

Sr. |Botanical Name Family PartUsed |Uses
No.
i |Aloe veralL. Liliaceae Leaf pulp Leaf pulp is consumed orally to
cure jaundice and piles.
2 |Argemone Papaveraceae |Root Roots are chewed 5 times a
mexicana L. day for 5 days to cure piles.
3 |Balanites Zygophyllaceae |Fruit The fruit paste is applied on
aegyptiaca (L.) Del. piles 4 to 5 times to reduce
burning and pain.
4 |Biophytum Oxalidaceae Entire plant |Plant extract is given orally
sensitivum (L.) DC. daily twice for curing piles.
5 |Caesalpinia bonduc |Caesalpinae  |Seed Seeds are roasted and crush to
(L.) Roxb. make powder. This powder is
applied on piles to reduce
inflammation.
6 |Caesulia axillaris Asteraceae Root Roots are chewed twice a day
Roxb. for the treatment of piles.
Entire plant is crushed and
given in sugar once a day forS
days for bleeding piles.
7 |Calotropis gigantea |Asclepiadaceae |Root Root paste is applied externally
(L)R. Br. on piles to reduce
b inflammation.
8 |Calotropis procera |Asclepiadaceae Root Root paste is applied externally
(Ait.) R. Br. on piles to reduce
— inflammation.
o Cardiospermum Sapindaceae [Root Root decoction is given twice a
o halicacabum L. day to reduce bloo:lngtpile::.
Care Bark is crushed and extractis
Roxb%'a arborea Lecythidaceae |Bark Siven twice, dally for oA
- piles.
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r///Tf.w( is applied on m
reduce pain and burning,

Coriea carendes L. | oymacese | L¥
s L. L
11 |Carissa cor‘L /—1/ Seeds are crushed am
Celastracea® See ,ppuod on painful piles tq o
12 |Celastrus duce inflammation
paniculatus willd. re -
13 |Cleome viscosa L. | ——Leafextractisadministeredors
rmace |Leaf rally
74 | CocculushirsutusiL) (Menispe forpiles.
W.Theob ae Rootdecoctionisusedaslaxayy, |
ot Xative
15 |Convolvulusarvensks Convolvulaceae|Ro andtocurepiles.
L. Root Rootsarecrushedandextractis; |
16 | Cynodondactylon(L. |Poaceae onsumedtocurebleedingpiles
)Pers. shed —
Tuber Rootsarecru andpasteisap
17 | Dendrocalamusstric| Poacea® pliedtocurepiles.
tus (Roxb.)Nees. ‘ lledonpil
18 |Euphorbiahirtal. Euphorbiaceae |Latex Latexisapplledonp “‘WOGM
nflammation.
19 |FicusbenghalensisL.|Moraceae Latex Latexisappliedonpilestoreduce
burning.
20 | Holarrhenapubesce | Apocynaceae  |Seed Seedsarecrushedandpasteisap
nsWall. pliedonpainfulpiles.
21 |Indigoferacassioides | Papilionaceae Leaf Driedleavesarerolledandsmoke
Rott.exDC. dtoreducepilesandbleedingpile
s.Theleavesareburntandtheper
sonsufferingfrompilesisaskedt
otakesmokeofthedriedleaves.
22 |Ipomoeacarnealac |Convolvulaceae|Leaf Leavesareheatedandkeptinund
@ erpantstoreduceinﬂammation
duetopilesfor10-15days.
Everydaynewleafisusedwhichis
ffectiveremedyforpiles.
23 |(Ipomoeaturbinatal |Con s ol
p volvulaceae|Root Rootsarechewedtocurepiles:
24 |Lagenariasiceraria( |Cucurb —]
ita
Molina)Standl. cone |Loef Leafjuiceisappliedexternallyl
25 |Lantanacamaral. |v curingpiles
erbenacea . ]
- e |Leaf Theleewe:'.arecmshedalldP"""wl
aunaeaprocumbe |Aster, sappliedonpilestocureit._—
aceae
ns(Roxb.)Ramayyas Leaf Leavesareeatentoreducep!®*
Rajagopal.
27 |Lepidagathistri
pri nervi |Acanthaceae |Root %
Therootsareovernights®® ordll
28 |Luffaacutan waterandjuiceisconsum®
Roxb. guia(L) Cucurbitaceae Root ytostopbleedingpiles:
1 Rootpasbisu%
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29 [Mallotuspolycarpus |Euphorbiaceae
(Benth.)Kulju&Welze Leaf Leavesaredriedandburntoash.T
o hlsaahlsapplledonpllestoreduc
epain.
Mimosapudical.. Mi
30 P mosaceae |Leaf Leavesarecrushedbyhandandp
asteisappliedonpiles.
Ocimumgratissimu
31 oy g Lamiaceae Leaf Pasteofleavesisappliedonpiles.
ularia i
32 |Pergulariadaemia(F | Asclepiadaceae | Leaf Theyoungleavesarecrushedwit
orssk.)Chiov. )
hgheeandeatentostopbleeding
piles.
33 |Persicariaglabra(Wil |Polygonaceae |Leaf Leavesandinflorescencearecrus
Id.)M.Gomez. Inflorescence |hedtogetherandpasteisapplied
onpiles.
34 Popgamiapinnata(L Papilionaceae |Leaf Freshleavesarechewedforcurin
.)Pierre. gpiles.
35 |Plumbagozeylanica |Plumbaginacea |Root Thedriedrootsareburntandthes
L. e mokeisgiventoreducepiles.
36 |Saccharumspontan |Poaceae Leaf Theleavesarecrushedandpastei
eumL. sappliedextemallytocurepiles.
37 |Schleicheraoleosa(L |Sapindaceae |Bark Decoctionofbarkisusedforredu
our.)Merr. cingpiles.
38 |Semecarpusanacar |Anacardiaceae |Fruit Thejuiceofnutshellisappliedon
diumL.f. piles.
39 [SesamumindicumL.|Pedaliaceae |Seed Oilextractedfromseedsisapplie
donpiles.
40 |Tamarindusindical.. | Caesalpiniacea |Leaf Leavesareboiledinwaterandextr
e actisgiventocurepiles.
41 |TerminaliachebulaR |Combretaceae |Fruit Powderoffruitsisusedaslaxative
otz forpiles.
42 |Woodfordiafruticos |Lythraceae Leaf&Flower Theleavesandﬂowe‘rsaret_:rushe
dtogetherandpasteisappliedon
a(L.)Kurz. =
piles.
Conclusion

The study concludes that the role of herbal

plants as medicine for the treatment of

piles among the tribes is crucial. They use many wild plants, weeds, flowers, seeds, bark
in their traditional treatment. The collected information not only shows thenI malnz
Preparations are made from single plant but rarely mixture of severar: plairl\;: Tnat:e
used. Majority of the preparations are taken orally and applied :n :N :i :h p';ys he
Studied area, many people still have faith in the herbal reme 'yvestl i
important role in the life of this tribal community. Further n" |ngma i
Pharmacognostic studies on these plants will open up new avenu

herbal medicine which will be beneficial for the future generation.
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s IN DEVGAD AND

pLATEAU
12.FLORISTIC DIVER::\JTJ :;ED vOR THEIR CONSERVATION

SINDHUDURG (M.S)

rce and Science College, Lanja, Dist: Ratnagiri (MS)
me

Alok Gude Arts, Com
Kalpit Mhatre Arts, Comme

rce and Science® College, Lanja, Dist. Ratnagiri (MS)

y of floristic diversity of different plateays j,

durg district, Maharashtra State. Konkan, a coastal plaj,
bian Sea (west) and the Western Ghats
hotspots. Generally, uneven terrain jg
Ghats that form low lateritic plateaus

The present paper deals
Devgad taluka of Sindhu
of western India, lying petween the l.\ra
(east)is considered as oné of the biodiversity

composed of eroded remnant ranges of the :
in the west and terminate in a coastline of alternating bays and headlands,

Plateaus in Konkan are diverse in different types of herbs, shrubs, trees, climbers,
aquatic plants, insectivorous plants as well as grasses. The present paper focuses
on the biodiversity of those plateaus in the Devgad Taluka of Sindhudurg District.
For the study of floristic diversity, regular field visits have been conducted forthe
continuous 3 years on different plateaus of Devgad Taluka. In the present paper, a
total of 215 plant species have been recorded for their distribution on the Plateaus

ABSTRACT

KEYWORDS Plateau, Diversity, Conservation.

INTRODUCTION:
Konkan, a coastal plain of western India, lying between the Arabian Sea (west) and the

\[')V::::;n g::;sa (;a;te); :r::t :Iai;! ;tretche-s approximately 330 miles (530 km) from the
Maharashtra and Goa states :nd [;Jam"? . (Bom!.)ay) .to the' Tarekiiall RSGerbe
28 and 47 miles (45 and 76 km) in wdth and Diu unkon territory in the south. BS¥e
i, B km) in width, the Konkan includes the regions of Thane)
drr:i: eur‘e :r:a: . 'l:::arh, and Ratnagiri. The region is traversed by seasonal rivers that
uneven terrainyls cor:mna' reniaRfTom; e crast of s Satiyadil Hifs, Generall’
tarits plaisaiEaiih mzo\z::tof eroded.remnant ranges of the Ghats that form loW
headlands. Only about one-thairld terminate in a coastline of alternating bay® and
mainly in the relatively fertile rivr:r 3::::;; sla':‘ed ishcultivable, and the population lives
industrial belt ar the coast an develop®
oocupled by th:‘:)’a"::::ialhgt:l:\bal, Thane, Khopoli, and Pangelr t':?:en::,gan hills 8"
» Kathkari, and Kok ) ico
pulses (legumes), vegetables, fruits, and okana peoples. The main crops are I N
also important. The most Importam, [ coconuts; fishing and salt manufactufea_ t
part of Konkan is Plateaus. Sindhudurg dist®
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ral plateaus that show luxuriant growth of num
seve
shows

ber of plants includ
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ing rare,
eason,

ETHODS:

MATERIALS Ad':\l,)e:ity of plants on different Plateg
To study thebeen selected for the present study. R
aluka have e been conducted for a period of 3 ye
plateaus ey teaus. Distribution studies were carried out using random quadrat
on all the Pla X 10,',‘ 10 quadrats/Plateau). GPS coordinates of the mid-point of the
sampling (10m ken wit,h the help of Garmin eTrex Vista Hex model. The flowering twigs
Plateau Wem::s were collected and the herbariums were prepared according to the
ofe;:Laor: :E::ested by Jain & Rao (1972). The pl

m

ants were then identified with the help
i 1972). Regarding the local uses of the plant
ras and manuals Jain & Rao ( . ;
’ Sta'nda::tﬂe:views with local inhabitants were taken. Total of 42 inhabitants were
species,

iewed. The parameters such as density, frequency and ab“"da"‘_’e' S'm‘:wz
g i.nance index and Shannon frequency were calculated by using :"tai" ::e
|ndex,|d°:‘y using references from Naskar and Mandal (During quadrat analysis,
formulas

us, total of 34 pPlateaus of Devgad
egular and seasona| visits to all the
ars. The quadrat analysis was done

RESULTS AND DISCUSSION:

: i have been studies
Covering entire taluka) '
r, a total of 34 plateaus ( S
In t:e ptfet:T";fp;:) ; plant species have been recorded f.o‘r tl';leu'e :;sat:::md' 10 are
:rl‘ate‘:u: Out of 215 plant species, 46 are rare, 8 are crltlt;a t);'ne species Dipcad
threatened and 4 are on vulnerable We have r-el—:ona:ened SpEcies. e pa It
ich i idered as Thre . Iso
nse ell) Baker which is consi  Irifact. has'e
:oown::gnr:ost cg:lr:orz on the laterite Plateaus of [.)evgad taI::: by using Dipcadi
N observed that local inhabitant sell Garland which they m

the
i f Plateaus for
ers. This observation really focuses the importance o
elopment of vegetation.
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{ON OF PHYSICO-CHEMICAL AND BloAcT;y,

20. INVESTIGAT FROM THE RAIGAD DISTRICT of

PROPERTIES OF HONEY
MAHARASHTRA STATE

Arts, Commerce and Science College, Lanja,

Department of Botany,
KALPITMHATRE  *Pe0ro o

ALOK GUDE Department of Botany, St. Xavier's College, Mumbai

Honey is defined as the natural sweet substance produced by hozey 'bees from
the nectars of plant flowers and honey dew. The praset paper. ©als with the
investigation of physic-chemical and bioactive properties of different honp
samples collected from different parts of the district. Raigad district shows
presence of 15 tehsils. Honey samples from the wild were collgcted frc?m all the 15
tehsils and investigation of parameters such as viscosity, s?ec:ﬂc gravny. electrical
conductivity, glucose, sucrose, fructose, pH, colour intensity, moisture, ash, total
protein content was done. The present study reveals that all the honey samples
collected from 15 tehsils in the Raigad district of the Maharashtra State are of
good quality and hence suitable for consumption. This type of study will definitely
be helpful in understanding the characteristics of local honey and thus would
help in commercialization of honey in the local market. Commercialization will
lead to the skill development program among the individuals and thus will helpin
generating income thus contributing the economy of the country.

KEYWORDS

ABSTRACT

:, Honey, Physical properties, Chemical analysis, Wild sample.

INTRODUCTION

Honey is defined as the natural sweet substance produced by honey bees, from

the nectars of plant flowers and honey dew (Codex Alimentations, 2001).

Properties and compositions of bee honey depend on its geographical fioral
origin, season, environmental factors and

. treatment of beekeepers ( Da Costa
Leite et al., 2000; Kaskoniené et al., 2010 - EL-Metwally, 2015). Bee honey is one of

the few virtually totally non-allergic foods that body easily assimilates. It contains
nutrients especially as energy provider Rahman et al. (2010), it is a high-energy
carbohydrate food (80-85%) and the honey sugars are easily di’gestible as those in
many fruits (White and Doner, 1980). Bogdanov et al. (2004) found more than 22
sugars in honey; however, fructose ang glucose are the major sugar content
Primary sugars existed in honey are fructose and glucose, and in nectar honey the
fructose content should exceed that of Qlucose Zafar et 'al (2008). Furthermore.
the sum of fructose, glucose, fructose/glucose ratio and giucoseh;vater ratio aré
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t factors related to honey qualit

mportan ‘ y. Fructose/

gl ™Y oney to crystallize ( White and Doner, 1980 ﬂ:ﬁ?:ie "atio indicates the
» s

ity O
il soniené et al., 2010 ; Buba et al, 2013). Honey containe T eSoulou,

200 s including amino acids, enzymes, protein, vita . mvron
, mins, minerals, ash,

ances:
SUD::\ic acids and phenol compounds Ouchemoukh et al. (2007). Moist
of pee honey represents a major importance to its stability against ferme::tfomem
cgnulation- The low moisture content protects honey from microbiological on and
gnd thus it can be preserved forlonger perlods (AL-Naji and Hujazy, 1982; Comarl

ot al., 2008; Bogdanov, 2009; Buba et al., 2013 ; Akhtar et al., 2014 and El-Metwally
2015). |

Raigad district in the state of Maharashtra lies between 17°51° - 19°80" N latitude
and 72°51' - 73°40°" E longitude. It covers an area of 7162 sq. km. The district is
bounded on the west by Arabian sea, Thane district lies to the north, Pune district
10 the east, Ratnagiri district to the south while Satara district shares a boundary in
south-east. Raigad district forms an important part of the traditional Konkan region.
There are several hill ranges stretching out from the main Sahyadri range which
runs almost parallel to the west coast. On the north-east boundary of the district, the
Sahyadri range is crossed by several passes or ghats. Interesting forestvegetation
isreflected due to varied physiological, geological, edaphic and climatic conditions.
Number of rivers and streams originate in the Sahyadri and flow towards the Arabian
sea. The major rivers in the district are Ulhas, Patalgangaand Amba in the northern
pant, Kundalika in central part and Savitni and Kal in the southern part. River
Uhasflows 21 kms in the district and enters in the region of Thane district. The
district has 240 km long sea coast and has Bagmandaia, Dighi (Shreevardhan).
Revdanda and Revas (Alibag), Mora and Nhava-sheva (Uran) ports. Nhf"’a’s"e;’:
sthe most advanced port in India. Varied physiographical, geclodice. o
édaphic conditions are reflected in diverse vegetation types. gL} 28?14 s?(.:ank;
aea in the district is under forests. Raigad district consist of dark coloure '\l,aoasaltic
%a flows and laterites. On plateau, basall lava forms d°T\ln:?r:g rounded
“Mposition’. Next to that is a littie softer, purpie 10 grayleh. Isel dary mineral
o elongated or tubular cavities and geode with infillings of secondary rayish
9CCUpying th Neys. Soll in the district 1s Murum. 8

diry e portion of slopes and valléy ericlvod a0 dish-brown

% soﬁreeﬂ in colour which on decompositio gent Ralgad district has i
Physiq and coastal alluvial solls aré also pre .condltlons and hence a

Oraphical, geological, edaphic and climatic

dQVQ|

OPed Interesting vegetation.
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riginal wild honey localities with an adequate honey

comb were finalized with the help of tribal people- i staam'?"hees sv:rr\e |raW one
unprocessed and collected from wall hives of AplS doﬁ:} B extractic?neiiwere
collected in sterilized polythene bottles from the place O m)c,wal of sus' Oney
was filtered through single thickness fine cloth for the re o was :Jended
particles such as dirt, bee wax, and other impurities. Later Sided.in
airtight containers atroom temperature. d samples were Snelyzec for
physio-chemical and bioactive properties like pH. electrical conductivity, colour
intensity, moisture, ash content, total protein content, QHICERE, FIHICTRES, SUSOR

viscosity and specific gravity.

district. Forthe collection of 0

RESULTS AND DISCUSSION

pH: pH of all the samples from the
6.10+0.04. The pH values of all the
found that the pH values aré within
Alimentations, 2001). This within th
freshness. (Table number 1)

ge between 4.34+0.01to

15 samples were measured and it has been
the standard limits (pH 3.40 to 6.10) (Codex
e limit result ensures the honey samples

district shows a ran

all the samples ranges between 0.36x0.03 to

Electrical Conductivity (EC): EC of
f seven samples is within the limits (not more

3.05+0.01. The electrical conductivity 0
than 0.8ms/cm). (Table number 1)

st colour intensity is 632+1.14 and 268+1.19 is the lowest.

Colour Intensity: Highe
ficant difference in all the 15 samples. (Table number

Result shows that there is no signi
1)

Moisture Content: The range of the moisture in all the 15 samples is between
12.14+0.28 to 19.54+0.24. The higher the moisture content is the higher probability
of honey fermentation during storage. Lower moisture limits (<20%), elongates
honey shelf life which would be met by a large majority of the commercial honeys
(Codex Alimentations 2001). Moisture content depends on the temperature and
relative humidity in the geographical origin during honey producing in honeéy
colonies (Crane 1979). (Table number 1)

Ash: Ash content for all the samples is within the acceptable limit (1.02£0.03 10
1.20+0.02) except sample number 14 collected from th ;

eS silwhich
is 1.32+0.01. (Table number 1) hreevardhan teh

':'g:tznlo l:)?;;eln1 cg:onbent: Total protein content of all the samples ranges betweer
1220. to 1.98+1.28. There Is no any significant difference between all thé honeéy

samples. (Table number 1)
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sud

and

Theran

position: Gl
o Coc'c':ntent ranges :th):vee content ranges between 11.4310.36
en 12.39:0.71 0 61.23+0.92 and S 0 32.44£0.63;
: ucrose content

es between 1.19:0.85t0 4.12+0.99. The r
. : : esult
dominantsugars in honey samples. (Table n?:rr(r)n‘t’:; tzh)at Glucose and Fructose

ific Gravity: Specific gravity of the honey is always greater than the wat
er.

geis between1.325910 1.4067. (Table number 2)

yiscosity: The range of viscosity is between 10to 30 poise. (Table number 2)

CONCLUSION
The present study reveals that all the honey samples collected from 15 tehsils in

the Raigad district of the Maharashtra State are of good quality and hence suitable

for consumption. This type of study will definitely be helpful in understanding the

characteristics of local honey and thus would help in commercialization of honey

inthe loca
among the individuals and thus will help in generat

the economy of the country.

I
Table no. 1: Physio-chemical characteristics of honey samples.

| market. Commercialization will lead to the skill development program
ing income thus contributing

@

. |Sample ID

pH

EC
(ms/cm)

Colour
intensity

Moisture
(g/1 00g)

Ash
(g/100gm)

Total
protein

4.34+0.01

1.92+0.02

412+1.03

16.3120.34

1.17+0.01

1.12+£0.0172

RGDSUDO1
RGDKHAO1

5.12+0.03

0.67+0.03

356+1.12

15.4410.36

1.02:0.03

1.6910.034

0.98+0.02

527+1.32

13.660.42

1.14+0.04

1.84+0.069

RGDPANO1
RGDKJTO1

4.93+0.02
5.3410.06

0.7310.03

632+1.14

16.3210.24

1.0610.02

1.23:0.125
1.52+0.534

439+1.62

16.9610.68

1.0640.02

RGDURNO1
RGDPENO1

6.10:0.04
5.9140.03

1.65+0.06
0.6810.05

489+1.98

15.6310.14

1.09:0.01

1.6410.231

1.2310.069

=]

532+1.14

18.3410.63

1.0510.02

RGDROHO01
RGDMURO1

5.68+0.05
5.36+0.05

0.77+0.06
0.75+0.04

631+2.03

12.61£0.25

1.1210.01

1.8610.128

1.32+0.137

523+1.12

12.3610.24

1.0710.03

RGDALIO1

5.13+0.03
5.34+0.05

1.2610.09
1.9810.02

498+1.16

14.6310.32

1.2010.02
1.110.02

1.45+0.136
1.2420.127

RGDMNGO1

268+1.19

18.2110.12

RGDTLAO1

— [ —
(AJ/I\J

RGDMHDO1

6.01+0.04
5.9910.07

3.0510.01
0.36+0.03

16.310.32

1.120.02

1.630.099

365+1.58

1.12£0.01

1.2520.096 |

- RGDPLDO1

4.91+0.08

469+2.31

19.5410.24

1.29+1.02

2.3410.06

~—~_RGDSHRO1

5.65+0.06

2.63+0.08

6213265

12.1410.28

1.320.01

15
2 |RGDMHs01

5.6910.09

1.25+0.02

12.3210.19

1.1410.03

1.98:1.28 |

6312169 _
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Table no. 2: Sugar composition, specific gravity and viscosity of honey

samples.

Sr. [Sample 1D Glucose |Fructose |Sucrose Sr::ll:c VISCOghy

No. 9/100g g/100g g/100g g e
2.96+0.93 |1.3651 25

1 |RGDSUDO1 26.32+0.69 |53.21+0.78 W

2 |RGDKHAO1 11.431+0.36 |61.23+0.92 |2.67+0.08 |1.3987 13\

3 |RGDPANO1 19.6310.73 |21.36+0.68 |3.31+0.26 |1.3289 10\

4 |RGDKJTO1 22.3410.21 |25.4410.34 |4.12£0.99 |1.3264 10 |

S |RGDURNO1 24.52+0.63 [42.6920.99 |1.19£0.85 |1.3975 16 = |

6 |RGDPENO1 13.1110.98 |51.361£0.97 |2.25+0.75 |1.3742 10 —

7 |RGDROHO1 21961031 |12.391+0.71 |3.3910.63 |1.3693 16 s |

8 |RGDMURO1 18.1610.52 |19.81+0.63 |3.87+0.85 |1.3259 16 )

9 |RGDALIOY 32.4410.63 |47.75+0.52 |3.64+0.64 |1.3658 16 .

10 |IRGDMNGO1 25.32+0.12 |52.36+0.62 |2.98+0.29 |1.3398 30

11 |RGDTLAO1 21.5210.09 |46.28+0.23 |2.3410.87 |1.3759 25

12 |RGDMHDO1 13.68+0.52 |26.51+0.58 (3.89+0.64 |1.3496 10

13 |RGDPLDO1 16.3720.42 |13.02+0.82 {3.85+0.54 1.3289 10

14 |RGDSHRO1 26.3110.61 |14.65:0.77 |3.25+0.63 |1.4167 30

15 |RGDMHS01 27.41+0.67 |59.35+0.29 [367+052 |1.3956 16
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INTRODUCTION AND PREFACE

“Emotions ... involve judgments about important things,
judgments in which, appraising an external object as salient for our
own well-being, we acknowledge our own neediness and incompleteness
before parts of the world that we do not fully control.”

— Martha Nussbaum

[t is no longer true, as it used to be until quite recently,
that the emotions are neglected topic for education
consideration. This is especially so in the field of higher
education, where there has been an extraordinary increase in
interest. In celebrating, as we do, the rediscovery of the
importance of the emotions for education, it is important to
recognize that there are at least two potential dangers in this
rediscovery, The first danger is that the emotions become
treated as an isolated object of the study, independent of the
phenomena which surround the: phenomena such as
Imagination, mood, expression, states of character, and so
forth, The second, related danger is that one can come to be
too procrustean in the treatment of emotions whatever a
natural kind might be, and whether or not other psychological
categories are natural kinds, emotions are a heterogeneous
group. To review this scenario in detail, Grand Academic
Portal- GAP, in association with Nalanda Nrityakala
Mahavidyalay- Mumbai, and St. Andrew’s Educational
Foundation- Mumbai had organised an international
conference in December 2020. This conference offered a broad
variety of research on how adequate and inadequate emotion
regulation impact on mental and physical functioning.
Emotions- a multidisciplinary inquiry has included cutting-
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THE ROLE OF EMOTIONS IN SECOND
LANGUAGE ACQUISITION

— Dr. Jotiram Janardan Gaikwad

Abstract:

The word ‘emotion’ is defined in Oxford English
Dicitonary as ‘a strong feeling such as love, fear or anger; the
part of a person’s character that consists of feeling’. As the
definition highlights the role of emotion in the person’s
character, emotion plays a very important role in learning
any language and second language is not an exceptional.
Chomsky saying ‘the truth of the matter is that 99% of
teaching is making the students feel interested in the material’
(Chomskey, 1988) stated the importance of emotional aspect
of language learning. The present study deals with the role
of emotions in second language acquisition (SLA). The purpose
of the present study was to examine the relations between
the emotions and second language acquisition. The study was
undertaken on twenty students of First Year of Bachelor of
Commerce class of St. Xavier’s College - Autonomous,
Mumbai. Most of the students had migrated from Village/
tehsil to District place areas or to the Metropolitan city at
junior college level. The medium of instruction was regional
language for all the subjects in school but medium of
instruction at junior college level was English for the majority
of students. These students worked during the day and came
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to college to attend classes in the evening. These students
faced many difficulties in learning English and avoided to
speak in front of fluent speakers. English was taught to them
considering emotional involvement with the help of teaching/
learning module (TLM) developed by the present researcher.
Data was collected through written and oral tests. After
discussing the concepts - ‘emotion’ and ‘second language
acquisition’, explaining the research design; the present paper
analyses the collected data and discusses the results. The
results of the present study highlight the role of emotions in
second language acquisition (SLA).

Key words: emotion, second language, second language
acquisition (SLA), teaching/learning module (TLM)

1. Introduction:

Though Oxford English Dictionary defines the word
‘emotion’ as ‘a strong feeling such as love, fear or anger; the
part of a person’s character that consists of feeling’, there is
no agreement on definition of emotion.

“Anemotion is a complex psychological state that involves
three distinct components: a subjective experience, a
physiological response, and a behavioral or expressive
response.” (Hockenbury and Hockenbury, 2007)

“Emotion is an acute disturbance of the individual as a
whole, psychological in origin, involving behavior, conscious
experience and visceral functioning.” (Young, 1961)

“The term emotion denotes a state of being moved, stirred
up or aroused in some way.” (Jersild, 1960)

Human emotion involves “physiological arousal,
expressive behavior and conscious experience.” (Myers, 2004)

These definitions state emotion as a feeling of happiness,
love, joy, fear, hate or anger created by the situation. It is a
conscious process of strong feeling towards a specific object
or person which brings physiological or behavioural changes
in the person. It is a very complex phenomenon. And, as it is
a part of the person’s character, emotion plays a very
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important role in learning any language and second language
acquisition is not an exceptional.

Second language acquisition (SLA) is a process of acquiring
second language. It deals with the learners who attempt to
learn an additional language after acquiring the first language.
Ritchie and Bhatia (1996) define second language acquisition
as, “the acquisition of a language after the native language
has already become established in the individual”. Like other
factors, emotions play a very significant role in the process of
language acquisition. Emotions are said to be a result of the
evaluation students make of particular situations while
learning (Pekrun, 2000). These evaluations are influenced by
previous experiences, the social context and their personal
goals (Pekrun et al., 2002). Thus, the process of evaluation
helps students to acquire second language. Hence, the present
study was undertaken to examine the relations between the
emotions and second language acquisition.

2. Research Design:

This section describes the subjects of the study, teaching/
learning module (TLM), and the techniques employed for data
collection and data analysis.

2.1 Subjects of the Study:

The present study was conducted at St. Xavier’s College -
Autonomous, Mumbai on twenty students of First Year of
Bachelor of Commerce (F.Y.B.Com.) class. The study was
conducted on limited number (20 students) as they were
trained for the period of three months using teaching/learning
module (TLM).

Most of the students had migrated from Village/tehsil to
District place areas or to the Metropolitan city at junior college
level. The medium of instruction was regional language for
all the subjects in school but medium of instruction at junior
college level was English for the majority of students. These
students worked during the day and came to college to attend
classes in the evening. These students faced many difficulties
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in learning English and avoided to speak in front of fluent
speakers. English was taught to them considering emotional
involvement with the help of teaching /learning module (TLM)
developed by the present researcher.

2.2 Teaching/Learning Module (TLM):

The present teaching/learning module developed by the
researcher was a working plan for teaching English. It was
prepared on the basis of the subject ‘Communication Skills in
English’ of F.Y.B.COM. It included the following components:

1. Brief overlook of grammar: parts of speech, tense, articles,
sentence construction

2. Language Skills: listening, speaking, reading, writing

3. Conversational (Situational) Activities: greeting and
introducing, making requests, asking for and giving
permissions, offering a help, giving instructions and
directions, making requests through telephone

4. Professional activities: group discusion, interviews, public

speaking

English was taught using teaching/learning module
(TLM). While teaching English, importance was given for
practicing English than just teaching and lecturing as Harmer
(1983) states that the language activities are important factors
in teaching language for communication. As activities provide
practice, students acquire language as said by Pekrun (Pekrun
et al., 2002) with “previous experiences, the social context
and their personal goals”.

2.3 Data Elicitation Tools:

Data was collected through oral and written tests before
and after the teaching. Oral data was collected by asking
participants to speak on any one of the given topics for five
minutes in the pre-test as well as the post-test. The topics
given for the pre-test were:

- My favourite actor/hero/movie/sport/sportsman
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The topics given for the post-test were:
- A place I visited in the Christmas vacations
- My favourite personality

Written data was collected by asking participants to write
an essay of about one page on any one of the given topics for
the pre-test and the post-test. The topics given for the pre-
test were:

- If I were the PM

- What I plan to do after graduating

- An accident I witnessed

The topics given for the post-test were:

- If I become the Manager

- The things 1 want to do in the summer vacation

- A person I met recently

2.4 Data Analysis Tools

The collected data of both the tests is analysed
quantitatively. It is analysed to check the increase in number
of words used from the pre-test to the post-test. The main
aim of the analysis is to see to what extent the teaching module
designed and activities conducted could improve the
performance of the students in English.

3. Analysis:
Figure-1 presents the number of words used by the
subjects in the pre-test and the post-test in essay writing task.
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The use of number of words has increased from the pre-
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The total number of words used by the participants while
giving speeches has increased from 1295 words in the pre-
test to 4575 words in the post-test. The increase in the use of
number of words from the pre-test to the post-test indicates
that the training has boosted the confidence of the participants
and has motivated them to produce longer strings.

Though there is increase in the number of words in both
the tasks, increase is greater in speech task than in the essay
task. It indicates that students are better at speaking than
writing.

4. FINDINGS:

The findings of the analysis of the language data collected
through the oral and written tasks are as stated below:

The teaching/learning module (TLM) used and the
activities conducted for teaching English have had a positive
impact and this is supported by the following observations:

- The use of words from the pre-test to the post-test has
increased in most of the participants in essay writing task
and in all participants in speech task.

- The use of total number of words has increased from the
pre-test to the post-test in both the given tasks.

The increase in the use of number of words from the pre-
test to the post-test indicates that the training has boosted
the confidence of the students to engage in communication in
English and has motivated them to produce longer strings.

Though marked improvement is noted in the increase in
the number of words used from the pre-test to the post-test,
their performance in grammar doesn’t show the same level
of improvement. Even with the help of activity-based practice
sessions, it is difficult to notice a change through short-term
courses. The researcher concludes that the training was not
sufficient in terms of the length of the course to improve their
grammatical competence.

[t was found that when teaching is done for small groups
of students, the results are better. Language skills can be
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developed as per the learners’ interests. Teacher can come to
know the students’ interest, motivation, and then guide and
encourage them according to their needs and interest.

Most of the learners lack motivation to speak English.
However, skills are developed when the learner is motivated.
So, it is necessary to provide constant motivation in order to
promote confidence and self-learning. And, conduct of small
activities work for it.

It was found that the activities motivate and encourage
students to communicate without any pressure. Students
overcome fear of making mistakes and perceive language as
a natural process. Besides, activities help students to gain
confidence and to believe in themselves.

[t was found that the teaching could be successful when
we teach with practical exposure. Teaching combined with
practical exposure is likely to produce positive results in all
language skills as it gives practical and emotional experience.

5. Conclusion:

The overall performance of the students in acquiring
second language through the training was found satisfactory.
There is an improvement in the performance from the pre-
test to the post-test. It shows that the teaching/learning
module (TLM) developed by the present researcher and
activities conducted have had a positive impact in teaching
English language. Thus, the results of the present study
highlight the role of emotions in second language acquisition
(SLA).
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Quantity vs. Quality Trade-off in
8 Higher Education: Challenges and
Consequences in India

Aparna Kulkarni*

Abstract

Higher education is expected to be a ‘public good’ to become timely accessible
and universal, wherein the state apparatus has a major role in its provision. With this
view, democratic countries like India make huge investments in education through
public sector. As a result, Indian education system is characterised by coexistence of
private and public sector institutions. In some cases, PPP (public-private partnership)
model has also been implemented in India. So, it is obvious that public and private
institutions can take care of quantity aspect of higher education. Undoubtedly, there
have been evidences of quantitative improvement in higher education considering the
indicators like, technological advancement, increasing number of state and private
sector universities, teacher-pupil ratio, infrastructural development, etc. But at the
same time, there are serious concerns about the quality aspect of higher education in
India. This paper is an attempt to examine the quality aspect of higher education in
India.

Keywords: Outbound mobility, higher education, personality development.

Introduction

As Swami Vivekananda has rightly pointed out, “We want that education by which character is
formed, strength of mind is increased, the intellect is expanded, and by which one can stand on one’s
own feet.” A nation can be built only if the character, skills and capabilities of its people are levelled
up. Education is the key to nation-building in the true sense if it is accessible to all at all levels. Higher
education in particular can shape the future of a country if universalised and rightly offered to those
who deserve it. Hence, access to higher education becomes crucial for character-building and national
development. Ensuring good quality education is something very essential that a nation can do for its
future generations.

As it is well known, higher education in particular, is expected to be a ‘public good’ to become
timely accessible and universal, wherein the state apparatus has major role in its provision. With this
view, democratic countries like India make huge investments in education through public sector. As a

*  Assistant Professor, Department of Economics, St. Xavier, College, Mumbai.
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result, Indian education system is characterised by coexistence of private and public sector institutions.
In some cases, PPP (public-private partnership) model has also been implemented in India.
Supposedly, it is understood that public and private institutions can take care of quantity aspect of
higher education. Undoubtedly, there have been evidences of quantitative improvement in higher
education considering the indicators like, technological advancement, increasing number of state and
private sector universities, teacher-pupil ratio, infrastructural development, etc. So it is clear that
‘quantity’ aspect of higher education in India is definitely a satisfactory factor but at the same time,
there are serious concerns about the quality aspect of higher education in India.

Modern India still follows the colonial method of education, i.e., 10+2+3 comprising of primary,
higher secondary schooling and graduation level degree. Also, our system is inflexible in terms of
selection of courses, course structure, and lack of interdisciplinary, multidisciplinary approach, and so
on. Dropout rate, lack of well-equipped libraries and laboratories across the country, deficiency of
public investment in higher education, incompetent university campuses, and insufficient research
expenditure are the serious challenges before the higher education in India. Obviously, there is a
growing tendency among the students to go abroad for higher education. With an average increase of 7
per cent to 10 per cent in number of students going abroad every year, there are several pertinent
issues about the quality aspect of higher education in India which must be addressed.

Let us first look into the data that justifies the quantity and quality aspects of higher education in
India:

Growth in Universities and Colleges in India

The following table shows the quantitative increase in number of universities and colleges in
India:

Institutions 2008 2016 Increase in Number Increase in %
Central Universities 25 47 22 88
State Universities 228 345 117 51
State Private Universities 14 235 221 1579
Deemed Universities 103 123 20 19
Total 370 750 380 103
Colleges 23209 41435 18229 79

Source: UGC India Report, 2017.

The above data shows that the decadal growth (2008 to 2016) in number of state and private
universities and colleges in India is excellent and it has definitely improved the accessibility of higher
education in India with an effective penetration ratio.

Growth in Enrolment of Students

The other parameter of higher education can be the enrolment of students at different levels of
education. The following data will show the status:

Level of 2008 2016 Increase in Number Increase in %
Education

Graduate 11908151 24592421 12685170 107
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Postgraduate 1489675 2764886 1275201 86
Doctorate 95872 180957 85085 89
Others 148100 945582 797482 538
Total 13641808 28484746 14842938 109

Source: UGC Report, 2017.

Considering the above statistics, it is clear that at different levels of higher education, there has
been an increase in India which shows that higher education has become important for people even
though the opportunity cost is high and private cost is far more than public cost.

At the same time this data shows that at postgraduate level of higher education, the dropout rate is
very high. This gap indicates several policy implications as well as quality dimensions of higher
education. According to the same report, the proportion of students enrolled for science subjects has
increased by 107 per cent, whereas for arts and humanities it is just 75 per cent. The same for
engineering and technology is 272 per cent. This is a clear indicator of a transition that the higher
education system in India is going through.

After understanding the quantity aspect of higher education, it is pertinent to look at the quality
aspect of it. Some of the qualitative indicators of education as a socially necessary service are proper
infrastructure, advanced libraries with e-resources, well-equipped laboratories, conducive research
environment, etc. Unfortunately, the percentage of public expenditure on higher education in India is
less than 1 per cent which is lessening the possibility of India becoming a world-class education hub.
There are less than ten universities in India which can match with the global standards, according to
the global ranking of higher education. The ever-increasing percentage of students willing to go
abroad for higher education shows that universities in West are definitely assuring better quality of
education along with academic freedom for research. Due to this, outbound mobility of Indian students
has become a crucial fact which is raising several issues for diaspora culture and educational migration.
Simultaneously, the population in the age group of 15 to 25 is adding one million students every year
to higher education system in India which is creating pressure for already heavily burdened
educational institutions that causes outbound mobility. Another factor that contributes to this is the
emerging middle class in the country which can afford the expenses of higher education abroad. India
is the number two sender (after China) of qualified students to the top universities including US,
Canada and Australia. India’s demographic status and growth trajectory show that India will remain as
a top sender of students to different destinations for higher education.

The following graph shows the status of outbound mobility of Indian students:
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Also, most interesting and explanatory are the percentage changes in Indian student enrolments in

top seven countries over the decade. It is shown below.

Number of Indian students enrolled abroad:
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Affordability of middle class, growing aspirations of Indian students, employability of education
abroad, telecommunication facilities, safety and excellent work culture are some of the driving forces
for such outbound mobility. While India is still concerned with quantity aspect of education at all
levels, the efforts for qualitative improvement are insufficient. Higher education abroad is surely

causing severity of brain drain issue of Indian intellect.

This is an alarming factor for Indian education

system which can no more enjoy the memories of past legacy of world-class ancient universities, like
Nalanda and Takshashila. The present scenario is indicating unhappy trend of educational migration

causing academic damage to Indian society.
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Conclusion

1. Public investment in higher education in India needs exponential increase to create world-
class infrastructure.

2. There is a clear quantity-quality trade-off in higher education. So, the government has to
balance out the nexus.

3. Encouragement to research, academic autonomy, industry-university partnership, innovation,
infrastructural development can be some of the ways to improve the status.

4. Foreign collaborations, joint ventures and students exchange programmes will alter the
educational migration.
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ABSTRACT

Two simple, sensitive, accurate, precise, rapid and economical methods were developed for the
estimation of Ofloxacin and Tinidazole from combined tablet dosage form. First method is based
simultaneous equation and second method is based on Q-analysis (absorbance ratio method).
Ofloxacin and Tinidazole show Amax at 300 nm and 275 nm in 0. 1N Methanolic-HCI (20:80)
respectively. The linearity was obtained in the concentration ranges of 1 — 20 pg/ml for Ofloxacin and
3 — 60 ug/ml for Tinidazole with Regression Coefficient (R?) greater than 0.999. In the first method
concentration and subsequently amount of drug determined by using simultaneous equations and in
second method concentration and amount of drug determined by using ratio of absorbance at
Iso-absorptive point (which was found to be 286 nm) and at Amax of one of the drugs. The results of
analysis have been validated statistically and subsequently by assay and recovery studies.

Keywords: Ofloxacin; tinidazole; absorbance ratio; iso-absorptive point; regression coefficient.
ABBREVIATIONS

OF . Ofloxacin

TNZ  : Tinidazole

SEM  : Simultaneous Equation Method
ARM : Absorbance Ratio Method

1. INTRODUCTION

In the topical countries like India, the major problems of health arise due to improper lifestyle,
unhealthy environmental conditions, unhygienic and substandard food. Infections caused by the
microorganisms like, fungi, protozoa, are most common. Drugs with antifungal and antiprotozoal
activity have been used in the treatment of the same.

Ofloxacin C1sH20FN3O4 is used as an antibacterial drug. (Molecular weight: —361.368 g/mol).

Ornidazole, C7H10CIN3Os is used as an antiprotozoal drug. (Molecular weight: —219.625 g/mol). Both
the drugs in combined dosage formulations are available in the market and has gained great
acceptance in diarrhea, bacterial and protozoal infections as this combination is broad spectrum
antibiotic. In many cases, drugs with two active ingredients are prescribed to the patients to have an
added advantage. Many of these antibacterial drugs are found in combination with antifungal and
antiprotozoal drugs which are highly effective against fungal and protozoal infections. It is highly
effective for bacterial and protozoan infections and is available in the tablet form.

'Department of Chemistry, St. Xavier’s College, Mumbai, India
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The present study a successful attempt has been made to quantify both these drugs i.e., Ofloxacin
and Tinidazole simultaneously in pharmaceutical dosage formulation by two spectrophotometric
methods namely, simultaneous equations and Q-analysis (absorbance ratio method). The proposed
methods have been validated as per ICH guidelines.

STRUCTURE

0 0 0\ //O N02I

~r
»
:_
b

~
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2. MATERIALS AND METHODS (EXPERIMENTAL)
2.1 Instruments

Systronics UV —VIS spectrophotometer type 118, single beam spectrophotometer with spectral width
of 2.0 nm. Wavelength accuracy is + 1.0 nm and a pair of 10 mm matched quartz cells were used to
measure the absorbance. The wavelength ranges from 200—1000 nm obtained by a 1200
grooves/mm grating with Czerny —Turner Mount. Fused Silica deuterium lamp and tungsten iodide
sources are used to cover the wavelength range. High sensitivity, wide range, reliable silicon photocell
is used as the detector. The photometric readings of %T (Percent Transmittance), ABS (Absorbance)
and CONC (Concentration) are displayed on an electronic display. Stray light corrections are made
using a built-in filter wheel containing four filters. There is a built-in 4-position sample changer
provided for 10 mm cuvettes. The instrument runs on 230V, 50 Hz.

2.2 Materials

Pure standard of ofloxacin and tinidazole was obtained from Cipla Pharmaceutical Pvt. Ltd. The tablet
formulations of the said combination were purchased from a local pharmacy (The label claim
contained 200 mg of ofloxacin and 600 mg of tinidazole.) All the solutions were prepared in double
distilled water. All the reagents used were of AR grade.

2.2.1 Preparation of standard solution

10 mg of standard Ofloxacin and 30 mg of standard Tinidazole was accurately weighed and dissolved
in 0. 1N Methanolic-HCI (20:80) and made up to a volume of 50 ml in standard flask to give stock
solution (200 pg/ml of ofloxacin and 600 pg/ml oftinidazole respectively). Further all the standard
solutions containing the mixture of ofloxacin and tinidazole were prepared by using this stock solution.

2.2.2 Preparation of sample solution

Ten tablets of a combined formulation were weighed and powdered. Average weight of tablet has
been taken. From this 45 mg of the powder (which amounts to 10 mg of Ofloxacin and 30 mg of
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Tinidazole) was transferred to 50 ml flask. The powder was dissolved and diluted up to the mark using
the solvent. The solution was then allowed to settle at room temperature and was then filtered using
Whatman Filter paper no. 41 to remove the additives which did not dissolve in the solvent used.

From this 10 ml of the solution was pipette out into 100 ml flask and was diluted to the mark using the
solvent. Absorbance of this solution was made appropriately at 300 nm and at 275 nm which are the
A, and A, respectively.

2.2.3 Simultaneous equation method [1,2,3]

Working standard solutions were scanned in the entire range of 200-800 nm to determine Amax of
both the drugs. The Amax of ofloxacin and tinidazole were found at 300 nm and 275 nm respectively.
A series of standard solutions were prepared from the working standard solution. Absorbances of
resulting solutions were measured at their Amax and calibration curve was plotted.

The absorptivity coefficients of these two drugs were determined by using calibration curve equation.
Two simultaneous equations were constructed using same.

A, = 0.106 Cx + 0.0142 Cy (1)
A, = 0.0348 Cy + 0.0261 Cy )

Where, A1 and Az are the absorbances of sample at 300 nm and 275 nm respectively. Cx and Cy are
the concentration (ug/ml) in of Ofloxacin and Tinidazole in sample respectively. From the resulting
concentration obtained after solving above equations, then amount of both the drugs present in the
given sample was calculated.

2.2.4 Analytical method validation [4,5]
2.2.4.1 System suitability

System suitability test is used to ensure reproducibility of the equipment. The test was done with a
solution containing 10 pg/mL of OF and 30 pg/mL of TNZ i.e. at the working concentrations of OF and
TNZ. These solutions were analyzed with five replicates and the mean was used for the whole
calculation.

2.2.4.2 Linearity and range

A good linearity was achieved for OF and TNZ in the concentration ranges of 1 — 20 pg/ml and 3 —
60 ug/ml respectively. The calibration curves were constructed with concentration (C) against
absorbance of both the drugs.

2.2.4.3 Limit of detection and limits of quantitation

For LOD and LOQ analysis twenty readings for blank recorded then their standard deviation
calculated i.e., for LOD =(SD x 3 +Mean absorbance of Blank) and for LOQ = (SD x 10 +Mean
absorbance of Blank).

2.2.4.4 Intra-day and inter-day precision/ruggedness

The intra-day and inter-day precision was used to study the variability of the method. Ruggedness is
the degree of reproducibility of the results obtained under variety of test conditions. It is expressed as
percent RSD. It is also called as reproducibility or intermediate precision. It is the analysis of same
sample under variety of normal test condition such as different laboratories, different analysts,
different instruments, different lots of reagents, different days etc.
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It was checked by recording the absorbance as well as spectra of standard solutions of ofloxacin and
tinidazole i.e. at working concentrations for OF (8 pg/ml, 10 pg/ml, 12 pg/ml) and for TNZ (24 pg/
ml, 30 pg/ml and 36 pg/ml) with five replicates (both at intra-day (five times within 24 hour) and
inter-day (two times each. during 3 days intervals) to check the precision.

2.2.4.5 Assay

For estimation of drugs from commercial formulations, 45 mg of powder which is equivalent to (10 mg
of ofloxacin and 30 mg of tinidazole) was accurately weighed and transferred to 50 ml volumetric flask
and dissolved in 25 ml of 0. 1N Methanolic-HCI (20:80) and sonicated for 10 mins. The solution was
filtered through Whatman filter paper No.41 and residue was washed thoroughly with given solvent.
The filtrate and washings were combined in 50 ml volumetric flask and diluted with same solvent. The
spectra were obtained and absorbance was measured at 300 nm and 275 nm and finally
concentration of both the drugs was calculated using equations 1 and 2. The amount of ofloxacin and
tinidazole present in the given sample found out. Assay studies were carried out at three different
levels i.e. 80%, 100%, 120% level.

The validated spectrophotometric method was used for the simultaneous quantitative determination of
OF and TNZ from the tablet formulation. Quantification has been done by simultaneous equation
method (SEM). The absorptivity coefficients of these two drugs were determined by using calibration
curve equations 1 and 2 mentioned earlier.

Further two more equations were derived with the equations (1) and (2) which are given below:

Co=(22 X Al = (WP X AN) (3)
(7\,181 X 7L282) _ (xlsz X 7\‘231)

Cr=00 X AN — (% X AL (4)
(7\«18] X }\‘252) _ (7\‘182 X 7\‘251)

Co and Ct were calculated where Co =Concentration of standard OF and Ct = Concentration of
standard TNZ. From their concentration the amount of OF and TNZ in the tablet formulation is
calculated, where,

1% =0.106 (OF at 300 nm), A>%' = 0.0348 (OF at 275 nm), 21> = 0.0142 (TNZ at 300 nm) and
2% =0.0261 (TNZ at 275 nm).
AXy = Absorbance of OF at 300 nm Ai, = Absorbance of TNZ at 275 nm

2.2.4.6 Accuracy (Recovery)

The recovery was used to evaluate the accuracy of the method. Accuracy of the method was
determined using the method of standard addition. A fixed volume of standard tinidazole solution was
mixed with different concentrations of preanalyzed sample solutions and mixtures were analyzed by
proposed method. The percent recovery was determined at different levels i.e., from 80% to 120%
level.

2.2.4.7 Sensitivity

Sensitivity refers to the smallest quantity that can be accurately measured. It also indicates the
capacity of the method to record or measure small variations in concentrations. In the case of
Spectrophotometric methods, a parameter known as “Sandell’'s Sensitivity” is used to evaluate the
sensitivity of the method. It is the amount required to give an absorbance of 0.001 units in one square
centimeter path.
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2.2.4.8 Method-2: Absorbance ratio method (Q -analysis) [6,7,8]

Absorbance ratio method uses the ratio of absorbance at two selected wavelengths one at
iso-absorptive point and other being the Amax of one of the components. From the overlay spectra of
two drugs, it is evident that Ofloxacin and Tinidazole show Iso-absorptive point at 286 nm and the
second which is the Amax of Ofloxacin (300 nm). The quantification of both drugs was carried out at
the selected wavelengths. i.e., 286 nm and 300 nm.

2.2.5 Analytical method validation
2.2.5.1 Linearity and range

The linearity was obtained in the concentration ranges of 1 — 20 pg/ml for ofloxacin and 3-60 pg/ml
for tinidazole. Absorbance of resulting solution was measured at 286 nm and 300 nm Calibration
curves were plotted at these wavelengths. The absorptivity coefficients of these two drugs were
determined by using calibration curve equation at 286 nm and 300 nm.

2.2.5.2 Assay

For assay studies, procedure used for sample preparation in absorbance ratio method is exactly
similar to that used in simultaneous equation method.

Absorbances were measured at 286 nm and 300 nm and concentration of both the drugs was
calculated using equations 5 and 6. Finally the amount of ofloxacin and tinidazole present in the given
sample found out. Assay studies were carried out at three different levels i.e. 80%, 100%, 120% level.
The validated spectrophotometric method was used for the quantitative determination of OF and TNZ
simultaneously from the formulation. Quantification has been done by Absorbance Ratio method
(ARM). Two samples of different brands were used for the determination. The Absorptivity coefficients
of these drugs were determined at 286 nm and 300 nm.

The concentration of OF and TNZ was found by using the following equations

CO=“|;|—QI X A
Qo-Qr Ao: )]

C1=04=00 X A.
Qr-Qo A1 (6)

Where,

Co =Concentration of Standard OF and C; =Concentration of TNZ

Q. =Ratio of absorbance of mixture (Sample) at A ,,,x (300 nm) and A;;,(286 nm)

Qo =Ratio of absorptivity of OF at A ,,,, (hm) and A;,,(286 nm)

Qr =Ratio of absorptivity of TNZ at A ,,,, (nm) and A;;,(286 nm)

A =Absorbance of sample at Iso-absorptive point (286 nm)

Ay; & Ary =Absorptivity of pure Ofloxacin and Tinidazole respectively at Iso-absorptive point i.e.
286 nm

3. RESULTS AND DISCUSSION

1. The given methods have been validated as per as ICH guidelines. Method validation
parameters for the determination of Ofloxacin and Tinidazole is given in (Table 1) i.e., system
suitability, the mean% RSD was found to be less than 1. For both OF and TNZ, which was
found to be well within the acceptable limit. Regression analysis (Linearity and Range) for
both the drugs was > 0.999 indicates the precision of the validated method. Lower value of
LOD and LOQ confirm the sensitivity of the specified method.
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The specificity of method was confirmed by recording and subsequently comparing the
spectra obtained for standard and the drug sample, which was found to be identical. The
addition of the standard solution to the drug sample solution did not change the
characteristics of spectra.

Lower values of Sandell’s Sensitivity and higher values for Molar Absorptivity signifies the
effectiveness of the methods for routine use.

Repeatability, inter and intra-day precision was studied where % RSD was found to be less
than 1) for both drugs (Table 1).

Accuracy was determined for the given method by calculating the percent recovery at
different levels i.e., from 80% to 120% level. The percentage recovery at three different was
found to be from 98.00% to 102.00% for both the drugs (Table 3).

Quantification of drugs from formulation was done out by assay analysis for the given method.
Assay studies were carried out at three different levels i.e. 80%, 100%, 120% level. The
percentage assay at three different levels for OF and TNZ was found to be from 98.00% to
102.00% (Table 2).

Table 1. Method validation parameters for the determination of Ofloxacin and Tinidazole

Parameters Method 1 (SEM) Method 2 (ARM)
OF TNZ OF TNZ
System suitability 0.69% 0.46% 0.24% 0.51%

(n=5) %RSD

Linearity range
(ug mL™?)

1 to 20 ng/ml 3 to 60 ng/ml 1to 20 ng/ml 3 to 60 ng/ml

Correlation 0.9995 0.9993 0.9997 0.9992
coefficient (R?)
LOD (ug mL1) 0.0625 ng/ml 0.5 ng/ml 0.0625 ng/ml 0.5 ng/ml
LOQ (ug mLT) 0.125 png/ml 2 ng/ml 0.125 pg/ml 2 ng/ml
Intraday precision 0.75% 0.65% 0.35% 0.71%
(n=5) %RSD
Interday precision 0.60% 0.45% 0.29% 0.54%

(n=5) %RSD

Assay

98% to 102%

98% to 102%

98% to 102%

98% to 102%

Recovery

98% to 102%

98% to 102%

98% to 102%

98% to 102%

Sandell's sensitivity

0.0089

0.038

0.072

0.0347

(ng em?)

Molar Absorptivity

38419.85 8973.099 25090.25 5763.64

(mole/lit/cm)

Sample Used:

Brand Name OFLOX - TZ (Cipla Limited)
Batch No. DV 3585
APL Tinidazole- 600mg
Ofloxacin - 200mg
Excipients q.s.
Colours Melon Orange
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Table 2. Result of assay studies of ofloxacin and tinidazole

Methods

Method 1 (SEM) Method 2 (ARM)
OF TINZ OF TNZ
Labeled clai
abeled claim 200mg 600mg 200mg 600mg
(mg) ) ) )
Drug found i
rug founc 197.8 mg 599.1 mg 202.2 mg 604.0 mg
mg
% Assay 99.4% 99.85 % 101.1 % 100.66%
SD 152 0.97 2.01 1.58
% RSD (n=5) 0.31 0.474 0.51 0.46

Ofloxacin standard (at Amax 300 nm)

Table 3. Results of recovery experiment

Method Level of % % Recovery Found Standard Relative Standard
Name Recovery Deviation Deviation % (RSD)
(SD) (N=5)

OF INZ OF INZ OF TNZ

0 100.6% 100.2% 0.037 0.032 0.57 0.73

SEM 80 % 99.8% 99.4% 0.041 0.04 0.35 0.51
100 % 101.01% | 101% 0.051 0.045 0.39 0.50

120% 100.2% 99.7% 0.01 0.07 0.69 0.79

0 99.6% 100.0% 0.02 0.056 0.33 0.62

ARM 80 % 99.5% 99.9% 0.025 0.015 0.53 0.22
100 % 100.3% | 100.5% | 0.032 0.05 0.52 0.55

120% 101.7% | 100.7% | 0.033 0.076 0.44 0.69

Tinidazole standard (at Amax 275 nm)

Absorbance

Linearity OF at 300nm
12
y=0.1061x-0.0120 .
R:=09990 &
08 e
A
06 Pd
#
04 ;
Fa
02 | &
¥
0
0 5 15
Concentration in (ng/mL)

18
16
14
1.2

0.8
0.6
0.4
0.2

Absorbance

Linearity TNZ at 275nm

y=10.0260x- 0.0081
R*=10.9992

e

40

60

Concentration in (ng/mL)

80

Fig. 1. Linearity graph for: (SEM)
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Ofloxacin standard (286 nm)

Linearity OF at 286 nm
°F y= 006415+ 0.0265
0T R=09992
o 06
v
£05
£ o4
)
Z03
“ 02
0.1
0
0 5 10 15
Concentration in (ng/mL)

Methods

Tinidazole standard (286 nm)

Linearity TNZ at 286 nm
0.9
0g | Y=0.0124x+0.0289
of 2 /.
07 R*=10.9992 v
- e
= 04 P
Z 03 o
Tl
01 | ¥
0
0 20 40 60 80
Concenfrationin (ng/mL)

Fig. 2. Linearity graph for: (ARM)
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Fig. 3. Overlain spectra of ofloxacin (300 nm), tinidazole (275 nm) and Iso-absorptive point (286

4. CONCLUSION

nm)

All the necessary factors discussed earlier directed to the conclusion that, both the methods described
in this paper for simultaneous estimation of OF and TNZ are found to be simple, accurate, precise,
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accurate, economical, and rapid, therefore presented methods can be recommended for routine
quality control analysis of Ofloxacin and Tinidazole in their combined dosage forms.
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ABSTRACT

Two simple, sensitive, accurate, precise, rapid and economical methods were developed for the
simultaneous estimation of Ofloxacin and Ornidazole from combined tablet dosage form. First method
is based simultaneous equations and second method is based on Q-analysis (absorbance ratio
method). Ofloxacin and Ornidazole show absorbance maxima at 293nm and 275nm in 0.1N HCI
respectively. The linearity was obtained in the concentration ranges of 2-14 ug/ml for Ofloxacin and 5-
35 ug/ml for Ornidazole with Regression Coefficient (R?) greater than 0.999. In the first method
concentration and subsequently amount of drug determined by using simultaneous equations and in
second method concentration and amount of drugs determined by using ratio of absorbance at iso-
absorptive point(which was found to be 284 nm) and at Amax of one of the drug. The results of
analysis have been validated statistically and by assay and recovery studies. Therefore the proposed
validated method can be successfully applied for routine quality control analysis and simultaneous
determination of Ofloxacin and Ornidazole in combined drug formulations.

Keywords: Ofloxacin; Ornidazole;, Absorbance ratio, iso-absorptive point; regression coefficient.

ABBREVIATIONS

OF : Ofloxacin

0OZ/ ONZ : Ornidazole

SEM : Simultaneous equation method
ARM : Absorbance ratio method

1. INTRODUCTION

In the topical countries like India, the major problems of health arise due to improper lifestyle,
unhealthy environmental conditions, unhygienic and substandard food. Infections caused by the
microorganisms like, fungi, protozoa, are most common. Drugs with antifungal and antiprotozoal
activity have been used in the treatment of the same.

Ofloxacin, C4gH20FN3O4 with molecular weight 361.368 g/mol is used in the treatment of bacterial
infections, while Ornidazole, C;H;,CIN;O; with molecular weight 219.63 g/mol is used as an
antiprotozoal agent. Ofloxacin and Ornidazole in combined dosage form is available in the market,
has gained great acceptance in diarrhea, bacterial and protozoal infections. In many cases, drugs with
two active ingredients are prescribed to the patients to have an added advantage. Many of these
antibacterial drugs are found in combination with antifungal and antiprotozoal drugs which are highly
effective against fungal and protozoal infections.

A literature surveys reveals few Chromatographic methods [1] i.e. HPLC HPTLC, Derivative and
Extractive spectrophotometric methods for the simultaneous determination of ofloxacin and
ornidazole. Very little attention has been paid to the use of electroanalytical method.
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In the present study a successful attempt has been made to estimate both these drugs i.e. Ofloxacin
and Ornidazole simultaneously in combined pharmaceutical formulation by two simple
spectrophotometric methods. First method is based simultaneous equations and second method is
based on Q-analysis (absorbance ratio method). The proposed methods have been validated as per
ICH guidelines

1.1 Structure

0 0 |>l \ O@
F /416{31
N \\
HO O

/NQN OJN% Cl

Ofloxacin Ornidazole

2. MATERIALS AND METHODS (EXPERIMENTAL)
2.1 Instruments

Systronics UV — VIS spectrophotometer type 118, single beam spectrophotometer with spectral width
of 2.0 nm. Wavelength accuracy is + 1.0 nm and a pair of 10 mm matched quartz cells was used to
measure the absorbance. The wavelength ranges from 200 — 1000 nm obtained by a 1200
grooves/mm grating with Czerny — Turner Mount. Fused Silica deuterium lamp and tungsten iodide
sources are used to cover the wavelength range. High sensitivity, wide range, reliable silicon photocell
is used as the detector. The photometric readings of %T (Percent Transmittance), ABS (Absorbance)
and CONC (Concentration) are displayed on an electronic display. Stray light corrections are made
using a built-in filter wheel containing four filters. There is a built-in 4-position sample changer
provided for 10mm cuvettes. The instrument runs on 230V, 50Hz.

2.2 Materials

Pure standard of Ofloxacin and Ornidazole was obtained from Cipla pharmaceutical Pvt. Ltd. The
tablet formulations of the said combination were purchased from a local pharmacy (The label claim
contained 200 mg of Ofloxacin and 500 mg of Ornidazole.) All the solutions were prepared in double
distilled water. All the reagents use were of AR grade.

2.2.1 Preparation of standard solutions

10 mg of standard Ofloxacin and 25 mg of standard Ornidazole was accurately weighed and
dissolved in 0.1N HCI and made up to a volume of 50 ml in standard flask to give stock solution (200
pg/ml of Ofloxacin and 500 pg/ml of Ornidazole respectively). Further all the standard solutions
containing the mixture of Ofloxacin and Ornidazole were prepared by using this stock solution.

2.2.2 Preparation of the sample solution

Twenty tablets of the combined drug formulation O2 (Medley Pharma Limited) were weighed and
powdered. 51 mg the powdered sample equivalent to (10 mg of OF and 25 mg of OZ) was weighed
and transferred to a 50 mL standard flask. To it 25 mL of 0.1N HCI was added to dissolve the sample.
The mixture was sonicated for 10mins with intermittent shaking. The sample was cooled to room
temperature and diluted to 50 mL with 0.1 N HCI and mixed well. The above solution was filtered
through Whatman filter paper no. 41 and Further 1.0 mL of this filtered solution was diluted to 10 mL
using 0.1 N HCI. The solution so obtained is supposed to contain 20pug/mL of OF and 50ug/mL of OZ.
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Absorbances of these solutions were measured at appropriate wavelengths, i.e. at 293 nm (A;) and
275 nm (A ).

2.3 Method-1: Simultaneous Equation Method [2,3,4,5,6]

Working standard solutions were scanned in the entire range of 200-400 nm to determine Amax of
both the drugs. The Amax of Ofloxacin and Ornidazole were found at 293 nm and 275 nm
respectively. A series of solutions were prepared having concentration ranges 1-40 pg/ml by using
0.1N HCI from working standard solutions. Absorbances of resulting solutions were measured at 293
nm and 275 nm and calibration curves plotted at these wavelengths. The linearity was obtained in the
concentration ranges of 2-14 pg/ml for Ofloxacin and 5-35 pg/ml for Ornidazole. The absorptivity
coefficients of these two drugs were determined by using calibration curve equation. Two
simultaneous equations were formed using these absorptivity coefficients values.

A= 60.1 Cx+ 15.0 Cy (1
A,=357 Cy+23.4 Cy (2)

Where, A; and A, are the absorbances of sample at 293 nm and 275 nm respectively. Cx and Cyare
the concentration (ug/ml) in of Ofloxacin and Ornidazole in sample respectively. From the resulting
concentration obtained after solving above equations, then amount of Ofloxacin and Ornidazole
present in the given sample was found out.

2.3.1 Analytical method validation [7,8]
2.3.1.1 System suitability

System suitability tests are used to ensure reproducibility of the equipment. The test was carried out
by recording absorbance at working concentrations for Ofloxacin (4 ug/ml,8 ug/ml, 12 ug/ml) and for
Ornidazole (10 pg/ml, 20 pug/ml, and 30 yg/ml) with five replicates and the mean was used for the
whole calculations.

2.3.1.2 Specificity

The specificity of method was confirmed by recording the spectra of both the standard solution
and the drug sample solutions. The spectra obtained from the drugs sample solution were
found to be identical to those obtained for standard solution.

The addition of the standard solution to the drug sample solution for recovery analysis did not
change the characteristics of spectra confirms specificity.

2.3.1.3 Linearity and range

A good linearity was achieved for Ofloxacin and Ornidazole in the concentration ranges of 2-14 pg/ml
for Ofloxacin and 5-35 pg/ml Ornidazole. The calibration curves were constructed with concentration
(C) against absorbance of both drugs.

2.3.1.4 Limit of detection and limits of quantitation

The signal-to-noise ratio of 3:1 and 10:1 was used to establish LOD and LOQ, respectively. For LOD
and LOQ analysis twenty readings for blank recorded then their standard deviation calculated i.e. for
LOD= (SDx3+ Mean absorbance of Blank) and for LOQ= (SDx10 + Mean absorbance of Blank.)

2.3.1.5 Intra-day and inter-day precision/ ruggedness

The intra-day and inter-day precision was used to study the variability of the method. According to
USP, ruggedness is the degree of reproducibility of the results obtained under variety of test
conditions. It is expressed as percent RSD. It is also called as reproducibility or intermediate
precision. It is the analysis of same sample under variety of normal test condition such as different
laboratories, different analysts, different instruments, different lots of reagents, different days etc.
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It was checked by recording the absorbance as well as spectra of standard solutions of Ofloxacin and
Ornidazole i.e. working concentrations for Ofloxacin (4 pg/ml, 8 ug/ml, 12 pug/ml) and for Ornidazole
(10 pg/ml, 20 pg/ml, and 30 pg/ml) with five replicates (both at intra-day (five times within 24 hour)
and inter-day (two times each. during 3 days intervals) to check the precision.

2.3.1.6 Assay

The validated spectrophotometric method was used for the simultaneous quantitative determination of
OF and OZ from the formulation. Quantification has been done by simultaneous equation method
(SEM). Two samples of different brands were used for the determination.

The absorptivity coefficients of these two drugs were determined by using calibration curve equation
(1) and (2) mentioned earlier.

Cx= A2 x AN) - (ME x A Ny) @)
(M7 % M) = (A x AS)

Cy= (Af x AN,) - (Af x A A (4)

()\11")\22)'()\1 x Ay 1)

Cx and Cy was calculated
Where Cx = is Concentration of Ofloxacin, Cy = is Concentration of Ornidazole
From their concentration finally, the amount of OF and OZ in the tablet formulation is calculated.

Where,

M =60.1 x 10 <(OF at 293 nm), A,X' = 35.7 x 10°> -(OF at 275nm)
M®=15.0 x 10 -(0Z at 293 nm), A,% = 23.4 x 1072 -(OZ at 275 nm)
A Ay = Absorbance of sample mixture at 293 nm
A A\, = Absorbance of sample mixture at 275 nm

2.3.1.7 Accuracy (recovery)

The recovery was used to evaluate the accuracy of the method. Accuracy of the method was
determined using the method of standard addition. A fixed volume of standard Ornidazole solution
was mixed with different concentrations of preanalyzed sample solutions and mixtures were analyzed
by proposed method. The percent recovery was determined at different levels i.e. from 50% to 150%
level.

2.4 Method-2: Absorbance Ratio Method (Q-Analysis) [9,4,5,6]

Absorbance ratio method uses the ratio of absorbance at two selected wavelengths one at iso-
absorptive point and other being the Amax of one of the components. From the overlay spectra of two
drugs, it is evident that Ofloxacin and Ornidazole show iso-absorptive point at 284 nm and the second
which is the Amax of Ofloxacin (293nm). The quantification of both drugs was carried out at the
selected wavelengths. i.e. 284nm and 293nm. The absorptivity coefficients of these two drugs were
determined by using calibration curve equation at 293 nm and 308 nm.

2.4.1 Linearity and range
A series of solutions having concentration ranges 1-40 pg/ml were prepared by using 0.1N HCI
Absorbance of resulting solution was measured at 293 nm and 284 nm. Calibration curves were

plotted at these wavelengths. The linearity was obtained in the concentration ranges of 2-14 ug/mi for
Ofloxacin and 5-35 pg/ml for Ornidazole.
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2.4.2 Assay

The validated spectrophotometric method was used for the quantitative determination of OF and OZ
simultaneously from the formulation. Quantification has been done by Absorbance Ratio method
(ARM). Two samples of different brands were used for the determination.

The Absorptivity coefficients of these two drugs were determined at 293 nm and 284 nm. The
concentration of OF and OZ was found out using following equations

Qn-Q, A
Cx = X
Qx — Qy Ax4 (5)
Qm - Qx A
Cy= x
Qy - Qx AY1 (6)

Where,

C, = Concentration of X i.e. Ofloxacin

C, = Concentration of Y i.e. Ornidazole

Qn, = Ratio of absorbance of mixture at Apax (293nm) and A, (284 nm)

Q, = Ratio of absorptivity of X at Ayax (293nm) and A, (284 nm)

Q, = Ratio of absorptivity of Y at Anax (293nm) and Ais, (284 nm)

A = Absorbance of mixture at iso-absorptive point i.e. 284 nm.

Axq = E (1%, 1cm) of X at Aiso (absorptivity of x drug at isoabsorptive point)
Ayq = E (1%, 1cm) of Y at Aiso (absorptivity of y drug at isoabsorptive point)

2.4.3 Sensitivity

Sensitivity refers to the smallest quantity that can be accurately measured. It also indicates the
capacity of the method to record or measure small variations in concentrations. In the case of
Spectrophotometric methods, a parameter known as “Sandell's Sensitivity” is used to evaluate the
sensitivity of the method. It is the amount required to give an absorbance of 0.001 units in one square
centimeter path.

3. RESULTS AND DISCUSSION

1. The proposed methods were found to be simple, accurate, sensitive, precise and economical.
Both the methods have been validated as per as ICH guidelines. For system suitability, the mean
% RSD was found to be less than 1.for both OF and OZ, Regression analysis (Linearity and
Range) for both the drugs was > 0.999 indicates the precision of the validated method. Lower
value of LOD and LOQ confirm the sensitivity of the specified method.

3. Lower values of Sandell’'s Sensitivity and higher values for Molar Absorptivity signifies the
effectiveness of the methods for routine use.

4. Repeatability and also inter and intra-day precision was studied where % RSD was found to be
less than 1) for both drugs (Table 1).

5. Accuracy was determined for the given methods by calculating the percent recovery at different
levels i.e. from 80% to 120% level. The percentage recovery at three different was found to be
from 98.00% to 102.00% for both the drugs (Table 3).

6. Quantification of drugs from the formulation was done by assay analysis Assay studies
were carried out at three different levels i.e. 80%, 100%, 120% level. The percentage
assay at three different levels for OF and OZ was found to be from 98.00% to 102.00% (Table
2).
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Table 1. Method validation parameters

Parameters Method 1 (SEM) Method 2 (ARM)
Ofloxacin Ornidazole Ofloxacin Ornidazole
System suitability 0.69% 0.46% 0.24% 0.51%
(n=5) %RSD
Linearit31/ range 2 to 14 ug/mli 5 to 35 ug/ml 2 to 14 pg/ml 5 to 35 ug/ml
(ug mL™)
Correlation 0.9998 0.9999 0.9998 0.9998
coefficient (R?)
LOD (ug mL™) 0.3 pg/mi 0.8 pg/ml 0.3 pg/mi 0.8 pg/mi
LOQ (ug mL™) 1 pg/mi 2.5 pyg/ml 1 pg/ml 2.5 pyg/ml
Intraday precision (n=5) 0.75% 0.65% 0.35% 0.71%
%RSD
Interday precision (n=5) 0.60% 0.45% 0.29% 0.54%
%RSD
Assay 98% t0102% 98% to 102% 98% to 102% 98% t0102%
Recovery 98% t0102% 98% to 102% 98% to 102% 98% t0102%
Sanzdell's sensitivity (ug 0.01034 0.02858 0.01184 0.02969
/cm®)
Molar Absorptivity 21718.22 5139.23 18502.041 4128.95
(mole/lit/cm)
Sample Used:
Brand Name 02 (Medley Pharma Limited)
Batch No. E00701
A.P.L Ornidazole- 500 mg
Ofloxacin — 200 mg
Excipients g.s.
Colours Sunset yellow FCF, & titanium dioxide IP

Table 2. Result of assay studies

Method 1 (SEM) Method 2 (ARM)

Ofloxacin Ornidazole Ofloxacin Ornidazole
Labeled claim 200 mg 500 mg 200 mg 500 mg
(mg)
Drug found in mg 198.8 mg 499.1 mg 201.2 mg 504.0 mg
% Assay 99.7% 99.85% 100.3% 100.6%
SD 0.366 0.498 0.524 0.467
% RSD (n=5) 0.311 0.472 0.515 0.461
Table 3. Results of recovery studies
Method Level of % % Recovery Found Standard Relative Standard
Name Recovery Deviation (SD) Deviation % (RSD)(N=5)
OF 0oz OF oz OF 0oz
SEM 0 100.6% 100.2% 0.037 0.032 0.57 0.73
50 % 99.8% 99.4% 0.041 0.04 0.35 0.51
100 % 101.01% 101% 0.051 0.045 00.39 0.50
150% 100.2% 99.7% 0.01 0.07 0.69 0.79
ARM 0 99.6% 100.0% 0.02 0.056 0.33 0.62
50 % 99.5% 99.9% 0.025 0.015 0.53 0.22
100 % 100.3% 100.5% 0.032 0.05 0.52 0.55
150% 101.7% 100.7% 0.033 0.076 044 0.69
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Fig. 2. Linearity graph for: - (ARM)
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Fig. 3. Overlay spectra of the working range for (a) OF (293 nm) and (b) OZ
(275 nm), for a set of Linear working range
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Fig. 4. Overlain spectra of Ofloxacin (293nm), Ornidazole (275nm) and Iso-absorptive point
(284nm)

4. CONCLUSION

All above mentioned factors lead to the conclusion that, both the methods described in this paper for
simultaneous estimation of Ofloxacin and Ornidazole are found to be simple, accurate, precise,
accurate, economical, and rapid, therefore presented methods can be recommended for routine
quality control analysis of Ofloxacin and Ornidazole in their combined dosage form.
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