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Conservation and Environmental Education: A Narrative
Literature Review
Alagesan Shankar Prakash1 and Murugadas Jyothimani2

Abstract
Environmental education is an indispensable tool to achieve conservation goals. In order
to attain the goals, it becomes necessary to understand various environmental education
practices adopted around the world. Hence, an attempt has been made in this paper to
review the articles published within the scope of conservation and environmental
education. This review paper is not just a presentation of the synopsis, research
methods and findings of previous research, but has also endeavoured to test two
assumptions: (i) a well-planned and systematically implemented environmental
education programme will attain its conservation goals; (ii) the combination of research
on conservation and environmental education will be more of quantifiable experiments
than merely a superficial awareness raising and sensitisation among the population.
Keywords: biodiversity, conservation, environmental education, human and wildlife,
intervention, sustainability.

Introduction
In 1968, the United Nations Educational,
Scientific and Cultural Organisation
(UNESCO) organised a biosphere
conference in Paris. The conference
stressed the need for worldwide
sensitisation
of
environmental
problems. Hence it called for the
development of curriculum materials
studying environment at all levels
of education. It also advocated the
establishment of national co-ordinating
bodies for Environmental Education
(EE) around the globe. Further, it led to

1

2

the formation of the Council for
Environmental Education (CEE). From
the take on that conference, the below
mentioned definition for the term
‘environmental education’ has been
formulated and adopted during the
International Union for Conservation of
Nature (IUCN)/UNESCO ‘International
working meeting on Environmental
Education in School Curriculum’ held
in 1970 at Nevada (Palmer, 1998).
Environmental education is the process
of recognising values and clarifying
concepts in order to develop skills and
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attitudes necessary to understand and
appreciate the inter-relatedness among
man, his culture, and his biophysical
surroundings. Environmental education
also entails practice in decision-making
and self-formulation of a code of
behaviour about issues concerning
environmental quality.
And Conservation is defined as the
protection of plants and animals
including wildlife, natural areas,
especially from the damaging effects of
human activity. The above definition
indirectly implies that the words
‘conservation’ and ‘environmental
education’ complement each other. For
instance, to conserve the natural
habitat of humans and other beings,
EE may act as a catalyst. Also, with
a well-planned and systematically
implemented
EE,
the
goal
of
conservation of nature is achievable
(Assumption 1). In order to move towards
conservation, the advent of information
and communication technology has
led to an increasing interest in
evaluation of EE. Thus, it led to the
development of experimental EE
(Carleton-Hug & Hug, 2010). In the
light of the above, this present paper
assumes that the combination of
research on conservation and EE will
be more of quantifiable experiments
than merely awareness raising and
sensitisation (Assumption 2). Despite
the Oxford English Dictionary (OED)
defines assumption as ‘a thing that is
accepted as true or as certain to happen,
without proof,’ the authors prudently
developed the assumptions 1 and 2
with rationale. The rationale is
fundamentally based on the OED
definition of conservation. It defines
Conservation
as
‘preservation,
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protection or restoration of the
natural environment and of wildlife’.
The definition implies a subtext that
conservation is essentially the result of
an action and/or implementation of
something and/or result-oriented
experiments. There by, to test
assumptions, this paper has reviewed
scholarly publications within the scope
of conservation and environmental
education.

Methods
The authors of this paper make use of
Scopus (subscribed by the University of
Madras), an Elsevier’s bibliographic
database for identifying articles for
the review. The search term was limited
to the title words ‘conservation and
environmental education.’ It means,
from the database, the title of the
article
consists
all
the
three
words — conservation; environmental;
education, alone could be retrieved. To
get a holistic understanding of the
research on conservation and EE, it
was decided to search the title of the
articles published between 2008 and
2018. With the above two limitations,
Scopus retrieved 39 results. The
abstracts of the 39 articles have been
read to identify the articles to be
reviewed. During this process, several
articles (i.e. 23 articles) were excluded
from review on the following criteria:
a. Articles related to biological
conservation of specific species like
crocodile, owl, snow leopard, sea
turtle, primates etc.
b. Articles in languages other than
English.
c. Chapters of some edited books.
d. Articles whose full text could not be
accessed.
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Thus, we reviewed 16 articles published
in the broader conservation issues
like biodiversity conservation, students’
and teachers’ environmental attitude,
ecotourism, promotion of conservation
behaviour among people, alternative
methods for EE etc.

Discussion
This section of the paper will discuss
the synopsis, research methods and
significant findings of the articles
published within the scope of
conservation and EE. In line with
this, a few researchers have reviewed
several literature and documentaries
based on EE. One such research by
Hughes (2012) combined various
literature
by
providing
four
comprehensive areas for EE to
achieve conservation. Firstly, the
researcher
stressed,
that
the
definition of EE should be given
utmost importance because each EE
may have different objectives (e.g.
children’s programme, farmer training,
teacher training, etc.). Secondly,
recognise and understand that EE is
a process and it takes time for the
target
audience
to
gain
new
understandings
based
on
new
knowledge and experience. Thirdly,
a successful EE programme is
essentially based on the expertise of
the educators. The educators should
have the essential orientation and
knowledge related to pedagogy,
learning styles, resource development
and learner behaviours. Finally, there
should be source planning and
evaluation of every EE programme. In
order
to
achieve
conservation
outcomes, consistent planning and
evaluation become imperative.
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Apart from the conventional review of
literature, Blewitt (2011) discusses
the role of the media in conservation
and EE. In the advent of digital
communication technology, humans
are inseparable from media. Hence,
Blewitt reviewed various television
documentaries like BBC’s Unnatural
Histories, National Geographic’s
Great
Migrations
and
various
environment related programmes.
Most of the documentaries and
programmes were in support of the
philosophy of utilitarianism. In brief,
the author wishes to deconstruct the
anthropocentric view of environment
and insists on bridging the human and
wildlife in order to achieve sustainable
environment.

(a) EE among students, teachers
and institutions
In general, the knowledge of EE is
very important for everyone. But EE
among students and teachers always
occupies centre stage. It is justified by
Palmer (1998) that EE in the school
curriculum has gained momentum
around the globe with the efforts of
IUCN and UNESCO. In this scenario,
it is imperative to examine EE in
educational
institutions.
Many
scholars have studied the role and
impact of EE within the above said
populations. A study by Smith-Sebanto
& Obenchain (2009) made a specific
attempt to understand students’
perception
of
residential
EE
programmes. Participants selected
for this study included a sample of
sixth-grade students (n=336). They
adopted a variation of the minutepaper1 and muddiest point assessment2
techniques constructed by Angelo and
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Cross (1993) with an open-ended
questionnaire. This study included
pre and post-assessment of samples
who attended the residential EE
programme at the New Jersey School
of Conservation (NJSOC). All students
were routinely scheduled for a
summation activity. The participants
were given instructions about the
purpose of the questionnaire and asked
to provide answers accordingly. The
same group of students were asked to
complete the same questionnaire once
they finished their respective schools.
The initial response to the EE related
questions were broadly based on social
(118, 34%), safety (98, 28%), scientific
(84, 24%), recreation (44, 12%) and trip
(7, 2%). Post examination resulted,
scientific (142, 41%), safety (92, 26%),
social (71, 21%), recreation (29, 8%),
and trip (14, 4%). The change in the
distribution
of
responses
was
statistically different and implies EE has
a significant impact among the
students. The majority of students
wanted to know more about issues in
the scientific category. Scientific
category consists of knowledge
related to environmental sciences
and scientific process of nature
conservation. With all this above, the
researcher concludes that student’s
perception of their experience towards
the environment have changed over
time.
As Smith-Sebanto and Obenchain (2009)
specifically examined residential EE
programmes, Limmanee (2018) also
examined the comparative knowledge of
EE students specific to the conservation
of watershed forestry. The researcher
measured attitudes towards its
conservation through pre- and postinterventions. 30 students from the
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Faculty of Environment and Resource
Studies, Mahasarakham University,
Talat, Thailand were chosen as
samples. The research found that the
students’ knowledge of watershed
forest conservation was high after the
completion of the programme compared
to before participation. It also revealed
that the attitude towards watershed
forest conservation is better after the
intervention.
The above studies were examined
among students enrolled in programmes
in one way or another, related to the
environment and its management. So,
it is pertinent to examine the studies
conducted among students enrolled in
the conventional curriculum. Such a
study by Grúòová, Brandlová, Svitálek
and Hejcmanová (2017) has examined
the
immediate
and
long-term
environmental knowledge of children
in West Africa. The study was carried
out in the Fathala Reserve, a protected
area in Senegal. The researchers
evaluated the impact of EE programmes
among school children by pre and
post-interventions in 2008 and 2009
(924 questionnaires). The results
revealed a significant increase in
knowledge that carries the potential to
support conservation activities of the
protected area management. Likewise,
response after the intervention showed
an increase in children’s knowledge
after EE programmes. This study
clearly reveals that a meticulously
planned EE may have a desirable impact
among the audience and in turn
increase their knowledge and attitude
towards nature conservation.
From the above reviews it is understood
that research tools have played a vital
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role in every application-oriented
research. So, a study by Grúòová, Sané,
Cincera, Kroufek and Hejcmanová
(2018) tested the reliability of the New
Environmental Paradigm (NEP) scale
among school children in Senegal. A
total of 782 school children with an
average age of 13 years participated.
They used Cronbach’s Alpha (a
statistical analysis to measure internal
consistency/scale reliability) and
confirmatory factor analysis to assess
the consistency of the scale. They
adopted the NEP scale for children
developed by Manoli, Johnson and
Dunlap (2007). From the results, the
authors concluded that the low
internal consistency of the scale and
the unexpected responses to several
items, the NEP scale seems to be
unreliable among the children.
Grúòová et al (2018) opined that the
unreliability of the scale could be the
result of strong religious beliefs, weak
awareness of humans’ impact on nature
and their different attitude towards
humankind and nature. It is clearly
understood that every researcher,
while adopting a standardised tool
from western countries, should take
note of religious, cultural and social
differences.
Although
several
studies
were
conducted among the students, very few
studies of teachers and institutions
have been identified for the review.
Ruboon, Thiengkamol, Thiengkamol
and Kurukodt (2012) have examined
EE teachers as an agent to empower
the students for environmental
conservation. Among the 36,252
scientific teachers of the northeastern region of Thailand, 400
teachers were chosen by simple
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random sampling. Questionnaires
were used as an instrument for data
collection. The results of the study
indicated that the EE teachers
statistically influenced their students
on environmental conservation and
were also responsible for their
sustainable utilisation of natural
resources. Also, research by Jiménez,
Monroe, Zamora and Benayas (2017)
aimed to understand the role of EE for
biodiversity conservation based on
Communication, Education and Public
Awareness and Participation Strategies
(CEPA). Hence, 16 institutions that
implemented CEPA projects in Costa
Rica were chosen for the study. Among
the institutions, in-depth and semistructured interviews were conducted
with 20 conservation practitioners. Of
the 16 institutions, three were public
universities, nine were Government
institutions and four were NGOs.
Those 16 institutions had four
priority areas, namely Environmental
Education Centres (EEC), education for
community-based management of
natural resources, biological education
with school children, environmental
education with school children and
community projects. The results of
the study show that CEPA had
facilitated biodiversity conservation.
Conservation
was
achieved
by
implementing innovative pedagogy for
children and encouraging communities
to manage their natural resources.
Since the methodology of the study is
strong with appropriate statistical
analysis, the result stands valid. From
the results it is clear that EE teachers
and institutions impart significant
behavioural change among the target
population.

9

In divergence to the above studies, two
researchers have examined the
effectiveness of localised EE among
the students. Ramadoss and Poyya
Moli (2011) tried to determine the
effectiveness of localised biodiversity
education at select high schools in
Puducherry. Through modules with
interactive PowerPoint lectures, the
authors conducted pre- and post-tests
among students to measure the
impact of localised biodiversity
education. The tests were conducted
among the students in the age group
between 13 and 15 with a selfadministered questionnaire. The
results suggest that students reported
a significant increase in identifying
conservation problems between preand post-testing. Also, biodiversity
education programmes help students
familiarise themselves with local
biodiversity problems. One of the
interesting findings of the study was
that the students were willing to learn
about biodiversity through outdoor field
activities. Though this study has given
a promising result, the authors could
have done an interview instead of a
self-administered
questionnaire.
Because the given study was conducted
within a short span of time, it would be
difficult for the students to synthesise
biodiversity education. In line with
Ramadoss and Poyya Moli (2011),
Richter, Rendigs and Maminirina (2015)
evaluated EE through comics among
the primary school children in
Madagascar. A survey was conducted
among 542 students in six primary
schools at Laxe Alaotra. The EE
materials used were a comic book and
other materials specifically designed for
local conditions in rural Madagascar.
The researchers collected data at three
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different points: (i) before teaching
started for that particular year, (ii)
during the mid-term of the school,
(iii) one year after the intervention. The
teachers were trained by experts in
workshops prior to starting the EE in
class. The results of the study show
that EE has proven to be a valuable tool
in encouraging pro-environmental
behaviour, knowledge and attitude
among school children. After the
intervention through comics, the
students gained knowledge on biotope,
marshes and the local lemur species.
Also, the researchers stressed that
EE alone will not lead to a positive
attitude towards nature and its
conservation. EE is the indispensable
first step towards environmental
friendly behaviour. Equally, the
authors insist on skill development
and training of teachers.

(b) EE among people
Patterson, Lindén, Edward, Wilhelmsson
and Löfgren (2009) attempted to
examine the link between communitybased EE and its role in conservation of
the environment. To impart conservation
behaviour, adult education with EE
practices was introduced in five
coastal villages of Tuticorin. EE is
imperative for the fisherfolk because
fishermen employ destructive methods
including blast fishing, near-shore
trawling, coral mining, sedimentation,
etc. Hence, the researchers decided
to educate them on the need for ecofriendly fishing and sustainable use of
fishery resources. EE helped the
fishermen to understand the need for
cleanliness in their environment as
well as the importance of natural
resources. The researchers suggest that

Volume 19, April 2019

the EE should not be a one-time
programme, instead it should be
continuous to make the fisher folks
sensitive towards environmental
protection.
These
continuous
programmes would transfer ecofriendly practices to the next
generation. Hence, continuous EE to
the target population proved to be
effective.

case study and survey in two villages.
The comparison of pre- and post-survey
results did indicate positivity regarding
the attitude towards conservation. But
the responses on behavioural change
were negative. This shows that the
people are ideologically empowered by
neo-liberalism but while in practice
they hesitate to adopt pro-behaviours
on environmental conservation.

EE has several dimensions. Like the
above study among the fisherfolk,
farmers’ practices on conservation
were examined. Nassuna and Egerm
(2016) examined the role of EE in
soil conservation among the farmers
in Rakai District, Uganda. The
study employed several tools like
questionnaires, cross-sectional surveys,
focus group discussions and interviews.
Descriptive statistics have been used
to bring out the results. Findings
suggest that over 90 percent of the
farmers practiced soil conservation by
using both indigenous and modern
techniques. Soil conservation practice
has not been influenced solely by
EE but by traditional practices like crop
rotation. Hence, EE has had a positive
impact among 60 percent of the
farmers. The study concludes that
providing farmers with a learning
environment will make them to adopt
soil conservation practices.

(c) EE among tourists

Like the above studies among fisher
folks and farmers, Acciaioli and Afiff
(2018) investigated neo-liberalism and
its ideology of conservation among
the Indonesian people. The authors
operationalised neo-liberal conservation
as an initiative and measure depending
upon market mechanisms to achieve
conservation objectives. To bring out the
results, the researchers conducted a
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Ahmad (2015) examined the role of
ecotourism in providing EE towards
conservation of biodiversity. The study
was conducted at Selirong Island
Forest Recreational Park in Brunei
Darussalam. The researcher analysed
the efforts made by the park authorities
in providing on-site EE through
leaflets, signboards and park guides.
EE in the park serves two purposes
(a) make the visitors to understand the
importance of ecotourism, (b) education
and interpretation of biodiversity at
Selirong Island. The results bring out
that the EE mechanism at the park
is not effective in bringing about an
acceptable behaviour of tourists. Also,
it adversely damaged the fragile
natural environment of the park.
Hence, the author opined that the
park authorities should look for an
alternative
EE
programme
by
associating with the private sector
and tourism industry.
In relation to the above study, Koizumi
and Chakraborty (2015) discuss the
role of ‘geo ecotourism’ 3 as an
instrument for nature conservation
education in Japan. The researchers
define geo ecotourism as a “special type
of sustainable tourism that focuses on
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the inter-relation between geological
and ecological systems and its primary
aim is to provide knowledge about earth
processes.” The article is based on two
case studies: (i) the Hakusan mountain
in Northern Japan; (ii) the Bandaisan
volcano in North-east Japan. The
findings of the study suggest that geo
ecotourism is likely to have desired
outcomes to protect sustainability of
natural landscapes. Though the
contribution of geo ecotourism is
meagre in environmental conservation
at this point, it has a very high potential
to deliver on the conservation of the
natural environment. The two case
studies explained how geological events
alter landscape properties and how
ecological processes respond to these
changes. The authors conclude that
these tours were generally judged very
favourably by the participants.

(d) An alternative environmental
education
Farnsworth (2011) explored EE from a
different perspective. He employed one
of the modern art forms—photography.
As like many other researchers who
are working in the development of
pedagogy, Farnsworth has strong
belief in pictorial representation. He
examined conservation photography,
educational potential of photographs
for the environmental pedagogies
and also attempted to provide a
working definition of the conservation
photographer as educator. The
researcher adopted three qualitative
methods of primary data collection
namely, in-depth, semi-structured
interviews and observations. He chose
four conservation photographers based
on their specialisation and environ-
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mental themes. Before the data
collection, the author reviewed their
websites, prior online interviews and
autobiographical statements of the
mentioned photographers. He met the
photographers in their real naturerelated assignments for interview and
observations. The interviews were
coded and analysed with Hyper
Research Qualitative Analysis Tool
Software to bring out any experiences,
beliefs or attitudes that influenced
their works. The interviews and
observations of each participant
combined into a single case by axial
coding4. The findings of the study assert
that
professional
conservation
photographers are indeed highly
qualified environmental educators in
line with scientists and teachers.
Further, he raised an important
discussion that digital imagery is not
exclusively the product of technology.
Most
importantly,
conservation
photographers
are
significant
catalysts for EE in schools and
educational institutions. Further,
Fransworth (2011) argue that the formal
education system should gain symbiotic
interaction with their non-formal
colleagues, in this context, the
conservation photographers. This
research is a productive maverick
attempt with sound methodology for
the integration of academic and nonacademic realms in EE.

Conclusions
The present narrative literature review
has brought out several significant
results. The study by Hughes (2012), has
inferred that systematic planning and
evaluation of EE programmes will have
a positive impact towards conservation
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of nature. Invariably all the intervention
studies have imparted significant
behavioural change among the
participants. One of the important
findings from the review is that only two
studies have examined EE among
teachers. This implies the need for
more studies among teachers. On the
other hand, from the ideological
perspective, Blewitt (2012) raised an
important debate for attitudinal change,
from anthropocentrism to ecocentrism,
because such attitudinal change
alone can develop an inclusive
environmental approach for the coexistence of humans, plants and
animals. Last but foremost, Fransworth
(2011) emphasised photography, and
conservation photographers were
outstanding environmental educators.
Based on the review of 16 articles,
the two assumptions of the study
(i)
with
a
well-planned
and
systematically implemented EE, the
goal of conservation of nature is
achievable, and (ii) the combination of
research on conservation and EE will
be more of quantifiable experiments
than merely awareness raising and
sensitisation, turned out to be correct.
Although the two assumptions were
proved, still there were limitations like
a lower number of studies and such
studies were exclusive to Scopus
database.
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The Minute Paper is a very commonly
used
classroom
assessment
technique. It really does take about
a minute and, while usually used
at the end of class, it can be used
at the end of any topic discussion
(http://provost.tufts.edu/celt/files/
MinutePaper.pdf).
Muddiest Point is probably the
simplest classroom assessment
technique available. It is a quick
monitoring technique in which
students are asked to take a few
minutes to write down the most
difficult or confusing part of a lesson,
lecture, or reading. It is simple to
create and facilitate (https://
www.pdc.edu/wp-content/uploads/
2012/02/Muddiest-PointAssessment.pdf).
Geo ecotourism is a combination of
geo tourism – that sustains or
enhances
the
distinctive
geographical character of a place
and ecotourism – directed towards
exotic, often threatened natural
environment, intended to support
conservation efforts and observe
wildlife.
Axial coding is a qualitative research
technique that involves relating
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data together in order to reveal
codes, categories, and subcategories
ground within participants’ voices
within one’s collected data. In
other words, axial coding is one way
to construct linkages between data
(The SAGE Encyclopaedia of
Communication Research Methods).
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Mercury Concentration in Atmosphere and
Marine Environment - A Brief Review
Gopalakrishnan Srinivasan* and Arumugam Abirami1

Abstract
Anthropogenic activities have tripled the emission amount of heavy metals such as cadmium,
chromium, lead, nickel and mercury in the environment and have increased the health hazards
to human beings. The emissions, fate and effects of mercury in the atmosphere are to be
determined due to its lethal effects. Total Gaseous Mercury, Particulate form and Total
atmospheric mercury are calculated based on the particles suspended in the atmosphere. Due
to its toxic effects such as nervous disorders, numbness, coloration and other complications,
there is a persistent call to reduce the emission of fossil fuels, coal-fired plants and other
sources of mercury. Methylmercury is a potent neurotoxin that can lead to kidney dysfunctions,
neurological disorders and death. Even though freshwater concentrations of mercury are
far greater than those in seawater, fishes pose a serious health threat to humans who consume
them. Methylmercury, which is a harmful form, binds to the dissolved organic matter in
freshwater. Studies have shown that the most common way to make methylmercury into a
less toxic form is through sunlight. Due to the deleterious effect of mercury poisoning occurred
in Minamata, Japan, a convention was designed to protect human beings and environment
from anthropogenic emissions of mercury and mercury compounds. The current work is a brief
review about the source of all forms of gaseous mercury emissions, potential toxic effects of
mercury on human beings and basic methods of prevention and treatment of mercury poisoning.
Keywords: Gaseous mercury, particulate mercury, Methylmercury, mercury
poisoning, neurotoxin.

Introduction
Mercury is a dense, silvery-white,
poisonous metal with a mirror-like
appearance. Mercury and most of its
compounds are highly toxic. It is a poor

conductor of heat, but a fair conductor
of electricity. Mercury is used primarily
for the manufacture of industrial
chemicals or for electrical and
electronic applications. Due to its
extreme toxicity, there are certain
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procedures for handling, especially
during spills. Mercury occurs in nature
in the form of ore – cinnabar and other
sources such as forest fires, fossil fuels
– coal and petroleum. Anthropogenic
sources include hydroelectric projects,
excessive mining, pulp and paper
industries. Power plants are the largest
anthropogenic source of mercury. Even
recycling activity of anthropogenic
mercury raises its level in the
environment. Atmosphere is the
foremost transport pathway of Hg
emissions, whereas land and ocean
processes play an important role in the
redistribution of mercury in terrestrial,
freshwater and marine ecosystems
and the production of methylmercury
that drives the human exposure route
and consumption of fish (Driscoll et al.,
2013).

Forms of mercury
Mercury in the environment is
constantly cycled and recycled
through a biogeochemical cycle. In
the atmosphere, most mercury is in
elemental form, but it is a gas rather
than a liquid. Other forms include
compounds of mercury. Methyl mercury
is of particular concern due to its
high toxicity (4). In addition to this,
atmospheric mercury also exists as
divalent mercury. Like other heavy
metals such as chromium, lead,
cadmium, thallium and arsenic,
mercury also leaves toxic and longlasting effect on the atmosphere.
Mercury exists in three forms in the
atmosphere: as gaseous elemental
mercury (GEM), gaseous oxidized
mercury (GOM) (also referred to as
reactive gaseous mercury) and
particulate bound mercury (PBM)
(Karthik et al., 2017).
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Atmospheric mercury
Mercury occurs naturally in the earth’s
crust, but human activities such as
mining and fossil fuel combustion,
have led to widespread global mercury
pollution and an increased level of
concentration in the atmosphere.
Land, water and other surfaces
repeatedly re-emit mercury into the
atmosphere after its initial release
into the environment. Among the three
forms of mercury, the sum of GEM and
RGM are referred as Total Gaesous
Mercury (TGM), while the sum of GEM,
RGM and PBM are referred to as Total
Atmospheric Mercury (TAM) (Jen et al.,
2014). The levels of TGM concentration
are different in ambient air, range of 1
– 3 ng/m3, 3 – 5 ng/m3 and > 5 ng/m3
in the rural, urban and industrial
regions respectively. Unlike other heavy
metals, which tend to exist in the
atmosphere in the particulate phase
mercury exists in the gaseous phase
(TGM). RGM and PBM are more reactive
and readily scavenged via wet and dry
deposition (Fu et al., 2009).
Natural mercury emission may be due
– degassing from mercury deposits,
degassing from aquatic and terrestrial
systems, geological activity – volcanic
and geothermal processes (underwater
exhalations from geothermal vents),
biomass burning- eg. Fires of forests and
steppes, erosion of mercury containing
minerals and plant growth.

Mercury in seawater
Studies show that mercurial compounds
are found to be in high concentration
in fishes, most of which are in the
chemical form of methylmercury, which
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is biosynthesized from organic mercury
by microorganisms within sediments.
It is released from sediments to
seawater, either in the dissolved form
or adsorbed on particulate materials
(Fujita and Iwashima, 1981). Mercury
undergoes chemical and biochemical
processes in the aquatic environment.
In the aquatic environment, most
mercury occurs in organic and inorganic
forms of divalent mercury. Mercury
adsorption and desorption processes in
the aquatic environment play a role in
the distribution of different forms of
mercury in the aquatic environment
(Gworek et al., 2016). Biological and
chemical mercury transformations
provide the basis of mercury cycling in
the biosphere. The impact of
anthropogenic sources of the contents
of mercury and its forms can be
observed in the upper layer of ocean
down to the depth of about 100 m (Strode
et al., 2007).

Bioaccumulation
Fixation of mercury by bottom
sediments, there are chances of its
accumulation in aquatic organisms
(Wilken and Hintelmann, 1991).
Studies on different species of
seawater and freshwater fishes have
indicated that mercury concentrations
in their tissues grow as their body
mass and age increase (Squadrone
et al., 2013). Biomethylation play an
important role in the transfer of
mercury. Both metallic mercury and the
mercury contained in different
compounds undergo biomethylation in
hardly soluble sediments on the bottom
of water reservoirs (Boening, 2000, He
et al., 2005, Squadrone et al., 2013,
Stein et al., 1996, Wang et al., 2004,

18

Winfrey and Rudd, 1990, Gworek et al.,
2016).

Minamata Mercury Poisoning
In the 1950s, a neurological epidemic
killed thousands of villagers in the
seaside town of Minamata, Japan and
caused
mental
retardation
in
newborns. The fish the people ate had
been later found to be contaminated
with toxic mercury dumped by a local
chemical plant. Niigata Minamata
disease is a neurological syndrome
caused by severe mercury poisoning.
Identical in symptoms to the original
outbreak of Minamata disease, the
second outbreak in Niigata was
confirmed with the same name in
1965. The disease is caused as a
result of mercury poisoning due to
methylmercury released in the
wastewater from the Showa Electrical
Company. This highly toxic compound
was released into the river where it
bioaccumulated up the food chain,
contaminating fish, which subsequently
was consumed by local people resulting
in ataxia, numbness in hands and
feet, muscle weakness, narrowing of the
field of vision and damage to hearing
and speech.

Convention
The Minamata Convention on mercury
is a global treaty to protect human
health and the environment from
the adverse effects of mercury. It
was agreed at the fifth session of
the Intergovernmental Negotiating
Committee on mercury in Geneva in
2013. This convention is aimed at the
reduction of mercury pollution from
the targeted activities responsible for
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the major release of mercury to the
immediate environment. India became
a signatory in 2014.

Case of Chennai
A recent study by Institute for Ocean
Management, Anna University, Chennai
has found 3.5 – 8.5 ng/m3 mercury in
the air, which is more than 5 times the
global average. Also it was reported that
during early morning, the boundary of
the troposphere comes down from
about 10 km above earth to 8 km and
that could be the reason for mercury
concentration levels being higher early
morning. As per the report, in Chennai,
the average concentration for TGM is
3.5 – 8.5 ng/m3. North Chennai has coal
fired power stations, industries and
dump yards. Samples of hair, urine
and cord blood samples have shown
higher mercury concentration of
mercury (The Times of India, Chennai
edition, pg. 1, 2, 12/4/19).

Effects of Atmospheric Gaseous
Mercury
Long term exposure to mercury has
been reported to produce Alzheimer’s
like symptoms. Inorganic mercury
damages nervous system and produces
pathological changes similar to
Alzheimer’s disease (Mutter et al., 2010,
Haley, 2007 and Chakraborty, 2017).
Even low doses can seriously affect the
human nervous system. Harmful
effects on cardiovascular, immune and
reproductive system, passage of
methylmercury through placenta and
the blood –brain barrier has also been
reported (Pacyna et al., 2016). Mercury
related health risks involve economic
activities (eg. Labour and capital inputs,
production activities), environmental
processes (eg. Atmospheric transport
and deposition), food web transfers
(eg. Bioaccumulation) and environmental health threats (eg. Methyl
mercury intake and exposure dose-

Source: USEPA: International Cooperation – Mercury Emissions: The Global Context
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response) (Chen et al., 2019). Mercury
concentrations are high enough in
wildlife that consumes fish to cause
adverse behavioural, physiological and
reproductive effects including: subtle
visual, cognitive and neurobehaviroural
deficits in small mammals and birds.
Fish eating species were shown to
have highest methylmercury levels.
Studies have reported the increased
methylmercury levels in insectivorous
birds in both aquatic and terrestrial
habitats.
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Increase in elemental mercury are
expected to increase mobilization of
mercury in forests and increase of
methylation rates (Callister et al., 1986).
Studies have shown elevated exposure
of local populations who consume local
fish or animals. Numerous studies and
databases exist on total mercury or
methyl mercury concentrations in fish.
There are also evidences of early
childhood neurological effects at low
levels of prenatal methylmercury
exposure that may differ by age, gender
and timing of exposure (Driscoll et al.,
2013).
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Symptoms and Signs of mercury
poisoning







Nervousness / anxiety
Irritability / mood changes
Numbness, pink pigmentation
Memory problems
Depression
Physical tremors

Other symptoms as the levels of
mercury in the body rise includes,
muscle weakness, metallic taste in
the mouth, nausea and vomiting, lack
of motor skills, inability to feel in the
hands, face, feeling uncoordinated,
difficulty in breathing, walking,
standing straight, changes in vision,
hearing or speech.

Prevention & Treatment
 Reduction of seafood consumption,
as per doctor’s advice
 Chelation therapy – 2,3-Dimercapto1-propanesulfonic acid (DMPS) is a
clinically proven chelating agent that
increases urinary mercury output
and decreased body burden after
prolonged treatment (Bernhoft, 2012)
 Change of environment to reduce
their exposure.
 Acute inhalation of mercury
vapor requires respiratory support
(bronchodilators or intubation).
 Activated charcoal used to bind and
inactivate toxin, followed by gastric
lavage, to remove both unbound
and charcoal bound toxin.
 There is a need for proper follow-up
care and rehabilitation to the
patients who are exposed to
mercury poisoning. Sometimes, it
is difficult, if the source of poisoning
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is industrial or environmental.
Hence, Governmental regulatory
agencies should ensure public
safety from mercury poisoning.
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Traditional Irrigation System in Drought Prone Region:
With Special Reference to Lepakshi Mandal of
Andhra Pradesh
Dr. R. Ezhilraman*
Introduction
Agriculture is an important sector
and its role in the development of
Indian rural economy, particularly in
the drought prone areas are more
significant. It contributes a sizeable
income to our country’s income, though
there has been a variation of monsoon
and seasonal rainfall in various parts
of the country. Irrigation forms the
basis for agricultural development,
perhaps irrigation once again depends
on rainfall during various seasons. In
this study, an attempt is made to
identify the traditional irrigation
systems
that
are
vague
in
the country, most particularly in the
drought prone regions. As a case
study, Lepakshi Mandal of Ananthapur
District of Andhra Pradesh is selected
for study, where one of the ancient
systems of irrigation known as Gonchi
irrigation system is in practice. Since,
this study is based on first hand of
information collected from the field
work, through interview with the local
farmers, government officials, nongovernment
organisations,
and
experts/scholars who are already
engaged in same area of research.
However, a few published articles and

*
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resource materials are also discussed
for the better understanding and
historical continuity of the study area.

Importance of Irrigation
Irrigation facilities are largely
inadequate in India. Since India is
basically an agricultural nation,
irrigation is more necessary for the
agricultural production. Further, due
to drought and famines, insufficient,
uncertain and irregular rain causes,
failure in the agricultural crops. As
a well-known fact, the period of
monsoon rainfall is very less to only
four months in a year (June to
September). Therefore farmers have
to suffer for remaining 8 months,
whose lands are found dry without
rainfall. This put many parts of the
country into a drought prone region.
With the help of irrigation, droughts
and famines can be effectively
controlled. Therefore, irrigation is
more important for better cultivation.

Location of the Study Area
The area undertaken for this study
is Lepakshi Mandal, of Ananthpur
District of Andhra Pradesh. Lepakshi
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(13°48’ 36’ N; 77°36’ 0’ E) is a small
village and Mandal with its head
quarters in the Ananthapur of Andhra
Pradesh, South India. It is located 15
km to the east of Hindupur and about
120 km to the north of Bangalore.
Since this region seems to be one of
the drought prone, semi-arid tracts
and leeward region, which experiences
very less rainfall or no rainfall in a
year.
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Area under Irrigation in the
Lepakshi Mandal
In Lepaskhi mandal there are about
30006 acres are under irrigation. In
this mandal, lakes, ponds, channels,
bore wells, and tube wells etc. are
the sources of water through which
27,436 acres were irrigated. To irrigate
these lands, generally there requires
8875 McFt (Million Cubic Feet) of water.
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The total area of the mandal is 15485
hectares (38247 acres), that covers
42 villages in it. It is a semi-arid tract
which comprised of both black and
red soils. The total cultivable lands
are 12148 hectares (30006 acres).
However the availability of water is
sufficient only for irrigating 11107
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hectares or 27436 acres of land. There
is no river or water channels in this
region and irrigation around 1895
hectares (4680 acres); and through the
modern bore/tube wells 1628 hectares
(4021 acres) are under irrigation;
and its ayacut area is 1041 hectares
(2570 acres). (see Table 1 & 2).
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Annual Rainfall in the Region
The average rainfall of the region is
estimated around 608.40mm per year.
This region gets irrigated through
rainfall is around 9421 acres. Though
there is availability of water through
rainfall, it is not stagnant for long days
and around 40% of water which may be
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irrigated for 3768 acres was wasted in
the form of evaporation; and around
10% of water stagnated on the
surface land itself, through which
942 acres of land may be irrigated.
Around 12% of water was absorbed by
the earth, through which 1131 of
acres were irrigated. However, this
absorption varies depends upon the
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rocky layers of the region. Water wasted
through the feeding channels is
estimated that it may irrigate around
35,800 acres. (See Appendix 5 & 6).

Tank Irrigation System in
Lepakshi
Generally, the Public Works
Department (PWD) classified the tanks
into three categories viz., (i) Major
Irrigation tanks, (ii) Medium Irrigation
tanks and (iii) Minor Irrigation tanks.
Further, the tanks which feed less
than 100 acres are termed as PR tanks
(Panchayat Raj tanks). The tanks
which exist in Lepakshi Mandal are
classified as Minor Irrigation tanks.
There exists 14 minor irrigation
tanks in the mandal which having the
capacity to retain water for feeding
775 acres and there are 8 other minor
tanks (PR tanks) which feeds around
443 acres of land. Both the 22 tanks
may feed 1218 acres of land per
season. Almost many of these tanks
are natural ones. Except a few, there
is no revetment for the tank bunds.
Most of the tanks are desilted and
found with bushes. However some of
them were deepened and the width
of canals were extended through
unplanned sand mining activities.

Canal Irrigation System in
Lepakshi
Even though there are no rivers
existing in Lepakshi Mandal, there
exist 22 small water channels, which
overall measures around 8 kms in its
length. The water flows through these
channels are to 889 hecta meters.
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Gonchi Irrigation System
Gonchi irrigation is a traditional
system of irrigation management,
where in the farmer diverts the
seepage water from a Thalipiri, a deep
basin shaped pit or trench (upto 4
meters deep) on the dry riverbed, or
dug under or near the rocky surface to
collect seepage water and direct the
same into the channel, and collectively
manage water distribution adhering to
age-old social norms and regulations.
This collected water is sent through
a channel (Oota kaluva) that carries
seepage water from the thalipiri to the
ayacut (the command area of an
irrigation source). Depending on its
size, sluice gates were also installed
in between the distribution channels
to regulate the uneven supply of the
water. Probably, more or less each
gonchi has the capacity to irrigate
from 80 hectares to 120 hectares. A
village has one or more gonchi
depending on the area of the cultivable
land. To maintain this ‘gonchi’ there
constituted a separate ‘gonchi’
committee under the management of
neeruganti, (a person appointed or taking
responsibility to manage the water
channel) by the village farmers (around
seven committees were properly
functioning in the Lepakshi mandal,
and other few are dissolved or not
functioning properly due to lack of
unity among the farmers). The farmers
also elect a leader –‘pinna-pedda’, for
carrying out the day-to-day affairs,
either permanently or for time being.
It is the duty of the leader to ensure
that all of its farmer-members
participated in the maintenance work
of a gonchi, if not, a fine named kuntu
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or thappu (around Rs.1000 or above) is
also collected from the farmers who
do not participate in desilting and
maintenance works on seepage
channels or in thalipiri as scheduled
by the committee members. It is also
the duty of committee members to
supervise and to arrest the act of
sand mining in the water channels for
the construction purpose, recently
which is a serious threat to the
maintenance of such gonchis.
According to the Minor Irrigation
Census 2006, Ananthapur district has
several gonchi channels that date
back to the 15 th and 16 th centuries.
However, due to erratic monsoon, and
deposition of silt, most of them were
defunct and damaged. RIDS (Rural
Integrated Development Society) an
NGO in 2009 has identified 37 gonchi
systems in 27 villages along the
Pennar river basin of AP.

Crops Cultivated in the Region
Generally crops are cultivated mainly
on three cropping seasons viz. rabi,
kharif and zaid. In a drought prone
region like Lepakshi, crops were
grown with the onset of monsoon and
harvested in September-October.
Important crops grown in this region
are groundnut, maize, red-gram,
jowar, bajra, ragi, horse-gram,
green-gram, paddy, cow-pea, millets,
banana, green chillies, tomato, brinjal,
cotton, and various other pulses are
cultivated as depends upon the water
resources. (See Appendix 7).

Requirement of Water for actual
Irrigation
To feed the available cultivable land
in the entire Mandal, around 8496.4
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hecta meters of water are required.
For drinking purpose 35 hecta meters
and for miscellaneous purposes
around 344 hecta meters of water are
required in this region.

Availability of Ground water
Unlike other regions, the availability
of underground water is very less and
found rarely in deep rocky surfaces
around more than 600 fts depth.
However, through available under
ground water 1131 hecta mts were
irrigated. Using through tube wells,
water drawn and with that, 614 hecta
mts of were irrigated.
Through
various
measures
undertaken by the AP government,
water was lifted from various
reservoirs and was supplied to minor
irrigation tanks, like many of the
mandals, an extent of 1,08,000 Acres
horticulture crops were given water
during 2017-18. Besides, 34.78 TMC
of was lifted from the above reservoir
and supplied to 30,000Ac direct ayacut,
and supplementation to 35,000 Ac
ayacut. Water was supplemented to
20,000 acres under Minor Irrigation
tanks, in addition to recharging of
36,000 bore wells to the Dharmavaram,
Bukkapatnam and Lepakshi tanks.
Around 62 projects were launched
by the government for the speedy
completion of the AP government.

Neeru Chettu Program -2019
As a consequence of continuous and
terrible water scarcity, very recently
(in February 2019) the government
of Andhra Pradesh through the
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Department of Water Resources,
launched a new water management
programme named ‘Neeru Chettu’
programme. The principal aim of this
program is to conserve water and to
improve the water table to make AP
a drought-less region within five
years. Through this programme, the
department takes care of the
irrigation needs of the state of AP
and thus helps address and one of
the basic needs of mankind, such as
food, by providing water to the crops
through its system comprising
reservoirs, canals and others related
structure. Besides, around 2118,
numbers of works are sanctioned
by the above department, worth
14467.837 lakhs to the Ananthapuram
district alone to overcome the water
scarcity in the district.

Conclusion
From the above study, it is clear that
the only major resource of water
which is available for irrigation in the
drought prone region is highly
dependent on the rainfall. Rain water
that gathered were fed the tanks
through gonchi or kaluva (canals) and
then used for irrigation through
irrigation channels. Thus tank
irrigation had a deep influence on the
cultural development of those dry
regions. However, as per the
observation made in the study region,
spatial distribution of tank irrigation
has been determined primarily by
physical factors such as hard rock
substratum, vapour pressure, postmonsoon rains, and low moistureholding capacity of soils and by
population density. This resulted in
minimisation of cultivation due to lack
of rainfall and other water resources
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for irrigation in the drought prone
region of Lepakshi Mandal that made
the region further barren and the
lands left uncultivated.

Findings of the Study
It is observed in our study that, even
though 22 tanks are available in our
study area, the irrigation is decreased
due to (i) over-utilisation of tank water;
(ii) poor maintenance and desiltation
of the tank beds; (iii) long run-off
canals which carries water to a long
distance, absorbs more water before
it reaches the cultivated land; (iv) lack
of free lands to set up / construct gonchi
/ thalipiri for gathering available rain
waters; (v) due to alternative sources of
irrigation like, using deep tube wells
with high power electrical motors; (vi)
frequent encroachment of irrigation
tanks by nearby land owners; and
(vii) exploitation of irrigation tanks
without proper management or
maintenance, are some of the factors
for the decrease in the traditional
irrigation system.
Moreover, due to lack of proper/
periodic/regular rainfall, the ‘raindependent’ traditional methods were
discontinued; and ground water
resources are exploited at large.
Besides, due to the technological
advancements, only the big land lords
are able to afford to drill deep bore
wells using gigantic machines in the
hard deep rock surfaces with the help
of water diviners, who identifies the
availability of underground water that
exist more than 800 feet depth to
1200 feet depth. Therefore, ordinary
farmers have to depend mainly on the
landlords or the seasonal meagre
rainfall for their cultivation.
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Suggestions
The Following suggestions were
made based on the observations and
analysis made through the available
data such as:
(i) The farmers have to find and follow
the alternative methods which are
required in both irrigation and
cropping patterns.
(ii) Multiple cropping method should
be adopted, so that a farmer can
benefit with more crops and yields
with available water in a prescribed
season of crop.
(iii) Most of the stagnant water is
absorbed by the surface land.
Therefore, tanks with concrete
base and bund revetment should
be constructed to save water from
absorption by land.
(iv) To avoid such absorption, pipeline
method may be followed, as well as
sprinkling irrigation should be
adopted to save the water and to
irrigate large tracts of lands.
(v) Dry crops should be preferred
instead of wet crops like paddy
and sugarcane which requires
more water to cultivate.
(vi) The traditional irrigation system,
particularly, Gonchi irrigation
system must be extended in the
possible areas by the farmers for
their self-dependence as well as
for better utilisation of the collected
rain water.
(vii) The recently launched ‘Neeru chettu’
programme must be further
extended all other parts of AP,
and it should be keenly supervised
by the relevant authorities whether
the scheme is utilised as well as
reaching its beneficiaries properly
or not.
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(viii) It is also suggested that the water
channels and available tanks
should be desilted and maintained
properly.
(ix) Sand mining should be checked
and arrested, as well as digging of
wells or bore wells near the gonchi
channels should be checked and
stopped; and
(x) Finally, big land lords should
generously come forward to save
such kind of natural assets and
try to avoid encroachment of
such public properties.
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Soil Studies on Ten Selected Sacred Groves in Cuddalore
and Villupuram Districts of Tamil Nadu
M. Subramanian1, Ravikumar. S2, Dhamotharan. R3, Srinivasan. G4, Abirami. A5

Abstract
Soil texture of the ten sacred groves studies were surveyed from the interior regions
of Cuddalore and Villupuram districts for the study, of which ten groves were
selected, namely, G.Ariyur (G.AR), Kallakurichi (KI), Magarur (MR), Melakurichi (MKI),
Palrampattu (PU), Sadakatti (SI), Sirupakkam (SM), Ulagankkathan (UN), Melakalpoondi
(MKI) and Vadakkanandal (VL). Soil texture of the ten sacred groves studied fall under
five types.
There are eleven parameters which were studied on the aspect of soil quality. This shows
the fertility of the soil in the study sites. There was variation in the soil sodium and
available potassium values. The present study highlights the existence of rich
biodiversity of the groves and documents the ecological prudence of the agricultural
peasants of the past. Their cultural traditions have protected scores of plants of
conservation values either within the relict patches or in the anthropomorphic stands.
These treasure troves of biodiversity are a rich legacy of the past and deserve to be
protected from the onslaught of developmental pressures.
Key words:

Sacred grove, parameters, soil texture, Aiyanar, ecological prudence

Introduction
A study of soil parameters provides
valuable inputs while performing soil
composting. Soil is the basis of
heterogeneous habitats. However, the
environmental conditions can vary very
much from one ecosystem to another.
The soil carbon ecosystem corresponds
to various forms of ecological diversity.

One of the important components of soil
conservation is sacred groves. The groves
play an important role in maintaining
the water retention capacity of the soil.
The root mat prevents the nutrients
from leaching out. Thus soil and water
are conserved and animals, birds and
other mammals are able to use
it.(Amirthalingam, 2016).
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The physical conditions of the soil and
chemical characteristics play a vital
role in forming the environment in
which organic processes take place.
This process can be defined on different
and spatial and temporal scales. (De Vos
et al., 1994). During the process of
glaciations, a small area of a sacred
grove becomes isolated and thus
escapes the large scale changes
undergone by the surrounding larger
area. Thus it becomes an island of
surviving biodiversity. Each sacred grove
thus has its own unique flora and fauna.
At the same time, the soil substratum
contains various physico-chemical
parameters and living organisms. Thus
physico-chemical properties play an
important role in determining which
type of crop is suitable for that particular
type of soil. (Brady, 1995).
Many villagers are still preserving
sacred groves as repositories of native
species of plants, animals, insects and
micro organisms. This indicates the
efforts made by the local communities

to protect and preserve their natural
forest tracts against the onslaught of
the clearing of forests for cultivation
and settlement. The names of the
sacred groves vary from place to place
in various regions of the country. The
present research deals specifically on
soil nutrients analysis of ten interior
sacred groves in Cuddalore and
Villupuram districts of Tamilnadu.

METHODOLOGY
Study Sites
A total of 37 sacred groves were
surveyed from the Cuddalore and
Villupuram districts for the study, of
which ten groves were selected,
namely, G.Ariyur (G.AR), Kallakurichi
(KI), Magarur (MR), Melakurichi (MKI),
Palrampattu (PU), Sadakatti (SI),
Sirupakkam (SM), Ulagankkathan (UN),
Melakalpoondi (MKI), Vadakkanandal
(VL), (Table –1,3 and Fig -1).The study
was carried out between February 2014
and January 2016.

Table 1: List of the selected sacred groves
Name of the deity Place

Taluk

Aiyanar

G.Ariyur

Kullakaruppan

Forest type

Location

Tirukkoyilur Villupuram

Brevi
-deciduous

11°53’3.54"
N79°10’18.12"E

308ft

2.5

Kallakurichi

Kallakurichi

Villupuram

Deciduous

11°44’35.71"N
78°56’15.96"E

366ft

1.6

Kollathiamman

Magarur

Kallakurichi

Villupuram

Deciduous

11°37’11.16"N
79° 3’55.79"E

186 ft.

2.2

Sokkanadhar
Meenakshi

Melakurichi

Virudhchalam Cuddalore

Deciduous

11°34’57.86"N
79° ’34.47"E

269ft

12.10

38

District

Altitude Area(ha)
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Name of the deity Place

Taluk

District

Forest type

Location

Altitude Area(ha)

Solaiamman

Palrampattu

Kallakurichi

Villupuram

Brevideciduos

11°48’25.68"N
78°52’10.42"E

455ft

1.5

Aiyanar

Sadakatti

Mugaiyur

Villupuram

Brevideciduous

12° 0’21.73"N
9° 9’51.46"E

206ft

1.5

Aandavar grove
(Aiyanar)

Sirupakkam

Tittakudi

Cuddalore

Evergreen

11°32’40.64"N
78°58’38.33"E

377ft

12.10

Aiyanar

Ulagankkathan

Kallakurichi

Villupuram

Deciduous

11°42’15.15"N
78°55’8.71"E

258ft

1.4

Kaiyilpiradha
Aiyanar

Melakalpoondi

Tittakudi

Cuddalore

Deciduous

11°26’16.07"N
78°56’14.89"E

334ft

9.9

Thiyagapaadi
Amman

Vadakanandal Kallakurichi

Villupuram

Deciduous

11°47’18.97"N
78°49’17.30"E

178ft

5.9

Fig. 1: Map of study Area of selected sacred groves in the
inlands Villupuram and Cuddalore districts
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Soil Nutrient
Measurement
of
bulk
density
parameters: Soil bulk density is
defined as the oven-dry weight of soil
per unit of its bulk volume. Bulk
density is considered to have relatively
low spatial variability (the co-efficient
of variation is less than 10%) but
values are required for converting soil
organic matter content to tonnes of
soil organic carbon per unit area (tC/
ha) (Baruh and Barthakur, 1997). Soil
bulk density was determined by
samples which were taken by driving
a metal corer into the soil at the desired
depths of 15 to 30 cm. The samples were
then oven dried and weighed.
Bulk density (g/cc) = (W2-W1)/V
where; W1= (empty container),
W2= (Soil+container) and V = volume of
container. Field sampling involves two
common statistical concepts, namely
accuracy and precision (IPCC, 2003
and Pearson et al., 2005).
Soil sampling and method of analysis of
pH electrometric method was used by
Adam Prakash, 2011. The electrical
conductivity electrometric method
used by (ICARDA, 2015). The available
nitrogen (Kjeldahl method) was used
by HLS Tandon, 2004. The available
phosphorus by (Olsen’s method) was
used by HLS Tandon, 2004. The
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available
potassium
by
Flame
photometer method (Toth and Prince,
1949) was used by HLS Tandon, 2004.
The available sodium by flame
photometer (Toth and Prince, 1949)
was used by Methods of Analysis of
soils and water- FAO UN ICARDA. The
available calcium by (EDTA titrimetric
method) was used by HLS Tandon, 2004.
The available magnesium by (EDTA
titrimetric method) was used by HLS
Tandon, 2004. The available copper by
(DTPA extraction method) was used by
HLS Tandon, 2004. The available iron
by (DTPA extraction method) was used
by HLS Tandon, 2004. The available
zinc by (DTPA extraction method) was
used by HLS Tandon, 2004. The
available sulphur by (barium sulphate
precipitation method) was used by
HLS Tandon, 2004. The available
manganese by (DTPA extraction method)
used by HLS Tandon, 2004. The
available lead by (DTPA extraction
method) was used by HLS Tandon, 2004.
The available cadmium by (DTPA
extraction method) was used by HLS
Tandon, 2004. The available chromium
by (DTPA extraction method) was used
by HLS Tandon, 2004. The organic
carbon by (Walkley – black wet
combustion method) was used by
Carter, M. R&Gregorich, E.G., (2nd Ed.),
2006. And, The soil texture by (feel
method) was used by FAO, 2006 were
adopted.
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RESULTS
Soil analysis
Soil samples were collected from
identified sample plots considering
the type of land cover, topography,
altitude and so on. The stratified
random sampling procedure was
adopted for sampling the soil in the
sacred grove sites. Soil samples for
soil nutrient and physio-chemical
parameter analyses were taken at
a depth of 15cm from the surface as
the soil biomass concentration are
likely to be the highest in that region.
Sampling plots were placed at a
distance of minimum 250 m and soil
samples collected in transects at an
interval of 80-100 m. In order to
establish soil sampling plots in study
sites, an initial reconnaissance survey
was done and sub-samples were
taken by random sampling, depending
on the area of each field. Soil sub
samples were are taken from each
representative site and then mixed
properly to get a representative
sample of soil from each site. Random
sampling method was adopted for
collecting subsamples.
Soil from ten sacred groves were
analysed
for
physico-chemical
characteristics like pH, electrical
conductivity, organic carbon, available
phosphorous,
available
sodium,
potassium, and available nitrogen.
The pH of the soils from the ten sacred
groves ranged between 4.0 (KI) to 7.88
(MI). The grove at KI exhibited an acidic
nature, while the one at MI exhibited
alkaline nature. The mean pH of the
ten groves was 5.93±1.30. The possible
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reason for variations may be due to the
presence of dominant tree species. The
KI groves were dominated by teak
(Tectona grandis), while the MI groves
consisted of multiple species including
Albizia amara, Wrightia tinctoria, etc.
The electrical conductivity of soils from
the ten groves ranged between 50 (SI)
to 636 μS/cm (PU) with a mean value
of 192.9±186.2.The organic carbon
percentage from the ten sacred groves
ranged between 0.43 (MR) to 0.65 (G.Ar)
and 0.69 (KI) with a mean value of
0.5±0.09. Organic carbon is an
important indicator of the biological
activity in soils. The soils in the sacred
groves fall under the moderate to
moderately high category in the
standard scale.
Available nitrogen in the ten sacred
groves ranged between 90 (MR) and
319 (G.Ar) with a mean value of
221.7±93.23. They fall under very low
to moderate category. Available
nitrogen is an important contributor to
the growth of plants and we may
conclude that groves do not have much
nitrogen. The available phosphorus in
the ten sacred groves ranged between
9.1 (MKI) to 38 (PU), with a mean value
of 24.69±10.87. This indicates that
phosphorus is scarce in soils; hence it
is an important indicator.
The availability of potassium of the ten
sacred groves ranged between 87.34
(MI), and 800 (SM) with a mean value of
329.78±253.82. The soils fall under
the category of low specification of
101 to very high specification of
above 300 (Table 4). There are eleven
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parameters which were studied on
the aspect of soil quality. Out of
11 parameters, all the parameters
were found to be good in the G.Ar.
grove; 10 parameters were found good
in the PU grove; 8 parameters found
good in the KI, UN, VL and SM groves;
7 parameters found good in the SI
grove; 3 parameters found good in the
MKI grove and 2 parameters found
good in the MI and MR groves. This
shows that the fertility of the soil in
the study sites was generally in good
condition.

nandal has red soil with a mixture of
sand
and
clay,
loamy
sand;
Melkalpoondi has black soil with a
mixture of sand and clay, loamy sand;
and the soil texture of Melakuruchi
and Magrur have black soil with clay
and silt sandy clay loam.
The soil properties in the study sites
showed a variation with an inherent
soil type of the region, the climatic
condition at the time of sampling and
the landscape element to which it
belonged. It was found that there was
no significant variation in the physical

Table 5: Soil Texture of the ten selected Sacred Groves
S.No.

Sacred Groves

Soil Texture

1

Kallakurichi

Black soil with a mixture of clay and silt, sandy clay loam

2

Ulagankkathan

Black soil with a mixture of clay and silt,sandy clay loam

3

Palrampattu

Black soil with a mixture of clay and silt,sandy clay loam

4

Vadakanandal

Red soil with a mixture of sand and clay, loamy sand

5

Sirupakkam

Black soil with a mixture of clay and silt,sandy clay loam

6

Sadakkatti

Black soil with a mixture of clay and silt, sandy clay loam

7

G. Ariyur

Black soil with a mixture of clay and silt, sandy clay loam

8

Melkalpoondi

Black soil with mixture of sand and clay, loamy sand

9

Melakurichi

Black soil with clay and silt, sandy clay loam

10

Magarur

Black soil with clay and silt, sandy clay loam

The soil texture may be varied from
grove to grove and the details are given
in Table 5. The soil texture was black
with a mixture of clay and silt, sandy
clay loamy in Kallakurichi, Ulagankkathan, Palrampattu, Sirupakkam,
Sadakkatti and G. Ariyur. Vadakka-
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properties of sacred groves as they
depend upon the inherent soil material,
amount of rainfall received and location
of the area. However, high values of
porosity and lesser value of bulk
density were observed. These have
shown an inverse proportion in most of
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the sites, except in areas of extreme
clay soil content. The reason for this
may be the rich organic matter present
in this region.
The presence of ions such as calcium,
magnesium, chloride and sulphates
were confirmed by the fact that the
values of electrical conductivity were
high in all the sites. It was also observed
that the moisture content in the
samples varies inversely with the
electrolytic conductivity of the soil
samples. The reason for this is that
excessive leaching of cat-ions may be
due to heavy rainfall.
There were variations in the soil sodium
and available potassium values. This
shows that the chemical properties of
the soils throws more light on the
organic content, mineral content and
other variations in the soil properties.

Discussion
The study reveals that the soil property
in the ten sacred groves varied with the
indigenous soil type of the region due
to the peculiar climatic condition at
the time of sampling and the terrain
to which it belonged. However, there
was not much difference in the
physical properties of sacred groves
and non-sacred groves. Another point
of observation was that both the
sacred groves and less disturbed non
sacred groves had high values of
porosity and lesser values of bulk
density. It was also found that the
porosity and bulk density values were
inversely proportional in most of the
sites. However, this was not the case
in areas of extreme clayey soil content
(Saira Chandy, 2014).
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It was also observed that the moisture
content varies inversely with the
electric conductivity of the soil
samples. A study of the variation in the
soil sodium and available potassium
value shows that the chemical
properties of the soils would throw
more light on the organic contents,
mineral contents and other variations
in the soil properties. A further
study with reference to Cat-ion
exchange capacity, total nitrogen,
total phosphorous and heavy metal
analysis
would
indicate
more
specifically the chemical status of the
soil in the study sites.
Soil parameters responsible for soil
fertility were also reported by many
researchers. Paudel et.al., (2003)
analyzed
the
physiochemical
properties of soils like texture, pH,
organic matter, humus content, water
holding capacity, nitrogen, phosphorous
and potassium. Mussa et.al., (2009)
studied soil samples collected from
different places at different depths
for the determination of available
phosphate, nitrate and sulphate. He
concluded that the phosphate and
nitrate obtained from the soil results
are much lesser than the optimum
values and thus the soil needs more
fertilizers. In the case of sulphate, the
results are much higher than that
are needed by the crops. The present
study shows that the available
phosphorus is scarce in the sacred
groves.
Habitat-wise, the soil texture of the
study sites namely, KI, UN, PU, SM, SI,
G.Ar had black soil with a mixture of
clay and silt, sandy clay loam, whereas
VL had red soil with a mixture of sand
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and clay, loamy sandy. MKI is had black
soil with a mixture of sand and clay,
loamy sand and MI and MR had black
soil with clay and stilty sand clay loam.
There are eleven parameters which
were studied on the aspect of soil
quality. Out of 11 parameters, all the
parameters were found good in the
G.Ar. grove; 10 parameters were
found good in the PU grove;
8 parameters were found good in the
KI, UN, VL and SM groves; 7 parameters
were found good in the SI grove;
3 parameters were found good in the
MKI grove and 2 parameters were
found good in the MI and MR groves.
This shows the fertility of the soil in
the study sites. There was variation
in the soil sodium and available
potassium values.

Conclusion
The physical parameters studied in the
soils of the ten sacred groves have
important links to their biogeochemical
cycles. From an ecological perspective,
they offer an interesting view point.
The manner of use of the groves in
terms of grazing, human disturbance in
the form of cleaning, removal of leaves
and dead material, dumping of waste
including plastics and other features
like visits by birds, insects, bats and
small mammals are likely to play
significant roles in the soil. Similarly,
the roles of microbes in such
ecosystems that are disturbed and are
under the control of human societies
are also needed to be understood and
studied. Management plans for sacred
groves and natural systems within
human shaped landscapes need to be
drawn based on improving the element
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of biogeochemical cycles that contribute
to ecosystem services that benefit
non-human species and humans.
However, a further study will enhance
the chemical status of the soil in the
study sites.
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Antidiabetic and hypolipidemic activities of peel and
pulp extract from underutilized fruits of Citrus hystrix and
C. maxima in streptozotocin induced diabetic rats
A. Abirami*, G. Nagarani#, G. Srinivasan#, Vazhayil Saipriya# and P. Siddhuraju#
Abstract
The present investigation is aimed at evaluating antidiabetic and hypolipidemic
activities of underutilized fruit of Citrus hystrix and C. maxima (Red and White variety)
methanolic peel and pulp extracts in streptozotocin induced diabetic rats. Peel and
pulp extracts (200 mg/kg b.w) was administered orally to STZ induced diabetic rats for
14 days. Glibenclamide (0.5mg/kg b.w) was used as reference drug. Blood glucose
levels were measured on 0th, 7th and 14th days of study. Serum biochemical parameters
(total cholesterol, triglycerides, high density lipoprotein cholesterol and low density
lipoprotein cholesterol) and kidney function signs (creatinine and urea) were
measured. Oral administration of peel, pulp extracts and standard drug significantly
(p<0.001) reduced blood glucose, serum cholesterol and triglycerides level. High
density lipoprotein cholesterol level was found to be improved as compared to diabetic
control group. The present study infers that peel and pulp extracts of underutilized
fruit of C. hystrix and C. maxima have significant antidiabetic and hypolipidemic effect.
Keywords: Underutilized fruit, Citrus hystrix, Citrus maxima, streptozotocin,
antidiabetic, hypolipidemic,

Introduction
Diabetes mellitus is the world’s
fastest growing metabolic disorder
characterized by chronic hyperglycemia
with disturbance of carbohydrate, fat
and protein metabolism resulting from
defects in insulin secretion, insulin
action or both (Marathe et al., 2017).
The major part of this numerical
increase will occur in Asia, mainly

*
#

China and India. Hyperglycemia and
hyperlipidemic is an important
risk factor in the development of
cardiovascular disease and metabolic
disorders (WHO, 2011). Liver and
kidney plays a major role in the
uptake, oxidation and metabolic
conversion of free fatty acids and
synthesis of cholesterol, phospholipids
and triglycerides (Dallinga et al., 2010).
Although different antidiabetic drug
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has been used for the treatment of
diabetes, many synthetic drugs have a
number of serious side effects.
Plants play a major role in the
maintenance
of
human
health
primarily via nutrition and the discovery
of new therapeutic agents which
received much attention as sources of
biologically
active
substances
including antioxidants, hypoglycemic
and hypolipidemic agents (Liu et al.,
2013). Many indigenous Indian tropical
medicines have been found useful in
successful managing diabetes (Patel
et al., 2016). Citrus fruits are one of
the most popular world fruit crops that
also supply vitamin C, folic acid,
potassium and pectin which potentially
protects the body from free radical
mediated diseases (Abirami et al., 2014;
Abirami et al., 2015; Zou et al., 2016).
Citrus peel and pulp have been
traditionally used for the treatment
of diabetes and obesity due to the
presence
of
various
bioactive
constituents (Ernawita et al., 2017).
Naringin and neohesperidin from fruit
of C. changshanensis showed the effect
on glucose consumption in human
HepG2 cells (Zhang et al., 2012).
Possible role of citrus flavonoids can
reduce the hepatic production of
cholesterol containing lipoproteins,
thus reducing total cholesterol
concentration in the plasma, and
consequently reducing the occurrence
of cardiovascular diseases (FigueroaValverde et al., 2009), polymethoxylated
flavones exhibit reducing serum
total cholesterol, LDL-C, VLDL-C,
triglycerides level and increased HDL
cholesterol levels (Green et al., 2013).
C. hystrix DC (Kaffir lime) and C.
maxima L is giant citrus (Pummelo) and

50

belongs to the Rutaceae family and they
are an underutilized tropical fruits
native to everywhere within India and
south east Asia. Citrus fruits contain
rich sources of dietary fiber can delay
gastric emptying and reduce or delay
the uptake of carbohydrates from the
small intestine as a result of which
lowers blood glucose concentrations
and prolongs satiety after a meal and
can also reduce the uptake of
cholesterol and lower the LDL
cholesterol (Galisteo et al., 2008). By
keeping the aforesaid health points in
view, peel and pulp extracts of
C. hystrix and C. maxima (Red and White)
fruits have been screened for their
antidiabetic
and
hypolipidemic
potentials.

MATERIALS AND METHODS
Chemicals
Streptozotocin,
glibenclamide
(Sigma Chemical and Co., St. Louis,
MO), detection kits for TC, TGs, HDL-C,
urea, creatinine, total bilirubin, total
protein (Accurex Biomedical Pvt. Ltd.,
Thanae, Maharashtra, India) were
obtained for the studies. All the other
chemicals were obtained from HiMedia
Laboratories (Mumbai, Maharashtra,
India).

Preparation of test drugs
The plant of Citrus hystrix & C. maxima
(Red and White) fruits were collected
from Mayiladuthurai, Nagai district,
Tamil Nadu during the month of April
2010. The fresh fruit samples were
separated into peel and pulp, dried in
oven at 40 °C and ground into fine
powder using laboratory blender
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(Remi Anupam Mixie Ltd., Mumbai,
Maharashtra, India). The powdered
samples were extracted with 80%
(v/v) aqueous methanol in 1:5 ratio by
maceration. Both extracts were dried
at 40 °C. They were dissolved in 0.5%
carboxy methyl cellulose (CMC) in
(fixed dose in mg)/10 mL concentration
and administrated to the desired
volumes according to the body weight of
animals to the respective groups.

Animals housing and feeding
conditions
Male Spraque-Dawley (SD) rats
were procured from the Small Animal
Breeding Centre, College of Veterinary
and
Animal
Sciences,
Kerala
Agricultural University, Mannuthy,
Thrissur, Kerala. Swiss albino mice
were procured from animal house of
Nandha College of Pharmacy and
Research Institute, Erode, TN, India.
The animals were provided with
adequate environmental conditions
(temperature 24 ± 2 °C; relative
humidity 40 - 60%; and 12:12 light:
dark cycle) with the standard
commercial pellets (M/s. Hindustan
Lever Ltd., Mumbai, Maharashtra,
India) and purified water ad libitum.
All the experiments were performed
with permission from the Institutional
Animal Ethics Committee (688/2/CCPCSEA) and were in accordance with
the guidelines of CPCSEA.

Acute toxicity studies
The healthy Swiss albino mice
(20-25 g) fasted for 3-4 h (provided only
with water) and were randomly
transferred to five groups (n=3/group).
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They were fed orally with extracts in
the dose range of 5, 50, 300 and 2000
mg/kg body weight (b.w.) post
oesophagus (p.o.) with the control of
0.5% CMC. The study was carried out
as per OECD guidelines-423 (acute
toxic class method) (OECD, 2001). The
animals were observed for any sign of
toxicity, morbidity and mortality for the
first 24 h with the special attention
during the first 4 h. they were also
analyzed for the changes in behavioral,
neurological and autonomic profile.
Further, they were observed for a
period of 72 h and till the completion of
14 days. Test dose was calculated as
per Naskar et al. (2011).

Antidiabetic study
a. Induction of diabetes mellitus
Diabetes was induced in overnight
fasted SD rats weighing 15-200 g by a
single intraperitoneal injection of
streptozotocin dissolved in water, at
a dose of 50 mg/kg b.w. After injection
the rats were allowed free access to
food and water. The development of
diabetes (hyperglycemia) was confirmed
after 72 h. Animals with fasting blood
glucose levels more than 200 mg/dL
were considered as diabetic and
selected for the study.

b. Experimental design and
animal grouping
After the induction process, the
diabetic rats were randomly divided
into eight groups along with one
control group consisting of non-diabetic
rats (n=10/group). The test drug and
standard drug glibenclamide were
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administrated for a period of 14 days
with the group allotment as follows:
GI - Non-diabetic control (NDC) rats
received distilled water 5 mL/kg b.w.
p.o./14 days.
GII - Diabetic rats received distilled
water 5 mL/kg b.w.p.o./14 days.
GIII - Diabetic rats received reference
drug glibenclamide 5 mg/kg b.w.p.o./14
days.
GIV - Diabetic rats received test drug 1
(C. hystrix peel) – 200 mg/kg b.w. p.o./
14 days.
GV - Diabetic rats received test drug 2
(C. maxima (Red) peel) – 200 mg/kg b.w.
p.o./14 days.
GVI - Diabetic rats received test drug 3
(C. maxima (white) peel) – 200 mg/kg
b.w. p.o./14 days.
GVII - Diabetic rats received test drug
4 (C. hystrix pulp) – 200 mg/kg b.w. p.o./
14 days.
GVIII - Diabetic rats received test drug
5 (C. maxima (Red) pulp) – 200 mg/kg
b.w. p.o./14 days.
GIX - Diabetic rats received test drug 6
(C. maxima (White) pulp) – 200 mg/kg
b.w. p.o./14 days.

c. Biochemical analysis
Changes in fasting blood glucose
levels of each group was determined
weekly for 2 weeks by Glucometer
(One-Touch Basic®, Life-Scan, Inc
2001 Milpitas, CA, USA). On the 15th day,
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the animals were anaesthetized at the
time of sacrifice by being placed in
sealed cotton wool soaked diethyl
ether inhalation jar. Blood was
collected through cardiac puncture
and the serum was separated. From
the serum obtained, the following
biochemical
parameters
were
estimated; TC, TGs, HDL-C, urea and
creatinine according to the supplier’s
specifications from the standard kits.
LDL-C has been calculated using the
following formula: LDL-C= TC – (HDLC) – (TGs/5) (Friedewald et al., 1972).

d. Statistical analysis
The values are expressed as mean ±
standard deviation (SD) (n=6). The
statistical analysis was carried out by
one way analysis of variance (ANOVA)
followed by post hoc Dunnett’s multiple
comparision test using the SPSS
(Statistical Package for the social
Sciences) version 13.0 (SPSS Inc.,
Chicago, Illinois, USA). Significant
difference were analysed at three
levels; p < 0.05 (significant), 0.01 (most
significant)
and
0.001
(highly
significant).

RESULTS AND DISCUSSION
Acute toxicity and dose
calculation
Animals showed good tolerance to the
testing doses of methanolic extracts of
the peel and pulp from the C. hystrix
and C. maxima (Red & white) as high as
2 g/kg b.w.p.o. respectively. The highest
dose was found to be non-lethal and
did not show any noticeable signs of
toxicity and mortality for 15 days.
Generally 1/10 th and 1/5 th of lethal
dose is chosen for the effective dose
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calculation; hence, 200 mg/kg b.w. for
all the samples has been scrutinized
as test doses. In addition, none of the
toxic signs have been found with the
selected test doses until the end of the
study period.

Effect of peel and pulp from C.
hystrix and C. maxima fruits on
blood glucose level
The effects of methanolic extracts
of peel and pulp of C. hystrix and C.
maxima (Red & White) fruits on fasting
diabetic rats are shown in Table 1. The
magnitude of lowered blood glucose
level was found to be 55% (C. maxima
(Red) pulp) < 56% (C. maxima (White)
pulp) = 56% (C. hystrix peel) < 58% (C.
hystrix pulp) < 60% (C. maxima (White)
peel) 61% (glibenclamide) 62%
(C. maxima (Red) peel) at the end of the
trial period. All these reductions
measured on weekly intervals were
significant at p < 0.001 level compared
to diabetic group and on par with the
effects exerted by the reference drug
glibenclamide. The present study for
the first time reports the antidiabetic
effect of methanolic extracts of peel and
pulp from C. hystrix and C. maxima (Red
& White). In our study, we found that
the administration of all the extracts to
diabetic rats reversed their blood
glucose levels. The possible mechanism
by which sample extracts bring about
its hypoglycemic action may be
potentiation of the insulin effect of
plasma by increasing either the
pancreatic secretion of insulin from
a-cells of islets of Langerhans or its
release from the bound form (Prince
et al., 1998). Jia et al. (2015)
investigated the hypoglycemic and
hypolipidemic effects of neohesperidin
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derived from C. aurantium. Treatment of
neohesperidin significantly decreased
fasting glucose, serum glucose, and
glucosylated serum protein in KK-A y
mice. KunduSen et al. (2011) reported
that the methanolic extracts of fruit
peel of C. limetta significantly reduced
the blood sugar level of Streptozotocininduced diabetic rats. The peel and
pulp extract can improve the glucose
tolerance, suggesting that this
extracts may show insulin mimetic
activity or improved glucose utilization
mechanism.
Dietary antioxidant compounds such
as flavon glycosides, polymethoxylated
flavones, hydroxyl cinnamate, flavonols,
phenolic acids, flavonon glucosides,
hesperidin and naringin in the citrus
fruits may offer some protection
against the early stage of diabetes
mellitus and the development of
complications (Kumar et al., 2011).
Kim et al. (2009) evaluated the
flavanone glycosides from C. grandis
fruit extracts to control the blood
glucose level of diabetic patients by
inhibiting á amylase and á glucosidase
in the intestinal tract. á amylase and
á glucosidase inhibitory potential of
citrus peels would delay the degradation
of starch and oligosaccharides, which
would in turn cause a decrease in
postprandial blood glucose (Kawabata
et al., 2013). Abirami et al. (2018)
confirmed á amylase and á glucosidase
inhibitory activity of peel and pulp
extract of C. hystrix and C. maxima
(56-79%) and (59-69%) respectively.
Flavonoid-rich chloroform fractions of
C. maxima peel were reported to
possess effective á glucosidase
inhibitory action of 57.14% (Priya
et al., 2018). The methanolic extract of
C. sinensis fruit peel was assessed in
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200 mg/kg and 400 mg/kg for the
regulation of glucose incited diabetes
mellitus. Both doses were being found
to reduce the serum glucose level by
32% and 42% respectively which
revealed the anti hyperglycemic
activity (Ahmed et al., 2016). From the
study, it is suggested that the possible
mechanism by which the fruit extracts
decreases the blood glucose level may
be by potentiation of insulin effect
either by increase in pancreatic
secretion of insulin from beta cells or
by increase in peripheral glucose
uptake (Abdelbaky et al., 2009).

Effect of methanolic extracts of
peel and pulp from C. hystrix and
C. maxima (Red & White) fruits on
cholesterol profile
Hyperlipidaemia is common in
diabetes mellitus. Raised plasma
triglycerides and low levels of high
density lipoproteins (HDL) have been
correlated with the cardiovascular
complication. Triglyceride, serum
cholesterol, HDL-C and LDL-C levels
in all groups are given in Table 2. Our
data were in line with notion, whereas
streptozotocin treated diabetic rats
exhibited clear cut abnormalities in
lipid metabolism as evidenced from
the significant elevation of total
cholesterol,
serum
triglyceride,
LDL-C and reduction of HDL-C levels
(196.3, 187.3, 132.3 and 26.6 mg/dL
respectively) compared to those in
normal rats (83.4, 83.7, 21.1 and 45.7
mg/dL respectively). The main causes
of elevated cholesterol and triglyceride
levels in streptozotocin induced
diabetic rats were due to insulin
deficiency. It is well known that, under
normal circumstances, insulin activates
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the enzyme lipoprotein lipase (LpL),
which then hydrolysed very lowdensity lipoprotein (VLDL) cholesterol.
However, in insulin-deficient diabetic
rats, LpL is not activated, resulting
in hypercholesterolaemia and hyper
triglyceridemia. The changes in
cholesterol and triglyceride levels
can certainly contribute to the
development
of
cardiovascular
diseases. The peel and pulp extracts
treated diabetic rats reduced the
levels of cholesterol (91.2-100.7 mg/dL),
triglycerides (84.6-93.4 mg/dL),
LDL-C (31.4-45.9 mg/dL) and increase
in HDL-C (36.7-42.5 mg/dL) compared
to those of untreated diabetic group.
Sharma et al. (2008) reported that
the ethanolic extract of fruit peel of
C. aurantium significantly decreased
the level of triglycerides, total
cholesterol, LDL and VLDL in the
alloxan induced diabetic rats, while it
increased the level of HDL and this
effect was more than that of reference
drug tolbutamide. Lee et al. (2011)
demonstrated that the effect of
methanolic extract of fruit peel of
C. depressa Hayata on the obesity and
mRNA expression levels of lipid
metabolism-related genes in high
fat diet induced obese mice and
reported significant reduction of body
weight gain, visceral fat pad weight
and plasma triglyceride level in the
obese mice. Dry water and alcoholic
extracts of whole fruit of C. grandis was
evaluated for metabolic effects in the
obese Zucker rats fed with high fat
diet. Treatment with fruit extract had
positive metabolic effect in the HFD
fed Zucker rats such as decreased
cholesterol, triglycerides, glucose level
and decreased the level of metabolic
hormones such as GLP-1, PYY and
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leptin during 4-8 weeks at the dose
level of 600 mg/b.w. (Raasmaja et al.,
2013).

Effect of methanolic extracts of
peel and pulp from C. hystrix and
C. maxima (Red & White) fruits on
serum creatinine and serum urea
Diabetes mellitus is characterized by
some specific complications including
diabetic nephropathy. High blood sugar
levels can damage millions of
nephrons-tiny filtering units within
each kidney. As a result, kidneys are
unable to maintain the fluid and
electrolyte homeostasis. Creatinine, a
more reliable renal function marker is
a breakdown product of creatine
phosphate in muscle metabolism at
a constant rate. Creatinine is filtered
by the glomerulus, therefore, serum
creatinine level is used as an indirect
measure of glomerular filtration.
Increased creatinine concentration
reflects the reduced glomerular
filtration rate (GFR). Urea, a major
nitrogenous end product of protein/
amino acid catabolism also acts as
renal function marker as its elevation
indicates
impaired
glomerular
filtration. Furthermore, this rise
indicates progression of kidney
disease and estimation of serum
creatinine has greater prognostic
ability compared with urea for
predicting the adverse outcomes.
Diabetic
nephropathy
occurs
approximately in one third of type II
diabetes (Marounek et al., 2010).
Effect of peel and pulp extracts of
C. hystrix and C. maxima (Red &
White) fruits on kidney function of
streptozotocin induced diabetic rats
are presented in Table 2 via creatinine
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and urea content. The results
summarized that, serum creatinine
(1.34 mg/dL) and serum urea
(71.3 mg/dL) levels were elevated in
diabetic rats compared to normal non
diabetic rats. The oral administration
of peel and pulp extracts of C. hystrix
and C. maxima (Red & White) fruits in
diabetic rats significantly (p<0.001)
reduced the level of creatinine (0.630.71 mg/dL) and urea (30.3-38.6 mg/
dL) compared to diabetic untreated
rats. Peel extract of C. maxima (Red &
White) (0.64, 31.3 mg/dL & 0.66. 32.4
mg/dL) at 200 mg/kg expressed
similar creatinine and urea content as
compared to standard, glibenclamide
treated animals (0.63, 30.3 mg/dL).
From this present study, we can
conclude that peel and pulp extract from
underutilized citrus fruits – C. hystrix
and C. maxima (Red & White variety)
showed a glint of its promising effects
and scientific evidence on diabetes. The
extracts also exhibited improvement in
lipid profile. The key features
demonstrated here, underpin its
therapeutic claims. However, further
studies on main active ingredients of
both peel and pulp extracts of C. hystrix
and C. maxima fruits, their mechanism
of action responsible, pharmacokinetics
and other therapeutic contribution
of these interventions will be necessary.
In addition, the proper conservation,
cultivation and utilization of these
underutilized fruits will appear to be
the promising fruits for the future and
also strengthening the agro biodiversity
in the rural vicinity.

Acknowledgement
The authors would like to thank
Dr. T. Sivakumar, Principal, Nandha

57

College of Pharmacy and Research
Institute, Erode, TN, India for necessary
permission to carry out the study and
Dr. S. Sengottuvelu, Head, Department
of Pharmacology, and Mrs. V. Lalitha,
Department of Pharmacology, Nandha
College of Pharmacy and Research
Institute for their support and
suggestions.

References
 Abdelbaky, M.S., Elmehiry, H.F., Ali,
N.K.M., 2009. Effect of some citrus
peels on hypercholesterolemic rats.
Presented at the 1st International
and 4th Arab Annual Scientific
Conference
on:
Academic
Accreditation for higher specific
education
Institutions
and
Programs in Egypt and Arab World
‘‘Reality and Expectation’’; April
8–9, 2009; Faculty of Specific
Education, Mansoura University,
Egypt.
 Abirami, A., Nagarani, G. and
Siddhuraju, P. 2014. In vitro
antioxidant,
anti-diabetic,
cholinesterase and tyrosinase
inhibitory potential of fresh juice
from Citrus hystrix and C. maxima
fruits. Food Sci. Human Wellness,
3(1), 16-25.
 Abirami, A., Nagarani, G. and
Siddhuraju, P. 2015. Hepatoprotective effect of leaf extracts
from Citrus hystrix and C. maxima
against paracetamol induced liver
injury in rats. Food Sci. Human
Wellness, 4(1), 35-41.
 Abirami, A., Srinivasan, G.,
Nagarani,
G.,
Saipriya,
V.,
Siddhuraju, P., 2018. Antioxidant
activity, type II diabetes related
enzymes,
cholinesterase
and

58













tyrosinase inhibition properties of
methanolic extracts of peel, pulp and
peel fiber from underutilized fruits
of Citrus hystrix and C. maxima. Int.
J. Food Sci. Nutr. 3(6), 136-144.
Ahmed, N., Ahmed, T., Akbar, N.,
Ahmed, S., 2016. Phytochemical
screening, cytotoxic and hypoglycemic
activity of methanolic extract of Citrus
sinensis peel. Int. Res. J. Pharm, 7(3),
44-48.
Dallinga-Thie, G.M., Franssen, R.,
Mooij, H.L., Visser, M.E., Hassing,
H.C., Peelman, F., 2010. The
metabolism of triglyceride-rich
lipoproteins revisited: new players,
new insight. Atherosclerosis, 211(1),
1-8.
Ernawita, Wahyuono, R. A., Hesse,
J., Hipler, U. C., Elsner, P. and
Böhm, V. 2017. In vitro lipophilic
antioxidant capacity, antidiabetic
and antibacterial activity of citrus
fruits extracts from Aceh, Indonesia.
Antioxidants, 6(11), 1-15.
Figueroa-Valverde, L., Díaz-Cedillo,
F., Camacho-Luis, A., Ramos, M.L.,
2009. Induced effects by Ruta
graveolens L., Rutaceae, Cnidoscolus
chayamansa McVaugh, E u p h o r b i aceae, and Citrus aurantium L.,
Rutaceae, on glucose, cholesterol
and triacylglycerides levels in a
diabetic rat model. Rev Bras
Farmacogn, 19, 898-907.
Galisteo, M., Duarte, J., Zarzuelo,
A., 2008. Effects of dietary fibers
on disturbances clustered in the
metabolic syndrome. J. Nutr.
Biochem. 19, 71–84.
Green, C.O., Wheatley, A.O.,
Mcgrowder, D.A., Dilworth, L.L.,
Asemota, H.N., 2013. Citrus peel
polymethoxylated flavones extract
modulates liver and heart function
parameters
in
diet
induced

Volume 19, April 2019













hypercholesterolemic rats. Food.
Chem Toxicol. 51, 306–309.
Jia, S., Hu, Y., Zhang, W., Zhao, X.,
Chen, Y., Sun, C., Li, X., and
Chen, K. 2015. Hypoglycemic and
hypolipidemic effects of neo
hesperidin derived from Citrus
aurantium L. in diabetic KK-Ay mice.
Food Funct, 6, 878-886.
Kawabata,
H.,
Takeda,
R.,
Nakanishi, M., Shintani, S., Iida, A.
and Sawabe, A., 2013. Evaluation of
the alpha-glucosidase inhibitory
activity of flavonoids in the peelings
of Citrus dekopon ((Citrus unshiu × C.
Sinensis) × C. Reticulata). Journal of
Analytical
and
Bioanalytical
Techniques. 4, (5).
Kim, G.N., Shin, J.G., Jang, H.D.,
2009. Antioxidant and antidiabetic
activity of Dangyuja (Citrus grandis
Osbeck) extract treated with
Aspergillus saitoi. Food Chem. 117,
35–41.
Kumar, A. K., Narayani, M.,
Subanthini, A. and Jayakumar, M.
2011. Antimicrobial Activity and
Phytochemical Analysis of Citrus
Fruit Peels -Utilization of Fruit
Waste. Int. J. Eng Sci. Technol, 3(6),
5414 – 5421.
KunduSen, S., Haldar, P.K., Gupta,
M., Mazumder, U.K., Saha, P., Bala,
A., Bhattacharya, S., Kar, B., 2011.
Evaluation of antihyperglycemic
activity of Citrus limetta fruit peel in
streptozotocin induced diabetic
rats. I.S.R.N. Endocrinology. 1–6.
Lee, Y.S., Cha, B.Y., Saito, K., Choi,
S.S., Wang, X.X., Choi, B.K.,
Yonezawa, T., Teruya, T., Nagaia, K.,
Woo, J.T., 2011. Effects of a Citrus
depressa Hayata (Shiikuwasa)
extract on obesity in high-fat dietinduced obese mice. Phytomed. 18,
648–654.

Volume 19, April 2019

 Liu, Y., Sun, J., Rao, S., Su, Y., Yang,
Y.,
2013.
Antihyperglycemic,
antihyperlipidemic and antioxidant
activities
of
polysaccharides
from Catathelasma ventricosum in
streptozotocin-induced
diabetic
mice. Food. Chem Toxicol. 57, 39–
45.
 Patel, P.S., Mishra, A., Maurya,
R., Saini, D., Pandey, J., 2016.
Naturally occurring Carbazole
alkaloids from Murraya koenigii as
potential anti-diabetic agents. J.
Nat Prod, 79, 1276-1284.
 Marathe, P.H., Gao, H.X., Close,
K.L., 2017. American Diabetes
Association Standards of medical
care in diabetes. J. Diabetes. 9, 320324.
 Marounek, M., Volek, Z., Skrivanova,
E., Tuma, J., 2010. Effects of
amidated pectin alone and combined
with cholestyramine on cholesterol
homeostasis in rats fed a cholesterolcontaining diet. Carbohydr. Polym. 80,
989–992.
 Naskar, S., Mazumder, U.K.,
Pramanik, G., Gupta, M., Suresh
Kumar, R.B., Bala, A., Islam, A.,
2011.
Evaluation
of
anti
hyperglycemic activity of Cocos
nucifera Linn. on streptozotocin
induced type 2 diabetic rats. J.
Ethnopharmacol. 138, 769–773.
 OECD. 2001. OECD guideline for
the testing of chemicals. Acute oral
toxicity: Test no-423. Organization
for Economic Co-operation and
Development.
 Parmar, H.S., Kar, A., 2008.
Medicinal values of fruit peels
from Citrus sinensis, Punica
granatum, and Musa paradisiaca
with respect to alteration in tissue
lipid peroxidation and serum
concentration of glucose, insulin,

59

and thyroid hormones. J. Med Chem.
11, 376–381.
 Prince, P.S.M., Menon, V.P., Pari, L.,
1998. Hypoglycaemic activity of
Syzigium cumini seeds: effect on
lipid peroxidation in alloxan
diabetic rats. J. Ethnopharmacol. 61,
1–7.
 Priya, S.E., Selvan, S.P and Arshad,
A.S., 2018. Analysis of in vitro and in
silico anti-hyperglycaemic action of
bioflavonoids isolated from different
citrus peels. Curr. Sci, 115, 19281937
 Raasmaja, A., Lecklin, A., Li, X.M.,
Zou, J., Zhu, G.G., Laakso, I.,
Hiltunen, R., 2013. A water-alcohol
extract of Citrus grandis whole
fruits has beneficial metabolic
effects in the obese Zucker rats fed
with high fat/high cholesterol diet.
Food Chem. 138, 1392–1399.

60

 Sharma, M., Fernandes, J., Ahirwar,
D., Jain, R., 2008. Hypoglycemic
and hypolipidimic activity of
alcoholic extract of Citrus aurantium
in normal and alloxan-induced
diabetic rats. Pharmacologyonline. 3,
161–171.
 WHO, Prevalence Data of Diabetes
Worldwide., 2011. World Health
Organization. <http://www.who.int/
mediacentre/factsheets/fs312/en/
> (accessed 04.08.12).
 Zhang, J., Sun, C., Yan, Y., Chen,
Q., Luo, F., Zhu, X., Li, X., Chen, K.,
2012. Purification of naringin and
neohesperidin from Huyou (Citrus
changshanensis) fruit and their
effects on glucose consumption in
human HepG2 cells. Food Chem.
135, 1471–1478.
 Zou, Z., Xi, W., Hu, Y., Nie, C., Zhou,
Z., 2016. Antioxidant activity of
Citrus fruits. Food Chem, 196, 885896.

Volume 19, April 2019

INSTRUCTIONS TO AUTHORS
Indian Journal of Environmental Education is an annual publication devoted to
all branches of Environmental Sciences, relevant to India. It aims at conveying
the message of global management, implementation, people’s participation and
the sustainable management of our natural and human resources.
MANUSCRIPTS
Papers/articles intended for publication in this journal should be the outcome of
original research (field/laboratory), research reviews, environmental casestudies, success stories of environmental management, replicable models and
school/college environmental project reports on any global or national
environmental issues (Popular articles are not welcome for this journal, but will be
considered for Eco News).
Manuscripts should be sent preferably by e-mail to cpreec@gmail.com in Times
New Roman font, size 12, 1.5 spacing.
Each manuscript should not exceed 2500 words. Inclusive of tables, diagrams,
photographs and references, it should be within ten A4 size pages.
Manuscripts may be sent on a computer disk also, in MS Word 2007 format.
MAIN COMPONENTS OF A PAPER
a.

Title, author(s)’s name and postal and email address/es.

b.

Abstract: (About 5% of the total number of words of the paper).

c.

Key Words: Not more than six.

d.

Introduction, with background of the topic, its relevance and scope.

e.

Text, with sub-headings.

f.

References: To be listed in the order in which they are referred to and
numbered in the Text.

For Papers: Last name of the author, initials (if more than one author, initials
and name of the later authors), Year, Title of the Journal, Volume, Number,
Initial and final pages.
For Book Reviews: Publisher, Place of publication and Year.

Volume 19, April 2019

61

ILLUSTRATIONS
Originals of black and white photographs, line-drawings in back ink (double the
size of the final print) are required. They should all be the author’s originals. If
not, permission to reprint them is entirely the author’s responsibility.
COMMUNICATIONS / CORRESPONDENCE
All manuscripts are to be sent by e-mail or Registered Post (with acknowledgement
due) or by Courier, to the Editor, Indian Journal of Environmental Education,
C.P.R. Environmental Education Centre, 1, Eldams Road, Alwarpet, Chennai –
600 018. Tel: 044-2432 0756 / 044-2433 7023.
Receipt of the manuscript or its acceptance for publication will be intimated to
the author. Unacceptable papers will be returned to the author, provided a
self-addressed cover with postage stamps, are enclosed.
The decision of the Referees and Editor is final.
Citation for this Journal : IJEE

62

Volume 19, April 2019

Volume 19, April 2019

63

C.P.R. Environmental Education Centre is a Centre of Excellence
in Environmental Education, established by the Ministry of
Environment, Forests and Climate Change, Government of India and
the C.P. Ramaswami Aiyar Foundation.
The Centre has been set up to increase consciousness and knowledge about
the environment and the major environmental problems facing the country
today. It has been conducting a variety of programmes to spread awareness
and interest among the public, including, teachers, students, voluntary
workers, educators, farmers, women and youth, on all aspects of the
environment and ecology, with the purpose of promoting conservation of
nature and natural resources.

Our website: www.cpreec.org

4 64

Volume
Volume19,
13, April
April2019
2013

