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Application of Boolean algebra 
It is used to perform the logical operations 

in digital computer. 
In digital computer True represent by '1' 
(high volt) and False represent by '0' (low 
volt) 
Logical operations are performed by logical 
operators. The fundamental logical 
operators are 

AND (conjunction) 
OR (disjunction) 
NOT (negation/complement) 

1. 
2. 
3 
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OR operator 

It performs logical addition and 
denoted by (+) plus. 

X Y X+Y 

0 1 1 

1 1 

1 1 1 



NOT operator 

OIt performs logical negation and 
denoted by (-) bar. It operates on 
single variable. 

X X (means complement of x) 

0 1 

1 



Truth Table 

OTruth table is a table that contains all 
possible values of logical 
variables/statements in a Boolean 
expression. 

No. of possible combination = 

2, where n=number of variables used in 

a Boolean expression. 



Truth Table 

The truth table for XY + Z is as 

follows: 
Z XY XY+Z Dec X 

0 0 

1 0 0 1 1 

0 2 0 1 

1 0 1 1 3 
0 4 1 

1 5 1 

1 1 1 6 
1 1 1 1 7 1 



Tautology & Fallacy 

If the output of Booean expression is 
always True or 1 is called Tautology. 

If the output of Boolean expression is 
always False or 0 is called Fallacy. 

Output (PAP') P P output (PVP) 
1 0 0 1 

1 0 1 

PVP' is Tautology and PAP' is Fallacy 



[mplementation 
Boolean Algebra applied in computers 

electronic circuits. These circuits 
perform Boolean operations and 
these are called logic circuits or logic 
gates. 



Logic Gate 

A gate is an digital circuit which operates 
on one or more signals and produce single 
Output. 
Gates are digital circuits because the input 
and output signals are denoted by either 
1(high voltage) or 0(low voltage). 

Three type of gates are as under: 
AND gate 1. 

2. OR gate 

3. NOT gate 



AND gate 

The AND gate is an electronic circuit that 
gives a high output (1) only if all its inputs 
are high. 

AND gate takes two or more input signals 
and produce only one output signal. 

Input 
A 

Input 
B 

Output 
AB 

A 
AB 1 B 

AND 1 0 0 

1 1 1 



OR gate 

The OR gate is an electronic circuit that 
gives a high output (1) if one or more of its 
inputs are high. 
OR gate also takes two or more input 
signals and produce only one output signal. 

Input Input Output 
A B A+B A 

A+B 0 
B 

1 1 

OR 1 1 

1 1 1 



NOT gate 
The NOT gate is an electronic circuit that gives a 

high output (1) if its input is low 
NOT gate takes only one input signal and produce 

only one output signal. 

The output of NOT gate is complement of its input. 
It is also called inverter. 

Input A Output A 
A A 0 1 

1 NOT 



Principal of Dualityy 
OIn Boolean algebras the duality 
Principle can be is obtained by 
interchanging AND and OR operators 
and replacing 0's by 1's and 1's by 
O's. Compare the identities on the 
left side with the identities on the 
right. 
Example 
X.Y+Z = (X'+Y').Z 



Basic Theorem of Boolean 
Algebra 

T1 Properties of 0 
(a) 0 + A = A 

(b) 0 A = 0 
T2: Properties of 1 

(a) 1 +A 1 

(b) 1 A= A 



Basic Theorem of Boolean 
Algebra 
T3:Commutative Law 

(a) A + B B+A 

(b) A B= BA 
T4: Associate Law 

(a) (A +B) +C = A ++ (B +C) 
(b) (A B) C = A (B C) 

T5 Distributive Law 
(a) A (B+ C) = AB + AC 
(b) A + (B C) = (A + B) (A + C) 

(c) A+A'B = A+B 



Basic Theorem of Boolean 
Algebra 

T6:Indempotence (Identity) Law 
(a) A + A = A 

(b) A A = A 

T7: Absorption (Redundance) Law 
(a) A + AB = A 

(b) A (A B) = AA 



Basic Theorem of Boolean 
Algebra 

T8: Complementary Law 
(a) X+X'=1 
(b) X.X'=0 

T9: Involution 
(a) x" X 

T10 De Morgan's Theorem 
(a) (X+Y)'=X'.Y" 
(b) (X.Y)'=X'+Y" 



Representation of Boolean 
expression 

Boolean expression can be 
represented by either 

(i)Sum of Product( SOP) form or 
(ii)Product of Sum (POS form) 
e.g. 

AB+AC> SOP 
(A+B)(A+C)> Pos 

In above examples both are in SOP and POS respectively 
but they are not in Standard SOP and POS. 
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HiSTORY 
o Hasse diagrams are named after Helmut Hasse (1898-1979); 

according to Garrett Birkhoff (1948), they are so called 
because of the effective use Hasse made of them. However 
Hasse was not the first to use these diagrams. 

o One example that predates Hasse can be found in Henri 
Gustav Vogt (1895). Although Hasse diagrams were originally 
devised as a technique for making drawings of partially 
ordered sets by hand, they have more recently been created 

automatically using graph drawing techniques. 
o The phrase "Hasse diagram" may also refer to the transitive 

reduction as an abstract directed acyclic graph, independently 
of any drawing of that graph, but this usage is eschewed here. 



A "GOOD" HASSE DIAGRAM 

o Although Hasse diagrams are simple as well as intuitive tools for 

dealing with finite posets, it turns out to be rather difficult to draw 

"good" diagrams. The reason is that there will in 

o general be many possible ways to draw a Hasse diagram for a given 
poset. The simple technique of just starting with the minimal 

elements of an order and then drawing greater elements 

o incrementally often produces quite poor results: symmetries and 

internal structure of the order are easily lost. 

o The following example demonstrates the issue. Consider the power 
set of a 4-element set ordered by inclusion. Below are four different 
Hasse diagrams for this partial order. Each 

osubset has a node labelled with a binary encoding that shows 
whether a certain element is in the subset (1) or not (0) 



PARTIALLY ORDERED SETs 

A partial order is a binary relation "S" over a set P 

which is reflexive, anti-symmetric, and transitive, 

i.e., which satisfies for all a, b, and c in P 

asa (reflexivity); 

if a sband b s a then a = b (anti-symmetry); 

if a sb and b s c then a s c (transitivity). A set with a 

partial order is called partially ordered set or poset. 



o The power set of A = {a, b, c} consists of the family of 
eight subsets: P(A): {o, {a), {b}, {c), fa, b}, fa, c}, {b, c}, 
a, b, c}} then, set inclusion relation "C" is a partial order 
on P(A) 

o Reflexive: Clearly any set in P(A) is a subset of itself. 
Hence cis reflexive. 

Anti-symmetric: For any sets B andC in P(A) satisíying 
BCC and C CB we have B = C. Hence C is anti-
symmetric. 

Transitive: For any three sets B, C and D in p(A) satisfying 
BCCand C CD we have BCD. Hence C is transitive. 
Hence C is a partial order on P(A). 



HASSE DIAGRAM 

o In order theory, a Hasse diagram is a type of 
mathenmatical diagram used to represent a finite 
partially ordered set, in the form of a drawing of its 
transitive reduction. 

o Concretely. for a partially ordered set (S. one 
represents each element of S as a vertex in the plane and 
draws a line segment or curve that goes upward from x 
to y whenever y coverS x (that is, whenever x < y and 
there is no z such that 

X <Z< y). 
o These curves may cross each other but must not touch 

any vertices other than their endpoints. Such a diagram, 
with labeled vertices, uniquely determines its partial 
order. 

its 



EXAMPLE 

Example: If P= {a, b, c, d, e. f} and a<b, a<c, a<d, b<e. e<f, c<f, 
d<fThen the Hasse diagram will be... 

e 



o Let A {1, 2, 3,9, 18} and consider the 'divides 
relation A: 

For all a, b EA, alb b = ka for some integer k. 

o The directed graph for the given relation is -> ->-> 



LET'S CONSTRUCTA HASSE DIAGRAM..... 
18 

3 
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IDENTIFICATION OF BACITRACIN PRODUCED BY BACILLUS SPECIES  

1. INTRODUCTION  

Bacillus is a genus of gram-positive rod shape bacteria can be obligate aerobes or 

facultative anaerobes and positive for the enzyme catalase. Many Bacillus are able to 

secrete large quantities of enzymes. Bacillus is one of the best understood prokaryotes in 

terms of molecular biology and cell biology. (Madigan & Martinko, 2005).  

An easy way to isolate Bacillus is by placing non sterile soil in a test tube with 

water shaking and placing in melted salt agar and incubating at room temperature for 24 

hours. Bacillus appear as rod and a substantial portion usually contain an oval endospore 

at one end making it bulge. The genus Bacillus was in 1835 by Christian Gottfried 

Ehrenberg, later amended by Ferdinand Cohn to spore forming gram +ve rod shaped 

bacteria. The primary source of Bacillus species and other gram +ve Bacillus are soil, 

water, dust, air, faeces, vegetation, wounds and abscesses. The genus Bacillus currently 

comprises in excess of 60 species commonly found in the environment. Bacillus species 

often arranged in pairs and chain with rounded or square ends and usually have a single 

endospore. Isolated from primary culture on non-selective agar are identified by colonial 

appearance and presence or absence of beta hemolysis. (COHN, 1872).  

There are many strains of the genus of the Bacillus which can produce a wide 

variety of antibiotics including bacitracin, Polymyxin etc. Several bacitracins have been 

characterized: Bacitracin A is the dominant commercial product. Bacillus antibiotics are 

generally produced at the early stages of sporulation. Eppelmann demonstrated the 
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transfer of the Bacitracin biosynthetic gene cluster from licheniformis to the engineered 

host for the biosynthesis of Bacitracin in high levels.  

Ever since the era of Louis Pasteur and Robert Koch, there has been scientific 

recognition of an essential need to control detrimental micro-organisms in our 

environment. The discovery of penicillin by Alexander Fleming in 1929 opened the door 

for use of therapeutic antibiotics by the medicinal and veterinary communities to combat 

specific disease-causing micro-organisms. Although therapeutic antibiotics are prohibited 

for use in foods. This has become a trademark approach in food safety and preservation. 

In foods and beverages addition of antimicrobial compounds to processed products has 

become a traditional weapon in food preservation. Soil is a unique habitat which 

harbours a variety of microflora and fauna and gives mechanical and nutritional support 

to higher plants. Soil is a common source for evolution of various microorganisms. Soil 

is a complex ecosystem bounded by physio-chemical parameter. Soil is a stratified 

mixture of various particles. Soil texture varies from area to area. (Alexander Fleming, 

1929).  

An antibiotic is a chemical substance produced by a living organism that 

demonstrates inhibitory activity towards micro-organism in vivo and / or in vitro. The 

term antibacterial is sometime used instead of antibiotic to designate a substance active 

against bacteria. It inhibits the growth and even destroys harmful micro-organism. They 

are derived from special microorganism or other living systems, and are produced on an 

industrial scale using a fermentation process. Although the principle of antibiotic action 

was not discovered until the twentieth century, the first known use of antibiotics was by 
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the Chinese over 2,500 years ago. Today over 10,000 antibiotic substances have been 

reported. (Benedict and Langlykke, 1947).  

Antibiotic substances are produced by certain members of the plant kingdom, 

chiefly by micro-organism and green plants. Most of the antibiotics isolated and studied 

up to the present time have been produced by fungi and bacteria. The new antibiotic 

isolated in the present time is Bacitracin produced by Bacillus species; S. aureus. 

Antibiotic of considerable promise, such as Bacitracin, have been isolated from bacteria. 

There are many strains of the genus of the Bacillus which can produce a wide variety of 

antibiotics including Bacitracin, Polymyxin etc. Several Bacitracins have been 

characterized: Bacitracin A is the dominant commercial product. Bacillus antibiotics are 

generally produced at the early stages of sporulation. Eppelmann demonstrated the 

transfer of the Bacitracin biosynthetic gene cluster from B. licheniformis to the 

engineered host for the biosynthesis of Bacitracin in high levels. (Fleming, 1929).   

The science of antibiotic fermentation is still imperfectly developed. Antibiotics 

are produced by the submerged culture method. This method of production is to date the 

most widely used method because of its simplicity. Since 1945, thousands of different 

antibiotics produced by fungi or bacteria have been isolated and studied. Bacitracin is of 

therapeutic importance. At present about fifty antibiotics are produced on a commercial 

scale, since they are useful in medical and veterinary field.  

In the beginning of the 20th century, the German scientists named Emmerich and 

Low isolated an antimicrobial substance from bacteria. This substance was called 

pyocyonase. It was able to destroy some disease producing micro-organism. Thus, the 
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first antibiotic was discovered. Unfortunately, techniques were not available to guarantee 

the quality of each of the batches and the project was abandoned as it was thought to be 

too unreliable.  

Thirty years later, the real progress in the field of antibiotics was initiated after the 

change discovery of penicillin. The search for new antibiotic is being carried out in 

laboratories in many different countries with the hope of finding some what will have 

new uses in the treatment of diseases or infections for which cures are inadequate, poor. 

The discovery of an antibiotic substance may be the result of an opportune observation 

(usually rare) or the culmination of a carefully planned program of research wherein 

systematic surveys, studies and analysis are carried out. The researcher may examine all 

kinds of micro-organism, confine his search to the bacteria, or higher fungi, or limit his 

investigations to the species of a given genus or the strains of a particular species 

One of the original soils B. subtilis isolates was a parent of most of the industrials 

strains used today. Thus, mutation and selection were employed to increase yield to the 

present day levels. So far as is known, Bacitracin is produced by B. subtilis, and only a 

few strains of this organism have the ability to produce reasonable yields of the 

antibiotics.  

Bacitracin is one of the types of ointment which contains 5000 units of bacitracin 

in a low melting special base containing mineral oil. The antibiotic Bacitracin exerts 

profound action against many gram-positive pathogens including common streptococci 

and staphylococci. It is destructive for gram negative organism and ineffective against 

fungi. Bacitracin is a mixture of related cyclic polypeptides produced by organism of 



5 

 

group of B. subtilis var Tracy, isolation of which was first reported in 1945. Bacitracin is 

synthesized via non-ribosomal peptide synthesized (NRPSs), which means that 

ribosomes are not involved in its synthesis. Bacitracin is used in human medicine as a 

polypeptide antibiotic. It is used for topical treatment of a variety of localized skin and 

eye infections as well as for the prevention of wound infections. Bacitracin is also 

commonly used as an aftercare antibiotic on tattoos. Bacitracin is also used in pregnancy 

and breast feeding.  

When given intramuscularly, bacitracin’s absorption is rapid and complete, but its 

nephrotoxicity (kidney damage potential) has limited its use to infants only and then in 

very specific circumstances. In 2010 it was approved by the US FDA by this route for the 

very narrow indication of treatment of infants with Staphylococcal pneumonia and 

empyema when due to organisms shown to be susceptible to bacitracin. It can only be 

used where adequate laboratory facilities are available for checking the drug’s 

concentration in blood. Bacitracin interferes with the dephosphorylation of the C55-

isoprenyl pyrophosphate, a molecule that carries the building blocks of the peptidoglycan 

bacterial cell wall outside of the inner membrane. Bacitracin has been claimed to be a 

protein disulphide isomerase inhibitor in cells, but this is disputed by in vitro studies. A 

non-ointment form of ophthalmic solution is also available for eye infection. Although 

allergic cross reaction with sulpha drugs has been occasionally reported, bacitracin 

containing topical preparations remains a possible alternative to silver sulfadiazine for 

burn patients with a sulpha allergy. Bacitracin is sometimes given intramuscularly for the 

treatment of pneumonia due to staphylococci, but in most cases other antibiotics are used, 

and bacitracin is reserved for MRSA and other strains resistant to multiple other safer 
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antibiotics. This formulation is sold under the brand name Baci-IM. Bacitracin can be 

used to distinguish Streptococcus pyogenes from other bacteria, with S. pyogenes being 

sensitive to bacitracin and other resistant. 

Most of the peptide antibiotics produced by Bacilli are active against gram 

positive bacteria; however, compounds such as polymyxin, colistin and circulin exhibit 

activity almost exclusively upon gram negative bacteria, whereas bacillomycin, 

mycobacillin fungi stain are effective against moulds and yeasts. Berdy (1974) reported 

the production of 167 peptide antibiotics from B. subtilis. Of this total, 66 different 

antibiotics are elaborated by strains of B. subtilis.  

B. subtilis used as a soil inoculants and agriculture. Enzymes produced by B. 

subtilis are widely used as additives in laundry detergents. It is used to produce amylase. 

It is used to produce hyaluronic acid, which is useful in the joint – care sector in 

healthcare. Several noncoding RNAs have been characterized in the B. subtilis genome, 

including 16s rRNAs. A strain of B. subtilis formerly known as Bacillus natto in the 

commercial production of the Japanese food natto.  

As many micro-organisms play a vital role in the production of antibiotics .one of 

them is Bacillus species which forms Bacitracin. Bacitracin is derived from cultures of B. 

subtilis. The present study is an attempt to isolate and identify bacitracin producing 

Bacillus species and to study laboratory scale production of Bacitracin using Bacillus 

species.  
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2.  REVIEW OF LITERATURE  

Originally named Vibrio subtilis in 1835, this organism was renamed B. subtilis in 

1872. Other names for this bacterium also include Bacillus uniflagellatus, Bacillus 

globigii, and Bacillus natto. B. subtilis bacteria were one of the first bacteria to be 

studied. These bacteria are a good model for cellular development and differentiation 

(Entrez Genome Project). B. subtilis is a model organism for studying endospore 

formation in bacteria. The main habitat of endospore forming Bacillus organisms is the 

soil. Likewise, B. subtilis is most commonly found in soil environments and on plant 

undergrowth.  

Broadly defined, antibiotic include a chemically heterogeneous group of small 

organic molecules of microbial origin that, at low concentration, are deleterious to the 

growth or metabolic activities of another microorganism. That soil is rich in 

microorganism capable of antibiotic synthesis is well accepted, but the frequency with 

which synthesis occurs at ecologically significant levels in nature has been much less 

clear. Over the past decade, however, genetic and molecular techniques, coupled with 

sensitive and bioanalytical assays and equipment, have been applied to   demonstrate 

conclusively that microorganisms synthesize a variety of antibiotics, even under field 

conditions, in the rhizosphere (that portion of the soil enriched in carbon and energy 

resources released by plant roots). These   antibiotics   can contribute to microbial 

competitiveness and the suppression of plant root pathogens, and the bacteria that 

produce them are therefore of considerable interest as a practical means of plant disease 

control. More generally, the techniques used to understand the role of antibiotics in the 
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rhizosphere are applicable to other habitats where mechanisms of microbial antagonism 

or the production of bioactive metabolite are of interest. (Fleming, 1929). 

This chapter review factors known to affect the production, activity and detection of 

antibiotics in situ, discusses methods for extraction and quantification from soil and plant 

materials, and describes approaches to detecting biosynthetic genes, their expression, and 

the effect of synthesis in soil habitats. Research until now has focused mainly on the 

activities of a few bacterial genera producing compounds of known structure, but the 

techniques that have been developed may be applicable to diverse taxa producing 

structurally undefined bioactive metabolites as well. (Silcox.et.al, 1946)  

Antibiotics are chemical substances that can inhibit the growth of, and even 

destroy, harmful microorganism. They are derived from special microorganism or other 

living system, and are produced on an industrial scale using a fermentation process. 

Although the principles of antibiotic action were not discovered until the twentieth 

century, the first known use of antibiotics was by Chinese over 2,500 years ago. Today, 

over 10,000 antibiotic substances have been reported. Antibiotics are used in many forms 

each of which imposes somewhat different manufacturing requirements.  For bacterial 

infections on the skin, eye, or ear, an antibiotic as an ointment or cream. If the infection 

is internal, the antibiotic can be swallowed or injected directly into the body. In these 

cases, the antibiotic is delivered throughout the body by absorption into the bloodstream.  

  The large-scale production of an antibiotic depends on a fermentation process. 

During fermentation, large amount of the antibiotic producing organism are grown. 

During fermentation, the organism produces the antibiotic materials, which can then be 
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isolated for use as a drug. For a new antibiotic to be economically feasible, manufacturers 

must be able to get a high yield of drug from the fermentation process, and be able to 

easily isolate it. Extensive research is usually required before a new antibiotic can be 

commercially scaled up. (Waksman and Schatz, 1945).  

HISTORY  

The drug's unique name derives from the fact that it was isolated by John T. 

Goorley from a girl named Tracy. One strain isolated from tissue derived from a 

compound fracture of the tibia was particularly active. We named this growth-

antagonistic strain for the patient, "Tracy I." When cell-free filtrates of broth cultures of 

this bacillus proved to possess strong antibiotic activity and to be non-toxic, further study 

seemed warranted. We have called this active principle "Bacitracin." It was approved by 

FDA in 1948.  

After the discovery of   penicillin, another antibiotic was sought. In 1939, work 

began on the isolation of potential antibiotic products from the soil bacteria. Subsequent 

studies resulted in the discovery of new, different antibiotics including actinomycin and 

neomycin all produced by Streptomyces. Other antibiotics that have been discovered 

which include bacitracin, polymyxin and tetracyclines.  

The new antibiotic isolated in the present time is Bacitracin produced by Bacillus 

species; S. aureus. Antibiotic of considerable promise, such as Bacitracin, have been 

isolated from bacteria. There are many strains of the genus of the Bacillus which can 

produce a wide variety of antibiotics including Bacitracin, Polymyxin etc. Several 

Bacitracin have been characterized: Bacitracin A is the dominant commercial product. 
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Bacillus antibiotics are generally produced at the early stages of sporulation. Eppelmann 

demonstrated the transfer of the Bacitracin biosynthetic gene cluster from B. 

licheniformis to the engineered host for the biosynthesis of Bacitracin in high levels. 

(Fleming,1929).  

One important aspect of life in soil, the habitat of B. subtilis, is the ubiquitous 

presence of antibiotics that target essential cellular structures. These antimicrobial 

compounds are thought to be synthesized by microbes to suppress the growth of 

competitors in the daily struggle for available ecological niches. The majority of classical 

antibiotics are produced by microorganisms of the soil biosphere (Berdy, 2005), such as 

bacilli (Stein, 2005; Butcher and Helmann, 2006), fungi (Anke, 1997) and – most notably 

– the actinomycetes (McNeil and Brown, 1994; Champness, 2000).  
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Effect of temperature  

Hendlin (1949) studied the effect of temperature on the production of bacitracin.  

Bacitracin activity was measured at equal interval of time when B. licheniformis was 

cultivated at different temperatures. Maximum antibiotic yield was produced by B. 

licheniformis after 24-48 hours of incubation at 37°C.  

Smekal (1978) studied the effect of different temperatures on the production of 

bacitracin by B. licheniformis. The strain was cultivated on different agricultural waste 

products, sucrose, and salts. Bacitracin production was carried out at different 

temperatures. Maximum antibiotic biosynthesis was observed at 37ºC.  

Awais et al. (2008) isolated a Bacillus species from soil, collected from different 

areas and identified as Bacillus pumilus according to Bergey’s Manual of Determinative 

Bacteriology. The activity of antibiotic was determined by agar well diffusion assay 

against Micrococcus luteus and S. aureus. The antibiotic produced by the 15 identified B. 

pumilus strain, designated bacitracin, was active against M. luteus and S. aureus proved 

to be more resistant.  

Effect of pH  

Awais et al. (2008) studied the effect of different values of pH on the Bacillus 

pumilus isolated from soil. The strain was grown at 30°C in a flask and bacitracin 

activity was determined. Apart from optimizing different parameters like temperature, 

incubation period and glucose concentration, appropriate pH was also determined for the 

production of peptide antibiotic. Best activities of bacitracin antibiotic were observed at 

pH 8. Reasonably good results were also obtained at pH 6 and 7.  
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Effect of aeration  

Jurecic et al. (1984) conceded the biosynthesis of bacitracin by B. licheniformis in 

pilot plant. Bacitracin production is affected with the increase or decrease of aeration. 

Bacitracin production was also carried out in industrial fermenters (80 m
3
) by oxygen 

enriched aeration. Similar results were obtained and bacitracin production was increased 

with high rate of aeration.  

Effect of time period  

Awais et al. (2008) screened the B. pumilus that was isolated from soil for 

bacitracin production. Beside many parameters, effect of time period was also studied for 

the production of antibiotic. Activity increased gradually with the increase of bacitracin 

and maximum bacitracin was obtained at temperature 37ºC. The antibiotic produced by 

the identified B. pumilus strain, designated bacitracin, was active against M. luteus and S. 

aureus proved to be more resistant. Maximum zones of inhibition were observed for S. 

aureus and M. luteus after 24 and 48 h of incubation at 30°c at pH 8.0 - 9.0 with 5% 

glucose.  

Effect of metal ions  

Kuzovnikova and Zhdanov, (1989) showed the oddness of action of complex of 

EDTA and manganese ions (Mn
2+

) on the growth of B. licheniformis. This addition of 

metal ion affected the bacitracin biosynthesis levels. It also effected the growth of 

colonies that produced high yields of bacitracin and induced more resistance against 

EDTA.  
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Effect of carbohydrates  

Awais et al. (2008) studied the effect of various physical parameters on the 

production of bacitracin from the newly isolated species of B. pumilus. Beside many 

parameters, glucose concentration was also studied for the production of antibiotic. 

Maximum yield of bacitracin was obtained when 6% glucose was added in the medium. 

Maximum production of bacitracin was achieved when pH of the medium was adjusted 

to 8.0-9.0 at temperature 30°c.  

Role of amino acids  

Haddar et al. (2007) explained the antibiotic bacitracin production by a newly 

isolated B. licheniformis B5 strain. Medium containing high concentration of carbon 

source, nitrogen and phosphate source was used for bacitracin production. The optimum 

conditions where antibiotic production was calculated and turned out to be 37°C 

temperature and 48 h of incubation. Reasonable an amount of bacitracin was also 

recovered by the method of immobilization.  

Role of different meals  

Farzana et al. (2005) studied the biosynthesis of antibiotic bacitracin by B. 

licheniformis at different levels upscale processing of bacitracin production. Fermenter 

studies were carried out in stirred fermenter making use of agricultural waste products 

like soyabean meal. Higher yields of bacitracin were obtained in fermenter.  

Farzana et al. (2007) showed the “reasonable amounts of bacitracin could be 

produced by using solid state fermentation. In the process defatted oil seed cakes were 

used. In solid state fermentation, different cakes were used in various combinations. 

Maximum production of bacitracin was obtained when soyabean meal was used.” 
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Effect of inorganic salts  

Hanlon et al. (1982) studied the production of bacitracin in different media 

having different culturing properties in terms of constituents and growth-limiting 

components. The effect of these media was investigated on the production of proteases 

and bacitracin.  

Effect of EDTA  

Haavik (1975) used two different strains of B. licheniformis and compared them 

for their ability to produce bacitracin in a variety of different media. The growth of one 

of the strains was inhibited by EDTA while other strain had normal growth in the 

presence of EDTA. The inhibitory effect of EDTA could be removed by the restoration 

of bacitracin ability of strains.  

Effect of nitrogen and carbon sources  

Bushra et al. (2007) screened the Bacillus species for the production of bacitracin. 

Various parameters were optimized and maximum bacitracin was produced after 72 h of 

incubation and 37°c. Bacitracin was extracted with organic solvent. The bacitracin 

extracted was active against G+ bacteria.  

Haddar et al. (2007) investigated the production of the bacitracin by optimizing 

the cultural conditions of the medium containing different carbon and nitrogen sources. 

Medium was incubated at 37°c for 2 days at pH 7.0. They demonstrated that bacitracin 

could also be obtained by immobilizing the cells on different supports.  
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Oligosaccharides as elicitors  

Murphy et al. (2007) reported that bacitracin production could be increased by the 

addition of oligosaccharides in the medium. The effect of addition of single and 

combination of more than one oligosaccharide in the medium on the production of 

bacitracin was studied.    

Bacitracin production by solid phase method  

Lee et al. (1996) reported an efficient method for the bacitracin production by 

solid phase. The work was focused to find the insight into the mode of action of the 

bacitracin in order to exploit it against drug resistant pathogens.  

Fermenters  

Iztok et al. (2000) utilized the 80 litres fermenter for the production of bacitracin 

in real time based environment. Oxygen supply requirements and heat produced in the 

system were also calculated. Results obtained by off-line method were in agreement with 

the results obtained in real time method which provided better insight into the industrial 

phenomenon.  

Applications   

Clinical use  

Bacitracin is found extremely useful in the treatment of infections due to gram-

positive bacterial resistant to most other antibiotics, such as staphylococci, in surgical 

infections and in the topical application to surface areas where susceptible bacteria can be 

suppressed without significant absorption of the drug.  
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Meningitis and intracranial infections  

Teng and Meleny (1953) reported bacitracin efficiency against staphylococcal 

meningitis, treated via intramuscular (I.M.) and intravenous (I.V.) routes.  

Infections of the lungs and plura  

Acute staphylococcal pneumonia and even an established lung abscess may 

sometime be caused by bacitracin (Meleny et al, 1952).  

Surgical infections  

  In surgical infections there is necrosis of tissues, impaired circulation and vascular 

thrombosis. These changes create favourable medium for the growth of microorganisms 

(Meleny et al, 1952).  

Infections of the skin  

Synergetic gangrene could be treated with administration of certain doses of I.M. 

bacitracin (Meleny et al, 1950).  

Infections of the eye and ear  

Topical application as ointment or solution to the conjunctiva has found much 

favor among ophthalmologists (Eggers, 1951).  

Gastrointestinal infections  

Bacitracin has been administrated by the oral route for topical therapy in the 

mouth and pharynx for preoperative preparation of the bowel and for the treatment of 

intestinal infections e.g., amebiasis, pharyngitis and tonsillitis (Coyle et al. 1949). 
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Necrotic enteritis  

Brennan et al. (2003) investigated the effectiveness of antibiotic bacitracin in the 

treatment of necrotic enteritis in the poultry birds. Bacitracin was added in the feed for 

14days and it was observed that occurrence of necrotic enteritis was reduced in 

comparison to those birds fed with feed containing no bacitracin.  
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3.    MATERIALS AND METHODS 

MATERIALS 

Nutrient Medium 

Nutrient Agar 

Nutrient Broth 

Synthetic Media 

Reagents 

Kovac’s Reagent 

Methyl Red Indicator 

Ninhydrin 
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Composition of Nutrient Medium  

 

Nutrient Agar 

 

Ingredients                                                          Grams/Lt. 

Peptone  5.0  

Beef Extract 3.0 

NaCl 5.0 

Agar Agar  15 

Distilled water 1000 

Final pH 7.4 ±8 

 

 

Synthetic Media  

 

Ingredients  Grams/Lt. 

L-glutamic acid  5.0 

KH2PO4 0.5 

K2HPO4 0.5 

MgSO4.7H2O 0.2 

MnSO4.H2O 0.01 

NaCl 0.01 

FeSO4.7H20 0.01 

CuSO4.7H2O 0.01 

CaCl2.2H2O 0.015 

Glucose 10 

pH 7 
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Nutrient Broth  

Ingredients                                                                   Grams/Lt. 

Peptic digest of animal tissue                                      5 

NaCl       5 

Beef extract                                                                   1.50 

Yeast extract                                                                  1.50 

Distilled water                                                               1000 
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3. METHOD  

3.1. Isolation and Identification of Bacitracin Producing Bacteria   

Rhizospheric soil sample was collected in sterile plastic bags and brought to the 

laboratory which was dried  at  room  temperature  and  used  for  further  studies.1ml of  

S. aureus  broth  was poured  into  sterile  petri plate  by  following  pouring  of nutrient 

agar  into  the  same  plate  and  plate  was  kept  for  incubation  at  37°c for  24  hours. 

After incubation soil was sprinkled on the lawn of S. aureus. Plate was incubated at 30°c 

for 24 h. After  incubation Staphylococcus plate  was  checked  for  the  appearance  of  

zone  of  inhibition  around  the  colonies  of  micro-organism.  

Isolated strains were identified according to gram characteristic and motility. In 

addition biochemical  tests  such  as  utilization  of  citrate, VP test,  Indole  test, 

production  of  acid  and  gas  were  also  tested. These  isolates  are  confirmed  

according  to  Berger’s  Manual  of  Determinative  Bacteriologic  (Buchanan  and  

Gibbons, 1974).  

3.2.  Production  of  Bacitracin  By  Fermentation : B. subtilis organism  was  

inoculated  into  conical  flask  containing  Nutrient  broth. Then  flask  containing  

Nutrient  broth  incubated  at  30⁰c  for  72 h in  at  orbital  shaker  at  150  rpm. 10%  i.e. 

10  ml  inoculum  of  isolate  was  taken  in  conical  flask  containing  100  ml  synthetic  

media. Flask  was  incubated  at  30⁰c in  an  orbital  shaker  for   96  h  and  then  

centrifuged  to  get  cell  free  supernatant , which  was  then  sterilized  through  0.2uM  

filter  paper  which  was  then  used  for  further  studies.  
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3.3.  Inhibitory Effect  of  Isolated  Bacteria  on  Test  Bacteria :  Nutrient  agar  was  

prepared  as  per  composition. Twenty - four  fresh  broth  culture  of  S. aureus  of  1ml  

was  taken  into  two  sterile  petri plates  with  addition  of  nutrient agar. After  

solidification  of  media  well  was  prepared  in  one  plate. About  80  μL  cell  free  

supernatant  was  added  in  the  well  and  in  second  plate  filter  paper  disc  dipped  in  

cell  free  supernatant  and  placed  in  a  centre  on  top  of  agar. Now keep the plate for 

incubation at 37°c for 24 h.  Plates were observed after  incubation  period  for  zone  of  

inhibition  around  the  well  and  disc  and  zone  of  inhibition  in  mm  with  a  scale 

were measured.   

3.4. Detection of Bacitracin   

Firstly  prepared  the  solvent  mixture  and  take  it  into chromatography  

chamber. Cut  the paper  strip  of  size  46  cm  x  12  cm. Cell free  supernatant  sample  

was  spotted  2  cm  above  the  base  of  the  paper  and  dried  thoroughly  before  

placing  in  the  solvent. Now  after  drying  mount  a  sheet  in  the  chromatography  

chamber  for  16 h. Now take out the paper and dry in air. After  drying  spray  freshly  

prepared  ninhydrin  reagent  and  hang  the  paper  in  air  to  allow  acetone  to  vaporize  

where  development  of  colour  takes  place. Finally  the  relative  flow  (Rf)  values  of  

the  migrated  sample  was  determined  compared  with  the  Rf  values  of  different  

antibiotics.  
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 4.  RESULT 

4.1. Isolation and Identification of Bacitracin Producing Bacteria  

   Bacillus  species  was  successfully  isolated   from  soil  was  identified  using  

various  parameters (Table  No. 1).  Five  bacterial  strains  were  found  producing  zones  

of  inhibition, where  one  species  was  selected  on  the  basis  of  maximum  zone  of  

inhibition  for  further  studies.  

 The  bacteria  was  identified  as  B. subtilis  on  the  basis  of  their  morphological   

and  biochemical  characteristic.  

Table No.1:  Morphological and Biochemical test for 5 isolated organisms from soil 

sample.  

     Tests  

  

                                           Isolates    

S1  S2  S3  S4  S5  

Gram  character  Gram  

positive 

White  

colonies  

Gram  

positive  

Yellowish 

colonies  

Gram  

positive 

Greyish 

colonies  

Gram  

positive 

White  

Grey 

colonies  

Gram positive 

White  

colonies  

Motility  Motile  Non Motile  Non  

Motile  

Non  

Motile  

Motile  

Glucose  -  A  A  A  -  

Lactose  -  A  A  AG  -  
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Sucrose  -  A  A  -  -  

Mannitol  --  A  A  -  -  

Indole  -ve  -ve  -ve  +ve  -ve  

Methyl  Red  -ve  +ve  +ve  -ve  -ve  

VP  +ve  +ve  +ve  -ve  +ve  

Citrate  

Utilisation  

+ve  -ve  -ve  -ve  +ve  

  

Key:  

                        A = Acid                      G = Gas  

                        + = Positive                 - = Negative  

From the above observation, the morphological characters showed that the 

organism B. subtilis are Gram positive and motile. Cultural characteristics show white 

colonies on Nutrient Agar. The  biochemical  characters  showed  that  the  isolated  

organism  S1, S5    indole  negative,  methyl  red  negative,  Voges Proskauer  positive, 

citrate  utilization positive,  and  isolated  organism  S2 , S3 was  found  to  be  indole  

negative,  methyl  red  positive,  Voges Proskauer  positive, citrate  utilization negative, 

and  S4  was  found  to  be  indole  positive,   methyl  red  negative,  Voges Proskauer  

negative, citrate  utilization positive .  

Sugar  fermentation  test  showed  that  the  isolated  organism  S1 and S5 was  

found  to  be no acid  and  gas  production and   isolated  organism S2 and S3 was found  
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to be acid  produced  but  no  gas, and isolated  organism  S4  in  glucose  acid production 

no  gas production, in  lactose  both acid  and  gas  production .   

4.1 Production of Bacitracin  

 Submerged  production  by  continuous  shaking  on  rotatory  shaker   at  150  

rpm  in which  the   maximum  amount  of  growth  was  obtained  usually  in  3  to  4  

days. After  3-4  days  centrifugation  was  done  to  get  cell  free  supernatants.   

4.2   Inhibitory Effect of Bacitracin  

    Table no. 2 Inhibition test for disc diffusion method   

Test  Organism  Diameter of zone of inhibition  

               (in mm)  

S. aureus                       18   

  

Table no. 3 Inhibition test for well diffusion method  

Test  Organism  Diameter of zone of inhibition  

               (in mm)  

S. aureus                       22  

  

From the above observation, inhibition test was carried out.  Samples drawn  

during      fermentation  was  subjected  to  agar diffusion  assay, using  S. aureus  as  test  

organism. The  test  was  found  to  be  clear  zone  which  was  due  to  the  inhibited  

growth  of  S. aureus. Antimicrobial activity was measured in terms of   zone of 
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inhibition (mm). Zone  of  clearance  for  disc  diffusion  method was  found  to  be  18 

mm  and  well  diffusion  method was  found  to  be  22 mm. Hence, antibiotic  inhibition  

test  determines  the  antibiotic  active  against  gram  positive  S. aureus  organism.  

4.3 Detection of Bacitracin   

Paper  chromatography  is  approved  by  the  Association  of  Official  Analytical  

Chemist. Its study indicated that method was accurate, precise and sensitive. In  this  

method, the  antibiotics  are  extracted  from  soil  using  solvent  spotted  on What man’s 

filter paper strip. The  presence  of  spots  on  this  paper  strip  compared  with  Rf  

values  similar  to  the  standard  Rf  values.  

The  results  after  placing  paper  strip  at  r.t. production  of  antibiotic  showed  

reddish  pink  spots. After  comparing  experimental  Rf  values  of  antibiotic  with  

standard  Rf  values  of  antibiotic , it  was  found  that  the  isolated  culture  of  B. 

subtilis  from  soil  was  capable  of  producing  higher  quantity  of  antibiotic  bacitracin.  
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                         Plate 1:  IMViC set for B. subtilis  
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Plate 2:   Sugar set for B. subtilis 

  

                              Plate 3:  Submerged Production of Antibiotics 
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Plate 4: Showing Zone of Inhibition by Disc Diffusion Method against  

S. aureus organism 
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Plate 5:  Showing Zone of Inhibition by Well Diffusion Method against S. aureus 

organism 

  

 

  

                   

Plate 6:  Paper Chromatography 
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5.  SUMMARY  

               The  soil  sample  was  collected  from  any  local  region  or  field. Isolation 

was carried out. After incubation colonies was observed. The  isolated  culture  was  

maintained  as  a  pure  culture  and  was  used  for  identification. Identification  was  

carried  as  per  Berger’s  Manual  Of  Determinative  Bacteriological . Isolate was found 

to be gram positive motile. Further  colony  characters  of  isolated  culture  was  studied  

by  observation  of  colonies  on  Nutrient  agar  medium.  

                The  biochemical  characters  of  isolated  organism  was  found  to  be  indole  

negative, methyl  red  negative, Voges Proskauer  positive  and  citrate  utilization  

positive. Sugar  fermentation  test  showed  that  the  isolated  organism  was  found  to  

be  glucose  gas  produced  but  no  acid.  

                Production  and  detection  of  antibiotic  bacitracin  produced  by  S. aureus 

was  carried  out. Synthetic  media  was  used  as  a  production  medium  for  a  B. 

subtilis. The  maximum  amount  of  growth  was  obtained  usually  in  3  to  4  days . It 

was then filtered and used for further procedure.  

                Identification  and  estimation  of  antibiotic  was  done  by  paper  

chromatography  technique  by  using  solvent  mixture. After  preparation  of  solvent  

place  the  paper  strip  spotted  with  cell  free  supernatant  place  in  chromatography  

chamber  with  strip  dipped  in  solvent  mixture  for  at  least  16 h. After  16 h  allow  

paper  to  air  dry  and  spray  ninhydrin  solution  and  again  allow  to  air  dry  to  

develop  colour  spot  and  to  evaporate  acetone. Now  measure  the  Rf  values  by  

comparing  standard  Rf  values  of  other  antibiotic.  
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    Antibiotic inhibition test was carried out. In  this  test,   prepare  N. agar  and  

spread  1ml  broth culture of  S. aureus  in  two  plates. In one plate  make  well  and  add  

cell  free  supernatant sample  into  it  and  in  second  plate  dip  filter  paper  disc  into  

cell  free  supernatant  and   place  in  a  centre  on  top  of  agar. Measure  the  zone  of  

inhibition  around  the  well  and  disc  in  mm  with  a  scale. A clear zone was observed. 

Clear area is due to the inhibited growth of bacteria.  
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6.  CONCLUSION  

From the present work, antibiotic are the chemical substances that can inhibit the 

growth and even destroy harmful micro-organism. Antibiotic was produced by inoculum 

prepared in nutrient broth by inoculating B. subtilis and preparing production media for 

checking Bacitracin production. Identification was done by agar diffusion assay method 

and paper chromatography method. The isolated culture of B. subtilis producing large 

quantity of bacitracin which is an antibiotic having economic impact on society.  

Antibiotic inhibition test is used for determining the smallest amount needed to 

inhibit the growth of micro-organism. Bacitracin is used in the treatment of infants with 

S. pneumonia. It was commonly used as an aftercare antibiotic on tattoos.  
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1. INTRODUCTION 

Date  Lactic acid bacteria, particularly those belonging tobeneficial and non-pathogenic 

genera (Lactobacillus, Lactococcus, Streptococcus, Pediococcus and Leuconostoc sp.) 

are widely used infood industry. Among lactic acid bacteria Lactobacilli are themost 

important group and aregainingincreasingattention in food fermentation industry because 

of their potential biotechnological interest. Thisorganismprevents the growth of 

pathogenic bacteria in different ecosystems byproductionofantimicrobial substance such 

as organic acids, hydrogen peroxide andbacteriocins. Bacteriocins are small proteins with 

bactericidal or bacteriostaticactivity. The bacteriocins producing Lactobacillus may be 

used as protective culture to improve the microbial safety of foods. The antagonistic 

effects of bacteriocins against food spoilage which is usually achieved by inhibition of 

Pseudomonas ssp Staphylococcus aureus, Salmonella sp and Listeria monocytogenes and 

they have great potential as biopreservatives for food. (Reid et al., 2001. Leroy et al, 

2003.Gravesen et al., 2004). 

There is a growing consumer demand for processed dairyproducts containing no 

chemical preservatives, leading to indigenous studies in the field of screening 

bacteriocins as food preservatives. However, most  of  these  indigenous  research  

studies have always attempted  to  access  the  effectiveness  of  bacteriocinsproducing 

lactic acid bacteria  strains  that  were  isolated from certain traditional dairy products. 

This present study is conducted to evaluate the antibacterial activity of bacteriocins 

producing Lactobacillus species.  

Although it has been suggested that the food industry started about two million years 

ago, it is generally assumed that food fermentations developed since the Neolithic times 
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when humans adopted a lifestyle that allowed agriculture to develop. Ever since it is 

likely that lactic acid bacteria have played an important role in the preparation and 

preservation of fermented foods, although based on recorded history this can be traced 

back only a few millennia.  

This time frame is important in considering the extent to which lactic acid bacteria 

have adapted to their new ecological niche, that is the food environment. In view of the 

fact that traditional food fermentations, and even modern, large-scale production 

processes, are operated under no sterile conditions, it is no surprise that many Lactic acid 

bacteria produce antagonistic compounds that increase their competitive value. This 

century has been major effect in describing, cataloging, and characterizing the wide 

variety of antagonistic compounds produced by lactic acid bacteria. Lactic acid bacteria 

produce lactic acid or lactic and acetic acids, and they may produce other inhibitory 

substances such as diacetyl, hydrogen peroxide, reuterin (ß-hydroxy propionaldehyde) 

and bacteriocins. (Stiles ME 1996.) 

Several food grade lactic acid bacteria, used in food fermentation, are known to have 

these antimicrobial properties. They provide safety and shelf-stability to the fermented 

foods. It was assumed that since cells and metabolites of these bacteria have been 

consumed through different fermented foods for thousands of years without any health 

hazard, use of these antimicrobial metabolites of Lactic acid bacteria may be approved by 

the regulatory agencies. Lactic acid bacteria that grow as the adventitious micro flora of 

foods or that are added to foods as cultures are generally considered to be harmless or 

even an advantage for human health (Probiotics). In addition, health conscious consumers 

view fermented foods and some Lactic acid bacteria as natural and healthy since in the 
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United States, they are afforded generally regarded as safe (GRAS) status. (Naidu et al., 

1999.) 

Some of the metabolites of the Lactic acid bacteria and other starter culture bacteria 

have already been permitted for use in foods as food additives. Examples are lactic acid, 

diacetyl, propionic acid and acetic acid. Also, the bacteriocin, nisin, of Lactococcus 

lactis, has approved as antimicrobial biopreservatives for use in some foods, particularly 

some dairy foods in many countries. Besides, pediocin PA-1 of Pediococcus Acidi 

lacticis train is the example of bacteriocin from Lactic acid bacteria that has found 

practical applications as food preservative (Montville and Chen., 1998) 

Bacteriocins which are produced by many food grade Lactic acid bacteria are 

ribosomally produced, precursor polypeptides or proteins that, in their mature (active) 

form, exert an antibacterial effect against a closely related bacteria and to which the 

producer strains Show immunity. Due to the stability of the antibacterial action at high 

heat and in the environment of many foods, there is an interest in using bacteriocins of 

lactic acid bacteria as food bio preservatives. While most bacteriocins produced by Lactic 

acid bacteria have a narrow antibacterial spectrum, others are active against closely 

related species and against Listeria and Enterococcuss specie. Nisin and pediocin PA-1 

are examples of bacteriocins from lactic acid bacteria that have found practical 

applications as food preservatives. (Montville and Chen., 1998). 

Currently, artificial chemical preservatives are employed to limit the number of 

microorganisms capable of growing within foods, but increasing consumer awareness of 

potential health risks associated with some of these substances has led researchers to 

examine the possibility of using bacteriocins produced by Lactic acid bacteria 
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biopreservatives. Heightened consumer concern over “chemical” food additives has led 

to the search for alternative methods for control of food-borne pathogens (Gould,1992). 

Therefore, in recent years, “natural” or close to natural” foods have generated   great 

interest among health-conscious consumers. These foods are minimally processed, 

preserved without or with very little preservatives, and viewed as safe and nutritious as 

opposed to foods that are harshly processed and preserved with non-food chemicals. 

Minimally processed foods are attractive to the consumer because they are convenient, 

have a natural, fresh appearance, are viewed as nutritionally correct, and are generally 

devoid of added preservatives. 

More and more consumers now read food ingredients Labels and will tend to select 

foods that do not contain preservatives if given a choice. They “contains no 

preservatives” label syndrome is quite acute with obvious abuse by marketing strategists. 

Food experts expect that there HN will be an increasing trend to produce many 

convenient and minimally processed refrigerated food products to meet the demand of 

these health conscious consumers. At present, there are several concerns about the safety 

of these foods. In general, these foods are refrigerated and vacuum packaged to have 

extended shelf life. However, they may contain pathogenic and Spoilage bacteria that 

could multiply under these storage conditions. Thus, even a low initial population of 

bacteriocin reaches a high number during extended storage and makes these foods unfit 

and unsafe for consumption 

To control growth of these undesirable bacteria during storage, several techniques,  

such  as  reducing  water activity, maintaining  low  pH,  low  storage  temperature and 

incorporation of suitable preservatives, preferably in combination,  have  been 
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recommended.  The fact that bacteriocins of food grade lactic acid bacteria are produced 

as normal by-products of microbial metabolism make them attractive as “natural” 

preservatives. The scope of current investigations on bacteriocins from lactic acid 

bacteria is quite extensive, ranging from basic studies on genetic regulation to 

applications in food preservation.  

Bacteriocins are  particularly attractive preservatives  as they  are naturally produced  

by  many  strains  of  lactic  acid  bacteria used for the  production  of  fermented  foods,  

and thus have  been consumed  safely  by  humans  thousands  of years. In addition, 

bacteriocins are protein in nature and therefore should be readily digested in the human 

gastro intestinal tract. Second, the preservative properties of Lactic acid bacteria when 

used as fermentation agents in food was historically and still is an important means of 

food preservation. They can function as natural food preservatives through the inhibition 

of spoilage or pathogenic bacteria and ultimately contribute to food safety. 

Two relatively recent factors accelerating  interest  in  Lactic acid  bacteria  

bacteriocins are the increasing incidence and  detection  of food  borne  disease and the  

emerging  consumer resistance  to highly processed foods.  Using   genetic  engineering,  

the gene(s) encoding  bacteriocin   production could  be transferred into  starter  cultures  

used  for  the  production of fermented foods to inhibit  the  growth  of pathogenic and 

spoilage  organisms  in  situ and  extend  the  shelf-life  of  the  products.  Alternatively, 

bacteriocins could be produced via fermentation by native or genetically engineered 

organisms, purified and added to foods as pure chemicals.  
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One of the main problems concerning   the batch process is the low yield of 

bacteriocins. Therefore  the  recent  research  is  focused  on  new  approaches  for  

increasing  the  cell  concentration   and  bacteriocins  production  respectively. One  of  

the  methods  applied  for  maintaining  high  cell concentration  and  higher  bacteriocins 

production is  immobilization.  Moreover, the cell immobilation offers improvement of 

the plasmid stability.  In  the  case  of  plasmid  coded  bacteriocins  production  that  fact  

is  very  important. (Walls and Gainer, 1989; Wan. et al., 1995) 

Among  the  various  developed  methods  for  cell  immobilization  the  

encapsulation  in  calcium alginate  beads  was  used  in  study.  The  encapsulation  of  

the  cells  in   the  capsules  offers  space  for  the  cell  growth  and  good  diffusion  

properties.  Both  external  mass  transfer  in  the  liquid  film  surrounding  the  particle  

transport  in  the   spherical  particle.  In  order  for  better  mass  transfer  and  higher  

bacteriocins  production  techniques  for  immobilization,  which  yield  small  capsules,  

should  be  used.  The  encapsulation  method  allow  production  of  capsules  with  small  

diameter. (Gyosheva et al., 1995; Bugarski and Goosen, 1994) 

The  aim  of  recent  study  is  increasing  of  bacteriocin  production  by  means  of  

encapsulated  cells  of  Lactobacillus bulgaricus.The performed investigations included a 

selection of appropriate techniques, which allow the production of beads in order for 

optimization of   the fermented process and to enhance the capsule stability.    
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Application of Bacteriocins 

Food applications 

Consumers  have  been  consistently  concerned  about  possible  adverse   health 

effects  from  the  presence  of  chemical  addictives  in  their  foods.  As  a result,  

consumers  are  drawn  to  not  Ural  and  fresher  foods  with  no  chemical  

preservatives  added.  This  perception,  coupled  with   the  increasing  demand  for  

minimally  processed  foods  with  the   long  shelf  life  and  convenience,  has  

stimulated  research  interest  in  finding  natural   but effective  preservatives.  

Bacteriocins  produced  by  Lactic  acid  bacteria,  may  be  considered  as  natural  

preservatives or biopreservatives that fulfill these  requirements. Biopreservations  refers  

to  the  use  of  antagonistic  microorganism  or  their  metabolite  to  inhibit  or  destroy  

undesired  microorganism  in  food  to  enhance  food   safety  and    extend  shelflife. 

Three  approaches  are  commonly  used  in  the  application   of  bacteriocins  for  

biopreservatives of  foods. Inoculation  of  food  with  lactic  acid  bacteria  that  produce  

bacteriocin  in  the  products  is  crucial  for  its  successful   use. Addition of purified or 

semi purified bacteriocins as food preservatives. Use  of  product  previously  fermented  

with  bacteriocin  producing  strain  as  an  ingredient  in  food  processing. 
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a) Biopreservative of meat products- The primary   reasons that nitrite is commonly 

used in curing meats is to stabilize red meat colour and inhibit food spoilage and 

poisoning organism such as C. botulinum, L. monocytogensetc; however nitrite   can 

react with secondary amines in meats to form carcinogenic nitrosoamines. This possible 

adverse effect  has  prompted  researchers  to  explore  the  potential  of   using  

bacteriocin  as  an  alternative  to  nitrite. (Rayman et al., 1983) 

b) Biopreservation of Dairy Products- L.monocytogenes,  Clostridium  tyrobutyicum  

have  been  documented  the  cause  of  a  number  of  out breaks  associated   with  the  

dairy  products,  such  as  pasteurized milk,  various  types  of  cheese  etc. Addition  of  

bacteriocin  effectively  inhibited  the  growth  of  bacteria’s  for  a  period  of  8 weeks  

or  more  dependent  on  the  type  of  the  product (Hurst, 1981). 

c) Biopreservative of sea food products- The effectiveness of bacteriocin   and 

protective cultures to control growth of L. monocytogens invacuum packed cold smoked 

salmon, smoke fish has been demonstrated by various researchers. 
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d) Hurdle technology to enhance food safety- The major functional limitation of 

bacteriocin in food are their relatively   narrow activity spectra moderate antibacterial 

effects. Moreover  they  are  generally  not  active  against  gram  negative  bacteria. To  

overcome  these  limitation  more  and  more  researchers  use  the  concept  of  hurdle  

technology  to  improve  shelf  life  and  enhance  food  safety.  It  is  well  documented  

that  gram  negative  bacteria  become  sensitive  to  bacteriocin  if  the  permeability  

barrier  properties  of  their  outer  membrane  are  impaired  for  ex. chelating  agents   

such  as  EDTA,  can  bind  magnesium  ions  form  the  lipopolysaccharide   layer  and  

disrupt  the  outer  membrane   of  gram  negative  bacteria,  thus  allowing  bacteriocin  

to  gain  access  to  the   cytoplasmic  membrane. 

e) Bacteriocins in packaging film- Incorporation of bacteriocin into packaging films to 

control food   spoilage   and pathogenic   organisms is also carried   out   antimicrobial   

packaging   films prevents   microbial growth   on food surface   by direct   contact   of 

the   package   with the surface of foods, such as meats cheese.  For  this  reasons   the  

antimicrobial   packaging  film   must  contact   the  surface  of  food  so  that   

bacteriocin  can  diffuse   to  the  surface.  The  gradual   release  of  bacteriocin   from  a  

packaging  film  to  the  food  surface  may  have  an  additional  advantage   over  

dipping  and  spraying  foods. 
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2. REVIEW OF LITERATURE 

In the recent years the food industry faced the need of increasing the possibilities for 

better conservation and of the food products. Today, the conservation is commonly 

performed by sterilization or by adding sugar, salt, organic acids or by smoking. 

However, some of these compounds change the taste quality and the appliance of others 

is not healthy. For improving the quality of the products the approach by which 

chemicals are added must be ceased and the sterilization must be avoided as far as 

possible. A new protection is required, which is healthy and natural. The bacteriocins, 

especially these produced by food grade Starter Bacterial Cultures, could be applied as 

conservants. 

The bacteriocins are peptides or proteins, which have an antimicrobial activity 

against closely related microorganisms (Tagget al., 1976). Many of the bacteriocins 

produced by lactic acid bacteria are proved to inhibit or eliminate the growth of food 

borne pathogens such as Listeria monocytogenes Clostridium perfringens Bacillus cereus 

and Staphylococcus aureus [Bhunia et al., 1988]. The GRAS (Generally Recognized as a 

Safe) status of lactic acid bacteria and in question the bacteriocins produced by them 

allows their potential appliance in the food industry as non-toxic additives in the foods 

tuffs (Schillinger et al., 1996). 

According to Rodriguez et.al (2000), Lactic acid bacteria occur naturally in several 

raw materials like milk, meat and flour used to produce foods. Messen sand De Vugst 

(2002) suggested that, Lactic acid bacteria are used as natural or selected starters in food 

fermentations in which they perform acidification due to production of lactic and acetic 

acids flavour. Protection of food from spoilage and pathogenic microorganisms by Lactic  
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acid  bacteria is through producing organic acids, hydrogen peroxide, diacetyl, antifungal  

compounds such as fatty acids (Corsetti et al., 1998) or phenolacetic acid (Laver micocca 

et al., 2000) and/or bacteriocins (De Vugst and Vandamme, 1994). Lactic acid bacteria 

play an important role in food fermentation as the products obtains with their aid is 

characterized by hygienic safety, storage stability and attractive sensory properties. 

Many bacteria of different taxonomic branches and residing in various habitats 

produce antimicrobial substances that are active against other bacteria. Both Gram 

negative and Gram positive bacteria produce bacteriocins. Bacteriocins   are 

proteinaceous antibacterial compounds, which constitute a heterologous subgroup of 

ribosomally synthesized antimicrobial peptides (De Vugst and Vandamme, 1994). 

In general these substances are cationicpeptides that display hydrophobic or 

amphiphilic properties and the bacterial membrane is in most cases the target for their 

activity. Depending on the producer organism and classification criteria, bacteriocins can 

be classified into several groups (Ennahar et al., 2000; Jack and Jun, 2000; Cleveland et 

al., 2001; McAuliffeet al., 2001) in which classes I and II are the   most   thoroughly 

studied. Class I, termed antibiotics, constitute a group of small peptides that are 

characterized by their content of several unusual amino acids (Gruderet al., 2000). The 

class ll bacteriocin is small, non modified, heat stable peptides (Nes and Holo, 2000). 

Many bacteriocins are active against food borne pathogens (Vignolo et al., 1996; De 

Martins   and   Franco, 1998; Bredhott et al., 1999). 

A large number of bacteriocins have been   isolated   and characterized from lactic 

acid bacteria and some have acquired a status as potential antimicrobial agents because of 

their potential as food preservatives and antagonistic affect against important pathogens. 
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The important ones are nisin, diplococcin, acidophilin, bulgarican, helveticins, lactacins 

and plantaricins (Nettles and Barefoot, 1993). The antibioticnisin which is produced by 

different Lactococcus lactis spp. is the most thoroughly studied bacteriocin to date and   

the only bacteriocin that is applied as an additive in food worldwide (Delves Broughton 

et al., 1996). 

One of the reasons for increased consumption of fermented milk products is that 

fermented dairy products containing probiotics which have many proposed health 

benefits are available on the market. In this paper the diversity of bacteriocins their   

application and lactic acid bacteria used are Probiotics are reviewed. 

Lactic acid bacteria were referred to as Probiotic sinc scientific literature by Lilley 

and Stillwell (1965). However Probiotics took on a different terminology when sperti 

(1971) used the term Probiotics to describe tissue extracts that stimulated microbial 

growth. Parker (1974) redefined it as organisms and substances that contribute to the 

intestinal microbial balance. The most recent and accurate description of Probiotics was 

undertaken by Fuller (1989) who redefined it as a live microbial  feeds supplement 

beneficial to the host (manor animal) by improving  the  microbial balance within its 

body. Another recent definition was by Schrezenmeirand De Vrese (2001) who defined 

Probiotics as viable microbial food supplements which beneficially influence the health 

of the host. The gastrointestinal tract contains food in different stages of digestion, 

digestive ferments, liquids and solid waste. Within the gut are also wide ranges of 

microbes that may be either harmful or beneficial. The beneficial ones assist in the 

breakdown of food while they also manufactures vitamins essential to the body, breaking 

down and destroying  some toxic chemicals that may have been ingested with food. 
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Lactic acid bacteria including Lactobacillus, leuconostoc, lactococcus, Pediococcus 

and Bifido bacterium are found throughout the gastrointestinal tract. The predominant 

population of lactic acid bacteria in the upper gastrointestinal tract is the Lactobacillus 

species which may colonize the mucosal surface of the duodenum as well as the stomach. 

Lactobacillus and Bifido bacterium spp. are prominent members of the commensally 

intestinal flora and are the commonly studied Probiotics bacteria. They cause 

reducedlactoseintolerance alleviation of some diarrheas, lowered blood cholesterol, 

increased immune response and prevention of cancer (Marteau and Ramband, 1993; 

Gilliland, 1996; Salminen et al., 1998).   The   selection criteria for Probiotics Lactic acid 

bacteria   include: human origin, safety, viability/activity in delivery vehicles, resistance 

to acid and bile, adherence to gut epithelial tissue ability to colonies the gastro intestinal 

tract, production of antimicrobial substances, ability to stimulate a host immune response 

and the ability to   influence metabolic activities such as vitamin production, cholesterol 

assimilation and lactose activity (Salminen et al., 1996). 

The bacteriocins produced by Gram-positive bacteria like Lactic acid bacteria are 

small peptides, 3-6 kDa, in size (Nes et al., 1996), although there are exceptions (Jorger 

and Klaenhammer, 1990). On a sound scientific basis three defined classes of 

bacteriocins have been established: Class I, the antibiotics; class II, the small heats table 

non antibiotics; and class III, large heat labilebacteriocins. A fourth class of bacteriocinsis 

composed of an undefined mixture proteins, lipids and carbohydrates. The existence of 

the fourth-class was supported mainly by the observation that some bacteriocin activities 

obtained in cell free supernatant, exemplified by the activity of Lb plantarm LPCO 10 
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were a bolished not only by protease treatments, but also by glycolytic and lipolytic 

enzymes (Jimenez-Diazet al., 1993). 

Jack et al., (1995), suggested that, most of the Gram positive bacteriocins are 

membrane active compounds that increase the permeability of the cytoplasmic 

membrane. They   often show a much broader spectrum of bactericidal activity than the 

colonics (Gram negative bacteriocins which are produced by Esherichia coli). They fall 

within two broad classes, viz the antibiotics (Jack et al., 1995) and the non antibiotic 

bacteriocins (Nes et al., 1996). Nisin prevents clostridal spoilage of processed and natural 

cheeses inhibits the growth of some psychotropic bacteria in cottage cheese, extends the 

shelf  life of milk in warm countries, prevents the growth of spoilage lactobacilliin beer 

and   wine fermentations and provides additional protection against Bacillus and 

clostridial spores in canned foods. Nisin is a permitted food additive in more than 50 

countries including the US and Europeunder the trade name Nisaplin (Vandenberg, 1993; 

Delves-brought onetal., 1996). Nisin is active against many gram-positive bacteria 

including Listeria spp. 

Probiotics are derived from Greek meaning “for life”. Probiotics have been derived 

as a microorganism, which upon ingestion in certain numbers exert health benefits 

beyond general nutrition (Marteau et al., 2002; Reid et al., 2003).  To provide health 

benefits, Probiotics must overcome physical and chemical barriers such as acid and bile 

in the gastrointestinal tract (Fuller, 1989, Gibson,2000). The first recorded probiotic was 

fermented milk for human consumption.  After that, Probiotics become popular in animal 

nutrition.  The role of fermented milk in the human diet was known even in Vedic times.  

But, the scientific interest in this area was boosted after the publication of the book 
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entailed “The Prolongation of Life” by Ellie Metchnikoff in 1908.  He suggested that 

people should consume fermented milk containing Lactobacilli to prolong their lives.  

Accelerated  ageing  is  because  of  auto intoxication  (chronic  toxemia),  which  is  due  

to  the  toxins  produced  by  gut  micro flora.  Bulgarian  peasants   who were  subjected   

to  the  experiments  on  longetivity  had  consumed  large  quantities  of  sour  milk.  The  

pathological  reactions  might  be  removed  and  the  life  expectancy  could  be  

enhanced  by  implanting  lactic  acid  bacteria  from  Bulgarian  yogurt  

(Metchinkoff,1908).  Since  then,  researchers  stared  investigation  relating  to  the  role  

of  lactic  acid  bacteria  in  human  and  animal  health. 

A  number  of  studies  have  found  Probiotics  consumption  to be  useful  in  the  

treatment  of  many  types  of  diarrhea,  including  antibiotic-associated  diarrhea  in  

adults,  traveler’s  diarrhea  and  diarrhea diseases   in  young  children  caused  by  

rotaviruses.  Probiotic  bacteria  have  been  used  as  growth  promoters  for  lactose  

intolerance,  anti-tumor,  anticholestrolaemic  effects  and  also  shown  to  preserve  

intestinal  integrity,  mediate  the  effects  and  also  shown  to  preserve  intestinal  

intrigity,  mediate  the  effects  of  inflammatory  bowel  diseases.  (Ashar, 2001).  

Probioticshave been extensively studied under in vivo and invitro conditions.  The  main  

fields  of  research  with  respect  to  Probiotics  and   heart  diseases,  allergies  reaction,  

cancer,  diarrhea,  etc.  the  first  clinical  trials  in  the  1930s  focused  on  the  effects of   

Probiotics  on  constipation,  and   research  has  steadily  increased  since  then.  Today  

Probiotics  are  available  in  variety  of  food  products  and  food  supplements.  In  the  

United  States,  food  products  containing  Probiotics  are  available  in  a  variety  of  

food  products  and  food  supplements.  In  the  United  States  food  products  containing  
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Probiotics   are  almost  exclusively  dairy  products  fluid  milk  and  yogurt,  due  to  the  

historical  association  of  lactic  acid  bacteria  with  fermented  milk  (Siitonen et al., 

1990). Lactobacillus  are  among  the  first  bacteria  to  be  as  probiotic  which  proven  

to  exert  a  range  of  health  promoting  activities  such  as  immune modulation,  

enhancement  of  resistance  against  pathogens,  reduction  of  blood  cholesterol  levels  

and  others (Gill  and  Rutherford,  2001;  Rosenfeldt  et  al.,  2002; Shu  and  Gill, 2002;  

jones  et  al.,  2004).  Some  strains  of  Lactobacilli  species  are  predominant  in  mouse  

gastrointestinal  tract  (Moreau  and  Gaboriau  Routhiau,2000).    
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3. MATERIALS AND METHODS 

Materials 

Nutrient Medium 

De   Man Ragosa Sharpe Agar (MRS Agar) 

Brain   Heart   Infusion   Agar   (BHI Agar) 

Nutrient   Broth    

Peptone   Water 

INSTRUMENT 

Centrifuge 

Autoclave 

Incubator 

STAINS 

Crystal Violet 

Saffranin 

Gram’s Iodine 

Alcohol 
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COMPOSITION OFNUTRIENT MEDIA 

De   Man Ragosa Sharpe Agar (MRS Agar)  

Ingredientsgm/lit 

Protease peptone                                    10.00 

Yeast extract                         5.00       

Beef extract                                             10.00               

Dextrose                                 20.00  

Tween 80                                      1.00 

Ammonium citrate   2.00                     

Sodium acetate    5.00 

Magnesium sulphate   0.1 

Magnesium sulphate   0.05        

Dipotassium phosphate                            2.00              

Agar-agar     20.00 

Final pH at 250C            0.2 ±6.2 
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Brain   Heart   Infusion   Agar   (BHI Agar) 

Ingredientsgm/lit 

Beef heart infusion agar                             250.0          

Calf brain infusion    200.0 

Agar      13.5               

Protease peptone                                 10.00    

NaCl      15.00      

Na2HPO4, 12H2O     2.50         

Glucose      2.00 

PH at 250C  7.4 ±0 
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Nutrient   Broth    

Ingredientsgm/lit              

Peptic digest of animal tissue   5.00                                 

NaCl      l5.00 

Beef extract     1.50        

Yeast extract     1.5 

pH at 200C     7.4 ±0.2              

 

Peptone Water 

Ingredientsgm/lit                                            

Peptone       10.00         

NaCl      5.00       

pH at 250C      7.2-7.4      
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METHOD 

3.1 Isolation and Identification of Lactobacillus bulgaricus from Sausages 

The  isolation  of  lactic  acid  bacteria  from  sausages  brought  randomly  from  

shops  with different  brand  of  factory  was  done  by  using  MRS  medium. Samples were 

taken immediately after filling, ripening. 1gm  of  sausage  was  mixed  and  vortexes  into  

MRS  broth  medium,  incubated  at  370C  for  24h.  Growth  from  MRS  broth  cultures  

was  used  to  streak  on  MRS  agar  plate.  The isolates from MRS agar plates were studied 

for their Morphological, Biochemical and Cultural characteristics. After confirmation of the 

organism, the culture was stored as pure culture on MRS agar but Lactobacillus bulgaricus 

cultures were maintained on MRS agar slants by regular transfer. 

3.2 Encapsulation of Lactobacillus bulgaricus 

Activation of culture of Lactobacillus bulgaricus was done by inoculating the 

culture in 250 ml MRS broth for 48h before use in experiment. Similarly activation of 

culture of Staphylococcus aureus was done in nutrient broth. The culture in the MRS broth 

was centrifuged (100rpm) and the precipitate was first washed with 0.85% saline solution. 

The cells were again washed with the peptone water. 4%  sodium  alginate  slurry  was  

prepared  and  then  the  precipitated  cells  were  mixed  with  slurry.  This  solution  was  

then  filled  inside  the  seringe  and  beads  were  prepared  in  calcium  chloride  solution. 

This  beads  were  prepared  for  the  entrapment  of  the  cells. 
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3.3 Production of Bacteriocin in the Free Cells of Lactobacillus bulgaricus in Batch 

Fermentation. 

250ml MRS broth was inoculated with the pure culture of Lactobacillus 

bulgaricus for the first batch fermentation for 4 days. The free cells   from first batch 

fermentation was centrifuged and then transfer in 250ml MRS broth for the second batch 

fermentation for 4 days. The same procedure was repeated for the other two batch 

fermentation. 

3.4 Production of Bacteriocin by Immobilized Cells of Lactobacillus bulgaricus in Batch 

Fermentation. 

250ml MRS broth was inoculated with the sodium alginate beads for the first 

batch fermentation for 4 days.  The beads with small diameter were used. The beads from 

the first batch fermentation was then transfer in 250ml MRS broth aseptically for the second 

batch fermentation for 4 days. The  same  procedure  was  repeated  for  the   third  batch  

fermentation. 
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3.5 Antimicrobial Activity of Lactobacillus bulgaricus Against Indicator Organism. 

For detection of antimicrobial activity agar well diffusion method was used for 

well diffusion assay, an overnight culture of indicator strain of Staphylococcus aureus was 

used to inoculate on agar growth media at 370C.  Wells  of  5mm  diameter  were  cut  into  

Brain Heart  Infusion   agar  plates  and  50µl  of  culture  fluid  containing  antibacterial  

activity  of  both  pure  and  immobilized  culture  of  the  first  batch  fermentation  was  

added  in  the  well  and  incubated  at  370C  for  24hrs  and  zones  were  observed. The  

same  procedure  was  repeated  for  the   other  batch  fermentation to detect the  

antimicrobial  activity. 

3.6 Purification of Bacteriocin 

In the purification process, the crude bacteriocins are precipitated with 80% 

ammonium sulphate. The precipitate is dialyzed against 20mM potassium phosphate buffer 

(pH 7.0) for 12 hr at 4ºC. Further purification is carried out by ion exchange 

chromatography. 
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4. RESULTS  

4.1 Isolation and Identification of Lactobacillus bulgaricus from Sausages. 

Isolation  results  confirm  the  predominance of  Lactobacillus bulgaricus  in  

sausages  as  previously  reported  by Sandine et al. were  isolated  from  MRS  agar  plates. 

All  isolates  were  found  to  be  Gram  positive, rod  shaped, non-motile and  ferment  only  

lactose  and  do  not  ferment  glucose,  sucrose  and  mannitol  and was found to be 

catalyses and oxidase positive. These  isolates  were  confirmed  as  Lactobacillus 

bulgaricus as  per  the  standard  procedure  of  Bergey’s  manual  of  determinative  

bacteriology. The results are presented in Table no. 1 

Table no.1: Morphological Cultural and Biochemical characteristics of L. bulgaricus. 

Sr.no. Test Observations 

1. Morphological characteristics 

Gram staining 

Motility 

 

Gram positive, rod  

Non-motile 

2. Cultural characteristics 

MRS Agar 

 

White, small, circular, 

irregular colonies 

3. Biochemical characteristics 

Sugar fermentation test 

Glucose 

Lactose 

Sucrose 

Mannitol 

 

 

No acid and gas production 

Acid and gas production  

No acid and gas production  

No acid and gas production 

4. Enzyme activity test 

Catalase 

Oxidase 

Urease 

 

Bubble is formed [positive] 

Blue color appear [positive] 

No color appear [negative] 
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Plate 1: Growth on MRS Agar 

 

 

Plate2: Sugar fermentation test for Lactobacillus bulgaricus 
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4.2 Encapsulation of Lactobacillus bulgaricus 

The activated culture of Lactobacillus bulgaricus in the MRS broth was used for the 

encapsulation. Encapsulation of Lactobacillus bulgaricus was done by preparing beads. The  

supernatant solution  was  centrifuged  and  the  cells  were  used  to  prepare  beads  of  

sodium  alginate   in  the  calcium  chloride  solution. 10-12  number  of  beads  of  small 

diameter  were  used  to  inoculate  the  MRS  broth.  After  3-4 days  a  heavy  inoculums   

was obtained  at  the  bottom  of  flask. 

 

 

Plate 3: Encapsulation ofLactobacillus bulgaricusin calcium alginate beads 
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4.3 Antimicrobial activity of Lactobacillus bulgaricusagainst indicator organism 

Lactobacillus  bulgaricus  was  tested  for  antimicrobial  activity  and  was  

shown  to  produce  a  bacteriocin  like  substance.  Its sensitivity varied greatly.  

Lactobacillus produce a heat stable bacteriocins which exhibited abroad spectrum of 

inhibitory activity. The antibacterial activity of this strain was more potent. The antibacterial 

activity was not lost by freezing and long term storage at 40C. When the supernatant of the 

culture containing Lactobacillus were checked a zone of inhibition against S. aureus was 

first observed on plates after 6hrs and larger zones were detected after 24hrs. The 

bacteriocin activity was checked for the three different   production media. The  results  of  

antimicrobial  activity  against  S. aureus  are  presented  in  table  no.2. 

 

 

 

 

 

 

 

 

Table no.2: Antimicrobial activity of Lactobacillus bulgaricusagainst indicator 

organism 

Sr. 

no. 

Batch  fermentations 

culture 

Zone  of   inhibition (mm) 

Free cells Immobilized cells 

1. 

 

First  batch  

fermentation  culture 

15 

 

16 

 

2. 

 

second batch  

fermentation  culture 

15 

 

17 

 

3. Third  batch 

fermentation  culture 

17 18 



28 
 

The comparative  study  of  the   free  cells  and  immobilized  cells  was  done  by  

performing  the  batch  fermentations. The  antimicrobial  activity   was  checked  by  

performing  Well  Diffusion  method  against  indicator  organism  S. aureus. 

 

Plate 4: Production media of free cells and immobilized cells of Lactobacillus 

bulgaricus 
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Bacteriocin Activity of L. bulgaricus Against S. aureus of First Batch fermentation 

During  the  first  batch  fermentation  the  zone  inhibition  formed  by  the  free  cells  and  

that  of  the  encapsulated  cells   against  indicator  organism  S. aureus  was  found  to  be  

15mm  and  16mm  respectively   which  indicates  the  bacteriocins  activity. 

 

 

 

 

Plate 5: Antimicrobial Activity of Free cells and Immobilized cells 
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Bacteriocin Activity of L. bulgaricus Against S. aureus of Second Batch fermentation 

During  the  second  batch  fermentation  the  zone  inhibition  formed  by  the  free  cells  

and  that  of  the  encapsulated  culture  against  indicator  organism  Staphylococcus aureus  

was  found  to  be  15mm  and  17mm  resp.  Which indicates the bacteriocin activity. 

 

 

 

 

Plate 6: Antimicrobial Activity of Free cells and Immobilized cell 
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Bacteriocin Activity of L. bulgaricus Against S. aureus of Third Batch fermentation 

During  the  third  batch  fermentation  the  zone  inhibition  formed  by  the  free cells  and  

that  of  the  encapsulated  culture  against  indicator  organism  S. aureus  was  found  to  be  

17mm  and  18mm  resp.  Which indicates the bacteriocins activity. 

 

 

 

Plate 7: Antimicrobial Activity of Free cells and Immobilized cells 
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5.  DISCUSSION 

Lactic acid bacteria produce a variety of antagonistic factors that include 

metabolic end products, antibiotic like substance and bactericidal proteins, termed 

bacteriocins. Bacteriocins of Lactic Acid Bacteria have potential for use as food 

biopreservatives to control spoilage and pathogenic bacteria. 

In this present dissertation work, after studying the cultural, morphological and 

biochemical characteristics of the organism, the organism was found to be gram positive, 

rod shaped, non-motile, catalyses and oxidase positive ferment only Lactose and did not 

ferment glucose, sucrose and mannitol (Oral-Jensen 1919). From  all  above  observations  

the  organism  is  confirmed  as  Lactobacillus  bulgaricus  according  to  the  Bergey’s  

Manual  of  Systematic  Bacteriology. Lactobacillus  produce  a  heat  stable  bacteriocins  

which  exhibited  a broad  spectrum   of  inhibitory   activity.  The  antibacterial  activity  

was  not  lost  by  freezing  and  long  term  storage.  The  bacteriocins    activity  was  

checked  for  the  three  different   production  media  and  the  zones  were  observed. As   

compared to the free cells the bacteriocins activity of immobilized cells was found to be 

greater, according to De Vuyst et al. 
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6. SUMMARY 

Microbial  cultures  have  been  used  for  thousands  of  years  in  food  and  

alcoholic  fermentations, and  in  the  past  century  have undergone  specific  security  

for  their  ability  to  prevent  and  cure  variety  of  diseases. Probiotics are live 

microorganism found in human gut. 

Interest in lactic acid bacteria are growing. Also,  bacteriocins  produced  by  

lactic  acid  bacteria  are  great  interest  to  the  food  fermentation  industry  because  

they  may  inhibit  the  growth  of  many  food  spoilage  and  pathogenic  bacteria.  

Therefore  an  investigation  of  bacteriocins  in  lactic  acid  bacteria  may  offer  

potential  applicability  in  food  preservation. 

Two  culture  of  bacteria  viz. Lactobacillus  bulgaricusand  S. aureus  are  used  

in  present  investigation. Activation  of  culture  was  done   by    cultivating  the  culture  

on  MRS  agar  as  well as  on  nutrient  agar  slants  respectively. S. aureus is used as test 

organism. Staphylococci   produce  two  types  of  diseases,  infection  and  intoxication  

hence it  was  used  as  a  test  organism. 

The   main  objective  of  this  study  was  the  production  of  bacteriocins  in  

MRS  broth.  The  first  step  was  the  sub culturing  of  Lactobacillus  bulgaricus  on  

the  MRS  slants  in  order  to  study  its  morphological,  cultural  and  biochemical  

characteristics.  After  confirmation  of  the  organism  of  our  interest  the  culture  was  

stored  as  a  pure  culture  on  MRS  agar  slants. 
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The  second  step  was  to  develop  the   strain,  which  will  produce  bacteriocin  

in  large  amounts. This was done by growing Lactobacillus bulgaricus in MRS broth.  

The  free  cells  were  then  centrifuged  and  encapsulated  in  calcium  alginate  beads.  

Those  beads  and  free  cells  were  then  inoculated  in  250ml  MRS  broth  and  batch  

fermentation  was  carried  out  for  4  days. Three  batch  fermentations  were  carried  

out  by  transferring  the  free  cells  and  entrapped  cells  in  the  fresh  medium  in  order  

to  check  the  bacteriocin  activity  of  the  each  batch  fermentation. 

The  action  of  enzyme  on  the  bacteriocin  activity  was carried  out to  perform  

the  sensitivity  test  against  various  proteolytic  enzyme.  Antibacterial  activity  

decreased  after  treatment  with  trypsin,  but  was  not  affected  with  lysozyme  

enzyme.  So, bacteriocins   have probably a pertinacious nature. 

Antimicrobial  activity  was  observed  on  BHI  agar  plates  against  indicator  

bacteria  S. aureus  by  well  diffusion  method.  In  general  bacteriocins  are  from  

Lactobacillus  species  relatively heat  stable  with  promising  inhibitory  spectra  of  

antimicrobial  activities. Their  general  heat  stability  is  an  advantage  because  many  

processing  procedure  involve  heating  step  if  a  bacteriocin  is  to  be  used as  a  food  

preservative.  However  the  bacteriocins  from  Lactobacillus bulgaricus described  in  

this  experiment  appear  quite  promising  as  potential  biopreservatives. 
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7. CONCLUSION  

The immobilization of the Lactic Acid Bacteria Lactobacillus bulgaricus in Ca-

alginate beads made possible the increasing of bacteriocins production as a result of the 

increasing of the biomass. The syringe was used for production of capsules with small 

diameter. As a result of the immobilization the bacteriocins concentration was increased as 

compared with the fermentation with free cells. 

The bacteriocins activity and viability of cells were saved to the end of the 

fermentation. This allowed the same capsules to be used in the following three cycle of 

batch fermentations. Moreover, the quantity of the synthesized bacteriocins was not same 

during this tree cycles of fermentations. 
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INTRODUCTION 

  Ayurveda, Siddha, Unani are the major systems of medicines. Among these 

systems, Ayurveda is most developed and widely practiced in India. Ayurveda dating 

back to 1500-800 BC has been an integral part of Indian culture. The term comes 

from the Sanskrit root Au (life) and Veda (knowledge). Ayurveda, the ancient healing 

system of India, flourished in the Vedic era in India. According to historical facts, the 

classical texts of Ayurveda, Charaka Samhita and sushruta samhita were written 

around 1000 B.C. The Ayurveda Materia Medica includes 600 medicinal plants along 

with therapeutic. India is well known throughout the world for its herbal wealth and 

moreover India is the birth place of Ayurveda. Herbal medicines know it’s significant 

in various treatments of diseases due to easy availability, economic feasibility and 

minimal side effects. The word “Herbal” was come to denote “safe” when compared 

with modern medicines that have definite side and adverse effects. 

Ayurveda is gaining importance as the natural system of health care all over 

the world. Interest in Ayurveda is not limited to India it is a time –tested holistic 

system of medicine since the origin of human socialization, it has devoted itself to the 

health and happiness of the people. Another system of medicine is Siddha which is 

one such ancient traditional system of India and practiced mostly in its southern part 

for treating various diseases including even chronic conditions. In Ayurveda, the field 

of research is very big because Acharya sushruta has said his treatises Sushruta 

Samhita Sootrasthan`s dravya  vishesha vigyaniya` that “nanushadhi bhutam jagati…” 

which means there is nothing in the world without medicine ,even sand is also used in 

ayurveda as medication as using in fermentation. Similarly, plants products, animal 

product and minerals are used in medicines after prepared of necessary processing etc.  
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 Fossil records revealed that the human use of plants as traditional medicine 

date back to middle Paleolithic age, approximately 60,000 years ago (Solecki, R et al., 

1975). The plants were used as flavors, foods, insect detergents, ornamentals, 

fumigants, spices, and cosmetics.  The “herbal” was come to denote “safe” when 

compared with modern medicines that have definite side and adverse effects. The 

tradition of collecting, processing and applying plants and based medication have 

been done from generation to generation by this people gained valuable experienced 

good as well as bad and handed down their knowledge to future generation. The forest 

in India is the principal repository of large number of medicinal and aromatic plants, 

which are largely collected as raw materials for manufacture of drugs and perfumery 

products. According to one estimate, more than 700mono and poly-herbal 

preparations in the form of decoction, tincture, tablets and capsules from more than 

100 plants are in clinical use the healing properties of some plants were discovered by 

primeval humans fairly early and they learned to use them. 

Even today several important drugs used in the modern system of medicine are 

obtained from plants. The use of medicinal plants has figured in several ancient 

manuscripts like Rigveda, The Bible, The Iliad. The odyssey and the history of 

Herodotus the earliest reference to the use of medicinal plants as a cure for diseases is 

found in the manuscript of ‘Eber Papyrus’ written in 1600 B.C. (Jain, et al., 2003). In 

India, earliest reference to medicinal plants appears in the Rigveda, written between 

3500 and 1600 B.C.in Artharveda too, detailed descriptions of several medicinal 

plants were given. Most of the plants are wild and only a few of them have been 

cultivated (Prashant, et al., 2010). There is need for conservation of all useful plant 

species, and also cultivation, maintenance and assessment of germplasm for future 

use. 
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The world is rich with natural and unique medicinal plants. These are used for 

primary health care not just in rural areas or in developing countries, but also in 

developed countries. The medicinal value of these plants lies in bioactive 

phytochemical constituents that produce definite physiological action on the human 

body (Akinmoladun, et al., 2007). Phytochemical are natural bioactive compound 

found in medicinal plants, that work together with nutrients and fibers to show 

defense against disease or to protect against disease. 

 Many crude preparations of herbal drugs are in clinical use in medical and 

veterinary practice. Ethano pharmacologist, botanists, microbiologists and natural 

product chemists are combing the earth for phytochemicals which could be developed 

for treatment of infectious diseases. Laboratories of the world have found literally 

thousands of phytochemicals which have inhibitory effects on all types 

microorganisms invitro.More of these compounds are being subjected to animal and 

human studies to determine their potential to restrict the growth or multiplication of 

pathogenic organism as well as examination of their effects on beneficial normal 

micro biota (D Benito Johnson, et al., 2011). because of uses as remedies for many 

infectious diseases, search for plants containing antimicrobial substances. A number 

of phytotherapy manuals have mentioned various medicinal plants for treating 

infectious disease. 

 The people of western countries are not only fed up by their material way of 

life but also the medicinal systems. Rising cost of modern medicine, easy availability 

of traditional medicine, side effects of modern medicines lead to the popularity of 

traditional medicines It is estimated that local communities have used about 10% of 

all flowering plants on Earth to treat various infections, although only 1% have gained 

recognition by modern scientists (Kafaru,1994). Plant-based medicaments had served 
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from the onset as the most important therapeutic weapon available for man to fight 

various human and animal diseases. The exclusive use of herbal remedies to treat and 

manage ailments continued until the introduction of modern synthetic medicines 

(Ogbunugafor, 2008).  However, in recent times, a renewed and growing interest in 

the use of plant-derived biologically active compounds as drugs or basis in the 

manufacture of more potent medicaments has been noticed (Houghton, 1998). 

 Plants historically have served as a model in drug development for some 

major reasons. The first being that each plant is unique chemical factory capable of 

synthesizing large numbers of highly complex and unusual chemical substances. The 

second reason involves biologically active substances derived from plants have served 

as templates for synthesis of pharmaceuticals. Every part of plant exibit one or more 

medicinal properties, some or different from the action of other parts of a same plant. 

The revival of interest in plants derived drugs in mainly due to the current wide 

spread belief that “green medicine” is safe and more dependent than costly synthetic 

drugs, many of which have adverse side effect.  

The medicinal importance of a medicinal plant is due to the presence of some 

bioactive substances like alkaloids, triterpenoids, steroids, gum and mucilage and 

tannins etc. these active principles usually present in the storage organs of the plants 

for eg leaves, seeds, bark, roots, etc. Phytomedicines are also being used increasingly 

in Western Europe. Even developed Nation are showing keen interest in herbal 

remedies Herbal preparation called Phytopharmaceuticals Phytomedicinal, are 

preparations made from different parts of herbs or plants they come in different 

formulations and dosage forms including tablets, capsules, exlixir, powder, extract, 

tincture, creams, and parental preparations. 
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 Multi National pharmaceutical companies are targeting the traditional 

knowledge realizing the huge profit to earn, these companies have embarked upon 

large scale exploitation of traditional knowledge in area of medicinal plants. The 

demand for medicinal plants made by the modern pharmaceutical industry increasing 

day by day. These medicinal plants are group of industrially important crops which 

bring good income to the country by way of export. 

Actually, research is which is necessary in any field for the improvement of 

that science, till 1950`s laboratories were lacking in the methodologies and equipment 

for the accurate determination of in vitro response of organisms to antimicrobial 

agents. Bauer et.al began the development of standers method for antimicrobial 

susceptibility testing, using disc diffusion system. 

  Indian plants constitute a rich untapped pool of medicinal plants.  Medicine 

as a raw material for some important drugs, although synthetic drugs and antibiotics 

brought about a revolution in controlling different diseases. But these synthetic drugs 

are out of reach of millions of people. Those who live in remote places depend on 

traditional healers, whom they know and trust. The judicious use of medicinal herbs 

can even cure deadly diseases that have long defied synthetic drugs (Bhattacharjee, 

2001). 

 In current scenario of medical and pharmaceutical advancement, microbes 

involve in the change of their metabolism and genetic structure to acquire resistant 

against the drugs used in the treatment of common infectious diseases, (Raghunath, 

2008) These drug resistant candidates are more pathogenic with high mortality rate 

and become a great challenge in the pharmaceutical and healthcare industry. To 
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overcome microbial drug resistant, scientists are looking forward for the development 

of alternative and novel drugs. 

 Antibiotics provide the main basis for the therapy of microbial infections. 

Since the discovery of these antibiotics and their uses as chemotherapeutic agents 

there was a belief in the medical fraternity that this would lead to the eventual 

eradication of infectious diseases. However, overuse of antibiotics has become the 

major factor for the emergence and dissemination of multi-drug resistant strains of 

several groups of microorganisms (Harbottle,2006).  The advent and continuous use 

of antibiotics in previous century led to success in limiting most of the prevalent 

bacterial diseases which affected man and animals in epidemic proportions. At the 

same time inadvertent and over use of antibiotics resulted into emergence of 

resistance in organism against the commonly used antibiotics and urgency in 

developing newer antibiotic to check the prevailing infection. The emergence of multi 

drug resistant organisms necessitates the search for alternative source of antimicrobial 

agents (D Benito Johnsona,2011).  

Despite the existence of potent antibiotic and antimicrobial agents, resistant 

strains are continuously appearing, imposing the need for permanent search and 

development of new drugs. It is possible that antimicrobial compounds from the 

plants may inhibit microorganisms by different mechanisms than the presently used 

antibiotics and have clinical value in the treatments of resistant microbial strain. For 

reasons sit is therefore important to investigate plant as an alternative source of 

antimicrobial compounds. 

Calotropis gigantea belongs to Kingdom: Plantae, Family: Apocynaceae, 

SubFamil:,  Asclepiadaceae ,Genus: Calotropis, Species: gigantea. Calotropis is 
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waste land weed known as mudar in English and Ruvi in marathi. Roots are externally 

whitish grey in colour. Leaves are freshly, obviate, oblong, apex acute, rarely 

rounded, base cordite, 6-20 Cm long and 3-8Cm wide, glaucous green, smooth above, 

cottony below. Petioles 0.3-2 Cm long. The stem is woody with yellowish white bark, 

young stem and branches covered with soft, loosely apprised, whitish, waxy or 

sometime powdery pubescence. While fruits are single or paired, turgid, recovered, 7 

– 10 Cm long. Seeds are numerous, broadly ovate, flattened brown in colour 2.5 -3.2 

Cm long, including the white tuft of silky hair and pointed end. Flowers with lilac, 

pale rose or purple, rarely light greenish – yellow or white, inodorous (Jagtap, et 

al.,2010). Flower almost throughout the year but most commonly from November to 

March in central India. In the Hawaiian culture Calotropis gigantea is a symbol of 

royalty and its leis are made and worn by the last queen of Hawaii. The temples of 

India are commonly seen growing the beautiful plant. Leaves and flowers used for 

worshiping lord Hanuman in India. 

“Phyto” is the Greekword for plant. Phytochemicals are non-nutritive plant 

chemicals that shows protective or disease preventive properties. Plant produces these 

chemicals to protect itself, accoding to researchers, many phytochemicals can protect 

humans against diseases. There are many phytochemicals in fruits and herbs (Kumar, 

et al., 2009). Leaves of calotropis gigantea consist of Alkaloids, tannins and 

flavonoids (Prashant, et al., 2010). The leaf contains ascorbic acid, β ‐amyrin, 

taxasterol, tarasterol and beta‐sitosterol (Anonymous ,1998) saponins, Triterpenoids, 

Gum’s and mucilage, steroids are also present. 

The plant Calotropis gigantea was reported as a potential pest control material 

by development – inhibiting activity. The powder of the dried leaves is dusted upon 

wounds and ulcer to prevent excessive granulation and promote healthy action 
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(Nadkarni, 1954). By studying the presence of phytochemical in calotropis gigantea, 

the uses of these plants in traditional treatment can be explained scientifically. The 

use of calotropis gigantea extracts and phytochemicals with antimicrobial properties 

may be of importance in therapeutic treatments, leaves of calotropis gigantea are 

traditionally used to cure cancer, heal wounds and also used as an, antiasthmatic, 

externally used for boils, ulcers, scabies, eczema, leprosy, arthralgia, swelling and 

intermitted fever, paralysis (Singh, 2003). 

 Study on antimicrobial analysis of the leaf extract can also provide alternative 

treatment for curing diseases, different parts of the plant have immense potential to 

cure various diseases and disorders, it is used in various polyherbal preparations 

(Tenpe 2007). Medicinal plants base industries growing at a rate of 7-15% annually. 

The research for new drug molecule is very extensive of millions of dollars and time 

period of decades or so These can be significantly cut down if suitable lead is 

available from plants. The medicinal plants are also imp items of international trade 

and commerce. medicinal plants are traded internationally in the form of crude drug 

or in processed form form and as such form an important group of plants of great 

economic value. Instead of modern medicines, we can use Calotropis gigantea for the 

treatment of some diseases, which will reduce cost of medicines and the poor peoples 

can also afford it. 

 In present investigation the preliminary antibacterial activity of Calotropis 

gigantea commonly known as Ruvi and Madar by local people was evaluated against 

Escherichia coli, Staphylococcus aureus, Bacillus cereus, Pseudomonas aeruginosa. 

E. coli is a gram-negative rod-shaped bacterium facultative anaerobic and non-

sporulating. commonly found in the lower intestine of warm-blooded organisms. Most  

E. coli strains are harmless, but some serotypes can cause serious food poisoning in 
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humans. The harmless strains are part of the normal flora of the gut, and can benefit 

their hosts by producing vitamin K2, and by preventing the establishment of 

pathogenic bacteria within the intestine.  

Bacillus cereus is a gram-positive, rod-shaped bacterium belonging to the 

genus Bacillus. It is a spore forming bacterium capable of facultative aerobic 

metabolism. It causes two kinds of foodborne disease: i) an intoxication due to a toxin 

preformed in the food and ii) an infection due to the ingestion of cells which produce 

enterotoxins in the small intestine. A diarrhoeal infection due to the ingestion of 

bacterial cells which produce enterotoxin in the small intestine, emetic (vomiting) 

intoxication due to the ingestion of a toxin preformed in the food. 

Pseudomonas aeruginosa is a gram-negative, rod-shaped, asporogenous, and 

monoflagellated bacterium, found in environments such as soil, water, humans, 

animals, plants, sewage, and hospitals P. aeruginosa is an opportunistic human 

pathogen. It is a major cause of both healthcare-associated infections and chronic lung 

infections in people with cystic fibrosis. it can cause a wide range of infections, 

particularly among immunocompromised people (HIV or cancer patients) and persons 

with severe burns, diabetes mellitus or cystic fibrosis. 

Staphylococcus aureus is facultative anaerobic gram-positive cocci which 

occur singly, in pairs, and irregular clusters.  S. aureus is nonmotile, non-spore 

forming, typical colonies are yellow to golden yellow in color, smooth, slightly raised 

It is present on hairs and skin. Staphylococcus aureus means the "golden grape cluster 

berry". It is frequently part of the skin flora found in the nose and on skin, S. aureus 

can cause a range of illnesses from minor skin infections, such as pimples, impetigo, 

boils, scalded skin syndrome, and abscesses, to life-threatening diseases such as 
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pneumonia, meningitis, bacteremia, and sepsis is still one of the five most common 

causes of nosocomial infections, often causing post-surgical wound infections. 
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REVIEW OF LITERATURE 

India harbors about 15% out of the 20,000 medicinal plants of the world, of 

which 90% of them are found growing wild in different climatic conditions (Singh, 

1997).  Plants are exploited as medicinal source since ancient age. The traditional and 

folk medicinal system uses the plant products for the treatment of various infectious 

diseases. In recent times, plants are being extensively explored for harboring 

medicinal properties. Studies by various researchers have proved that plants are one 

of the major sources for drug discovery and development (Rates, 2001). Ours is a vast 

country where a wide variation in climate, soil, altitude and latitude is available. 

Nature has bestowed on us a very rich botanical wealth and a large number of diverse 

types of plant grow wild in different parts of country. Increased awareness about the 

potential of this group of interesting and useful plant has encouraged many innovative 

and progressive growers and entrepreneurs to take up their cultivation as a 

commercial enterprise. Apart from health care this enterprise provides means of 

livelihood to crores of people. 

The use of plants as a source of medicines has been inherited and is an 

important component of the health care system in India. In the Indian system of 

medicines, most practitioners formulate and dispense their own recipes; hence this 

requires proper documentation and research. In Western countries the use of herbal 

medicines is steadily growing (Bent S ,2004). Public, academic and government 

interest in traditional medicines is growing exponentially due to the increased 

incidence of the adverse drug reactions and economic burden of the modern system of 

medicine (Tripathi et. al., 2004). Efficacy testing of the traditional and new herbal 

products in experimental, screening method is important to establish the active 

component and appropriate extract of the plant (Chakravarty, 1993). To be accepted 
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as viable alternative to modern medicine, the same vigorous method of scientific and 

clinical validation must be applied to prove the safety and effectiveness of a 

therapeutic product. 

Infectious diseases are the world’s leading cause of premature deaths. 

However, the situation is alarming in developing as well as developed countries due 

to indiscriminate use of antibiotics. The drug-resistant bacteria and fungal pathogens 

have further complicated the treatment of infectious diseases in immune 

compromised, AIDS and cancer patients (Rinaldi, 1991, Diamond, 1993). In the 

present scenario of emergence of multiple drug resistance to human pathogenic 

organisms, this has necessitated a search for new antimicrobial substances from other 

sources including plants Traditionally used medicinal plants produce a variety of 

compounds of known therapeutic properties (Iyengar, 1985; Chopra et al., 1992; 

Harborne et al., 1995). The substances that can either inhibit the growth of pathogens 

or kill them and have no or least toxicity to host cells are considered candidates for 

developing new antimicrobial drugs. In recent years, antimicrobial properties of 

medicinal plants are being increasingly reported from different parts of the world. 

Phytochemical analysis of active plant extracts for their major group of 

phytoconstituents and the active group of certain extracts is also observed. 

Owing to their popular use as remedies for many infectious diseases, searches 

for plants containing antimicrobial substances are frequent. A number of phytotherapy 

manuals have mentioned various medicinal plants for treating infectious diseases due 

to their availability, fewer side effects and reduced toxicity (Lee et al., 2007). 

Extracts of many plants are highly efficient against parasitic as well as 

microbial infections. It is estimated that around 70,000 plant species, from lichens to 

tall trees, have been used at one time or another for medicinal purposes. Plants 
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produce a wide range of bioactive molecules making them a rich source of different 

types of medicines. Higher plants, as sources of medicinal compounds, have 

continued to play a dominant role in the maintenance of human health since ancient 

times. Antibacterial activity screened because of their great medicinal relevance with 

the recent years, infections have increased to a great extent and resistant against 

antibiotics, becomes an ever-increasing therapeutic problem. Natural products of 

higher plants may give a new source of antibacterial agents. There are many research 

groups that are now engaged in medicinal plants research. 

Traditional healers have long used plants to prevent or cure the infectious 

condition. Plants are rich in a wide variety of secondary metabolite such as tannins, 

terpenoids, alkaloids, and flavonoids which have been screened its antimicrobial 

properties. Plants are exploited as medicinal source since ancient age. The traditional 

and folk medicinal system uses the plant products for the treatment of various 

infectious diseases. In recent times, plants are being extensively explored for 

harboring medicinal properties. Studies by various researchers have proved that plants 

are one of the major sources for drug discovery and development (Gordon et al., 

2005). Plants are reported to have antimicrobial, anticancer, anti-inflammatory, 

antidiabetic, hemolytic, antioxidant, larvicidal properties etc.  

World Health Organization (1978) has advocated traditional medicine as safe 

remedies for ailments of both microbial and nonmicrobial origin. It was further added 

that the use of plant extracts and phytochemicals with antimicrobial properties may be 

of importance in therapeutic treatments, whereas in the past few years, a number of 

studies have been conducted in different countries to prove such efficiencies (Ikram et 

al., 1984).  It is therefore pertinent to investigate such plants thoroughly to determine 
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their pharmacological properties as well as the efficiency of their various parts for 

antimicrobial activities (Ellof, 1998). 

Calotropis gigantea is a wasteland weed better known as milkweed, habitat of 

Asian countries. Tribal people were using this plan parts to cure several illnesses such 

as toothache, earache, sprain, anxiety, pain, epilepsy, diarrhea and mental disorders. 

(et al.,2010). It is called as “Ruvi” in Marathi and “Madar” in Hindi. The plant has 

enormous medicinal properties to cures leprosy, leukoderma, ulcers, tumors, piles, 

diseases of the spleen, liver and abdomen.                                

 Zhu-Nian Wang, et al. (2008), Studied A New Cytotoxic Pregnanone from 

Calotropis gigantea. They isolated new pregnanone, named calotropone from the 

Ethand extract of the roots of Calotropis gigantea L. together with a known cardiac 

glycoside. The structures were elucidated by a study of their physical and spectral 

data.  

 Alam, et al. (2008) reported Antimicrobial Activity of Akanda (Calotropis 

gigantea L.) on Some Pathogenic Bacteria. The antibacterial activity of methanol 

extract from the root bark of Akanda (Calotropis gigantea L.) and its petroleum ether, 

chloroform and ethyl acetate fractions were investigated. Both of methanol extract 

and its chloroform fraction showed activity against S. lutea, B.  megaterium and P. 

aeruginosa. Petroleum ether fraction showed activity against B. subtilis and Shigella 

sonnei whereas ethyl acetate fraction showed activity against P. aeruginosa and E. 

coli. 

Sukanya et al. (2009), claimed antimicrobial activity of leaf extracts of Indian 

medicinal plants against clinical and phytopathogenic bacteria. The ethnobotanical 

efficacy of Indian medicinal plants; Achyranthes aspera, Artemisia parviflora, 

Azadirachta indica, Calotropis gigantea, Lawsonia inermis, Mimosa pudica, Ixora 
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coccinea, Parthenium hysterophorus and Chromolaena odorata were examined using 

agar disc diffusion method against clinical bacteria (Escherichia coli and 

Staphylococcus aureus) and phytopathogenic bacteria (Xanthomonas vesicatoria and 

Ralstonia solanacearum). Leaves were extracted using different solvents such as 

methanol, ethanol, ethyl acetate and chloroform.  

Jain et al. (2010), proposed Antimicrobial activity and phytochemical 

screening of five wild plants against Escherichia coli, Bacillus subtilis and 

Staphylococcus aureus. The antimicrobial activity of plant oils and extracts has been 

recognized for many years. In the present study, the antibacterial activity of methanol 

and hexane leaf extracts of Datura stramonium, Ricinus communis, Calotropis 

gigantea, Malva verticillata and Malvastrum coromandelium was evaluated by agar 

well diffusion method. The present study also revealed that methanolic leaf extracts 

exhibited more effective antibacterial activity as compared to hexane extracts. 

Phytochemical screening of leaf extracts of five wild plants was also done. 

 Jayakumar et al. in July 2010, evaluated antioxidant potential and 

antibacterial activity of Calotropis gigantea and Vinca rosea using invitro method. 

Different parts of Calotropis gigantea belonging to the families of Asclepiadaceae 

and Apocynaceae were studied for their antioxidant and antimicrobial activities 

against selected bacterial strains. 

                            Shazia usmania et al. (2010), carried out    study on hepatoprotective 

activity of Calotropis gigantea leaves extract. Pratap, et al., (2010) has done work on 

antidiarrheal property of the hydroalcoholic extract of roots of Calotropis gigantea 

R.Br. on Caster-induced diarrhea in rats they examined antidiarrheal property of the 

hydroalcoholic extract of root of C. gigantea on Caster-induced diarrhea in rats. From 
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this study, the use of the root of C. gigantea in traditional medicine as a non-specific 

antidiarrheal agent has been justified. 

 Kumar et al. (2010), carried out antimicrobial activity of aqueous extract of 

Calotropis gigantea leaves an in vitro Study. study was to screen leaves of Calotropis 

gigantea for the antimicrobial activity against clinical isolates of bacteria. The 

aqueous extract of the C. gigantea was studied for its antagonistic activity against 

Staphylococcus aureus, Escherichia coli, Bacillus cereus, P. aeruginosa, 

Micrococcus luteus and Klebsiella pneumoniae. In vitro antimicrobial activity was 

performed by well diffusion method in Mueller Hinton agar.  

Singh et al. (2010), reported In vitro antioxidant activity of Calotropis 

gigantea hydroalcoholic leaves extract. This study was to verify the In-vitro 

antioxidant properties and to calculate the total polyphenol contents, total tannins, 

flavonoid contents of hydroalcoholic extract. The antioxidant activity of 

hydroalcoholic extract of Calotropis gigantea leaves (HECGL) was investigated 

using in-vitro models. Preliminary phytochemical screening of HECGL showed the 

presence of alkaloids, sterols, triterpenes, saponins, flavonoids, tannins, 

carbohydrates, and amino acids. 

Kumar et al. (2010), screened leaves of Calotropis gigantea for the anti-

Candida properties against four clinical isolates of Candida. Aqueous, methanol, 

ethanol and petroleum ether extracts of the leaves of Calotropis gigantea were 

screened against clinical isolate of Candida albicans, C. parasitosis, C. tropicalis and 

C. krusei. The in vitro anti-Candida assay was performed by agar well diffusion 

method in potato dextran). Minimal inhibitory concentration. Test was performed by 
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modified agar well diffusion assay in PDA. The results prove Calotropis gigantea as a 

potent source of natural anti-Candida compounds. 

Yadav et al. (2010), proposed Phytochemical analysis of some indigenous 

plants potent against endoparasite. A study has been done with indigenous plants to 

explore their phytochemical constituents. About 7 indigenous plants collected from 

Agra–Mathura Region. The collected plants under gone extraction followed by 

evaporation. The prepared plant extract goes through phytochemical investigation to 

explore active constituents which are very significant in drug development. 

 Joshi et al. (2010), reported phytochemistry and evaluation of antioxidant 

activity of whole plant of Calotropis gigantea linn. Antioxidant activity was 

determined in vitro by reducing power, DPPH and nitric oxide method. 

Hydroalcoholic extract of Calotropis gigantea shown significant antioxidant activity. 

It is reported to contain cardiac glycosides, β-sitosterol, saponins, alkaloids, tannins, 

trisaccharide’s and flavanols.  

Babu et al. (2011), proposed scientifically the anticonvulsant activity of 

Petroleum ether, Benzene, Chloroform, Methanol and Aqueous extract of leaves of 

the plant C. gigantea in albino Wistar rats on electrically and chemically induced 

seizures.  

Seniya et al. (2011), Studied antibacterial and phytochemical activities of 

leaves extract of Calotropis gigantea. The solvents used for the leave extraction were 

n-Hexane, Ethanol, Methanol, Chloroform, Water and Ethyl acetate. The extract was 

tested against B. cereus, B. subtilis, E. coli, K. pneumoniae, S. aureus, S. typhi and M. 

luteus for its antibacterial activity. Ethyl Acetate leaves extract exhibited maximum 

zone of inhibition. A small portion of the dry extract was used for the phytochemical 
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tests for compounds which include alkaloids, tannins, saponins, flavonoid, steroids, 

terpenoids, reducing sugars and resins in accordance with the methods. 

Joshi et al. (2011), presented a review article is an effort to compile all the 

phytochemical and pharmacological activities of the plant Calotropis gigantea. 

Calotropis gigantea is a widely growing plant which is used traditionally as anti-

inflammatory, analgesic, anti-pyretic, anti-oxidant, anti-convulsant and antidiarrheal 

agent. Several phytoconstituents have been isolated and identified from different parts 

of the plant belonging to the category of alkaloids, glycosides, flavanols, tannins, 

saponins, sterols and triterpenoids. A review of chemical constituents presents and 

their pharmacological activities was given in the present article. 

Kumar et al. (2011), reported A Review on Pharmacological and 

Phytochemical Profile of C. Gigantea Linn This study is a collective information 

concerning the ethnobotany, pharmacology, phytochemistry and biological activities 

of the C. gigantea. 

Chemical composition 

Various chemical constituents have been reported from Calotropis gigantea 

plant. Flowers contain waxy matter which has esters of resinols, α‐, β‐calotropeol, β 

‐amyrin, stigmasterol, giganteol, calotropin, a triterpenoid flavonoid, flavonoid 

glycoside, wax, acids and alcohols. Seeds are rich in aminoacids, major being 

phenylalanine, lysine and histidine. The leaf contains ascorbic acid, 

ortho‐pyrocatechic acid and also contains β ‐amyrin, taxasterol, tarasterol and 

beta‐sitosterol (Anonymous"1998). Shoot and leaf extracts possess antibacterial 

activity. 
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Phytochemically the plants have been found to have cardenolides from the latex, 

triterpenoids, anthocyanins from flowers and hydrocarbons. The latex of Calotropis 

gigantea were found to have cardiac glycosides. An active principle ‘mudarine’ is 

also present in Calotropis gigantea. Beside this, a yellow bitter acid and resin were 

also found. 

Some bioactive molecules reported from different parts of Calotropis gigantean 

(Kumar et al., 2011).   

 

Chemical constituent                                                              Plant part               

Beta-sitosterol                                                                          Leaves 

Mudarine                                                                                  Leaves 

Beta –amyrin                                                                            Leaves 

Alkaloids                                                                                  Leaves 

Tannins                                                                                    Leaves 

Ascorbic acid                                                                           Leaves 

Flavonoids                                                                               Leaves 

Triterpenoids                                                                           Leaves 

Isorhamnetin-3-O-rutinoside                                                 Arial parts          

Isorhamnetin-3-O-Glucopyranoside                                    Arial parts              

Taraxasteryl acetate                                                              Arial parts                

Calotropain-F1 and                                                                  Latex              

Calotropain-FII                                                                        Latex             

3′-methylbutanoates of α-amyrin -                                           Latex             
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-ψ-taraxasterol   

 Calotropins DI                                                                              Latex         

Calotropins DII                                                                              Latex           

Di-(2-ethylhexyl) Phthalate                                                           Flowers         

Anhydrosophoradiol-3-acetate                                                      Flowers         

Calotropone                                                                                   Roots          

Calotropin   Frugoside                                                                   Roots             

Calotropises juiterpenol                                                                 Roots         

Calotropisesterterpenol                                                                  Roots           

Calotropbenzofuranone                                                                  Roots          

Coroglaucigenin                                                                             Roots           

Frugoside                                                                                        Roots            

Stigmasterol                                                                                   Root bark         

β-sitosterol                                                                                     Root bark  

Giganticine                                                                                    Root bark 

 

Antibacterial components present in Calotropis gigantea along with structure 

Flavonoids 

Flavonoids or bioflavonoids in Latin  flavus means yellow, also collectively 

known as Vitamin P and citrin (vitamin P, dictionary results ). Flavonoids are yellow 

pigments orplantsecondary  metabolites, its structure is similar to flavones. 

Flavonoids are widely distributed in plants caring out many functions. Flavonoids are 

the very important  pigments for flower of plants coloration producing yellow or 

red/blue pigmentation in petals designed to attract pollinating agents. The flavonoids 



21 
 

are polyphenolic compounds consisting of 15 carbon atoms; two benzene rings joined 

by a linear three carbon chain. Many flavonoids are recognised as flower pigments in 

flowering plants. but they are not only present in flower but also all parts of the plant. 

The chemical structure of flavonoids based on a C15 skeleton with a chromane ring 

bearing a second aromatic ring B in position 2, 3 or 4.   

In addition, some flavonoids have inhibitory activity against organisms that 

cause plant disease eg. Fusarium oxysporum (Galeotti et al., 2008). Flavonoids are 

most commonly known for their antioxidant activity. Flavonoids were found to be 

strong topoisomerase inhibitors and induce DNA mutations in the MLL gene, which 

are common findings in neonatal acute leukemia(Strick et al., 2000 ). The DNA 

changes were increased by treatment with flavonoids in cultured blood stem cells 

(Janssen et al., 2007). A high flavonoid-content diet in mothers is suspected to 

increase risk particularly of acute myeloid leukemia in neonates (Ross,1998). 

Isorhamnetin-3-O-Glucopyranoside is flavonoid present in Calotropis gigantea.                                  

.  

Typical structure of flavonoid 

Steroids 

 The term "steroids" was discovered  by Callow et al. various  steroids 

are found in plants. Steroids are a family of lipid molecules that consists of 

cholesterol, steroid hormones, and bile salts. These containing both hydrophobic and 
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hydrophilic regions. Steroids are found in eukaryotic cell cholesterol are mostly found 

in animals. People usually think of steroids as drugs that athletes take to build their 

bodies more quickly. Sex hormones that control sexual maturity and reproduction are 

also steroids. It is seen that most steroids may contain single (C–C) bonds and take on 

non-planar structures. The basic steroid skeleton structure is made up of three six-

membered rings and one five-membered ring. The core of steroids is composed of 

twenty carbon atoms bonded together that take the form of four fused rings: three 

cyclohexane rings ,designated as rings A, B, and C in the figure to the right and one 

cyclopentane ring (the D ring). The steroids vary by the functional groups attached to 

this four-ring core and by the oxidation state of the rings. Sterols are special forms of 

steroids, with a hydroxyl group at position-3 and a skeleton derived from cholestane 

(Moss, 1989) . steroids have a methyl group at the carbons C-10 and C-13 and an 

alkyl side chain at carbon C-17. They vary on the basis of their configuration of the 

side chain, the number of additional methyl groups and the functional groups present 

on to the rings.  

 

Steroid Skeleton 

Tannins 

 Tannin is the bioactive component “Tannin’’ is a general descriptive 

name for a group of polymeric phenolic substances capable of tanning leather or 
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precipitating gelatin from solution, a property known as astringency. Their molecular 

weight ranges from 500 to 3,000 and they are found in almost every plant part leaves, 

Bark, roots, fruits and wood. They are divided into two group, hydrolysable and 

condensed tannins. Hydrolysable tannins are based on gallic acid, usually as multiple 

ester with D- glucose, while the more numerous condensed tannins(often called 

proanthocyanins) are derived from flavonoids monomers. Tannins may be formed by 

condensation of Flavin derivatives which have been transported to woody tissues of 

plants alternative, Tannins may be formed by polymerization of quinine units. This 

group of compounds has received a great deal of attention in recent years, since it was 

suggested that the consumption of tannins containing beverages, especially green teas 

and red wines, can cure or prevent a variety of illness. 

 Many human physiological activities, such as stimulant of, host- 

mediated tumor activity, and a wide range of anti- infective actions, have been 

assigned to tannins. Tannins in plants inhibit insect growth and disrupt digestive 

events in ruminal animals. Scalbert reviewed the antimicrobial properties of tannins in 

1991. He listed 33 studies which had documented the inhibitory activities of tannins 

up to that point. According to these studies, tannins can be toxic to filamentous fungi, 

yeast, and bacteria. Condensed tannins have been determined bind cell walls of 

ruminal bacteria, preventing growth and protease activity. 
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Saponins 

Most of the plants contain Saponins and, they are medicinally and 

commercially important, the name itself indicate, Its aglycon part of these, plays the 

action of soap. They posse some physical properties like foaming action by shaking 

with water and it yields a colloidal solution .some of them are used as a fish poison 

because of  ability to cause haemolysis of erythrocytes ,therefore it is called as 

haemotoxic. They are soluble in water and alcohol, insoluble in nonpolar organic 

solvents and are crystalline substances. Saponins are used for industrial and 

pharmacological purposes. Saponosides are also used by pharmaceutical industry for 

the production of drugs or cosmetics. 

Chemically they contain aglycone called as Sapogenins. Sapogenins are higher 

molecular weight substances which by acetylation give crystalline forms. The 

Serotoxins are the harmful sapogenins. Depending on nature of aglycone, saponins 

are classified into two groups. First is Steroidal saponins (Tetracyclic triterpenoids 

saponins). And second is Pentacyclic triterpenoids saponins. This both types of 

aglycone are linked with different sugars and uronic acids. (Kokate, et al,).   
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ETHERNO- MEDICO- BOTANICAL SURVEY  

The Calotropis gigantea Plant belong to taxonomy classification. 

Botonical name: Calotropis gigantea. 

Kingdom      : Plantae 

Division       : Magnoliophyta 

Class           :  Magnoliopsida 

Sub-class    :  Asteridie 

Order         :  Gentinales 

Family       :  Apocynaceae 

SubFamily :  Asclepiadaceae 

Genus        :  Calotropis 

Species     :   gigantea 

Vernacular Name 

Common names - Giant Milkweed, Crown Flower, Swallow Wort, Giant Rubber 

bush. 

Sanskrit   – Arka, Alarka, Mandara, surya pathra. 

English     – Gigantic swallow wort, Mudar 

Hindi        –   Madar  

Bengali    –    Akanda 

Percian    –    Khok, Khark 

Gujarati   –    Akado 
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Marathi   --    Ruvi, Akda, akra 

Kannada –    Arkagida 

Malyalam –   Erikka 

Tamil          –   Badabadam, Erukka 

Telugu        –   Mandaramu, Ekke, Jilledu 

Botanical description 

The Calotropis gigantea is a large erect shrub or small tree up to 3m high. 

Leaves are opposite, freshly, subsessile, glaucous green, obviate, oblong, apex acute, 

rarely rounded, base cordite, 6-20 Cm long and 3-8Cm wide, glaucous green, smooth 

above, cottony below. Petioles 0.3-2 Cm long.  Flowers with lilac, pale rose or purple, 

rarely light greenish – yellow or white, inodorous, with spreading reflexed corolla 

lobes, Flowers are 3.8- 5cm diameter. Stem is fleshy, 10-20 cm long and 4-10 cm 

wide, elongate ovate or elliptical woody with yellowish white bark, young stem and 

branches covered with soft, loosely apprised, whitish, waxy or sometime powdery 

pubescence. While fruits are single or paired, turgid, recovered, 7 – 10 Cm long. 

Seeds are numerous, broadly ovate, flattened brown in colour 2.5 -3.2 Cm long, 

including the white tuft of silky hair and pointed end.  (Jagtap et al., 2010). 

 Flower almost throughout the year but most commonly from November to 

March in central India. the young parts covered with appressed white hairs. The milky 

exudation from the plant is a corrosive poison. The latex is said to have mercury-like 

effects on the human body, and is some time referred to as vegetable mercury. 

Pollination is done by bees.  
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Habitat 

Calotropis gigantea is a wasteland weed better known as milkweed, habitat of 

Asian countries that includes, India, Indonesia, Malaysia, Philippines, Thailand, Sri 

Lanka and China.  It is also found chiefly in waste land in Lower Bengal, Himalayas, 

Punjab, Assam, Madras, South India, Ceylon, Singapore.  

Phenology  

Calotropis gigantea is a flowering plant, and fruiting shrub. 

 

Plate No 1: Calotropis Gigantea plant 

Medicinal uses of Calotropis gigantea 

Tribal people were using this plan parts to cure. Several illnesses such as 

toothache, earache, diarrhea and mental disorders, sprain, anxiety cold, eczema, pain, 

epilepsy, cough, asthma, nausea, vomiting and diarrhea. leaves are fried in oil for 

medicinal purposes. The leaves are useful in the treatment of paralysis, arthralgia, 

swellings, and intermittent fevers. Asthma, skin diseases, like eczema. Dry leaf 
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powder used for treating wounds and boils. leaves found to be effective on 

elephantiasis. Leaves have been used in enlargement of liver and flowers are also 

good for liver Leaves, warmed and moistened with oil, used as dry fomentation for 

abdominal pains Fresh warmed leaves are bandaged on painful rheumatic Tender 

fresh leaves have been reported to cure fits and convulsions in children. The 

traditional healers use latex because of its wound healing activity. 

 Uses of Calotropis gigantea in Siddha 

The leaves of C. gigantea are used for the treatment of poisonous snake bites, 

periodic fever, vatha diseases, intestinal worms and ulcers.  Flowers are used to cure 

bronchial asthma (Kumar et al., 2011). The leaf used for frequently occurring fever or 

periodic fever. The leaves are used as a very effective remedy for vatha diseases. The 

leaves are dried well and powdered and externally applied for unhealing ulcers. For 

poisonous snake bites, Root and leaves of this plant are used for snake bite. The latex 

is externally applied over rat bite, swellings, gonococcal arthritis, and other rheumatic 

complaints. For ulcers the latex of this plant is mixed with honey and applied over the 

affected area. Latex of this plant is used to cure dental problems. The Arakkashara 

thylam prepared from the latex is a best medicine or any vatha complaints. 

Uses of Calotropis gigantea in ayurveda 

The leaves of C. gigantea are used in the treatment of paralysis, swellings and 

intermittent fevers. The flowers are normally used to cure inflammation, tumors, 

kapha, asthma, loss of appetite. Root bark of the plant is used in cutaneous infections, 

intestinal worms, cough. it promotes gastric secretions (Kumar et al.,2011). The milky 

juice of the plant cures leukoderma, tumors, and disease of the abdomen, Calotropis is 

also a reputed Homoeopathic drug in Ayurveda. The powered root is used in asthma, 
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bronchitis. The leaves are useful in the treatment of paralysis, swelling and 

intermittent fever. Flowers are bitter, astringent, stomachic, anthelmintic and tonic 

(Agharkar, 1991). 

Uses of Calotropis gigantea in Unani 

According to Unani, he leaves are useful in the treatment of paralyzed parts, 

the oil in which leaves have been boiled, is also applied to paralyzed parts. The leaves 

are also used in the treatment of swelling and intermittent fever. The powder of the 

dried leaves is dusted upon wounds and ulcer to prevent excessive granulation and 

promote healthy action (Nadkarni KM. ,1954). The flowers are stomachic and good 

for the liver, dried flowers in with sugar is used to cure leprosy, secondary syphilis 

and gonorrhea with milk diet. The milk is useful in leprosy, scabies, ring worms of the 

scalp, piles, eruptions on the body, asthma, enlargement of spleen and liver and also 

applied to painful joints and swelling (Kirthikar,1975). 

Other uses 

Fiber from inner bark once used in the manufacture of cloth for the nobility. 

Stems yield a durable fiber for products for underwater use, ropes, nets. Floss of seeds 

used for stuffing mattresses seeds said to have been used in making thread. Wood 

used in making charcoal. Salt acrid milky juice used to remove hair from hides.  

The plant Calotropis gigantea was reported as a potential pest control 

material. Calotropis yields a durable fiber useful for ropes, carpets, fishing nets, and 

sewing thread. Fermented mixture of Calotropis and salt is used to remove the hair 

from goat skins for production of "nari leather" and of sheep skins to make leather 

which is much used for inexpensive book-binding (Singh et al., 1996). Fungicidal and 
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insecticidal properties of Calotropis have been reported. either alone or with other 

medi bloom of Ak can be successfully used for production of biogas. Fibers extracted 

from the bark of the stem is white, silky, strong, flexible, durable and used in making 

ropes for cots, gunny bags, fishing nets, and bow strings. The wood is used as cheap 

fuel and latex is used in tanning industries. (The wealth of India, 1959).  

 Different activity show by Calotropis gigantea  

Kumar, 2011 scientifically reported C. gigantea is used for several medicinal 

properties such as antimicrobial activity, antioxidant activity, insecticidal activity, 

hepatoprotective activity, pregnancy interceptive properties, purgative properties, 

antifertility, abortifacient activities, procoagulant activity and wound healing activity, 

analgesic activity, cytotoxic activity, anti-diarrheal activity and anti-Candida activity. 

Analgesic activity 

The alcoholic extract of the flowers of C. gigantea was reported for analgesic 

activity in chemical and thermal models in mice. The analgesic activity was 

performed by acetic acid induced writhing test and hot plate method. Oral dose of 

ethanolic extract of C. gigantea flower produced a significant decrease in the number 

of wright things and delay in paw licking time. Analgesic activity of alcoholic extract 

of peeled roots of C. gigantea was tested in albino rats. Analgesic activity was 

observed in Eddy’s hot plate method and acetic acid induced wright things.  

Wound healing activity 

Root bark extract of C. gigantea was investigated for wound healing activity 

in Wistar albino rats. The rats were topically treated with extract formulated in 

ointment for excision wound healing models and extract was given orally (100, 200 

and 400 mg/kg dose) for incision wound healing models. The results indicate that 
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extract treatment accelerated wound healing in rats. The crude latex of C. gigantea 

was evaluated for its wound healing activity in albino rats using excision and incision 

wound models.  

Anti-diarrheal activity 

The hydroalcoholic (50:50) extract of aerial part of C. gigantea was studied 

for anti-diarrheal activity against castor oil-induced-diarrheal model in rats. The 

extract exhibited significant reductions in fecal output and frequency of droppings at 

the doses of 200 and 400 mg/kg body weight (intraperitoneal dose). The extract also 

showed significant inhibition in weight and volume of intestinal content. 

Cytotoxic activity 

It shows a new pregnanone, named calotropone, together with a known 

glycoside, from the ethanolic extract of the roots of Calotropis gigantea. The 

compounds exhibited inhibitory effects toward chronic myelogenous leukemia K562 

and human gastric cancer SGC-7901 cell lines. 

Insecticidal activity 

 Methanol extract of C. gigantea root bark and its chloroform and petroleum 

ether fractions were evaluated for residual film toxicity, fumigant toxicity and 

repellent effect against several inset of larvae and adult of Tribolium castaneum. 

Methanol extract showed high insecticidal activity against T. castaneum followed by 

petroleum ether fraction and chloroform fraction. None of the sample showed 

fumigant toxicity.  

Antioxidant activity 

Leaves of C. gigantea were reported to carry antioxidant activity. The study 

reports the DPPH radical scavenging activity, reducing power activity and nitric oxide 

scavenging activity of the hydro alcoholic extract of C. gigantea leaves. Extract 
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exhibited the maximum DPPH radical scavenging activity (85.17%) at 400μg/ml 

concentration. At 100μg/ml concentration extract showed 54.55% nitric oxide 

scavenging activity. Reducing power of the extract was found to increase with 

increasing the concentration of extract.  

Procoagulant activity 

The latex of C. gigantea is reported to carry procoagulant activity. The latex 

extract hydrolyzed casein, human fibrinogen and crude fibrin clot in a dose dependent 

manner. Extract hydrolyses the subunits of fibrinogen, subunit Aa hydrolyzed first 

followed by Bb and g subunit. The crude extract hydrolysis crude fibrin clot strongly 

compared to trypsin and papain. Proteins present in the latex of C. gigantea are 

strongly proteolytic and responsible for procoagulant activity of C. gigantea.  

Hepatoprotective effects 

 Ethanol extract of stems of C. gigantea was reported for hepatoprotective 

activity in male Wistar rats against carbon tetrachloride induced liver damage. The 

extract resulted in significantly decreased of AST, ALT and lipid peroxide levels and 

showed effective protection of liver. The extract also protects the rats from oxidative 

damage. 

 Antibacterial 

The latex possess potent bactericidal activity attributed to the presence of 

biologically active ingredients with antimicrobial activity of the ethanolic extract. 
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MATERIALS AN METHOD 

MATERIALS   

Sample – fresh and healthy leaves of Calotropis gigantea. 

Apparatus 

Petri plates, Test tubes, Beakers, Conical flasks, Pipettes, Pipette stands, Tripod stand, 

Burner, Stirrer, Whatman filter paper no .1, Standard antibiotic discs Reagent bottle, 

Test tube stand, Gel borer, Test tube holder, Funnel, Water bath, Filter paper, 

Inoculating needle. 

Instruments 

Hot air oven 

Autoclave  

One Pan balance 

Mechanical grinder 

Laminar air flow 

Incubator 

Chemicals and reagents  

Petroleum ether 

 Methanol 
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Dimethyl sulphoxide (DMSO) 

Distilled water  

Dilute Ammonia 

Conc.H2SO4 

Aqueous Hydrochloric acid 

Sodium nitroprusside solution  

Conc. Pyridine 

Sodium hydroxide solution  

Alcohol 

Chloroform  

10% w/v Aqueous ferric chloride solution 

Acetyl chloride 

Meyer`s reagent 

NUTRIENT MEDIA 

Muller Hinton agar 

Nutrient agar  

Nutrient broth 
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Composition of nutrient medium 

NUTRIENT AGAR  

Ingredients                                                           Grams/Lit                                                       

Peptic digest of animal tissue                                       5                                                                                          

Sodium chloride                                                                                                              5                                            

Beef extract                                                                            1.50                                              

Yeast extract                                                                         1.50                                                    

Agar                                                                                                                              15                                              

Final pH                                                                                    7.4 ± 2.0 

NUTRIENT BROTH                                                                            

Ingredients                                                                    Grams/Lit                                                  

Peptic digest of animal tissue                                                  5                                                                                          

Sodium chloride                                                                         5                                                

Beef extract                                                                            1.50                                              

Yeast extract                                                                         1.50                                                    

Final pH                                                                                7.4 ± 2.0                                                       

MULLER HINTON AGAR 

Ingredients                                                                                                 Grams/Lit                                                         

Beef infusion                                                                     300                                                 

Casein hydrolysate                                                             17.50                                              

Starch                                                                                            1.50                                        
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Agar                                                                                17.00                                                   

Final pH at 250C                                                                  7.3 ±  2. 

Preparation of Reagents 

Meyer’s reagents - Dissolve mercuric chloride (1.36 g) and potassium iodide (5.00 g) 

in water (100 ml).10% w/v aqueous ferric chloride solution – dissolve 10 gm ferric 

chloride in 100 ml water. 

Collection and Maintenance of Bacterial Culture 

The important Bacteria that are dealed with are Escherichia coli, Bacillus 

cereus, Pseudomonas aeruginosa, Staphylococcus aureus. This organism was 

collected from Graduate Department of Microbiology, Mahatma Gandhi College 

Armori. Bacterial cultures were maintained on nutrient agar slants at 40C. 

Gram Positive: Staphylococcus aureus, Bacillus cereus. 

Gram Negative: Pseudomonas aeruginosa, Escherichia coli. 

METHODS 

3.1 Collection of Plant Material 

 Fresh and healthy leaves of Calotropis gigantea were collected from Armori 

city. Plant leaves were properly cleaned with water and allowed to dry in shade at 

room temperature for 20–25 days then the materials were dried in oven at temperature 

less than 450C for 2-3 hours for removing complete moisture and also prevention of 

material by kind of contamination due to the moisture present in atmosphere during 

rainy season. After leaves were finely powdered using grinder. The powder was 

stored in air tight plastic bottle until further use. 
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3.2 Preparation of Media for Subculturing and Inoculum Preparation 

 Nutrient agar was dissolved in Distilled water and was boil to dissolve 

completely. poured into test tubes and then sterilized by autoclaving at 15 lbs pressure 

(1210C) for 20 minutes and slants were prepared. 

 Loopful culture of each Escherichia coli, Bacillus cereus, Pseudomonnas 

aeruginosa, Staphylococcus aureus from pure culture were inoculated in separate 

nutrient broth tubes and incubated at 370C for 24 hours for inoculums preparation. 

The Inoculum was prepared freshly every time. 

3.3 Preparation of Plant Extracts 

Preparation of Aqueous Extract 

15 gm of coarsely powdered leaves of Calotropis gigantea were added in 100 

ml of distilled water and kept for 24 hours. Completion of extraction, Extract was then 

filtered with Whatman filter paper no.1 and then allowed to evaporate in boiling water 

bath air dry, Residue obtained was kept at 40C in air tight bottle till further use. 

Preparation of Methanol Extract 

15 gm of coarsely powdered leaves of Calotropis gigantea were added in 100 

ml of Methanol and kept for 7 days at room temperature. The bottles were shaken for 

proper extraction The extract was then filtered with Whatman filter paper no.1 and 

then allowed to evaporate in boiling water bath. The residue obtained was kept at 40C 

in air tight bottle till further use. 
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Preparation of Petroleum Ether Extract 

15 gm of coarsely powdered leaves of Calotropis gigantea were added in 100 

ml of ether and kept for 7 days at room temperature. The bottles were shaken for 

proper extraction The extract was then filtered with Whatman filter paper no.1 and 

then allowed to evaporate in boiling water bath. The residue obtained was kept at 40C 

in air tight bottle till further use. 

 

Plate No 2 : Powder of leaves of Calotropis gigantea. 
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Plate No 3: Petroleum ether extracts, Methanolic extract and Aqueous extracts 

of leaves of Calotropis gigantea 

3.4 Preliminary Screening Tests for Different Phytochemical Constituents 

Preliminary phytochemical screening of plant leaves was done according to 

standard procedure adopted by different workers (Das and Gibbs, 1974). 

Test for Alkaloids 

 In the test tube having residue of methanolic, ether and aqueous plant extract, 

5 ml of aqueous hydrochloric acid and filtered. The resulting acidic solution was 

distributed in three test tubes for extracts and tested with Mayer’s reagent, a faint 

turbidity yellowish white precipitate indicates presence of Alkaloids. 

Test for Anthraquinone 

Fresh plant material was tested for the presence of Anthraquinone. To the 

extract equal amount of dilute ammonia was added. The development of red colour on 

the ammoniacal layer indicate presence of Anthraquinone. 
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Test for Cardiac glycoside 

Legal test was carried out, in this the alcoholic extract such as methanolic 

extract was evaporated and residue was dissolved in concentrated pyridine, in this 

sodium nitroprusside solution is added and alkaline with sodium hydroxide solution. 

Development of pink colour indicate presence of cardiac glycoside. 

Test for Saponins  

2ml Water extract was taken in test tube and it was shaken vigorously for 10 

seconds and allowed to stand, formation of a persistent honey comb like froth shows 

presence of saponins. 

Test for Fatty acid and Lipid 

                 Ether extract was tested for presence of fatty acid Ether extract was 

evaporated on a piece of filter paper. Observation of translucent spots on filter paper 

indicate presence of fatty acid.  

Test for Flavonoids 

5ml of dilute ammonia was added to aqueous, ether and methanolic extract. 

Add concentrated H2SO4. A yellow colouration indicates presence of flavonoids. 

Test for Gums and mucilage’s 

5ml of water extract was taken in test tube to this 15 ml alcohol was added and 

stirred formation of mucilaginous texture of precipitation shows positive test for gums 

and mucilage’s. 

Test for Steroids  

Lidermann- Burchard reaction was used for screening of steroids. 10 mg of 

residue of methanolic, aqueous and ether extract was dissolved in 2ml of chloroform. 

To this was added 1 ml acetyl chloride and two drops of conc.H2SO4 along the wall of 

the tube. The transient greenish colour indicates presence of Steroids. 
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Test for Tannins 

 0.5 ml of alcoholic and water extract was diluted with 1.0 ml water and 2-3 

drops of dilute 10% w/v aqueous ferric chloride solution was added. Development of 

blue or green black colour indicated presence of tannins. 

Test for Triterpenoids 

 0.5 ml of methanolic, ether and water extract diluted with 1.0 ml water and 2-

3 drops of dilute 10% w/v aqueous Ferric chloride solution was added. Developments 

of red or violet colours indicated presence of triterpenoids. 

3.5. Screening for Antibacterial Activity. 

3.5.1. Determination of Antibacterial Activity of Methanolic Extract of Leaves of 

Calotropis gigantea by Agar Well Diffusion Method 

              Methanol extract of leaves of Calotropis gigantea were subjected to study its 

antibacterial activity against E. coli, S. aureus, B. cereus and P. aeruginosa. 

Preparation of extract stock 

The extract stock was prepared by dissolving the methanol extract residues of 

Calotropis gigantea in Dimethyl sulfoxide (DMSO) and was used for testing 

antibacterial activity of leaves of Calotropis gigantea. 

 Following method was adopted for determining antibacterial activity 

Agar well diffusion method 

The Mueller Hinton Agar was used for determining antibacterial activity. The 

preparation of media was done strictly according to the manufacturer instruction. The 

Mueller Hinton agar was dissolved in distilled water and then boil to dissolve 

completely and poured in flask and sterilized by autoclaving at 15 lbs pressure 

(1210C)   for 20 minutes. The sterilised Mueller Hinton agar was poured in sterilised 

petri plates and allowed to solidify. After proper solidification ,0.1 ml of the 
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inoculums of E. coli, S.aureus, B. cereus and P.aeruginosa was added  on the agar 

and spreaded with the help of spreader ,allowed it to stand for proper seeding. The 

seeded agar was then punched with sterilised corks borer, so that well were made on 

center of agar plate. The extract stock of methanolic extract of leaves of Calotropis 

gigantea was poured into the wells with sterile micropipettes. Allow proper diffusion 

of plant extract. After that the plates were incubated in incubator at 370C for 24 hours. 

All the plates were examined for zone of inhibition and diameter of zone of inhibition 

was measured in millimeter with Hi antibiotic zone scale.  

 

3.5.2. Determination of Antibacterial Activity of Petroleum ether Extract of 

Leaves of Calotropis gigantea by Agar Well Diffusion Method 

                     Petroleum ether extract of leaves of Calotropis gigantea were subjected 

to study its antibacterial activity against E. coli, S.aureus, B. cereus and P.aeruginosa. 

Preparation of extract stock 

                 The extract stock was prepared by dissolving the petroleum ether extract 

residues of Calotropis gigantea in Dimethyl sulfoxide (DMSO) and was used for 

testing antibacterial activity of leaves of Calotropis gigantea 

                   Following method was adopted for determining antibacterial activity. 

 

Agar well diffusion method 

           The Mueller Hinton Agar was used for determining antibacterial activity. The 

preparation of media was done strictly according to the manufacturer instruction. 

Mueller Hinton agar was dissolved in distilled water and then boil to dissolve 

completely and poured in flask and sterilised by autoclaving at 15 lbs pressure 

(1210C) for 20 minutes. sterilised Mueller Hinton agar was poured in sterilised petri 
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plates and allowed to solidify. After proper solidification ,0.1 ml of the inoculums of 

E. coli, S.aureus ,B. cereus and P.aeruginosa was added separately on the agar and 

spreaded with the help of spreader ,allowed it to stand for proper seeding. The seeded 

agar was then punched with sterilised corks borer, so that well of were made on center 

of agar plate. The extract stock of petroleum ether extract of leaves of Calotropis 

gigantea was poured into the wells with sterile micropipettes. Allow proper diffusion 

of plant extract. That the plates were incubated in incubator at 370C for 24 hours, All 

the plates were examined for zone of inhibition and diameter of zone of inhibition was 

measured in millimeter with Hi antibiotic zone scale.  

 

3.5.3. Determination of Antibacterial Activity of Aqueous Extract of Leaves of 

Calotropis gigantea by Agar Well Diffusion Method 

              Aqueous extract of leaves of Calotropis gigantea were subjected to study its 

antibacterial activity against E. coli, S. aureus, B. cereus and P.aeruginosa 

Preparation of extract stock 

                   The extract stock was prepared by dissolving the aqueous extract, residues 

of Calotropis gigantea in Dimethyl sulfoxide (DMSO) and was used for testing 

antibacterial activity of leaves of Calotropis gigantea. 

                 Following method was adopted for determining antibacterial activity. 

Agar well diffusion method 

           The mueller Hinton Agar was used for determining antibacterial activity. The 

preparation of media was done strictly according to the manufacturer instruction. The 

Mueller Hinton agar was dissolved in distilled water and then boil to dissolve 

completely and poured in flask and sterilised by autoclaving at 15 lbs pressure 

(1210C) for 20 minutes. The sterilised Mueller Hinton agar was poured in sterilised 
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petri plates and allowed to solidify After proper solidification, 0.1 ml of the 

inoculums of E. coli, S.aureus, B. cereus and P. aeruginosa was added  on separate 

agar plates and spreaded with the help of spreader ,allowed it to stand for proper 

seeding. The seeded agar was then punched with sterilised corks borer, so that well 

were made on center of agar plate. The extract stock of aqueous extract of leaves of 

Calotropis gigantea was poured into the wells with sterile micropipettes allow proper 

diffusion of plant extract. After that the plates were incubated in incubator at 370C for 

24 hours. All the plates were examined for zone of inhibition and diameter of zone of 

inhibition was measured in millimeter with Hi antibiotic zone scale. 

3.5.4. Antibiotics Sensitivity Testing for Staphylococcus aureus, Escherichia coli, 

Pseudomonas aeruginosa, Bacillus cereus. 

                       Following method was adopted for determining antibacterial activity. 

 The Mueller Hinton Agar was used for determining antibacterial activity. The 

preparation of media was done strictly according to the manufacture instruction. The 

Mueller Hinton agar was dissolved in distilled water, then boil to dissolve completely 

and poured in flask and sterilised by autoclaving at 15 lbs pressure (1210C) for 20 

minutes. The sterilised Mueller Hinton agar was poured in sterilised petri plates and 

allowed to solidify, After proper solidification ,0.1 ml of the inoculums of S.aureus, 

E.coli, P. aeruginosa , B. cereus was added  on separate agar plates and spreaded with 

the help of spreader, allowed it to stand for proper seeding. On the seeded agar plates 

antibiotic disc were placed properly at the center of the plate, after that the plates were 

incubated in incubator at 370C for 24 hours. All the plates were examined for zone of 

inhibition. For S.aureus, Chlorampenicol and ampicillin were used. For E. coli, 

Ciprofloxacin and Chlorampenicol. For P.aeruginosa, Vancomycin and 

Chlorampenicol. For B.cereus, Vancomycin and Chlorampenicol 
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RESULTS AND DISCUSSION 

4.1 Preliminary Phytochemical Screening. 

       The purpose of this study was to evaluate antibacterial activity and phytochemical 

analysis of extracts of leaves of Calotropis gigantea in petroleum ether, aqueous and 

methanol, against various pathogenic bacteria. All experiment was carried out in 

triplicate and the average values were taken.  Results for phytochemical analysis are 

presented in table No.1. 

Table 1: Results of phytochemical analysis of methanol, ether and aqueous 

extracts of leaves of Calotropis gigantea. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

+ = positive, - = negative            

Phytochemical      test                  Extracts 

aqueous methanolic  ether 

Saponins + _ _ 

Triterpenoids + _ + 

Antraquinone _ _ _ 

Alkaloids + + _ 

Tannins _ + _ 

Steroids _ + + 

Flavonoids _ + + 

Gums and mucilage + _ _ 

Fatty acid and lipid _ _ _ 

Cardiac glycoside _ _ _ 
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               Results showed the presence of saponins, triterpenoids, alkaloids, gums and 

mucilage. methanolic extract contains alkaloids, tannins, steroids, flavonoids. 

Petroleum extract contains steroids, flavonoids, triterpenoids. Similar results for 

phytochemical screening of methanolic extract of Calotropis gigantea were observed 

by Yadav, et al (2010).  These secondary metabolites are known to be responsible for 

antibacterial activities. 

 

 

Plate 4: Results of phytochemical analysis of methanol, ether extracts and 

aqueous extract of leaves of Calotropis gigantea. 
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4.2.1 Antibacterial activity of methanolic extract of Calotropis gigantea 

                  Antimicrobial activity was studied using agar well diffusion method. The 

result for antibacterial activity documented in table no.2  

Table 2 - Zone of inhibition of Methanolic extract of leaves of Calotropis gigantea 

by Agar well diffusion method 

Sr 

no. 

 

Name of Bacteria 

 

Zone of inhibition 

(mm) 

1. Pseudomonas aeruginosa 13 

2. Staphylococcus aureus 12 

3. Bacillus cereus 15 

4 Escherichia coli 14 

 

                Methanolic extract of Calotropis gigantea showed positive activity against 

all bacterial pathogens, 14mm   zone of inhibition against E. coli,13mm zone of 

inhibition against P.aeruginosa,  12mm    zone of inhibition against S.aureus,  15mm  

zone of inhibition against B.cereus. H ighest activity was found against Bacillus 

cereus. 
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Plate No 5: Antimicrobial activity of Methanolic extract of Calotropis gigantea 

against Bacillus cereus by agar well diffusion method. 

4.2.2 Antibacterial activity of Petroleum ether extract of Calotropis gigantea 

                  Antimicrobial activity was studied using agar well diffusion method. The 

result for antibacterial activity documented in table no.3 

Table 3- Zone of inhibition of Petroleum ether extract of leaves of Calotropis 

gigantea by Agar well diffusion method. 

Sr 

no. 

 

Name of Bacteria 

 

Zone of inhibition 

(mm) 

1. Pseudomonas aeruginosa 15 

2. Esherichia coli 12 
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3. Bacillus cereus 13 

4. Staphylococcus aureus 13 

 

                       Petroleum ether extract of Calotropis gigantea showed showed positive 

activity against all bacterial pathogens 12mm zone of inhibition against E. coli, 15mm 

zone of inhibition against P.aeruginosa, 13mm zone of inhibition against S.aureus,  

13mm zone of inhibition against B.cereus.The highest activity was found against P. 

aeruginosa. 

 

Plate No 6: Antimicrobial activity of Petroleum ether extract of Calotropis 

gigantea against Pseudomonas aeruginosa by agar well diffusion method. 
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4.2.3 Antibacterial activity of aqueous extract of Calotropis gigantea 

                  Antimicrobial activity was studied using agar well diffusion method. The 

result for antibacterial activity documented in table no.4 

Table 4 – Zone of inhibition of aqueous extract of leaves of Calotropis gigantea by 

Agar well diffusion method. 

Sr 

no. 

 

Name of Bacteria 

 

Zone of inhibition 

(mm) 

1. Pseudomonas aeruginosa 12 

2. Escherichai coli 12 

3. Bacillus cereus 10 

4. Staphylococcus aureus 10 

 

                     Aqueous extract of Calotropis gigantea showed positive activity against 

all bacterial pathogens ,12 mm   zone of inhibition against E. coli, 12 mm zone of 

inhibition against P. aeruginosa,10 mm zone of inhibition against S. aureus,10 mm 

zone of inhibition against B.cereus. The highest activity was found against P. 

aeruginosa and E. coli. 

       These results showed that if different purification technique carried out, it is 

possible to analyse confirm and to obtain many bioactive compounds. This highly 

purified material can be also tested for antibacterial properties. Further characteristics 

of material can be very helpful to find out its constituents and their role in different 
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activities. These constituents will be also helpful in production of ayurvedic medicine 

and in various research studies.   

 

Plate No 7: Antimicrobial activity of aqueous extract of Calotropis gigantea 

against E. coli by agar well diffusion method. 

4.2.4 Antibiotic susceptibility testing 

                  The result for Antibiotic susceptibility test are documented in table no.5 

Table 5- Zone of inhibition of standard antibiotic against S. aureus, E. coli, P. 

aeruginosa, Bacillus cereus. 

   Bacteria Zone of inhibition(mm) 

Show by antibiotics 

 chlorempinical Ampicillin Vancomycin Ciprofloxacin 

S.aureus 24 absent NT NT 



52 
 

NT = Not tested                  Ciprofloxacin 

                    Chlorampinical showed 11 mm   zone of inhibition, Vancomycin show 

24 mm   zone of inhibition against P. aeruginosa. Chlorampinical showed 12 mm   

zone of inhibition, Ciprofloxacin show 21 mm   zone of inhibition against E.  coli. 

Chlorampinical showed 16 mm   zone of inhibition, Vancomycin shows 24 mm   zone 

of inhibition against B. cereus. Chlorampinical showed 24 mm   zone of inhibition, 

Ampicillin does not shown zone of inhibition against S. aureus. 

 

Plate No 8: Antibiotic sensitivity testing for Pseudomonas aeruginosa. 

 

E. coli 12 NT NT 21 

B.cereus 16 NT 24 NT 

P.aeruginosa 11 NT 24 NT 
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SUMMARY 

                             In present investigation, The Antibacterial activity and 

phytochemical analysis of methanol, aqueous, petroleum ether extract of Calotropis 

gigantea was performed. It has been found that the products of natural origin can be 

still major source of therapeutic agents because of the presence of biologically active 

compounds present in it. The antibacterial activity of plant is due to the 

phytochemical present in it. The phytochemical test  perform according to standard 

procedures, on the basis of presence and absence of colour it indicate the presence of 

the respective compounds. 

                           The present study revealed the presence of Alkaloids, Tannins, 

Steroids, Triterpenoids, Saponins, Gums and mucilage’s, Flavonoids, and the 

antibacterial activity of leaves extracts of Calotropis gigantea was tested against 

pathogenic microorganism, such as Staphylococcus aureus, Escherichia coli, 

Pseudomonas aeruginosa, Bacillus cereus. All this organism were maintained on 

nutrient agar slants. The leaves of Calotropis gigantea were collected from Armori, 

Leaves were washed properly, dried in shade, then it was powdered and fine 

powdered leaves were soaked in distilled water for 24 hours, powdered leaves were 

also soaked in petroleum ether and Methanol and kept for 7 days at room temperature. 

Then it was filtered and evaporated in water bath to form residue which was dissolved 

in dimethyl sulfoxide (DMSO) for preparing extract stock. 

                              Antibacterial activity was carried out by agar well diffusion 

method. The broth culture was prepared and 0.1 ml of broth culture was spreaded on 

the Muller Hinton agar plates and kept for 10min to diffuse culture in media, Then the 

well made by gel borer in Mueller Hinton agar plate. The extract stock was poured 
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into the wells and and kept in refrigerator for some time and after this plate were kept 

for incubation in incubator at 370c for 24 hours. Zone of inhibition was measured. 

Zone of inhibition was regarded as presence of antibacterial action. 

                                  The result showed that aqueous, petroleum ether, Methanol 

extract showed antibacterial activity against Staphylococcus aureus, Esherichia coli, 

Pseudomonas aeruginosa, Bacillus cereus, but the aqueous extracts shown less 

activity as compared to ether and methanol. 
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CONCLUSION 

                       The commonly found plants Calotropis gigantea belonging to Family 

was selected for study. Its antibacterial activity and phytochemical analysis is 

successfully done and studied. The traditional healers and practitionars use water as 

solvent, but our studies showed that ether and methanol extract of Calotropis gigantea 

was better and powerful as a solvent, because of better solubility of active component. 

Recently, Plant based studies are gaining more attention as this brings to light the 

numerous known and unknown medicinal plants. Pharmacological screenings of 

Calotropis gigantea revealed its medicinal potential. 

                 The Mueller Hinton agar is best medium to study, Antibacterial activity 

and in present study Mueller Hinton agar was used. The aqueous ether and methanolic 

extract showed potent antibacterial activity, against four organisms. In present study 

we have found that this plant contains various biologically active components which 

are responsible for antibacterial activity of that plant, from the phytochemical 

analysis.  we have found that this plant contains flavonoids, gums and mucilage’s, 

saponins, alkaloids, tannins, triterpenoid and steroids and this bioactive 

phytochemical can be used for making various theraupeutics. Thuswe can think about 

Calotropis gigantea as an alternative to modern and costly medicines. 

                        From this study it can be concluded that leaves of Calotropis gigantea 

of many secondary metabolites and are efficient against common diseases causing 

pathogens. 
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FUTURE PROSPECT 

1) Calotropis gigantea is a commonly plant, It is found nearly everywhere so,this 

plants can be used for making theurapatic agents. 

2) This plant has various biologically active compound, which are useful to kill 

bacteria causing various disease. 

3) This plant can be used in polyherbal preparations. 

4) The plant base industries growing at a rate of 7- 15% anually, Research for 

drug molecule is very expensive of millions of dollars and time consuming 

these can be cut down if suitable lead is available from plants. 

5) Instead of modern medicines, we can use Calotropis gigantea for the 

treatment of some diseases, which will reduce cost of medicines and the poor 

peoples can also afford it. 

6) The modern medicine certain side effects but natural medicines do not show 

side effects, so they can prove better alternative to the modern medicines. 

7) In modern medicines also, plants occupy a very significant place as raw 

material for material for some important drugs, although synthetic drugs and 

antibiotic brought about a revolution in controlling different diseases. But 

these synthetic drugs are out of reach to millions of people. 

8) The systemic screening of antibacterial plant extracts represents a continuous 

effort to find new compounds with the potential to act against multidrug 

resistant pathogenic bacteria and fungi. 

9) There is continous and urgent need to discover new antibacterial compounds 

with diverse chemical structure and novel mechanism of action because there 

has been an alarming increase in the incidence of new and reemerging 

infectious diseases 
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10) Calotropis gigantea is used to cure toothache, earache, diarrhoea and mental 

disorders, sprain, cold, eczema, pain, epilepsy, cough, asthma, vomiting and 

diarrhoea.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



58 
 

REFERENCES 

Suresh, A.R., and Karki, S.S. (2011). Anticonvulsant activity of various extract of 

leaves of Calotropis gigantea linn against seizure induced. International Journal of 

Pharmacy and Pharmaceutical Sciences. 

Agharkar, S.P. (1991). Medicinal plants of Bombay presidency. Scientific Publ., 

India. p. 48‐49. 

 

Akinmoladu, A.C., Ibukun, E.O., Afor, E., Obuotor, E.M., and Farombi, E.O. (2007). 

Phytochemical constituent and antioxidant activity of extract from the leaves of 

Ocimum gratissimum. Sci. Res. Essay. 2, 163-166. 

Kumar, A., Ilavarasan, R., Jayachandran, T., Decaraman, M., and Aravindhan, P. 

(2009). Phytochemicals Investigation on a Tropical Plant, Syzygium cumini from 

Kattuppalayam, Erode District, Tamil Nadu, South India. Pakistan Journal of 

Nutrition, 8 (1), 83-85. 

Anonymous (1998) The wealth of India, published by National Institute of Scientific 

and Industrial Research, New Delhi, India, 3, 78‐84. 

 Bent, S. (2004). Commonly used herbal medicines in the United States. A review. 

Am. J. Med, 116, 478-485. 

Pratap, B., Kumar, R., Tiwari, D., Yadav, S., and Singh. S., (2010). Antidiarrhoeal 

property of the hydroalcoholic extract of roots of Calotropis gigantea R.Br. on 

Caster-induced diarrhoea in rats. Scholars Research Library, 2(3), 309-314 

 









ACKNOWLEDGEMENT 

 

We are extremely grateful to our principal Dr. L. H. Khalsa for his support and 

permission to carry our project in this college. We express our regards towards Prof. 

K. D. Khobragade, Head of Department of Microbiology, and Mahatma Gandhi 

College Armori. This dissertation was possible only because of her active guidance and 

infinite help. We express our heartfelt thanks and sincere gratitude for providing all 

possible facilities in the laboratory to our project guide Prof. K. D. Khobragade, Head 

of Department of Microbiology, Mahatma Gandhi College Armori, for guiding our 

dissertation. Also, we would like to thanks our non-teaching staff Mr. B. B. Shende 

for their help during project. We would like to express our gratitude to our parents for 

providing moral support and encouragement and our colleagues for having stood by us 

during the duration of dissertation. We thank almighty for having given us the strength 

and ability to successfully complete our work with honesty. 

 

 

 

 

 
 

















1 
 

1. INTRODUCTION  

The textile manufacturing and dyeing industry is responsible for the production of waste 

water. During the dyeing process, the synthetic dye is not bind to the fiber and they release 

as effluent into the waste water stream (Singh, 2015). The textile industries, the dye is used 

such as azo dye (Ito, et al.,2016) and are also used in commercial sector such as food, 

cosmetics and printing industries (Sartale and Gurses 2016). These azo dyes are inhibiting 

the photosynthesis and they reduced the dissolved oxygen in the aqueous system and these 

azo dyes are harmful to the flora, fauna, humans (Mahmood et al., 2016). The 

decomposition of azo dyes produces the secondary product such as aromatic amines and 

these secondary products are carcinogens and mutagens (Fu et al., 2016).  Therefore, it is 

necessary to treat the textile waste water before discharge into the water stream.  

Azo dye is obtained from benzidinc are carcinogens exposure they are associate with 

bladder cancer. Many natural dyes are obtained from the plant source. Plant cell wall consist 

of lignin, lignin is complex of aromatic polymer, is also important element in the plant cell 

wall. Lignin is help to increase the strength and anti-degradation component of cell wall, 

and also improve its antiviral capability and pest resistance (Yoon et al., 2015). The 

structure of lignin is complex and the composition of lignin is changes from species to 

species (Del Rio et al., 2008). Lignin is crossed linkage with cellulose, hemicellulose and 

pectin component, they provide the mechanical strength to the cell wall and resistance to 

degradation. Lignin is insoluble in water, alcohol and difficult to hydrolyze with an acid. 

Lignocellulose is the most abundant renewable biomass on earth. It has long been 

recognized as an alternative source for producing renewable fuel and chemical, the 

conversion of lignocellulosic biomass is still a ignificant challenge (Arevalo-Gallegos, et 

al.,2017).  
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Laccase (EC1.10.3.2) is member of polyphenol oxidases enzyme family and it is 

multicopper containing enzyme. Laccase is lignin degrading enzyme belong to the 

superfamily of multicopper oxidase (Hoegger, P. J, et al., 2006). Laccase has two functions 

are, their participation in lignin degradation and they increase the lignolytic enzyme such as 

peroxidase and second function in fungal virulence, they caused the pathogenesis against 

the host plant.  

Laccase is first detected by the Japanese laquer tree Rhus vernicifera by Yoshida in 1883. 

Laccase enzyme are present in fungi, bacteria, plants and insects. Also, laccase present in 

the Ascomycteous, Deuteromyceteous and Basidomyceteous fungi, but white rot fungi are 

reported for the production of laccase enzyme (Assavanig, A. et al., 1992). The laccase is 

firstly found in the plant then observed in fungi and bacteria. Laccases as fungal enzyme 

was first reported in 1896 by the Bertrand and Laborde (Desai and Niyanand, 2011).  

Laccase are included in the degradation of lignin; the lignin is the noncarbohydrate 

component in wood. The white rot fungi are produced the lignin degrading enzyme such as 

laccase, lignin peroxidase and manganese peroxidase (Dey, S. et al.,1996).  

Laccase is obtained from the white rot fungi, such as Fusarium soloni strain MAS2 and the 

feature with respect to the molecular weight, pH, optimum temperature, stability and 

resistance to the heavy metal, organic solvent and reaction with different aromatic 

compound. The fungus produced the laccase enzyme in mineral salt medium with carbon 

source as a substrate withou producing the lignin peroxidase and manganese peroxidase. 

This enzyme is different fro the laccase enzyme with resistance against the heavy metal ion 

and pH stability and the activity is increased by the mercuric ion.  

The uses of the Penicillium sp. in therapeutic and food industry. The Penicillum sp. is 

capable for the production of antibiotics, mycotoxin and secondary metabolites (Frisvad and 
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Nicoletti 2008). The application of the penicillium sp. in various environmental factor such 

as plant nutrition, bioremediation and biodegradation (Pandey, A. and Leitao, L.  A. et al., 

2008). Aspergillus sp. was produced the laccase enzyme belong to the multicopper oxidase 

family (Tekere, M. 2001).  

The screening method is depending on the colorimetric measurement where the colour 

changes of the synthetic chemical in the media containing the specific fungal laccase 

activities.  Microorganisms that produce laccase have been screened on solid media 

containing the coloured indicator compound that ability for the detection of laccase 

production (De Jong, et al., 1992) or microorganisms are growing in liquid media observed 

the enzyme activities. The use of the coloured indicator is simple there is no sample handling 

and measurement is required.  The common indicator used are guaiacol (Ang, et al., 2010), 

2, 2-azino-bis (3- ethylenzthiazoline-6-sulhponic acid) (ABTS) (Hao, et al., 2007), 

syringaldazine (Wang, et al., 2010) and polymeric dyes like Remazol brilliant blue-R 

(Desouza, et al., 2004).  

Laccase are produced by the solid-state fermentation and submerged fermentation. In the 

submerged fermentation the microbes grow in the liquid medium containing the nutrients 

with high oxygen concentration when perform in aerobic condition. One of the major 

challenges in fungal submerged fermentation is the viscosity of broth. The mycelium 

formation during the growth of the fungal cell can also impede impeller action causing 

blockage resulting in oxygen and mass transfer limitation. The different ideas have been 

operated to deals with the oxygen and mass transfer limitation. A pulsed system developed 

by (Lema, M. J. et al., 2010) to contain the controlled growth has been selected for the 

decolorization of the synthetic dye by the white rot fungus such as Tranetes versicolor 

(Blanquez, P. et al., 2007).  

In the solid-state fermentation, microbes grow on the solid substrate containing the low 
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mineral salt solution and this method is capable for the production of the laccase enzyme 

where the fermented raw material is used as the source of nutrients for the fungi. The enzyme 

is produced by this method is many applications in many fields such as food and 

fermentation industry.  Laccase enzyme are used to prepare the bioactive compounds. Solid 

state fermentation is better than the submerged fermentation. The advantages of solid state 

fermentation and submerged fermentation include the high production of enzyme and 

minute effluent generation (Pandey, et al., 1994).  

The brown rot fungi can degrade the cellulose and hemicellulose in wood but lignin cannot 

be degraded completely. The brown rot fungi, soft rot fungi are secreting the cellulose form 

their hyphae to break down cellulose in wood, but the lignin is not damaged. Laccase is 

capable lignin degradation and their used are increasing day by day in many industries and 

food application. Laccase are used in the oxidative processes such as delignification, dye 

bleaching, pulp and paper manufacturing, prevention of wine decolorization, plant fiber 

modification, ethanol production, biosensor and biofuel cell etc. (Couto and Herrera, 2006).  

Laccase are used for the industrial and biotechnological application including the 

pharmaceutical product (Priyadarsinin, et al., 2011) and the cleaning the colored waste 

water (Ikehata, et al., 2004). Laccase are used in the textile dye decolorization (Husain, 

2006), pu bleaching in the paper industry, oxygen cathode development for biofuel cell 

(Kalyani, et al.,2012) and inactivation of toxic environmental pollution (Hwang, et al., 

2007).  

Other uses of laccase in cleaning the industrial effluents like paper industry, pulp and textile 

industries. Laccase are used in medical diagnostics and for cleaning herbicides and some 

explosive in soil. Laccase are used in the agricultural, medical and industrial sector. Laccase 

are clean the water in many purification systems. Laccase are used in medical sector to 

prepare the drugs and it is added in cosmetic to reduce the toxic effects. Laccase has ability 
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to remove the xenobiotic substances and produce the polymeric product and used for the 

bioremediation processes (Couto and Herrera, 2006)  

The present work reports the simple screening method for laccase in different fungal species 

and to investigate the effect of different inducer on laccase production. The present study 

also reported the dye decolorization abilities of the partially purified laccase enzyme.  

The main aim of the present study is to isolation of laccase producing microorganisms form 

the garden soil and evaluates its efficiency in dye decolorization. The main objectives are 

Isolation and screening of laccase producing microoganisms, production of laccase 

quantification of laccase and dye decolorization studies. That can be applied for industrial 

and biological importance. The textile industries generate large amount of dye effluent 

during textile manufacturing and dyeing processes which is released into the environment 

causing environmental problems. The complex structure of dyes is challenging to 

decolorize. Hence, the decolorization of dye is of much greater interest. Laccase with the 

high catalytic efficiency, broad substrate specificity and tolerance to various physical- 

chemical parameter could be employed for decolorization of synthetic dye. Commonly, 

synthetic dye is decolorized by whole cell. One of the concerns associated with this method 

is the requirement of longer period of decolorization. Hence, the use of laccase-mediator 

system is an alternative to this conventional method. 
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2. REVIEW OF LITERATURE  

Laccase are included in the biodegradation of lignin, which component the main non 

carbohydrate. Laccase well founded in wood and large group of biopolymers in the 

biosphere carried out the textile effluent analysis for the presence of Mn, Zn, Mg etc. and 

also found in the decolorizing bacteria (Kochher and Kumar, Sandeep, 2012).  

Laccase is dimeric or trimeric glycoprotein which contain four copper atom per monomer 

divided in the redox site (Gianfreda, et al., 1999). Laccase mediator system is powerful 

device in dye process and textile industries (Kunamneni, et al., 2007). In the presence of 

redox mediator such as 2, 2-azino-bis (3 ethylbenzothiazoline-6-sulfoanate) (ABTS), 

hydroxyl benzotrizole (HBT), and N-hydroxy phthalimide (NHPI) and 2, 2’-azinobis-3-

ethylthiazoline 6-sulfonate (ABTS) (Gochev and krastanov, 2007), laccase is catalyse the 

oxidation of nonphenolic lignin mode of compound and decompose the polycyclic aromatic 

hydrocarbon and different dye pollutants.  

Laccase catalysis occurs due to the reduction of oxygen molecule to water go along with the 

oxidation of one electron with the broad range of aromatic compounds which involve the 

polyohenol methoxy-substituted monophenols and aromatic amines (Velazquez-Cedeno, 

M.  A. et al., 2004).  

Laccase are divided in large blue copper containing proteins, they are present in the broad 

range of higher plants and fungi and some bacteria such as S. lavendulae, S. cyaneus and 

Marinomonasm editerranea. In fungi, the laccase appears more than the higher plants.  

Basidiomycetes such as phanerochaete chrysosporium, Theiophora terrestris and Lenzites, 

betulina (Viswanath, B, et al., 1998) and white rot fungi such as Phlebia radiate (Niku 

Paavola, M. L. et al., 1998). Trametes versicolour also produce laccase. Many Trichoderma 
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species such as T. atroviride, T. harzianum (Hölker U. et al., 2002), and T. longibrachiatum 

(Velàzquez-Cedeño, M. A. et al., 2004) are the sources of laccase. The first laccase is 

obtained from the Ascomycetes which shows laccase activity.  

In fungi, the laccase is involved in many cellular processes involving delignification, 

sporulation, pigment production, fruiting body formation and plant pathogenesis is white 

rot fungi is ability to degrade lignin and Phanerochaete chrysosporium is used for such 

studies.  

The laccase is found in the white rot fungi such as Phlebia radiata, Pleurotus ostreatus and 

Trametes verdicolor (Desai, et al., 2011). Gayazov and Rodakiewicz-Nowak, (1996) 

concluded that faster laccase production under semi continuous cultivation with high 

aeration and culture mixing compared to static conditions. Piscitelli, et al., (2011) explain 

the impact of various physiological factors on laccase formation in number of white rot 

fungi.  

The extracellular laccase of white rot fungi is present in the isozymes that inducible. 

Ganoder malucidum produced more than three laccase isozymes in liquid culture (Ko, et 

al., 2001). Pleurotus pulmonarius produced the three laccase isozymes i.e., lcc1, lcc2 and 

lcc3. Lcc1 and lcc 2 isozymes are produced in the non-induced cultures, and lcc3 are 

produced in the induced culture filtrate (Desouza, et al., 2004). The seven isozymes are 

present in the basidiomycete CECT 20197 (Mansur, et al., 1997). Three components and 

four isozymes are present in Marasmius querocophilus strain 17 (Farnet, et al., 2000). Nine 

components of laccase isozymes were reported for Pleurotus sp. (Liu, et al., 2000).  

Decolorization of broad range of synthetic and textile dye with the help of laccase from the 

genus Trametes has reported in recent year (Yang, X. Q. and Baldrian, P. et al., 2006). The 
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decolorization of malachite green by the newly isolated strain Trametes sp. Laccase were 

obtained from the Aspergillus orzyae (DeniLite IIS) was used for removing the large number 

of reactive textile dye and other xenobiotic (Cristovao, R. O. and Kunamneni, A. et al., 

2008).  

Laccase activity are different during the growth and the maximum laccase activity are 

observed in 9th day, except Aspergillus bisporus. The highest laccase activity showed by the 

Pleurotus ostreatus and the average value around the 570 U/L, which higher than the other 

strains.  Addition of 1 mM copper sulphate produce the laccase 60 to 80%, while veratryl 

and benzyi alcohol produce laccase in the laccase positive species except for A. bisporus. 

The laccase enzyme is observed in the F. soloni in the presence of copper sulphate. The 

extracellular laccase from the P. ostreatus was ability to decolorize the reactive dye, which 

suggest the use of laccase in textile effluent treatment.  

The highest laccase activity was obtained by adding vanillic acid (1007.9+59.5U/L) or 

vanillin (981.6+77.2 U/L) to the medium, which were 3.5 and 3.4 times higher than the 

laccase activity of control group, respectively.  

The fungi are used in dye degradation theses fungi are ligninolyic fungi.  

SchizophyllumommuneIBL-062 (Muhammad, Asgher, et al., 2013), Aspergillus allhabadii 

(30), A. Niger (30), A. Sulphurous, P. Eryngii F032 (Tony, et al., 2013), White-rot fungi 

(Pleurotus Florida) (Krishnaveni, M. 2011) these fungi were used for the dye 

decolorization. These fungi are capable to oxidize phenolic, nonphenolic, soluble and 

nonsoluble dyes (Padmanaban, V. C. et al., 2013). White-rot fungi produces lignin 

peroxidase, manganese peroxidase and laccase that degrades many aromatic compounds 

due to their nonspecific enzyme systems (Toh, Y. C. et al., 2013).  
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The fungal bioreactor is used for the treatment of synthetic dye solution, the use of the white 

rot fungi to removal of dye from textile waste water solved the many problems such as 

larges volume produced, the nature of synthetic dye and control of biomass (Stolz, A. 2001). 

The cell creates the enzymes such as laccase, Manganese peroxidase and lignin peroxidase 

to decolorize the dye (Fu, Y, et al., 2001). Lignin peroxidase are major role in the 

degradation of azo dyes using P. chrysosporium (Ollikka, P. et al., 1993). Ligninolytic 

enzyme white rot fungi oxidize poly to corresponding polycyclic aromatic hydrocarbon 

quione and degrade the CO2 (Hammel, K. E. 1995). Ligninolytic fungi stabilize tri-nitro 

toluene and its biotransformation products with the soil humic compounds in three major 

steps-(l) the transformation of nitroaromatic compounds; (2) the formation of phenolic and 

quinoid molecules from plant material; and (3) the covalent coupling of both reactants by 

laccases and peroxidases (Fritsher, W. et al., 2002).  To remove them from effluents is 

biological wastewater treatments, such as activated sludge.  The decolourization of dyes by 

white rot fungi has been first reported by Glenn and Gold, 1983. 
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3. MATERIAL AND METHODS 

Materials  

Samples  

Soil samples  

Glassware and apparatus  

Conical flask  

Volumetric flask  

Beakers  

Pipettes  

Micropipettes  

Petri plates  

Test tubes  

Other requirements  

Test tube stands  

Pipettes stands  

Bunsen burner  

Water Bath  



11 
 

Whatmann filter paper no. 1  

Glass rod   

pH strip  

Match box  

Thermometer  

Instruments  

Autoclave  

Centrifuge  

Rotatory Shaker Incubator  

Reagents  

Guaiacol reagent  

Malachite green  

Congo red  

Nutrient Medium  

Production Medium  

Potatoes dextrose agar  

Potatoes dextrose broth  
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Composition of Nutrient Medium  

Production Medium  

Ingredients     Grams/100 ml 

Glucose      1 

Peptone      0.3 

Monopotassium phosphate    0.06 

Zinc sulphate      0.0001 

Dipotassium phosphate    0.04 

Iron (II) sulphate     0.0005 

Manganese (II) sulphate    0.05 

Magnesium sulphate     0.05 

Distilled water     100 

Final pH      6.0 

Potato Dextrose Agar  

Ingredients     Grams/1000 ml 

Potato       200.0 

Dextrose      20.00 

Agar       15.00 

Distilled water     1000 

Final pH      5.6 ± 0.2  
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Potato Dextrose Broth  

Ingredients     Grams/1000 ml 

Potato       200.00 

Dextrose      20.00 

Distilled water     1000 

Final pH      5.1 ± 0.2 
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METHODS  

3.1 Sample collection  

Soil sample were collected from college garden in Armori. Sample were collected from 

various depth of the earth surface. The sample were taken up to a depth of 20 cm after 

removing 3 cm of the soil surface. Sample were collected in sterile zipplock bag, closed 

tightly.   

3.2 Screening for laccase producing microorganisms  

One gram of soil sample was suspended in 10 ml of sterile distilled water, and successive 

serial dilutions were made by transferring 1 ml of aliquots to 2nd test tube containing 9 

ml of sterile distilled water, and in this way dilution up to 10-6 were prepared. Each time 

the content was vortex to form uniform suspension. An aliquot of 0.1 ml from each 

dilution was taken and spread evenly over the surface of sterile Potato Dextrose Agar 

medium (PDA) plates, aseptically in a laminar air flow cabinet. The plates incubate the 

plates at room temperature for 3-4 days or till the growth appear. After 3-4 days of 

incubation fungus grow on Potato Dextrose Agar medium. The isolated fungal agar 

plugs were inoculated into the test tube containing Potato Dextrose Broth supplemented 

with 10 Mm Guaiacol. The colour change was observed in fungal culture broth for 

presence of laccase (Soponsathien, 1998).  

3.3 Identification of laccase producing microorganisms  

A drop of Lactophenol Cotton Blue was placed on a clean glass slide. A small part of 

fungal colony was taken from Potato Dextrose Agar plate using a sterile needle and it 

was placed on the drop of Lactophenol Cotton Blue. The fungal elements were spread 
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with sterile needle. A coverslip was placed over the specimen taking care to avoid the 

formation of air bubbles.  Excess stain was wiped off. The slide was observed first under 

10X and 45X objective.  

3.3.1 Morphological characteristics of laccase producing microorganisms  

The growth rate, colour, texture, colonial morphology and diffusible pigmentation of 

each sample were examined macroscopically. Tease mount of lactophenol cotton blue 

was adopted and microscopic feature such as spore and hyphae morphology were 

observed.  

3.4 Production of laccase in fermentation broth  

3.4.1 Preparation of inoculum  

Prepare 50 ml of Potato Dextrose Broth and transfer into the three test tubes and each 

test tube was inoculated with isolated fungus. Then the test tubes were incubated at room 

temperature for 3-4 days. After 3-4 days of incubation, the isolated fungus grows on 

Potato Dextrose Broth and used for the fermentation process.  

3.4.2 Preparation of production media  

Prepare three set of production medium. One set containing 200 ml of production 

medium was prepared in 500 ml Erlenmeyer flask. Flask was autoclaved at 15lb/inch2 

pressure and was inoculated with 10 ml broth culture inoculum. The inoculated flasks 

were incubated for 4-5 days at 100-150 rpm in rotatory shaker.  

3.5 Partial purification of enzyme  

Remove the conical flasks from rotatory shaker. Filter the medium using Whatman filter 
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paper no. 1. Centrifuge the filtrate at 12000 rpm at 40C for 10 min. keep the supernatant 

for assay.  

3.6 Determination of Laccase Activity  

The supernatant contains crude enzyme. Laccase activity was determined at room 

temperature using Guaiacol as substrate. The reaction mixture contained 3.38 ml of 10 

mM acetate buffer (pH: 5), 1 ml of 2 mM Guaiacol and 0.20 ml of crude sample.  

Sr. No.  Reagents  Test (ml)  Blank (ml) 

1  Distilled water  -  0.20 

2  10 mM Acetate buffer 

(pH: 5) 

3.38  3.38 

3  2 mM Guaiacol  1  1 

4  Enzyme  0.20  - 

Incubated for 250C for 2 hours. Recorded absorbance at 450 nm every minute for 10 

min.  Observed increase in absorbance denoted A450 (DA450 nm/min).  

Formula: Unit/ml enzyme = DA450 sample = A450/min test – A450/min blank × df (df 

=0.20) 

3.7 Dye Decolorization Assay by laccase  

The different two dye including Malachite green and Congo red at concentration of 100 

mg/lit were added into distilled water. Each dye incubated with 1 ml of laccase enzyme, 

pH 6.0 at 300C. The disappearance of colour by laccase enzyme was monitored at λ 

max of respective dye solution. Aliquots (3ml) of each flask were withdrawn at different 

time interval and optical density was measured at 618 nm for Malachite green and 485 
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nm for Congo red. The percentage of dye decolorization was calculated according to 

the following formula. (Fakhar any et al., 2016)  

The decolorization rate (%) = [(Si – St)/ Si] × 100  

Where, Si: initial absorbance of the dye and St: absorbance of the dye after incubation 

time. 
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4. RESULTS AND DISCUSSION  

4.1 Screening for laccase producing microorganisms  

The main objective of study was to screening of isolates for laccase producing 

microorganisms from garden soil. This study was performed to isolates the laccase 

producing microorganisms using selective media. Purified isolates were grown on Potato 

Dextrose Agar media. After screening the colour changes was observed in fungal culture 

broth for presence of laccase.  

 

Table No. 1: Screening for laccase producing microorganisms  

 

Isolates  Observations 

Isolate 1  Colour change was observed 

Isolate 2  Colour change was observed 

Isolate 3  Colour change was observed 

 

1.Deep reddish and brownish zone indicates the laccase activity by isolate 1, isolate    

and isolate 3 fungal strains using Guaiacol as substrate.  

Kanagaraj, J. et al. 2019, they observed the deep brownish zone indicate the laccase 

activity by isolate fungal strain i.e., Penicillum chrysogenum using guaiacol as substrate 

by Bavendam test method.  

4.2 Identification of laccase producing microorganisms  

Isolates were identified by using the cultural, morphological and microscopic 

characteristics.  
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4.2.1 Cultural and morphological characteristics of isolated organisms  

Isolates grew well on Potato Dextrose Agar. Isolate 1 their spores was 

abundant, filamentous, cottony flat and dark brown in colour. Isolate 2 their 

spores was abundant, filamentous, powdery and whitish green in colour. Isolate 

3 their spores was abundant, filamentous, cottony and whitish in colour 

Table No.2: Cultural and Morphological characteristics of isolated organisms from soil 

on following media: 

Soil 

sample 

number 

Media used  Growth  form  Surface  Colour 

Isolate 1  Potato   

Dextrose Agar 

abundant  filamentous  cottony flat  Dark 

brown 

Isolate 2  Potato   

Dextrose Agar 

abundant  filamentous  powdery  Whitish   

green 

Isolate 3  Potato   

Dextrose Agar 

abundant  filamentous  cottony  Whitish 

 

 

4.2.2 Microscopic characteristics of isolated organisms  

In fungal staining characteristics the hyphal morphology of three isolates was observed 

to be hyaline, septate. The spore morphology the conidiospores structure of isolate 1 

was branched, isolate 2 was long, isolate 3 was simple and the sporangiospore structure 

of isolate 2 was spherical.  
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Table No.3: Microscopic characteristics of isolated organisms from soil:  

Fungal staining   

characteristics 

Observations 

Isolate 1  Isolate 2  Isolate 3 

a) Hyphal morphology Hyaline, septate  Hyaline, septate  Hyaline, septate 

b) Spore morphology    

1.Condiospore   Structure Branched  Long  Simple 

2. Sparangiospore structure -  Spherical  - 

 

 

Based on the above cultural, morphological and microscopic characteristics, the isolate 

1 (fungal isolate) was found to be fusarium species, isolate 2 (fungal isolate) was found 

to be Aspergillus species and the isolate 3 (fungal isolate) was found to be Penicillium 

species. Shinkafi, S. A. et al., 2014, reported that isolated laccase producing 

microorganisms from soil within Sokoto, Nigeria and isolated that can produce laccase 

were identified as Rhizopus oryzae, Fusarium sporotrichioides and Absidia 

corymbifera. Kumar, Rajesh et al., 2016, isolated laccase producing microorganisms 

from natural habitat and isolated that can produce laccase were identified as Aspergillus 

flavus.  

4.3 Determination of laccase Activity  

Guaiacol substrate is used for determining the maximum activity of laccase. 
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Table No. 4: Laccase Activity  

 

 

The increase in the absorbance with an increase in the time indicates 10 min was 

considered to be maximum activity of laccase. 

 

Sr. No  Time  Absorbance at 450 nm 

Isolate 1  Isolate 2  Isolate 3 

1  1 min  0.004  0.019  0.060 

2  2 min  0.034  0.027  0.089 

3  3 min  0.035  0.029  0.091 

4  4 min  0.037  0.030  0.097 

5  5 min  0.038  0.030  0.097 

6  6 min  0.040  0.031  0.098 

7  7 min  0.041  0.032  0.098 

8  8 min  0.042  0.037  0.100 

9  9 min  0.043  0.037  0.104 

10  10 min  0.050  0.045  0.160 
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Calculations:  

Formula: Unit/ ml enzyme = DA450 sample = A450 nm/min test - A450nm/min 

blank × df (df = 0.20)  

For Isolate 1:  

DA450sample = A450nm/min test- A450nm/min blank  

 = 0.050 - 0.000 × 0.20  

 = 0.01 unit/ml enzyme  

For Isolate 2:  

DA450sample = A450nm/min test- A450nm/min blank  

 = 0.045 - 0.000 × 0.20  

 = 0.009 unit/ml enzyme  
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For Isolate 3:  

DA450sample = A450nm/min test- A450nm/min blank  

 = 0.160 - 0.000 × 0.20  

 = 0.032 unit/ml enzyme  

 The laccase produced by the fungal strain (Isolate 1) was 0.01 U/ml, (Isolate 2) was 0.009 U/ml 

and (Isolate 3) was 0.032 U/ml. From the above observation the fungal strain (Isolate 3) i.e.  

Penicillium sp. showed maximum activity, i.e., 0.032 U/ml.  

Senthivela, T. et al. 2019, laccase activity was reported to be 3.2 U/ml. 

4.4 Dye Decolorization Assay by laccase enzyme  

Table No.5: Decolorization of Congo red by laccase  

Sr. no  Species  Incubation time (Absorbance at 485 nm) 

Initial day  After 1 day  After 2day  After 3day 

1  Isolate 1  0.199  0.194  0.186  0.169 

2  Isolate 2  0.185  0.181  0.178  0.161 

3  Isolate 3  0.187  0.121  0.118  0.111 

 

The decrease in the absorbance with an increase in the days indicated that maximum dye 

decolorization of Congo red after 3 days.  
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Calculations:  

Formula: Dye decolorization rate (%) = [Si- St] / Si × 100  

For Isolate 1:   

Dye decolorization rate (%) = [Si- St] / Si × 100  

 = [0.199 - 0.169] /0.199 ×100  

= 15.07%  

For Isolate 2:   

Dye decolorization rate (%) = [Si- St] / Si × 100  

 = [0.183 - 0.161] /0.183 ×100  

= 12.02%  

For Isolate 3:  Dye decolorization rate (%) = [Si- St] / Si × 100  

 = [0.187 - 0.111] /0.187 ×100  

 = 40.64%  
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The rate of decolorization of Congo red after 3 days was found in isolate 1 was 15. 07 %, isolate 

2 was 12.02 % and isolate 3 was 40.64 %. Maximum rate of decolorization of Congo red after 

3 days was found in isolate 3 i.e., Penicillium species is 40.64%.  

Table No.6: Decolorization of Malachite green by laccase  

Sr. no  Species  Incubation time (Absorbance at 618 nm) 

Initial day  After 1 day  After 2 day  After 3 day 

1  Isolate 1  0.553  0.385  0.264  0.147 

2  Isolate 2  0.499  0.321  0.080  0.072 

3  Isolate 3  0.494  0.449  0.264  0.099 

 

 

The decrease in the absorbance with an increase in the days indicated that maximum dye 

decolorization of malachite green after 3 days. 

 

 Figure No. 3: Decolorization of Malachite green by Laccase  
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Calculations:  

Formula: Dye decolorization rate (%) = [Si- St] / Si ×100 

For Isolate 1:   

Dye decolorization rate (%) = [Si- St] / Si × 100 = [0.553 - 

0.147] /0.553 ×100  

 = 28.71%  

For Isolate 2:   

Dye decolorization rate (%) = [Si- St] / Si × 100 = [0.499 - 

0.072] /0.499 ×100  

 = 85.57%   

Isolate 3:   

Dye decolorization rate (%) = [Si- St] / Si × 100 = [0.494 

- 0.099] /0.494 ×100  

 = 79.95%  

 

The rate of decolorization of malachite green after 3 days was found in isolate 1 was 28.71 %, 

isolate 2 was 85.57 % and isolate 3 was 79.95 %. Maximum rate of decolorization of malachite 

green after 3 days was found Isolate 2 i.e., Aspergillus sp. is 85.57%  

El-Fakharany M. Esmail, et al. 2016 reported that, the decolorization of three synthetic dye 

using direct fungal culture was carried out at concentration of 50 and 100 mg/L. The highest 

percentage of decolorization of malachite green by laccase was found (98 % and 96.8 %) 

followed by Congo red (95 % and 85 %) and methyl orange (87.6 % and 83 %).  
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Bagewadi, K. Zabin et al. 2017 reported that, the decolorization of three synthetic dye using 

direct fungal culture was carried out at concentration of 200 mg/L. The highest percentage of 

decolorization of malachite green by laccase (100 %) followed by methylene green (90 %) and 

Congo red (60 %). 
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Photo plate No. 1: Collection of soil sample 

 

Photo plate No. 2: Serial Dilution Set 
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Photo plate No. 3: Isolates obtained on Potatoes Dextrose Agar  

Photo plate No. 4: Microscopic examination of Isolate 1 
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Photo plate No. 5: Microscopic examination of Isolate 2 

Photo plate No. 6: Microscopic examination of Isolate 3 
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                      0 days of incubation                                       3 days of incubation  

Photo plate No. 7: Bavendam test (Screening for laccase producing microorganisms)  

Photo plate No. 8: Fermentation medium inoculated with Isolate 1, Isolate 2 and Isolate 

3 respectivel 
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Photo plate No. 9: Filtration assembly  

Photo plate No. 10: Partially purified laccase obtained from Isolate 1, Isolate 2 and Isolate 

3 
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0 days of incubation (Initial Day)  

3 days of incubation  

Photo plate No. 11: Decolorization of Congo red by laccase 
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0 days of incubation (Initial day)  

3 days of incubation Photo plate No.12: Decolorization of Malachite green by laccase   
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5. SUMMARY  

The soil sample were collected in college garden in Vidhya nagar located in the city of Armori. 

The sample were serially diluted and inoculated onto Potato Dextrose Agar and incubated at 

room temperature. After incubation fungus grow on Potato Dextrose Agar medium. The 

isolation of laccase producing microorganisms by Bavendam test method for laccase producing 

ability. The identification of isolates was done by studying the morphological and cultural 

characteristics. The isolates were found to be Fusarium species, Aspergillus species and 

Penicillium species.  

The enzyme production was done by the inoculation of the isolates into the laccase production 

broth. The broth was incubated in rotatory shaker at 370C at 100-150 rpm. The enzyme 

production was done by submerged method.  

The partial purification was done by using centrifugation technique. Partially purified laccase 

thus obtained was further used for study. Laccase activity was done by the Guaiacol method to 

determine the amount of laccase present in partially purified enzyme.  

The decolorization of different two dye including Malachite green and Congo red at 

concentration 100 mg/lit were added into distilled water. Each dye incubated with 1 ml of 

laccase enzyme, pH 6.0 at 300C. The disappearance of colour by laccase enzyme was monitored 

at λ max of respective dye solution. 
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6. CONCLUSION  

The major purpose of this thesis was to isolation and screening of laccase producing 

microorganisms from Garden soil and evaluates its efficiency in dye decolorization. The present 

study focuses on the industrial production of laccase in an economical way compared to the 

traditional techniques and by utilizing the existing resources for the laccase production and 

produced laccase are utilize for dye decolorization to reduce pollution and minimal effluent 

generation.  

Three isolates of laccase producing microorganisms were isolated from the Garden soil of 

Armori city. The isolates were screened for their laccase producing ability by utilizing guaiacol 

as a substrate which were indicated by the colour change was observed in fungal culture broth 

i.e., deep reddish and brownish colour indicates the laccase activity by Isolate 1, Isolate 2 and 

Isolate 3 fungal strain. Based on cultural and morphological characteristics these organisms 

were concluded to be Fusarium sp., Aspergillus sp. and Penicillium sp. Further production of 

enzyme was carried out by submerged and surface fermentation technique. The laccase obtained 

by the above technique was further partially purified by centrifugation techniques. Also, 

enzyme assay was carried out to measure the activity of laccase produced by three isolates. 

However, the laccase produced by the fungal strain, i.e., Pencillium sp.  showed maximum 

activity, i.e., 0.032 U/ml. Decolorization of two synthetic dyes i.e., Congo red and Malachite 

green by three isolates. However, the decolorization of Congo red by fungal strain, i.e., 

Penicillum sp. showed maximum rate of dye decolorization, i.e., 40.64% and decolorization of 

Malachite green by fungal strain, i.e., Aspergillus species showed maximum rate of dye 

decolorization i.e., 85.57%.  

Also, the scope of the study is laccase enzyme has the property to act on a range of substrate 

and to detoxify a range of pollutants, which have made them to be useful in many industries 

including paper, pulp, textile and petrochemical industries. 
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