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Antimicrobial activity of ginger and onion 

extracts against enteric pathogens 

 
Saurabh N Singh, Arun S Moses and ADM David 

 
Abstract 

The antimicrobial properties of extracts of Allium cepa and Zingiber officinale against different enteric 

pathogen were investigated by using agar well diffusion method. The result obtained revealed that, 

ethanolic extract of ginger gave the largest zone of inhibition against S. aureus and the lowest zone of 

inhibition against E. coli and S. typhi however the ethanolic extract of onion gave the largest zone of 

inhibition against S. aureus and the lowest zone of inhibition against B. cereus, S. typhi, E. coli. 

Methanolic extract of ginger gave the widest zone of inhibition against S. aureus and the lowest zone of 

inhibition against E. coli and the methanolic extract of onion gave the widest zone of inhibition against S. 

aureus and B. cereus and no zone of inhibition against E. coli. The result showed that ginger was more 

effective and produced remarkable inhibitory effect on the two out of four test organism when compared 

to the ethanolic and methanolic extracts of onion. 

 

Keywords: Ginger, onion, antimicrobial activity, enteric pathogens 

 

Introduction 

The diseases which are born by food are gradually becoming a dangerous risk to public health. 

People become infected with microbes or intoxicated with enterotoxins produced from 

microbes. Proper control of microbes and effective sanitation will help to reduce the rate at 

which people become sick from eating the food. (Ortiz, 2015) [1]. Medicinal plants may be 

defined as any plant that can be put to culinary or medicinal use and include those we associate 

with orthodox drugs such as fox glove and opium poppy, as well as every day plants such as 

garlic. All the drugs from the past were substances with a particular therapeutic action 

extracted from plants. The use of herbs and medicinal plants as the first medicine is a universal 

phenomenon. (N Azu and Onyeagba, 2006) [2]. The increased usage of antibiotics has induced 

microrganism to acquire resistence factor which have become burning predicament (Abimbola 

et al.1993) [3] as a result there is an urgent need to find the alternative of chemotherapeutic 

drugs in disease treatment particularly those of plants origin which are easily available and 

have less side effects (Khulbe and Sati, 2009) [4]. Spices in general show both antimicrobial 

and antioxident characteristics, inhibiting the growth of bacteria and other pathogenic 

microbes. The antimicrobial activity of spices is due to specific phytochemicals or essential 

oils. The main factors that determine the antimicrobial activity are the type and composition of 

the spice, amount used, type of microorganism, composition of the food, ph value and 

temperature of the environment. Ginger is a medicinal plant that has been widely used all over 

the world, since antiquity, for a wide array of unrelated ailments inluding arthritis, 

rheumatism, sprains, sore throats, muscular aches, pains, constipation, vomiting, hypertension, 

indigestion, fever and infectious disease (Ali et al.,2008) [5]. In human, ginger is thought to act 

directly on the gastrointestinal system to reduce nausea. Ginger has direct antimicrobial 

activity and thus can be used in treatment of bacterial infections (Tan and Vanitha 2004) [6]. 

“Generally recognized as Safe’’ (GRAS) by the US FDA (ICMR bulletin, http //icmr.in 

/BUJUNE 03 new.pdf). Its antibacterial power is effective against preventing numerous 

intestinal problems that take place as a result of the alteration of the intestinal flora. This is 

ideal to avoid the formation of ulcers by eliminating the Helicobacter pylori a bacterium 

whose secretions of ammonia are responsible for many ulcers, specially those of the 

duodenum, and other gastric problem.it also neutralize the Gastric acid. The main 

antimicrobial agent is Gingerol a naturally occurring Phenol which disrupts the cell wall of 

bacteria causing cytoplasmic leakage. Ginger has the capacity to eliminate harmful bacteria 

such as E. coli, responsible for most of the diarrhoea, specially in children. Bacillus cercus 

which mainly cause Diarrohea, Nausea, ginger causes impact on the growth of this bacteria. It 

has been shown to reduce the stickiness of blood platelets, hence may help to reduce risk of 

artherosclerosis. 
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ABSTRACT

It is a well known saying that a teacher is the national builder. To be able to discharge such a high 
responsibility, it is very necessary that the teacher must become conscious of his role towards society. 
His behave should indicate his attempt to do his job properly. His personality must reflect characteristics 
of a good citizen, dignity of the individual, rights and duties etc., so that he may transmit the same to 
the younger generation. The above said facts express the dire need of teacher-education. This is the 
reason that teacher education is considered as an integral part of education system and improvement 
of its major objectives. Without providing the quality teachers, free and compulsory education cannot 
be shaped properly. So that, after independence the importance of teacher’s education was given the 
sole priority. Even today after 70 years of independence, teacher’s education is a major challenge for us. 
Teacher education is perhaps more confronted with how to negotiate and significantly address the world 
of teaching-learning than merely dealing with duties, responsibilities and classroom assignments. It is now 
at the fork of fullness of vision in a fascinated world of immediate gain in every endeavour and worries 
and frustrations in fruitless teaching sans joy, sans freedom and creative adventure. As a consequence, 
the challenges of teacher education today for addressing tougher ones of tomorrow remains a far more 
thrilling adventure to be more worthily undertaken. Hence, this paper tries to explore the basic concept, 
professional skills, norms and regulations, Issues and problems of teacher education, commissions 
attempt, individual initiatives and role of various agencies.

Keywords: Teacher Education, Development, Problems, govt. initiatives, Quality assurance

Teacher education in India, especially the pre-
service preparation of teachers, is a carry over 
of the outmoded model of teacher education 
practised in Britain during the later decades of 
the 19th century. The advent of the information 
revolution has altered beyond recognition the 
shape and scope of education, and warrant the 
adoption of several new approaches if it has to 
practice the new education. The teachers of the 
next generation have to muster the tools of the 
information age and acquire the skills for using 
the new tools and educational instrumentalities if 
they have to remain competitive in the emerging 
world scenario of education. Teacher education 
in India has to change drastically if it has to serve 

the needs of the emerging 21st century society. The 
assumption underlying all programmes of teacher 
education is that the professional competence of 
teachers could make a profound difference in their 
educational transactions and on the development of 
their students. The new expectations placed on the 
teaching profession in the new educational scenario, 
demands higher degrees of professionalism on the 
part of the new generation of teachers. The new 
generation teachers need updated professional 
knowledge and competencies for teaching using 
the electronic media. Curriculum transaction 
and instructional management in the new set-up 
demand several new professional skills on the part 
of the teacher. Dealing with the vast quantum of 
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Role of Buddhism in the Development of Indian 
Education
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ABSTRACT

In India during the time of Buddha, there was a racial discrimination in the society. 
This discrimination was according to profession of man and according to birth. In the 
society there were four divisions of whom Brahman was superior. They enjoyed 
rights for religious training and education. But other category of people deprived of 
their religious and educational rights.

It should be observed that it is “the life of holiness” which Buddhism emphasizes 
much more than the philosophy of life, speculations concerning the mysteries of life 
and death and such ultimate truths. The entire system of Buddhist education must be 
rooted in faith (saddhā)— faith in the Triple Gem, and above all in the Buddha 
as the fully enlightened One, the peerless teacher and supreme guide to right 
living and right understanding. Based on this faith, the students must be inspired 
to become accomplished in virtue (sīla) by following the moral guidelines spelled 
out by the Five Precepts. Students should come to appreciate the positive virtues 
these precepts represent: kindness, honesty, purity, truthfulness, and mental sobriety. 
They must also acquire the spirit of generosity and self-sacrifice (cāga), so essential 
for overcoming selfishness, greed, and the narrow focus on self-advancement that 
dominates in present-day society.

In the early period Buddhist Education was limited within the monasteries and only 
for the members of the monastery. But later on it was open to the mass, even lay people 
got scope to have education in those institutions. In modern days Buddhist Education 
became wide open and embraced people of all walks of life. The aim of Buddhist 
Education is to change an unwise to wise, beast hood to Buddha hood.

Keywords: Triple gem, Five precepts, Monasteries, Enlightened, Buddha hood.
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ABSTRACT

The increasing awareness and growing emphasis on making “Education for all” a realizable dream has 
made the classrooms of twentieth century necessarily inclusive in nature where an attempt is made 
to teach the children with different abilities and varied cultural, economic and family backgrounds 
under the same roof and with equal access to facilities and opportunities. To address to such diversity 
in an equitable manner, technology is undisputedly playing a significant role. It is making the teachers 
equipped to handle day to day classroom situations in a better way through ICT tools and devices that 
have built and provided platforms to remove barriers (physical, technical, cultural, psychological etc.) 
to facilitate complete development of children. With technological advancements and increasing use of 
various digital resources, the various aspects of education such as teaching, learning, evaluation and 
feedback becomes far easier and quicker as compared to the traditional approaches. With the advent 
of specialized tools for the disabled or children with special needs as well as a wide range of apps and 
softwares, the services reach uninterruptedly to various strata of the society with ease. The current 
paper reflects on the integration of various technological tools and approaches in our classrooms for a 
more inclusive environment so that a teacher can cater to individual educational needs of children. The 
potential of ICT in providing access for all learners including the ones with special needs and ability to 
access the general education curriculum is being discussed in this paper. The objective of the paper is to 
make the teachers aware about how amalgamation of ICT can be done in classroom learning for better 
addressing of the problems of the students for them to overcome their inabilities.

Keywords: Teacher Education, Inclusive environment, Special needs, ICT.

ICT or  Informat ion  and Communicat ion 
Technologies are technological tools and resources 
used to communicate, and to create, disseminate, 
store, and manage information. These technologies 
include Computers, the Internet, broadcasting 
technologies (radio and television), telephone, 
mobile phones and other latest gadgets. ICT can 
be defined as sum total of hardware and software 
resources specifically used for sharing, storing, 
generating information by making use of various 
means of technology available. It is different from 
e-learning which is a process that involves the 
application of these ICT tools to enhance teaching 
learning process. Hence, we can say that ICT is a 

very useful tool for education and has the potential 
to benefit learners at any stage immensely. Several 
researches have been conducted in the last decade 
specifically to show the importance and utilities of 
ICT in education and research. It also throws light 
on how to use these for producing more efficient 
learning.
Now moving towards the concept of efficient 
teaching, we know the fact that efficient teaching is 
directly related with efficient learning and calls for 
a democratic and an inclusive environment where 
all learners learn together and more or less acquire 
those levels or standards of learning without much 
difference. India is a land of diversity. Culture, 
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Metaphysico-Epistemological and Ethical
Issues in Postmodernity

Sanjay Kumar Shukla*Sanjay Kumar Shukla*Sanjay Kumar Shukla*Sanjay Kumar Shukla*Sanjay Kumar Shukla*

I

Modernity is a historical realization of key proposals from the
progressive humanist agenda of the European enlightenment which
developed “within the horizon of Reason.” The post-modernity is to be
considered as a critique of modernity which includes the untiring efforts
of Heidegger, Rorty, Foucault, Lyotard, Derrida and others. They argue
that a dialectic of enlightenment is at the heart of the modernity project
which includes a false universalism that blocks appreciation of
substantive differences like race and ethnicity and which leads to various
forms of domination. Habermas, being critical towards the project of
modernity, has coined “communicative reason” as opposed to “subject-
centered reason” of modernity. He offers the following distinctions:
Rationality is referred in the communicative reason to be the disposition
of speaking and acting subjects to acquire and use fallible reason,
while subject-centered reason finds its criteria in standards of truth and
success that govern the relationships of knowing and purposely acting
subjects to the world of possible objects or states of affairs. It is when
we conceive knowledge as communicatively mediated, rationality is
assessed in terms of the capacity of responsible participants, where
validity claim is granted to inter-subjective recognition. Communicative
reason is expressed in a de-centered understanding of the world.1

* Dr. Sanjay Kumar Shukla, Associate Professor- Philosophy Department, Ewing
Christian College, Allahabad (U.P.)- India
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Abstract
With the advent of improved experimental techniques and enhanced precision, laser-induced breakdown spectroscopy (LIBS)
offers a robust tool for probing the chemical constituents of samples of interest in biological sciences. As the interest continues to
grow rapidly, the domain of study encompasses a variety of applications vis-à-vis biological species and microbes. LIBS is
basically an atomic emission spectroscopy of plasma produced by the high-power pulsed laser which is tightly focused on the
surface of any kinds of target materials in any phase. Due to its experimental simplicity, and versatility, LIBS has achieved its high
degree of interest particularly in the fields of agricultural science, environmental science, medical science, forensic sciences, and
biology. It has become a strong and sensitive elemental analysis tool as compared to the traditional gold standard techniques. As
such, it offers a handy, rapid, and flexible elemental measurement of the sample compositions, together with the added benefits of
less cumbersome sample preparation requirements. This technique has extensively been used to detect various microorganisms,
extending the horizon from bacteria, molds, to yeasts, and spores on surfaces, while also being successful in sensing disease-
causing viruses. LIBS-based probe has also enabled successful detection of bacteria in agriculture as well. In order for good
quality processing of food, LIBS is also being used to detect and identify bacteria such as Salmonella enteric serovar
typhimurium that causes food contamination. Differences in soil bacteria isolated from different mining sites are a very good
indicator of relative environmental soil quality. In this connection, LIBS has effectively been employed to discriminate both the
inter- and intra-site differences of the soil quality across varying mining sites. Therefore, this article summarizes the basic theory
and use of LIBS for identifying microbes causing serious agricultural and environmental infectious diseases.

Keywords Laser-induced breakdown spectroscopy (LIBS) . Microorganisms . Bacteria . Fungus . Viruses . Trace and toxic
elements .Multivariate analysis

Introduction

Human health and well-being bear the direct impact of a hier-
archy of microorganisms that are largely grouped together as

pathogens like bacteria, viruses, molds, prions, amoebae, fun-
gi, etc. Microbes are the omnipresent companions to human
existence and prevalent in the surroundings (Musazzi and
Perini, 2014). In fact, various microbiological cells exist in a
healthy adult which has a great influence on human health and
also these microbes can be very hazardous even at very low
concentrations. Hence, different techniques have been ex-
plored to develop a reliable detection system for these mi-
crobes (Truant 2002). The detection and control of these bio-
hazards are also desirable medical field and also to monitor
hygiene in food-processing industries. Typically, biological
identification methods so far have relied on certain biochem-
ical, microbiological, and immunological processes which
while being quite reliable and sensitive are also very time-
consuming and limited to few specific compounds only.
Moreover, these methods require extensive sampling and
preparation steps, which in turn contaminate the target

* Vivek K. Singh
vivekksingh2005@gmail.com
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Abstract: This work reports measurements of calcified gallstone elemental compositions using
laser-induced optical emission spectroscopy. The experimental results support the importance of the
magnesium concentration in gallstone growth. Granular stones reveal an increased magnesium
concentration at the periphery of the granules, suggesting the inhibition of further growth.
Non-granular gallstones reveal lower overall magnesium concentrations, but with higher values near
the center.

Keywords: laser-induced breakdown spectroscopy; atomic spectroscopy; plasma spectroscopy; laser
spectroscopy; physical properties of biomaterials

PACS: 42.62.Fi; 52.70.-m; 32.30-r; 52.25.Jm; 87.85.jc

1. Introduction

Cholelithiasis affects the morbidity of adults and increases mortality, but it depends on specific
population characteristics. For instance, the gallstone disease cases are higher in the north than in the
south of India [1]. This work evaluates magnesium concentrations and elemental compositions by
collecting spectra during laser ablation of extracted gallstones. Magnesium has many essential roles
in fundamental biological functions, and in turn, deficiency provokes several biochemical changes.
Sufficient intake is important in maintaining magnesium homeostasis, but the average amount of
magnesium in today’s menu has diminished over the years. Magnesium is an important mineral
constituent of various unprocessed foods such as green leafy vegetables, fish and whole grains.
Deficiency of magnesium may cause insulin hyper-secretion and dyslipidemia, which may facilitate
gallstone formation [2–6]. Of interest are calcified non-granular, as well as granular gallstones in order
to contribute to the understanding of human gallstone progression. However, complimentary in situ
diagnoses may further elucidate the role of magnesium in gallstone growth.

Atoms 2018, 6, 42; doi:10.3390/atoms6030042 www.mdpi.com/journal/atoms
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Manganites had been proposed as one of the potential n-type

oxide materials to develop thermoelectric power generators. In

the present investigation, we studied the structural and

thermoelectric properties of Gd
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3
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0.8) polycrystalline ceramics synthesized by a conventional solid-

state route. Rietveld refinement of XRD patterns revealed the

distorted orthorhombic Pbnm crystal structure in all the

compositions. The decrease in J-T distortions, present on the

Gd-rich side of GSMO (x    ), due to favored formation of
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were measured in the temperature range from room temperature

to 900 °C. The negative values of the Seebeck coefficient

throughout the temperature range confirm the n-type

semiconducting nature in all the compositions. The conduction

mechanism (below metal-semiconductor transition) of these

materials was analyzed using the small polaron hopping

conduction model.
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ABSTRACT
We have prepared the composites of a room temperature nematic liquid crystalline material namely
4-(trans-4′-n-hexylcyclohexyl) isothiocyanatobenzoate (6CHBT) and gold nanoparticles (GNPs).
Thermodynamic, electro-optical and dielectric properties have been investigated. Effect of dispersion
of GNPs on various electro-optical and display parameters of host liquid crystalline material have
been studied. Physical parameters such as threshold voltage, dielectric anisotropy and splay elastic
constant have altered for composite systems. Due to the dispersion of GNPs, nematic to isotropic
transition temperature is significantly increased. Relaxation frequency corresponding to flip-flop
motion of the 6CHBT molecules about their short axes has increased due to the presence of GNPs.

KEYWORDS
Nematic liquid crystal;
electro-optical; gold
nanoparticles; display
parameters; dielectric;
transmission–voltage
characteristic

1. Introduction

Liquid crystal (LC) is the state of matter whose order lies
between that of three-dimensionally ordered solids and
completely disordered fluids [1]. There are different types
of liquid-crystalline phases (which are also known as
mesophases); the simplest one is the nematic phase (N)
that shows only orientational order [2]. Assembly and
reorientation of molecules of the anisotropic LC medium
could be achieved through interaction between nano
entities (e.g. nanoparticles, quantum dots and nanotubes)
and LC molecules. Most importantly, nano entities can
share their intrinsic properties with the LC matrix due to
the anchoring. Several studies on thermodynamic, dielec-
tric and electro-optical properties of different shape and

size of nano entities dispersed in liquid crystals can be
seen in recent literatures. Some of these studies are dis-
persion of gold nanoparticles [3–6], silver nanoparticles
[7], ferroelectric nanoparticles [8,9], carbon nanotubes
[10,11] and quantum dots [12,13] in LC media.

A small fraction of silver nanoparticles with diameters
of a few nanometres can improve the stability and alter the
electro-optic behaviour of a nematic mesophase [7]. There
are studies in which inclusion of metal NPs in LCs have
changed the electro-optic response and other physical
properties of host medium [3–7,14]. There are some
reports which show that inclusion of ferroelectric and
inorganic NPs in LCs change the electro-optic response
and alter the surrounding molecular alignment [8,15].
The suspension of ferroelectric NPs can lead to

CONTACT Ravindra Dhar dr_ravindra_dhar@hotmail.com
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© 2018 Informa UK Limited, trading as Taylor & Francis Group



Cross section and longitudinal single-spin asymmetry AL for forward
W� → μ�ν production in polarized p+ p collisions at

ffiffi

s
p

= 510 GeV

A. Adare,13 C. Aidala,39,44 N. N. Ajitanand,62,* Y. Akiba,57,58,† R. Akimoto,12 J. Alexander,62 M. Alfred,24 K. Aoki,32,57

N. Apadula,29,63 Y. Aramaki,57 H. Asano,35,57 E. T. Atomssa,63 T. C. Awes,53 B. Azmoun,7 V. Babintsev,25 A. Bagoly,17

M. Bai,6 X. Bai,11 N. S. Bandara,43 B. Bannier,63 K. N. Barish,8 S. Bathe,5,58 V. Baublis,56 C. Baumann,7 S. Baumgart,57

A. Bazilevsky,7 M. Beaumier,8 S. Beckman,13 R. Belmont,13,44,68 A. Berdnikov,60 Y. Berdnikov,60 D. Black,8 D. S. Blau,34,49

M. Boer,39 J. S. Bok,51 K. Boyle,58 M. L. Brooks,39 J. Bryslawskyj,5,8 H. Buesching,7 V. Bumazhnov,25 S. Butsyk,50

S. Campbell,14,29 V. Canoa Roman,63 C.-H. Chen,58 C. Y. Chi,14 M. Chiu,7,26 I. J. Choi,26 J. B. Choi,10,* S. Choi,61

P. Christiansen,40 T. Chujo,67 V. Cianciolo,53 Z. Citron,69 B. A. Cole,14 M. Connors,21,58 N. Cronin,45,63 N. Crossette,45

M. Csanád,17 T. Csörgő,18,70 T.W. Danley,52 A. Datta,50 M. S. Daugherity,1 G. David,7,63 K. DeBlasio,50 K. Dehmelt,63

A. Denisov,25 A. Deshpande,58,63 E. J. Desmond,7 L. Ding,29 A. Dion,63 J. H. Do,71 L. D’Orazio,42 O. Drapier,36 A. Drees,63

K. A. Drees,6 J. M. Durham,39 A. Durum,25 T. Engelmore,14 A. Enokizono,57,59 H. En’yo,57,58 S. Esumi,67 K. O. Eyser,7

B. Fadem,45 W. Fan,63 N. Feege,63 D. E. Fields,50 M. Finger,9 M. Finger, Jr.,9 F. Fleuret,36 S. L. Fokin,34 J. E. Frantz,52

A. Franz,7 A. D. Frawley,20 Y. Fukao,32 T. Fusayasu,47 K. Gainey,1 C. Gal,63 P. Gallus,15 P. Garg,3,63 A. Garishvili,65

I. Garishvili,38 H. Ge,63 F. Giordano,26 A. Glenn,38 X. Gong,62 M. Gonin,36 Y. Goto,57,58 R. Granier de Cassagnac,36

N. Grau,2 S. V. Greene,68 M. Grosse Perdekamp,26 Y. Gu,62 T. Gunji,12 H. Guragain,21 T. Hachiya,57,58 J. S. Haggerty,7

K. I. Hahn,19 H. Hamagaki,12 S. Y. Han,19 J. Hanks,63 S. Hasegawa,30 T. O. S. Haseler,21 K. Hashimoto,57,59 R. Hayano,12

X. He,21 T. K. Hemmick,63 T. Hester,8 J. C. Hill,29 K. Hill,13 A. Hodges,21 R. S. Hollis,8 K. Homma,23 B. Hong,33

T. Hoshino,23 N. Hotvedt,29 J. Huang,7,39 S. Huang,68 T. Ichihara,57,58 Y. Ikeda,57 K. Imai,30 Y. Imazu,57 M. Inaba,67

A. Iordanova,8 D. Isenhower,1 A. Isinhue,45 D. Ivanishchev,56 B. V. Jacak,63 S. J. Jeon,46 M. Jezghani,21 Z. Ji,63 J. Jia,7,62

X. Jiang,39 B. M. Johnson,7,21 E. Joo,33 K. S. Joo,46 D. Jouan,54 D. S. Jumper,26 J. Kamin,63 S. Kanda,12,32,57 B. H. Kang,22

J. H. Kang,71 J. S. Kang,22 J. Kapustinsky,39 D. Kawall,43 A. V. Kazantsev,34 J. A. Key,50 V. Khachatryan,63 P. K. Khandai,3

A. Khanzadeev,56 K. Kihara,67 K. M. Kijima,23 C. Kim,33 D. H. Kim,19 D. J. Kim,31 E.-J. Kim,10 H.-J. Kim,71 M. Kim,61

Y.-J. Kim,26 Y. K. Kim,22 D. Kincses,17 E. Kistenev,7 J. Klatsky,20 D. Kleinjan,8 P. Kline,63 T. Koblesky,13 M. Kofarago,17,70

B. Komkov,56 J. Koster,26,58 D. Kotchetkov,52 D. Kotov,56,60 F. Krizek,31 K. Kurita,59 M. Kurosawa,57,58 Y. Kwon,71

R. Lacey,62 Y. S. Lai,14 J. G. Lajoie,29 A. Lebedev,29 D. M. Lee,39 G. H. Lee,10 J. Lee,19,64 K. B. Lee,39 K. S. Lee,33

S. H. Lee,29,63 M. J. Leitch,39 M. Leitgab,26 Y. H. Leung,63 B. Lewis,63 N. A. Lewis,44 X. Li,11 X. Li,39 S. H. Lim,39,71

M. X. Liu,39 S. Lökös,17,18 D. Lynch,7 C. F. Maguire,68 T. Majoros,16 Y. I. Makdisi,6 M. Makek,69,72 A. Manion,63

V. I. Manko,34 E. Mannel,7 M. McCumber,13,39 P. L. McGaughey,39 D. McGlinchey,13,20,39 C. McKinney,26 A. Meles,51

M. Mendoza,8 B. Meredith,14,26 Y. Miake,67 T. Mibe,32 A. C. Mignerey,42 D. E. Mihalik,63 A. J. Miller,1 A. Milov,69

D. K. Mishra,4 J. T. Mitchell,7 G. Mitsuka,58 S. Miyasaka,57,66 S. Mizuno,57,67 A. K. Mohanty,4 S. Mohapatra,62

P. Montuenga,26 T. Moon,71 D. P. Morrison,7 S. I. Morrow,68 M. Moskowitz,45 T. V. Moukhanova,34 T. Murakami,35,57

J. Murata,57,59 A. Mwai,62 T. Nagae,35 S. Nagamiya,32,57 K. Nagashima,23 J. L. Nagle,13 M. I. Nagy,17 I. Nakagawa,57,58

H. Nakagomi,57,67 Y. Nakamiya,23 K. R. Nakamura,35,57 T. Nakamura,57 K. Nakano,57,66 C. Nattrass,65 P. K. Netrakanti,4

M. Nihashi,23,57 T. Niida,67 R. Nouicer,7,58 T. Novák,18,70 N. Novitzky,31,63 A. S. Nyanin,34 E. O’Brien,7 C. A. Ogilvie,29

H. Oide,12 K. Okada,58 J. D. Orjuela Koop,13 J. D. Osborn,44 A. Oskarsson,40 K. Ozawa,32,67 R. Pak,7 V. Pantuev,27

V. Papavassiliou,51 I. H. Park,19,64 S. Park,57,61,63 S. K. Park,33 S. F. Pate,51 L. Patel,21 M. Patel,29 J.-C. Peng,26 W. Peng,68

D. V. Perepelitsa,7,13,14 G. D. N. Perera,51 D. Yu. Peressounko,34 C. E. PerezLara,63 J. Perry,29 R. Petti,7,63 C. Pinkenburg,7

R. Pinson,1 R. P. Pisani,7 M. L. Purschke,7 H. Qu,1 P. V. Radzevich,60 J. Rak,31 I. Ravinovich,69 K. F. Read,53,65

D. Reynolds,62 V. Riabov,49,56 Y. Riabov,56,60 E. Richardson,42 D. Richford,5 T. Rinn,29 N. Riveli,52 D. Roach,68

S. D. Rolnick,8 M. Rosati,29 Z. Rowan,5 J. G. Rubin,44 J. Runchey,29 M. S. Ryu,22 B. Sahlmueller,63 N. Saito,32

T. Sakaguchi,7 H. Sako,30 V. Samsonov,49,56 M. Sarsour,21 S. Sato,30 S. Sawada,32 B. Schaefer,68 B. K. Schmoll,65

K. Sedgwick,8 J. Seele,58 R. Seidl,26,57,58 Y. Sekiguchi,12 A. Sen,21,29,65 R. Seto,8 P. Sett,4 A. Sexton,42 D. Sharma,63

A. Shaver,29 I. Shein,25 T.-A. Shibata,57,66 K. Shigaki,23 M. Shimomura,29,48 K. Shoji,57 P. Shukla,4 A. Sickles,7,26

C. L. Silva,39 D. Silvermyr,40,53 B. K. Singh,3 C. P. Singh,3 V. Singh,3 M. J. Skoby,44 M. Skolnik,45 M. Slunečka,9

S. Solano,45 R. A. Soltz,38 W. E. Sondheim,39 S. P. Sorensen,65 I. V. Sourikova,7 P. W. Stankus,53 P. Steinberg,7

E. Stenlund,40 M. Stepanov,43,* A. Ster,70 S. P. Stoll,7 M. R. Stone,13 T. Sugitate,23 A. Sukhanov,7 T. Sumita,57 J. Sun,63

Z. Sun,16 J. Sziklai,70 A. Takahara,12 A. Taketani,57,58 Y. Tanaka,47 K. Tanida,30,58,61 M. J. Tannenbaum,7 S. Tarafdar,3,68,69

A. Taranenko,49,62 E. Tennant,51 R. Tieulent,41 A. Timilsina,29 T. Todoroki,57,67 M. Tomášek,15,28 H. Torii,12 M. Towell,1

R. Towell,1 R. S. Towell,1 I. Tserruya,69 B. Ujvari,16 H.W. van Hecke,39 M. Vargyas,17,70 E. Vazquez-Zambrano,14
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Abstract 

 

Fossil fuels, coal in particular, are indispensable sources of energy necessary for today's technological and economical 

progress throughout the world. Their burning releases numerous environmental contaminants, like CO2, SO2, and a 

range of organic and inorganic compounds. Arguably, however, and despite the fact that these emissions have resulted 

in air pollution and regional acid rain problems, there is no evidence yet of their usage completely replaced by a low-

CO2–producing energy source. Coal, due to its unique composition and characteristics, has been actively investigated by 

scientists and technologists from various disciplines in a search for economically valuable metals and medically active 

substances. Also, coal is used universally for the fabrication of new nanomaterials in laboratories, and utilized in waste-

treatment and clean-coal technologies. The aim of the paper was to focus on the latest advancements in coal research of 

leading international scientists from India, China, and USA. Also, the paper is briefly presenting selected papers of 

several Indian and Croatian research groups addressing environmental issues and emerging waste-treatment 

technologies. Although the two countries are different from the geographical, historical, economical, and industrial point 

of view, the both have been linked with the coal extraction and its usage in power generation and associated heavy 

industries. 

 

Keywords: coal, waste, environmental pollution, clean-coal technology, bioremediation. 

 

1. Introduction 
 

Coal is the most abundant specimen among the fossil fuels, i.e. the coals, oil shales, oil, and gas deposits of Earth. It 

is the deposit of organic matter – the remains of dead plants and animals – entrapped in sedimentary rocks at the site of 

organic matter growth many millennia ago. Coals generally contain 10-30% of inorganic material made up of clay 

minerals, quartz silt, and sand, thus contributing to metal emission load upon their combustion (Saikia et al., 2009; 

Singh et al., 2015a; Dai et al., 2016). By igniting coal, the Sun energy stored in it is being released, thus producing heat 

and energy needed for industry, and generally, sustaining nations' standards of living. However, the fuel burning 

emissions are the largest source of anthropogenic greenhouse gases and aerosols (Kumar et al., 2017a). Also, some 

European and Asian countries have experienced devastating damage to the environment and to the human health owing 

to many years of intensive coal mining/burning and associated metallurgy in the past (Helios Rybicka, 1996; Sofilić et 

al., 2013; Oliveira et al., 2014; Banerjee et al., 2016; Naik, 2016). Notwithstanding, in the current situation of high-

energy demand, coal still remains a vibrant industry. According to the World Coal Association (WCA), proven reserves 

of coal are much greater than those of oil and gas combined, and are sufficient to supply more than 100 years of 

production at 2015 levels. However, Höök et al. (2010) emphasize that a peak in global coal production should be 

reached in the 2020-2030, and that 'This is much sooner than commonly thought, and if this is correct it would represent 

a significant challenge for future energy supplies'. Furthermore, the latest WCA reports note that coal still makes up 

29% of global primary energy and 41% of global electricity. 

     Coal, being the most important energy source in parts of the world lacking pollution-control technology, adversely 

affects global atmosphere (Banerjee et al., 2016). It is the most complex geological material, composed of organic 

compounds (Saikia et al., 2007), H2O, oil, CH4, and all the chemical elements, together with a wide variety of minerals 

(Finkelman, 1994; Rađenović, 2006). According to the 1990 US Clean Air Act Amendments, the hazardous trace 
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Abstract The antifungal activity of crude methanolic leaf

extract of closely related Senna obtusifolia and Senna tora

of family Caesalpiniaceae was evaluated by growth inhi-

bition analysis on four phytopathogenic fungi viz. Al-

ternaria helianthii, Pythium aphanidermatum, Fusarium

oxysporum and Aspergillus niger. In spite of morphological

similarities, the methanolic leaf extracts of these species

show qualitative and quantitative differences in their

chemical profiles establishing them as two distinct chemo-

types. The methanolic extract of both the species contain

two or more antifungal compounds that act synergistically,

inhibiting fungal growth and reproduction. Senna obtusi-

folia have shown better antifungal efficacy as compared to

its close relative S. tora on all the fungal phytopathogens

investigated. Scanning electron microscopy observations

reveal that the crude methanolic extract induced shrinkage

and distortion of fungal mycelium adversely affecting the

development of reproductive structures. These results can

be correlated with synergistic or additive effect imposed by

two or more antifungal compounds present in the crude

extract. Statistical analysis support the characteristic dif-

ference in antifungal efficacy of methanolic extract of these

species. This difference may be due to different permuta-

tions and combinations of antifungal compounds present in

the extract of these closely related species.

Keywords Antifungal � Phytopathogen � Cassiinae �
Senna � Synergistic

Introduction

Plant produces a diverse group of secondary metabolites,

though not directly involve in the growth and development

of the plant, provides additional adaptive advantages.

These bioactive phytochemicals produced by plants may

belong either to the category of Phytoalexins or Phytoan-

ticipins [1]. Plant metabolites like tannins, terpenoids,

saponins, alkaloids, flavonoids and other glycosides pro-

duced by plants are reported to have in-vitro antifungal

activity [2–7]. These plant based chemicals may owe their

antifungal activities either by targeting the specific sterol

component of fungal cell membrane or adversely affecting

the biosynthesis pathway of fungal cell wall [2, 8–11]. The

continuous rise in fungicide resistant phytofungal patho-

gens, imposes challenges in agriculture and the agro

industries. Indiscriminate uses of chemical fungicides

impose adverse environmental impacts, threatening exist-

ing biodiversity. The synthetic fungicides used for con-

trolling seed borne pathogens make these seeds toxic and

unfit for human consumptions [12–14]. Plant based anti-

fungal products can be considered a safe and eco-friendly

source of fungicide in mitigating the adverse effect caused

by chemical fungicides [15, 16].

Several investigations have established that some widely

distributed species of Senna Mill. exhibit antifungal prop-

erties. Senna alata Linn. is the most widely recognized

species with broad spectral antifungal and antibacterial

property [17–21]. Antifungal activity based on extract of

Senna tora (L.) Roxb., has also been investigated on der-

matophytes by several authors [18, 19]. There is limited

evidence of antifungal activity of S. obtusifolia on phy-

topathogenic fungi.

Senna obtusifolia (L.) Irwin & Barneby (Syn Cassia

obtusifolia Linn.) and Senna tora (L.) Roxb. (Syn Cassia
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