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ABSTRACT

An importantdata can be transferred through email, banking transaction and online purchase.
Network security is an essential part to do such secured transactions and cryptography is the science
that widely used for network security

This paper gives the implementation and analysis ofhybrid cryptosystem using BLOWFISH and
Rivest-Shamir-Adleman (RSA) algorithm. Blowfish is a symmetric block cipher and can be effectively
used for encryption and safeguarding of data. It is suitable for applications where the key does not
change often, like a communication link or an automatic file encryptor. RSA is an asymmetric key
algorithm. In this algorithm two separate keys are used for encryption and decryption. The efficiency of
the algorithm is measured by execution time. The program simulation result provides the better
performance as well as security.

Keywords: Symmetric key cryptography, asymmetric key cryptography, encryption, decryption,

BLOWFISH, RSA, Cryptographic algorithms.

1. INTRODUCTION

Cryptography is the science of keeping
messages secret and widely used for network
security. Cryptography means to transfer
sensitive information across insecure networks
such as internet. The goals of cryptography are
confidentiality, integrity, authentication, and non
repudiation [1] [2]. An original message is known
as the plaintext, while the coded message is
called the ciphertext. The process of converting
from plaintext to ciphertext is called encryption;
restoring the plaintext from the ciphertext is
decryption.
Cryptography algorithms are either symmetric
algorithms, which use symmetric keys (also
called secret keys), or asymmetric algorithms,
which use asymmetric keys (also called public
and private keys) .
Symmetric Algorithms
Symmetric  algorithms, called
conventional algorithms, are algorithms where
the encryption key can
be calculated from the decryption key and vice
versa. These algorithms, also called secret-key
algorithms, single key algorithms, or one-key
algorithms, require that the sender and receiver

sometimes

agree on a key before they can communicate
securely. The security of a symme tric algorithm
rests in the key

Encryption and decryption with a
symmetric algorithm are denoted by:
ExM) =C
Dk(C)=M

Symmetric algorithms can be divided into two
categorie s. Some operate on the plaintext a single
bit (or sometimes byte) at a time; these are called
stream algorithms or stream ciphers. Others
operate on the plaintext in groups of bits. The
groups of bits are called blocks, and the
algorithms are called block algorithms or block
ciphers.
Public-Key Algorithms
Public-key algorithms are also called asymmetric
algorithms and are designed so that the key used
for encryption is different from the key used for
decryption. The decryption key cannot be
calculated from the encryption key. The
algorithms are called "public-key" because the
encryption key can be made public. Any person
can use the encryption key to encrypt a message,
butonly a specific person with the corresponding
decryption key can decrypt the message. In these
systems, the encryption key is often called the
public key, and the decryption key is often called
the private key.

Encryption using public key K is denoted by:
Ex(M)=C
Even though the public key and private key are
different, decryption with the corresponding
private key is denoted by:
Dk(C)=M
In this paper we have done the comparative
analysis of AES which is symmetric key
algorithm and RSA, which is asymmetric key
algorithm.
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Blowfish is a symme tric block cipher designed by
Brute Schneier in December 1993. Blowfish is a
replacement of DES or IDEA. Blowfish algorithm
is a symmetric block cipher with a 64-bit block
size and variable key length from 32 bits to 448
bits [3].

RSA is asymmetric key algorithm developed in
1978. The simulation speed is fast different keys
are used for encryption and decryption process.
The power consumption of RSA algorithm is
high[4].

2. GOALS OF CRYPTOGRAPHY

2.1 Confidentiality

Confidentiality ¥ means protection against
unauthorized disclosure ofinformation. It may be
applied to whole messages, parts of messages,
and even existence of messages. Confidentiality
provides the protection of transmitted data from
passive attacks.

2.2 Authentication

The process of proving one’s identity. This

includes verifying the message’s source.
Authentication is of two types: (i) Peer entity
authentication, and (ii) Data origin
authentication.

2.3 Data integrity
The integrity is an assurance that the message
has not been modified. This can be applied to a
stream of messages, a single message, or selected
fields within a message. It assures that messages
are received as sent, with no duplication,
insertion, modification, reordering, or replays.
2.4 Access control
It is the ability to limit and control the access to
host systems and applications via
communications links. To achieve this, each
entity trying to gain access must first be
identified, or authenticated, so that access rights
can be tailored to the individual
2.5 Non repudiation
Sender or receiver cannot deny for a
transmitted message. When a message is sent,
the receiver can prove that the senderin fact sent
the message [5][6].
3. OVERVIEW OF BLOWFISH
The expansion of the key: break the

original key into a set of subkeys. Specifically, a
key of no more than 448 bits is separated into
4168 bytes. There is a P-array and four 32-bit S-
boxes. The P-array contains 18 32-bit subkeys,
while each S-box contains 256 entries.
The encryption of the data: 64-bit input is
denoted with an x, while the P-array is denoted
with a Pi (where iis the iteration).

e The inputis a 64-bit data element, x.

e Divide x into two 32-bit halves: XL, XR.

e Then,fori=1to 16.

e XL=XL XORPi
¢ XR=F(XL) XOR XR
e Swap XL and XR
e After the sixteenth round, swap XL and
XR again to undo the last swap.
e Then, XR = XR XOR P17 and XL = XL
XOR P18.
e Finally, recombine XL and XR to get the
cipher text [7].
Blowfish is unpatented and license-free, and is
available free for all uses. Blowfish Algorithm is a
Feistel network, iterating a simple encryption
function 16 times. The block size is 64 bits, and
the key can be any length up to 448 bits.
Although there is complex initialization phase
required before any encryption can take place,
the actual encryption of data is very efficient on
large microprocessors [8].
4. OVERVIEW OF RSA
RSA is widely used in encrypted
connection, digital certificates core algorithms.
Public key algorithm invented in 1977 by Ron
Rivest, Adi Shamirand Leonard Adleman (RSA).It
is the main operation of RSA to compute modular
exponentiation [9]. Especially, when RSA
decrypts the cipher text and generates the
signatures, more computation capacity and time
will be required. Reducing modules in modular
exponentiation is a technique to speed up the
RSA decryption. The security of RSA comes from
integer to find. Generation of random prime
numbers gives the algorithm extra strength and
efliciency.
Following steps are followed in RSA to
generate the public and private keys [10]:
Step 1: Choose large prime numbers p and q
such that
p notequal to q.
Step 2: Compute n=p*q
Step 3: Compute @ (pq) = (p-1)*(g-1)
Step 4: Choose the public key e such that
ged (@ (n), €) =1; 1<e< @ (n)
Step 5: Select the private key d such that
d*e mod ¢ (n) =1
In RSA algorithm encryption and decryption are
performed as-
Encryption:
Calculate ciphertext C from plaintext message M
such that
C=M ”“e mod n
Decryption:
M=C"d mod n=M”ed mod n
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HYBRID ALGORITHM

The hybrid algorithm using BLOWFISH -
RSA is as follows:
Step 1: Inputimage
Step2: Encrypt original image using Blowfish
algorithm.
Step 3: Encrypt encrypted image using RSA
algorithm.
Step 4: Decrypt encrypted image using RSA

algorithm

Step 5: Decrypt using Blowfish algorithm
Step 6: Stop.

5. EXPERIMENTAL RESULTS

The BLOWFISH and RSA algorithm is
implemented using MATLAB 2013a. The time
required for encryption and decryption is shown
in the following table. The image files are taken
from SVT dataset.

Tablel: Encryption and decryption time using hybrid algorithm

Image Encryption Time for Encryption Time for | Encryption Time for Hybrid
File BLOWFISH RSA algorithm
simg 1 6.7298 2.604 5.6928
simg 2 3.522 1.4834 2.79687
simg 3 4.4263 1.3884 3.5156
simg 4 4.3395 1.7571 3.5681
simg 5 24764 1.1496 3.4883
simg 6 4.7778 2.0446 3.9234
simg 7 44189 1.1389 6.8565
simg 8 4.7858 1.3789 6.2526
simg 9 3.9494 1.6731 3.5707
simg 10 4.7381 1.8306 3.4811

RSA algorithm is implemented using MATLAB2013a. The time required for encryption and decryption
is shown in the following table with p=19 and q=23. The image files are taken from SVT dataset.
Table 2: Encryption and decryption time using RSA algorithm

Image Decryption Time for Decryption Time for | Decryption Time for Hybrid
File BLOWFISH RSA algorithm
simg 1 4.1683 41.9616 3.9883
simg 2 3.984 19.1139 1.757
simg 3 4.4798 25.2828 2.3772
simg 4 4.5421 25.0157 2.3959
simg 5 2.56084 22.5839 2.32

simg 6 4.5084 27.6251 2.50723
simg 7 4.6812 26.5331 2.5698
simg 8 5.2663 31.3381 3.0367
simg 9 4.3673 24.3389 2.4913
simg 10 4.6239 25.5949 2.4673

—o—Encryption Time (in seconds) for BLOWFISH

Encryption Time (in seconds) for RSA

Encryption Time (in seconds) for Hybrid algorithm

\

e a—

\\/

Time in seconds
N

simg_1 simg_2
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Image file

simg_4 simg_5 simg_6 simg_7 simg_8

simg_9 simg_10

Figure 2: Encryption time for BLOWFISH, RSA and Hybrid algorithm
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Figure 3: Decryption time for BLOWFISH, RSA and Hybrid algorithm

6. CONCLUSION
In this paper we have implemented the
BLOWFISH and RSA algorithms and a hybrid
algorithm (BLOWFISH-RSA) using MATLAB
R2013a for different image files of increasing
sizes, keeping key constant and it is observed
that the time required for encryption for hybrid
algorithm is less than BLOWFISH and greater
than RSA but the time required for decryption for
hybrid algorithm is less than both the algorithms.
Therefore the hybrid algorithm is efficient in
terms of time.
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Abstract

Classification of data has become an important research area. The process of classifying documents into predefined
categories based on their content is Text classification. It is the automated assignment of natural language texts to
predefined categories. The primary re quirement of text retrieval systems is text classification, which retrieve texts in
response to a user query, and text understanding systems, which transform text in some way such as answering
questions, producing summaries or extracting data. In this paper we are studying the various classification
algorithms. Classification is the process of dividing the data to some groups that can act either dependently or

inde pendently. Our main aim is to show the comparison of the various classification algorithms like K-nn, Naive
Bayes, Decision Tree, Random Forest and Support Vector Machine (SVM) with rapid miner and find out which

algorithm will be most suitable for the users.

Keywords: Text Mining, K-nn, Naive Bayes, Decision Tree, Random Forestand Support Vector Machine, Rapidminer.

INTRODUCTION

Text mining or knowled ge discovery is that
sub process ofdata mining, which is widely being
used to discover hidden pattems and significant
information from the huge amount of
unstructured written material. Text mining is
largely growing field of computer science
simultaneously to big data and artificial
intelligence. Text mining and data mining are
similar, except data mining works on structured
data while text mining works on se mi-structured
and unstructured data. Data mining is
responsible for extraction of implicit, unknown
and potential data and text mining is responsible
for explicitly stated data in the given text [1].
Today’s world can be described as the digital
world as we are being dependent on the digital /
electronic form of data. This is environment
friendly because we are using very less amount
of paper. But again this dependency results in
very large amountof data. Even any small activity
of human produces electronic data. For example,
when any person buys a ticket online, his details
are stored in the database. Today approx 80% of
electronic data is in the form of text. This huge
data is notonly unclassified and unstructured (or
semi-structured) but also contain useful data,
useless data, scientific data and business specific
data, etc. According to a survey, 33% of
companies are working with very high volume of
datai.e.approx. S00TB or more. In this scenario,
to extract interesting and previously hidden data
pattern process of text mining is used.
Commonly, data are stored in the form of text.
Broadly there are five steps involved in Text Data
Mining. They are:
1. Text Gathering
2. Text Pre-processing

3. Data Analysis
selection)

4. Visualization
algorithms)

5. Evaluation

For this text mining uses techniques of different
fields like machine leaming, visualization, case-
based reasoning, text analysis, database

(Attribute generation &

(Applying Text Mining

technology statistics, knowledge management,

natural language processing and information

retrieval [2].

TEXT PRE-PROCESSING

The pre-processing itself is made up of a

sequence of steps. The first step in text-pre-

processing is the morphological analyses. It is
divided into three subcategories: tokenization,

filtering and stemming [3].

» TOKENIZATION: Text Mining requires the
words and the endings of a document.
Finding words and separating them is known
as tokenization.

» FILTERING: The next step is filtering of
important and relevantwords from our list of
words which were the output of tokenization.
This is also called stop words removal.

» STEMMING: The third step is stemming.
Stemming reduces words variants to its root
form. Stemming of words increases the recall
and precision of the information retrieval in
Text Mining. The main idea is to improve
recall by automatic handling of word endings
by reducing the words to their word roots, at
the time of indexing and searching.
Stemming is usually done by removing any
attached suffixes and prefixes (affixes) from
index terms before the actual assignment of
the term to the index.
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CLASSIFICATION
Classification is a supervised leaming technique
which places the document according to content.
Text classification is largely used in libraries.
Text classification or Document categorization
has several application such as call center
routing, automatic metadata extraction, word
sense disambiguation, e-mail forwarding and
spam detection, organizing and maintaining large
catalogues of Web resources, news articles
cate gorization etc. For text classification many
machine learning techniques has been used to
evolve rules (which helps to assign particular
document to particular category) automatically
[1].
Text classification (or text categorization) is the
assignment of natural language documents to
predefined cate gories according to their content.
Text classification is the act of dividing a set of
input documents into two or more classes where
each document can be said to belong to one or
multiple classes. Huge growth of information
flows and especially the explosive growth of
Intemmet promoted growth of automated text
classification [4].
CLASSIFICATION METHODS
1. Decision Trees
Decision tree methods rebuild the manual
categorization of the training documents by
constructing well-defined true /false queres in
the form of a tree structure where the nodes
represent questions and the leaves repre sent the
corresponding category of documents. After
having created the tree, a new document can
easily be cate gorized by putting it in the root node
of the tree and let it run through the query
structure until it reaches a certain leaf. The main
advantage of decision trees is the fact that the
output tree is easy to interpret even for persons
who are not familiar with the details of the model
[S].

2. k-Nearest Neighbor
The categorization itself is usually performed by
comparing the category frequencies of the k
nearest documents (neighbors). The evaluation of
the closeness ofdocuments is done by measuring
the angle between the two feature vectors or
calculating the Euclidean distance between the
vectors. In the latter case the feature vectors have
to be normalized to length 1 to take into account
that the size of the documents (and, thus, the
length of the feature vectors) may differ. A
doubtless advantage of the k-nearest neighbor
method is its simplicity.

3. Bayesian Approaches
There are two groups of Bayesian approaches in
document categorization: Naive [6] and non-naive

Bayesian approaches. The naive part of the
former is the assumption of word independence,
meaning that the word order is irrelevant and
consequently that the presence of one word does
notaffectthe presence or absence of anotherone.
A disadvantage of Bayesian approaches [7] in
general is that they can only process binary
feature vectors.

4. Neural Networks

Neural networks consist of many individual
processing units called as neurons connected by
links which have weights that allow neurons to
activate other neurons. Different neural ne twork
approaches have been applied to document
categorization problems. While some of them use
the simplest form of neural networks, known as
perceptions, which consist only of an input and
an output layer, others build more sophisticated
neural networks with a hidden layer between the
two others.
The advantage of neural networks is that they
can handle noisy or contradictory data very well.
The advantage of the high flexibility of neural
networks entails the disadvantage of very high
computing costs. Another disadvantage is that
neural networks are extremely difficult to
understand for an average user [4].

5. Vector-based Methods
There are two types of vector-based methods. The
centroid algorithm and support vector machines.
One of the simplest categorization methods is the
centroid algorithm. During the learning stage
only the average feature vector for each category
is calculated and set as centroid-vector for the
category. A newdocumentis easily categorized by
finding the centroid-vector closest to its feature
vector. The method is also inapproprate if the
number of categories is very large. Support vector
machines (SVM) need in addition to positive
training documents also a certain number of
negative training documents which are untypical
for the category considered.
An advantage of SVM [8] is its superior runtime-
behavior during the categorization of new
documents because only one dotproduct pernew
document has to be computed. A disadvantage is
the fact that a document could be assigned to
several categories because the similarity is
typically calculated individually for each
category.

PERFORMANCE EVALUATION

® Precision: exactness — what % of tuples that
the classifier labeled as positive are actually
positive

Precision = TP/ (TP+FP)
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® Recall: completeness — what % of positive
tuples did the classifier label as positive?

recall=TP/(TP+FN)

® Perfect score is 1.0.

® Inverse relationship between precision & recall.

e Fmeasure (FI or F-score): harmonic mean of
precision and recall,

F=2x(precision x recall)/ (precision + recall)

IMPLEMENTATION

In this study, many classification algorithms
have been implemented on two data sets ie.
Tokens dataset and Mini News Group dataset
both are publically available datasets, And the
performance of this algorithm has been analyzed
by the Text Mining tool RAPIDMINER.

We are applying five algorithms i.e. K-NN, Naive
Bayes, Decision Tree, Random Forest and
Support Vector Machine (SVM) in Mini
NewsGroup dataset and the following results are
shows in figurel, figure2, figure3, figure4 and
figure5 respectively.
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Figure 1: K-NN algorithm on Mini Newsgroup
dataset.
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Figure 2: : Naive Bayes algorithm on Mini
Newsgroup dataset
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Figure 3: Decision tree algorithm on Mini
Newsgroup dataset.

Similarly, We are applying five algorithms i.e. K-
NN, Naive Bayes, Decision Tree, Random Forest
and Support Vector Machine (SVM) in Tokens
dataset and the following results are shows in
figure6, figure7, figure8, figure9 and figurelO
respectively.
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Figure 4: Random Forest algorithm on Mini
Newsgroup dataset
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Figure 5: SVM algorithm on Mini Newsgroupﬁ
dataset
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The following table shows the results for Mini
NewsGroup Dataset and Tokens Dataset.
Results For Mini NewsGroup Dataset
Algorithms [Accuracy|Precision|Recall |Execution

Time(sec)
K-NN 82.50% [82.12% [85.00%]42
Naive Bayes|87.50% |86.63% |89.90%|26
Decision 100.00% [100.00% |100% |36
Tree
Random 52.00% |[53.23% |33.00%|4:32
Forest
SVM 91.00% [93.86% |[88.00%|1:22

Results For Tokens Dataset
Algorithms |Accuracy|Precision Recall |Execution

Time (sec)
_ K-NN 64.27% [64.18% 68.50%|40
e E—— Naive Bayes|62.36% |68.58% 61.50%|51
= = !'WMWWMMM Decision 70.00% |66.45% 78.33%|1:10
% Patormancetectr Perfomance) [ Euw\rSltﬁemn;nhulsiA e (acision T} Tree
@  PerformanceVector Random 44.64% [44.23% 47.50 10:27

e Forest

- SVM 63.82% [80.03% 58.00%|52

CONCLUSION

Flgure 8 Dec181on tree algorithm on Tokens
dataset
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Flgu.re 9: K—NN algonthm on Tokens dataset

Text mining techniques are mainly used in
medicals, banking, insurances, education etc.
The classification algorithms K-NN, Naive Bayes,
Decision Tree, Random Forest and SVM have
their own importance and we use them on the
behavior of the two datasets that are Mini
NewsGroup and Tokens, but on the basis of this
research we found that Decision tree
classification algorithm is simplest algorithm as
compared to other algorithms.

The different classification algorithms are studied
and implemented using RAPIDMINER. The
implementation results show the values for
Accuracy, Precision and Recall. The overall
results for the entire algorithms are shown in
tables based on datasets i.e. Table1 and Table 2.
The Decision Tree algorithm is better than other
algorithms on both the datasets. The Overall
Performance of all the algorithms is better for
Mini NewsGroup Dataset rather than Tokens
dataset.
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Abstract

Aromatic polyketides are important therapeutic compounds which include front line antibiotics and anticancer drugs. Since
most of the aromatic polyketides are known to be produced by soil dwelling Streptomyces, 54 Streptomyces strains were
isolated from the soil samples. Five isolates, R1, B1, R3, R5 and Y8 were found to be potent aromatic polyketide producers
and were identified by 16S rRNA gene sequencing as Streptomyces spectabilis, Streptomyces olivaceus, Streptomyces pur-
purascens, Streptomyces coeruleorubidus and Streptomyces lavendofoliae respectively. Their sequences have been deposited
in the GenBank under the accession numbers KF468818, KF681280, KF395224, KF527511 and KF681281 respectively.
The Streptomyces strains were cultivated in the media following critically optimised culture conditions. The resulting broth
extracts were fractionated on a silica gel column and preparative TLC to obtain pure compounds. The pure compounds were
tested for bioactivity and the most potent compound from each isolate was identified by UV—-Vis, IR and NMR spectroscopic
methods. Isolated S. spectabilis (R1), yielded one potent compound identified as dihydrodaunomycin with an MIC of 4 pg/
ml against Bacillus cereus and an ICs;, value of 24 uM against HeLa. S. olivaceus (B1), yielded a comparatively less potent
compound, elloramycin. S. purpurascens (R3) yielded three compounds, thodomycin, epelmycin and obelmycin. The most
potent compound was rhodomycin with an MIC of 2 ug/ml against B. cereus and ICs, of 15 uM against HeLa. S. coerule-
orubidus (RS), yielded daunomycin showing an ICs, of 10 uM and also exhibiting antimetastatic properties against HeLa. S.
lavendofoliae (Y8), yielded a novel aclacinomycin analogue with ICs;, value of 2.9 uM and potent antimetastatic properties at
1 uM concentration against HeLa. The study focuses on the characterization of aromatic polyketides from soil Streptomyces
spp., which can serve as potential candidates for development of chemotherapeutic drugs in future.

Keywords Streptomyces - Anthracyclines - Anticancer - Aromatic polyketides

Introduction such as polyketides (Arifuzzaman et al. 2010; Holkar et al.

2013b). Polyketides are pharmacologically very impor-

Streptomyces are aerobic, Gram-positive, filamentous, soil
dwelling bacteria which belong to the order Actinomycetales
within the class Actinobacteria (Anderson and Wellington
2001).These bacteria with exceptional metabolic diversity
are a rich source of several useful bioactive natural products,
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tant and are considered second to penicillins in terms of
their importance as naturally derived medicines. Aromatic
polyketides consist of a large group of structurally diverse
natural products which include tetracyclines, anthracyclines
(e.g., daunorubicin), aureolic acids (e.g., mithramycin), tet-
racenomycins, angucyclines (e.g., jadomycin, pradimicin),
and benzisochromanequinones (e.g., actinorhodin and fre-
nolicin). They exhibit a broad range of biological activities
such as antibacterial, antifungal, antitumor and antiviral
activities and afford some of the most common antibiotics
and anticancer drugs currently in clinical use.

The commonly used anticancer drugs are: daunomy-
cin and doxorubicin as preferred antineoplastic agents;
adriamycin for treatment of breast cancer, Hodgkin’s
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lymphoma, lung cancer, multiple myeloma, and recurring
ovarian cancer; mithramycin for treating Paget’s disease,
chronic myelogenous leukemia and advanced testicular
carcinoma; epirubicin, a less cardiotoxic doxorubicin
analogue for treating sarcomas, breast and gastric cancer;
idarubicin, for acute myeloid leukemia; and valrubicin,
for the intravesical treatment of bladder cancer (Kummar
et al. 2006; Kizek et al. 2012). However, a major problem
with their clinical use, in addition to adverse common side
effects like myelosuppression, nausea and vomiting, mouth
ulcers, local aggressivity and alopecia, is their cardiotox-
icity, gastrointestinal, hepatic, and bone marrow toxicity
(Rahman et al. 2007). Similarly, the biggest problem ham-
pering the use of the current antimicrobial drugs in use
like tetracyclines, macrolides and aminoglycosides is the
development of resistance to them leading to the emer-
gence of MDR strains. Nevertheless, despite an extensive
list of available anticancer and antimicrobial compounds,
new compounds that are more effective, less toxic and pos-
sessing broader activity are still required.

Most known aromatic polyketides are produced by Strep-
tomyces (Hertweck et al. 2007). A systematic screening pro-
gram was undertaken with the aim of isolating Streptomyces
species producing novel aromatic polyketides. Fifty-four
Streptomyces strains were isolated from the soil samples
collected from in and around Nagpur, India. Five isolates,
R1, B1, R3, R5 and Y8 were found to be potent aromatic
polyketide producers and were selected for further studies
(Bundale et al. 2014). The microscopic, morphological, bio-
chemical and physiological characterization strongly sug-
gested that the isolates belong to the genus Streptomyces.
Furthermore, these strains were identified by 16S rRNA
gene sequencing as Streptomyces spectabilis, Streptomy-
ces olivaceus, Streptomyces purpurascens, Streptomyces
coeruleorubidus and Streptomyces lavendofoliae and their
sequences were deposited in the GenBank under the acces-
sion numbers KF468818, KF681280, KF395224, KF527511
and KF681281 respectively.

The current study involves the purification and characteri-
zation of the bioactive aromatic polyketides from the crude
antibiotic complexes of the five selected isolates and the
evaluation of their antimicrobial and anticancer properties.

Materials and methods

Chemicals and media

All chemicals and solvents were of analytical grade and pur-
chased from Merck, Germany and culture media from Hi-

media, Mumbai, India. Standard doxorubicin was obtained
from Sigma-Aldrich (St. Louis, MO, USA).

@ Springer

Test organisms

The target strains used for screening antimicrobial activ-
ity were procured from microbial type culture collection
and gene bank (IMTECH, Chandigarh, India) and were:
Bacillus cereus MTCC 430, Escherichia coli MTCC 443,
Candida albicans MTCC 227, and Aspergillus niger
MTCC 282. The cell lines were purchased from NCCS,
Pune, India.

Cultivation and organic extraction

For each of the selected isolates, sterile media optimized
in an earlier study (Bundale et al. 2015) were used for
growth in a rotary shaker incubator (REMI CIS-24 BL) at
130 rpm at 28 °C for 10 days. Crude antimicrobial com-
pound was recovered from the mycelium as well as cul-
ture filtrate of each bioactive isolate by solvent extraction
with ethyl acetate (1:1 v/v). The solvent was evaporated
to dryness in a vacuum concentrator to obtain the crude
cell and broth extracts which were stored at — 20 °C until
further use.

Purification of the bioactive components

The dried crude extract was dissolved in ethyl acetate and
100-500 pl was loaded over the silica gel column. A step-
wise gradient of chloroform /methanol was applied and the
fractions thus separated were collected.

Preparative thin layer chromatography with Silica
gel plate 60 F,s, was used for the partial purification of
antimicrobial products. The crude extracts were spot-
ted and developed in different solvent systems. The
solvent systems used were SS1: chloroform:petroleum
ether:methanol (10:10:3), SS2: benzene:acetone:methanol
(100:10:1), SS3: methanol:chloroform:acetic acid:water
(80:20:2:0.2), SS4: chloroform:methanol:ag ammo-
nia (25%) (85:14:1), SS5: chloroform:methanol (8:2)
and SS6: chloroform:benzene:ethyl acetate:acetic acid
(40:40:15:5), SS7: chloroform:methanol (9:1), SS8:
chloroform:methanol:acetic acid:water (80:20:16:6), SS9:
chloroform:methanol (15:1), SS10: chloroform:methanol
(10:1) (Yoshimoto et al. 1980; Batel et al. 1990; Johdo
et al. 1991; Saito et al. 1995; Dickens et al. 1997). The
developed plates were air dried and the separated bands
were detected by observations of the color of the bands.
The TLC was repeated several times and the mean Rf of
the bands was calculated. The fractions were physically
separated from each other by scraping the bands from the
plates, extracting with methanol, concentrating the extracts
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and again subjecting each concentrate to TLC using the
same solvent system, thereby confirming the purity of each
fraction (Johdo et al. 1991; Kim et al. 1996).

Identification and structural elucidation

Qualitative determination of aglycone and sugar residues
by TLC

To an aliquot of the purified fraction, 0.5 ml of 0.1 N HC1
was added and was heated at 85 °C for 30 min in a water
bath. The pigment aglycone thus obtained was extracted with
chloroform. The chloroform layer was evaporated to dryness
and the residue was chromatographed on a Silica gel plate
60 F,5, in SS9 solvent system. The identity of aglycones was
determined by comparing their Rf values and colors on the
TLC plate with that of the standards (Holkar et al. 2013b;
Johdo et al. 1991).

The aqueous layer containing sugar components was neu-
tralized by adding silver carbonate with a small amount of
charcoal and centrifuged. The supernatant fluid was con-
centrated in vacuo and chromatographed on TLC Silica gel
plate 60 F,s, in butanol:acetic acid:H,O (4:1:1). The sugar
spots were detected with p-anisaldehyde—H,SO, (each 5%)
in 90% ethanol spray reagent followed by heating at 90°
(Yoshimoto et al. 1980; Saito et al. 1995; Johdo et al. 1991).

Spectral studies

The UV-visible absorption spectra (190—1100 nm) of the
purified fractions were determined to identify the chromo-
phores present in the metabolites by using a double beam
Bio-spectrophotometer (BL-198, Elico Ltd.) (Silverstein
et al. 2014). Furthermore, FT-IR spectrum of each active
extract was obtained (as KBr discs) between 400 and
4000 cm™! on Perkin Elmer 2000 FT-IR spectrophotometer
and plotted as intensity versus wave number (Augustine
et al. 2005). '"H NMR spectra of the purified bioactive com-
pounds was measured using a Bruker AMX 300 Coupling
constants (J) in Hz. The software, ChemDraw was used for
predicting the "H NMR spectra of the suspected compounds
and the predicted spectra were compared with that of the
physically determined "H NMR spectra (Workman 2000).

Antimicrobial activity

The antimicrobial activity of the pure compounds was
assessed by the agar well diffusion method using Muel-
ler—Hinton agar for antibacterial (Roe et al. 2003) and Potato
Dextrose Agar for anti-fungal assays.

15 ul of 1 mg/ml stock extracts were used for the tests.
The diameter of the inhibition zones was determined after
24 h of incubation at 37 °C for bacteria and 28 °C for fungi.

The minimum inhibitory concentrations (MICs) of the bio-
active compounds were determined via a microdilution
method using sterile 24-well plates with tetracycline as a
standard (Arthington-Skaggs et al. 2002).

MTT-based cytotoxicity assay

The cytotoxicity of bioactive fractions on established cell
lines like Hela cervical cell line and mouse fibroblast cell
line 1929 was determined in vitro (Mosmann 1983; Begde
et al. 2011; Wang et al. 2015). Freshly passaged subconflu-
ent HeLa cells were centrifuged and washed with HBSS.
The cell count was adjusted to 2.5 10° cells/ml by sus-
pending the cells in fresh DMEM with 10% FBS. This cell
suspension (200 pl) was then transferred to a 96-well TC
plate for the assay and a monolayer was developed at 37 °C
for 24 h. Thereafter, the spent medium was discarded and
the adherent cells were exposed to a concentration gradi-
ent of each purified fraction supplemented in the medium
to obtain a final concentration of 2.5, 5, 10, 15, 20, 25, 30
and 35 puM respectively. The plate was incubated at 37 °C
in a humidified environment with 5% CO, in air for 48 h.
After incubation the cells were washed and resuspended in
fresh medium containing MTT and were further incubated
for 3 h. The MTT formazan produced by the viable cells was
extracted in DMSO and quantified at 570 nm in the Bio-Rad
ELISA plate reader.

Anti-metastatic efficacy by scratch/in vitro wound
healing assay

Anti-metastatic activity of the purified compounds, was ana-
lyzed by wound healing assay (Liang et al. 2007). HeLa cells
were seeded in 24-well tissue culture plates and cultured
in DMEM containing 10% FBS to confluent cell monolay-
ers, which were then carefully wounded using sterile 200 pl
micropipette tips and any cell debris was removed with PBS.
The cells were then exposed to sub inhibitory concentration
of the purified compounds dissolved in the growth medium
containing 5% FBS for 24 h at 37 °C (Gebick et al. 2009).
The extent of cell migration and wound healing was deter-
mined by using T-scratch analysis software (http://www.
cselab.ethz.ch/software.html).

Statistical analysis

For MIC, values were expressed as average of four inde-
pendent replicates +SD and for MTT based cytotoxicity
assay as an average of eight replicates + SD. Student’s ¢ test
was performed using SYSTAT Software (Systat Software
Inc., Chicago, IL, USA). P value <0.05 was considered
significant unless otherwise mentioned. For in vitro wound
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healing assay, values were expressed as mean of four rep-
licates + SD.

Results

Five aromatic polyketide producing Streptomyces strains,
R1, B1, R3, R5 and Y8 were selected on the basis of pre-
screening results. The following sections describe the char-
acterization of the most potent bioactive compounds pro-
duced by the respective organisms followed by bioactivity
studies.

Characterization of the aromatic polyketides
produced by isolated Streptomyces spp.

The antibiotic complexes from all five producer organisms
were purified using silica gel adsorption column chromatog-
raphy followed by preparative TLC. The purified fractions
were named R1A, R1B, R1C, R1D, R1E and R1F for isolate
R1. A similar numbering scheme was used for all bioactive
fractions obtained from their respective organisms. The sol-
vent system used, and the color, Rf’s and Amax of the frac-
tions obtained from each organism are given in the Table 1.
On acid hydrolysis, followed by TLC analysis, the purified
fractions separated into aglycones and corresponding sugar
components, the details of which are summarized in Table 2.

Identification of compound R1D

Compound RID, obtained as a red colored compound,
on acid hydrolysis yielded the corresponding aglycone
whose Rf was found to be 0.25 in the solvent system
chloroform:methanol (20:1). The sugar on direct compari-
son of Rf on TLC with the standard was found to be dau-
nosamine. Compound R1D resolved as one single sharp red
band with an Rf of 0.63 in the solvent system SS8. The UV
visible spectra showed prominent peaks at 292, 334, 472 and
537 nm (Fig. 1a). The IR (KBr) spectra showed prominent
peaks at 3351, 2945, 2832, 1449, 1116 and 1028 (cm™)
(Fig. 1c). The chemical shifts shown by the proton NMR
of R1D were & 4.4 (CH tetrahydronaphthlene), & 1.99-2.4
(CH,), 6 3.12-3.37 (CH,), 8 5.0 (aromatic OH), 6 4.8 (CH,),
9 3.6-3.8 (tetrahydropyran), 8 4.8 (CH), 6 1.21 (CH;), 5 2.0
(NH2), 6 3.73 (methyl) (Fig. 1d).

Identification of compound B1B

Compound BIB was obtained as a dark yellow compound
which was insoluble in water and soluble in chloroform
and acetone. B1B showed a sharp orange-yellow band with
an Rf of 0.69 in SS7. On acid hydrolysis, compound B1B
dissociated into an aglycone with an Rf of 0.45, which
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is the reported Rf of elloramycinone. The sugar residue
was found to be rhamnose on comparison with standard
rhamnose. The IR (KBr) spectra showed prominent peaks
at 3619, 3045, 1561, 1361, 1286 and 1182 cm™! (Fig. 2c).
The '"H NMR of B1B is shown in Fig. 2d. The shifts seen
in the aglycone part were 6 5.0 (H), & 3.80 (-OCH,), &
3.14 (-OH), & 8.01 (H), 6 7.15 (H), 6 2.90 (-CH;) and in
the sugar residue attached to the chromophore were at &
3.77,63.24,63.59,8 1.21 and 5 4.11.

Identification of compound R3E

Compound R3E was found to contain p-rhodomycinone
(B-RMN) as the aglycone and L-rhodosamine as the sugar
on the basis of Rf and UV-Vis spectra. Also the UV—Vis
spectrum of R3E was found to have Amax at 297, 492
and 561 nm (Fig. 3a). The IR (KBr) spectra showed char-
acteristic peaks at 3394, 2292, 1736, 1577, 1490, 1458
and 1190 cm™! (Fig. 3c). The chemical shifts shown by
the proton NMR of R3E were & 7.02-8 7.38 (Benzene),
0 4.2(CH tetrahydronaphthlene), 6 1.72-1.97 (CH,),
5.0(aromatic OH), & 1.44(CH,), & 1.66-1.95 (tetrahydro-
pyran), & 2.81-3.55 (tetrahydropyran), & 4.8(CH), 8 1.21
(CH,;), 6 2.27(CH;) and 6 3.73 (CH;) (Fig. 3d).

Identification of the compound R5F

18.8 mg of the compound R5F was obtained, which was
orange red in color and on treatment with 0.5% magne-
sium acetate changed color from orange-red to violet. Acid
hydrolysis of this compound liberated the aglycone, dau-
nomycinone and the sugar daunosamine.

The UV-Vis spectra of the standard daunomycin
and RSF showed the same peaks at 292, 421, 472 and
517. A comparison of their spectra is shown in Fig. 4a.
The IR (KBr) spectra of R5F showed prominent peaks
at 3431, 2949, 2837, 1645, 1474, 1288, 1118, 1068 and
1018 (cm™") and that of the standard daunomycin showed
peaks at 3351, 2982, 2945, 2863, 2832, 1655, 1452, 1208,
1116 and 1032 (cm™"). From the similarity in the two IR
spectra, it can be concluded that R5F is very similar to
daunomycin (Fig. 4b).

Using the software ChemDraw, the NMR spectra of
daunomycin was predicted. The spectra showed shifts
at 8 7.06-7.44 (3 aromatic protons), 8 1.99 and & 2.24
(CH,,1,2,3,4 tetrahydronaphthalene), 6 3.12 and 3.37
(CH,,1,2,3,4 tetrahydronaphthalene), 5 & (aromatic OH),
8 2.09 (CH;), 6 3.13-3.86 (tetrahydropyran), & 2 (NH,),
1.21 and 6 3.73 (CH;). These shifts could also be seen in
the NMR spectra of compound R5F (Fig. 4d).
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Table 1 Rfvalues and UV-Vis

N £ fracti £ the isol Isolates Solvent system  Fractions Rfofthe Color Amax
max of fractions of the isolates fractions
Isolate R1  SS6 A 0.90 Light pink 277,487,532
B 0.66 Yellow 222,272
C 0.57 Orange 272, 540
D 0.34 Red 417, 535
E 0.30 Pink 273,532
F 0.24 Violet 267, 532
Isolate B2  SS7 A 0.77 Yellow 292,416, 452
o -
-
B 0.69 Orange 292,422,503
C 0.55 Blue 245,262
D 0.22 Brown 288,419, 458
Isolate R3 SS4 A 0.88 Red I 284,492, 522
B 0.80 Orange 297, 492
C 0.79 Reddish orange 237,495, 522
D 0.68 Yellowish orange 287,437
E 0.62 Orange 297, 492
F 0.48 Pink 297, 497
G 0.17 violet
@ Springer
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Table 1 (continued)

Isolates Solvent system  Fractions Rfofthe Color Amax
fractions
Isolate RS  SS6 A 0.92 Purple 292,492
.

B 0.85 Yellow o 270, 293, 490

C 0.71 Pink 257,292, 492

D 0.53 Yellowish brown 257, 387

E 0.38 Yellowish orange 242,492, 525

F 0.23 Orange 256,419, 472, 517
Isolate Y8 SS10 A 0.47 Dark yellow 247,379,422,445

B 0.23 Pale yellow 242,371,417, 437

SS4—chloroform:methanol:aq ammonia (25%) (85:14:1), SS6—chloroform:benzene:ethyl acetate:acetic
acid (40:40:15:5), SS7—chloroform:methanol (9:1), SS10—chloroform:methanol (10:1)

Identification of the compound Y8A

The dark yellow band with an Rf of 0.11 in
chloroform:methanol (20:1) afforded 54 mg of the pure com-
pound Y8A. Y8A on acid hydrolysis, yielded a yellow agly-
cone and two sugar moieties. The yellow aglycone on the basis
of Rf and UV-Vis spectra was found to be aklavinone. The
sugars on the basis of Rf and color reactions on TLC were
found to be daunosamine and deoxyfucose. Thus this com-
pound is a daunosaminyl deoxyfucosyl aklavinone, which
may be a new aclacinomycin analogue. The UV—Vis spectra
showed prominent peaks at 311, 423 and 444 nm (Fig. 5a). The
IR (KBr) spectra exhibited prominent peaks at 3048, 2949,
2849, 2775, 1737, 1654, 1585 and 1004 cm™! (Fig. 5c). The 'H
NMR showed chemical shifts at 6 4.8, 6 3.3, 6 2.2, 6 1.8-2.0
(CH,), 8 1.3 (CH,), 6 2.0 (NH,) as seen in aclacinomycins.

Table 3 summarizes the physicochemical properties of the
most potent purified compounds obtained from all the five
isolates.

@ Springer

Antimicrobial and antitumor activity
Antimicrobial activity

Compounds R1A and R1B did not exhibit any activity
against B. cereus, whereas R1C-R1F showed good activity
with zones of inhibition in the range of 4—-8 mm. Though
isolate R1 was found to possess antifungal activity in pre-
liminary screening by cross streak method, subsequent sec-
ondary screening results with C. albicans and A. niger were
negative. The MIC of R1C and R1D against B. cereus were
found to be 10 and 4 pg/ml, respectively, while those for
R1E and R1F were both 8 pg/ml. The pure compounds of
isolate B1 failed to show any appreciable antifungal activity
against C. albicans and A. niger. Also no antibacterial activ-
ity was observed against B. cereus. All the pure compounds
obtained from isolate R3 were found to exhibit antibacterial
activity against B. cereus, the most potent being R3A and
R3E with zones of inhibition of 7 and 9 mm respectively.
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Table 2 Preliminary identification of the components obtained from each isolate

Isolate Fractions  Aglycones Sugars Compound predicted
Rf*  Aglycone detected Rf®  Color Sugar detected
Isolate R1 A 0.33  7-Deoxydihydrodaunomycinone ND ND
B 0.70  7-Deoxyaklavinone 0.34 Sky blue Daunosamine Daunosaminyl 7-deoxyaklavinone
C 0.79 eRMN 0.34  Sky blue Daunosamine Rhodomycin D
0.71 Rhodinose
0.56 Grayish blue 2-Deoxy-L-fucose
D 0.25 Dihydrodaunomycinone 0.34 Sky blue Daunosamine Di hydrodaunomycin
E 0.58 13-Deoxydaunomycinone 0.34 Sky blue Daunosamine 13-Deoxydaunomycin
0.71 Rhodinose
0.56 Grayish blue 2-Deoxy-L-fucose
F 0.43 B Iso RMN 0.34 Sky blue Daunosamine Antibiotic DCP-2
Isolate B2 A 0.45 Elloramycinone 0.36  Brown Rhamnose ETME
B 0.45 Elloramycinone 0.36 Brown Rhamnose Elloramycin
C 0.43 Tetracenomycinone - Tetracenomycin C
D ND ND
Isolate R3 A 0.27  o,-RMN 0.56 Grayish blue 2-Deoxy-L-fucose  ®,-Rhodomycin II
B 045 BRMN 0.56 Grayish blue L-Rhodosamine Rhodomycin
2-Deoxy-L-fucose
C 0.79 e RMN 0.56 Grayish blue 2-Deoxy-L-fucose  Epelmycin B
D 0.67 Aklavinone 0.12  Sky blue L-Rhodosamine Aclacinomycin A
0.56 Grayish blue 2-Deoxy-L-fucose
E 045 B-RMN 0.12  Sky blue L-Rhodosamine Rhodomycin A or B
0.56 Grayish blue 2-Deoxy-L-fucose
F 0.59 y-Iso RMN 0.12  Sky blue L-Rhodosamine Obelmycin
0.56 Grayish blue 2-Deoxy-L-fucose
G 027  o,-RMN 0.12  Sky blue L-Rhodosamine Alldimycin B
0.56 Grayish blue 2-Deoxy-L-fucose
Isolate R5 A 045 eRMN 0.34  Sky blue Daunosamine Rhodomycin D
B 0.90 ND 0.34  Sky blue Daunosamine ND
C 0.73  7-Deoxyaklavinone 0.34  Sky blue Daunosamine 7-Deoxyaklavin
D 0.61 4-0-Methyl aklavinone 0.56 Grayish blue 2-Deoxy-L-fucose ~ND
E 0.57 10-Decarbomethoxy aklavinone 0.34 Sky blue Daunosamine 10-Decarbomethoxyaklavin
F 0.59 Daunomycinone 0.34 Sky blue Daunosamine Daunomycin
Isolate Y8 A 0.48 Aklavinone 0.34  Sky blue Daunosamine Aclacinomycin
0.56 Grayish blue 2-Deoxy-L-fucose
B 0.32  Deoxyaklavinone 0.34  Sky blue Daunosamine Deoxyaklavin

Except R3E, which showed a very weak antibacterial activ-
ity against E. coli, no other compound showed any activity
against E. coli. The MIC of R3A and R3F against B. cereus
was observed to be > 20 pg/ml, whereas that of R3E was
found to be an impressive 2 ug/ml. Of all the compounds
obtained from isolate R5, R5F proved to be the most potent
with a zone of inhibition of 8 mm against B. cereus and an
MIC of 8 pg/ml. R5A and R5B were observed to have an
MIC > 40 pg/ml. None of the compounds showed any activ-
ity against E. coli.

Y8A proved to be highly potent with a zone of inhibition
of 18 mm against B. cereus whereas Y8B was much less

potent with a zone of a meagre 7 mm. However the MIC of
both Y8A and Y8B was observed to be >40 ug/ml. Neither
of them showed any activity against E. coli. Y8A showed a
huge zone of 20 mm against C. albicans.

In vitro antitumor activity

In vitro antitumor activity of the bioactive compounds was
judged by MTT based cytotoxicity assay against an estab-
lished human cervical cancer cell line, HeLa and compared
with that of a normal established mouse fibroblast cell line
1L.929.

@ Springer
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Fig. 1 Characterization of compound R1D obtained from isolate R1. a UV—Visible spectra of compound R1D. b Structure of dihydrodaunomy-

cin. ¢ IR spectra of compound R1D. d Proton NMR of compound R1D

The IC;, of R1C, R1D, R1E and R1F as determined from
the graph (Fig. 6a) was ~5, 8, 14 and 9.5 uM for L929. The
IC5, of R1E and R1F was found to be 20 and 23 uM for the
tumor cell line, HeLa (Fig. 6b). Similarly, the ICy, of R3A,
R3E and R3F on HelLa cell line was determined from the
graph to be 20, 12 and 25 uM (Fig. 6¢).

Figure 6d shows the comparative effect of RSF and Y8B
on HeLa. The ICs, of R5F and Y8B as determined from the
graph was 10 and 25 uM respectively. Figure 6e shows the
ICs, of the standard doxorubicin and Y8A. It was found to
be ~3 and ~2.9 uM respectively for doxorubicin and Y8A.

In vitro wound scratch assay

Anti-metastatic activity of the isolated aromatic polyketides
was tested in vitro by performing scratch assay on the tumor
cell line HeLa. As shown in Fig. 7, the migration of HeLa
cells as indicated by the ability to close the artificial wound,
was significantly inhibited by the compounds Y8A, identi-
fied as an aclacinomycin analogue and RSF, identified as
daunomycin, even at nontoxic concentrations. The open area

@ Springer

in the case of Y8A treated cells was 36.2% as compared to
that of 16.1% of the untreated control. In the case of com-
pound RS5F, the inhibition was less with 49.8% open area
as compared to that of 36.0% in untreated cells. Compound
R3E, identified as rhodomycin, did not show any significant
inhibition.

Discussion

Polyketides form the major class of medicinally used sec-
ondary metabolites of Streptomyces and related species.
These compounds, which represent 20% of pharmaceutical
drugs in the market, contain repeating (-CH,—CO-) groups
and possess antimicrobial, antifungal, antiparasitic, antitu-
mor and antiviral activities (Donadio et al. 2010). Strepto-
myces are considered to be prolific producers of polyketides
(Liu et al. 2012). The current study was undertaken with
the aim of isolating novel aromatic polyketides from soil
Streptomyces spp. These were purified and their antimicro-
bial and antitumor activities were assessed. The study also
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Fig.2 Characterization of compound B1B obtained from isolate B1. a UV-Visible spectra of compound B1B. b Structure of elloramycin. ¢ IR

spectra of compound B1B. d Proton NMR of compound B1B

involved the structure elucidation of these aromatic polyke-
tides. Streptomyces species usually produce the bioactive
compounds as a complex, which can be separated on TLC to
yield distinct bands. In this study, TLC with different solvent
systems yielded 2—7 bands from the ethyl acetate extracts of
each Streptomyces isolate. A bioactivity guided approach
was used to select the most potent compound from each iso-
late. Although the structure of only the most potent bioactive
compound from each isolate was elucidated, all the other
fractions were also subjected to partial characterization to
predict the compound identity (Table 2).

Isolate R1, identified as S. spectabilis, was grown for anti-
biotic production using the medium and culture conditions
optimized in a previous study (Holkar et al. 2013a). The
UV visible and IR spectra of the most potent compound,
R1D, indicate that it is an aromatic polyketide, belonging
to daunomycin group of anthracyclines (Dornberger et al.
1985; Bervanakis 2008). Acid hydrolysis of compound R1D
yielded dihydrodaunomycinone and daunosamine indicat-
ing that the compound is perhaps dihydrodaunomycin. The
chemical shift values shown by the proton NMR of R1D

were very similar to that of dihydrodaunomycin as previ-
ously reported (Arcamone et al. 1969; Yoshimoto et al.
1980). Thus UV-Vis, IR and NMR spectroscopy identified
this compound as dihydrodaunomycin, which belongs to
the anthracycline class of aromatic polyketides. This is the
first report of dihydrodaunomycin, an anthracycline being
produced by S. spectabilis. Earlier, other researchers have
reported the production of aureolic acids and macrolides
such as spectomycins and streptovaricins but not anthra-
cyclines from this organism (Staley and Rinehart 1994).
MIC of R1D was found to be much lower than the reported
value of 12.5 ug/ml against B. cereus. However, ICs, values
obtained for R1D in the present study were much higher than
those reported for dihydrodaunomycin for HeLa by other
researchers (Arcamone et al. 1972). These results indicate
that some substituent groups on R1D might be slightly dif-
ferent from conventional dihydrodaunomycin.

Isolate B1, identified as Streptomyces olivaceus was
grown in Potato Dextrose Broth (PDB) and yielded an
orange-yellow compound B1B as the major product. This
compound did not show any colour change on treatment

@ Springer
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Fig.3 Characterization of compound R3E obtained from isolate R3. a UV-Vis spectra of compound R3E. b Structure of rhodomycin. ¢ IR spec-
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with 0.5% magnesium acetate indicating that it is not a
peri-hydroxy quinone (Laatsch and Fotso 2008; Holkar et al.
2013Db). Acid hydrolysis followed by TLC analysis indicated
the presence of the aglycone, elloramycinone and the sugar
rhamnose in its structure. Further, the IR (KBr) spectra were
similar to that reported for elloramycin (Drautz et al. 1985).
The shifts in 'H NMR of B1B in the aglycone, elloramyci-
none and the shifts shown by the sugar residue attached to
the chromophore, rhamnose correspond to that reported by
Drautz. Hence the conclusion that compound B1B is rham-
nosyl—elloramycinone, that is elloramycin is inescapable.
Elloramycin is an aromatic polyketide belonging to the class
of tetracenomycins. It is a phenolic glycoside, a glycoside
type rare among the secondary metabolites of Streptomyces.
Elloramycin is the first secondary metabolite of microbes
with its sugar permethylated (Drautz et al. 1985). Isolate B1,
in preliminary screening was found to be only antifungal,
hence only its antifungal activities were pursued. But, when
purified compounds were tested against C. albicans and A.
niger by agar well diffusion method, hardly any activity was
observed. ICs, of compound B1B against HeLa cells was

@ Springer

observed to be 30 uM but was not found to be cytotoxic
to L929 in the tested range. B1B thus showed promise of
being an effective anticancer agent. Notably however, Ello-
ramycin has been reported by Drautz to be weakly active
against Gram-positive bacteria, especially Streptomycetes
but not against Bacillus subtilis, Micrococcus luteus and
Mucor michei. He also reported that the in vitro test against
L-1210 leukemia cells showed 100 times weaker activity
than doxorubicin which was attributed to the high grade of
sugar methylation and the lipophilic character of the mol-
ecule. Therefore more careful investigations need to be
planned to predict conclusions about the chemotherapeutic
potential of B1B.

Isolate R3, identified as S. purpurascens, was grown
for antibiotic production using the medium and culture
conditions optimized in a previous study (Holkar et al.
2013b). The UV visible light absorption spectra of all the
purified fractions of isolate R3, exhibited characteristic
peaks of anthracyclines in the range of 297, 492-497,
522-526 and 557-562 nm (except R3D). The FT-IR
spectra of all purified fractions indicated the presence of
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Table 3 Physicochemical properties of the potent compounds

Properties Compound
RID BIB R3E R5SF YSA
Rf 0.34(SS6) 0.69 (SS7) 0.62 (SS4) 0.00 (SS6) 0.47 (SS10)
UV-Vis Amax (nm) 417, 535 292,422,503 297,492 256, 419, 472, 517 247,379, 417, 437
IR max 3351, 2945, 2832, 3619, 3045, 1561, 3394, 2292, 1736, 3431, 2949, 2837, 3048, 2949, 2775,
1149, 1116, 1028 1361, 1286, 1182 1577, 1458, 1190 1645, 1474, 1118 1737, 1654, 1585
NMR 54.4,56199-24,38 55,63.8,63.14,8 67.02-7.38,54.2,8 57.06-57.44,51.99, 64.8,63.3,62.2,8

3.12-3.37,8 5,8 4.8,
53.6-3.8,64.8,0
1.21,63.73

Dihydrodaunomycin

377,86 1.21,8 4.11,
63.59

Compound identi- Elloramycin

fied as

8.01,87.15,82.9,6

1.72-61.97,65,9 82.24,63.12,8 1.8-2,861.3,62
1.44,81.66-6 1.95, 3.37,85,62.09,8
52.81-53.55,84.8 1.21

Rhodomycin A Daunomycin Aclacinomycin

hydroxyl group (3400-3300 cm™!) a ketonic group or ester
carbonyl (1740 cm™!) and a hydrogen bonded carbonyl
(1600 cm™") which is characteristic of anthracyclines.
However, an orange coloured compound R3E was found
to be the most potent compound with an MIC of 2 pg/ml
against B. cereus.

@ Springer

The Rf and UV—Vis spectra of the aglycone of R3E was
found to be similar to that of B-RMN. Also the UV-Vis
spectra of compound R3E matched that of S-583AlI,
which is reported to be a rhodomycin (Shoji et al. 1968).
The IR and '"H NMR spectra confirmed the identity of
compound R3E as rhodomycin in the present work.
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Fig.6 a MTT based cytotoxicity assay of R1C, R1D, R1E and R1F
on L1929, IC5, was found to be 5, 8, 14 and 9.5 uM. b MTT based
cytotoxicity assay of R1E and R1F on HeLa, ICs, was found to be 20
and 23 uM. ¢ MTT based cytotoxicity assay of R3A, R3E and R3F
against HeLa, ICy, was found to be 20, 12 and 25 uM. d MTT based

Rhodomycin group of anthracyclines are characterized by
having B-RMN as the aglycone and was the first anthra-
cycline to be identified. The sugar moiety attached to C-7
or C-10 or both of the aglycone always contains one or
more rhodosamines (Fujiwara et al. 1985). Rhodomycin B

0 1 2 3 4 5
Concentration (uM)

cytotoxicity assay of Y8B and RS5F against HeLa, ICs, was found to
be 25 and 10 pM. e MTT based cytotoxicity assay of standard doxo-
rubicin and Y8A against HeLa, ICs, was found to be 3 and 2.9 uM.
Each point represents mean of three independent observations +SD

containing one rhodosamine and rhodomycin A containing
two rhodosamines has been isolated previously from S.
purpurascens (Saito et al. 1995).

In the present work, the MIC of R3E was found to be
comparable to the reported value of 0.5-1 ug/ml (Shoji et al.

@ Springer
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Fig. 7 Anti-metastatic activity by in vitro wound scratch assay. Cell
migration of tumor cells (HeLa) in presence and absence of aro-
matic polyketides was compared. Analysis of cell migration was done
by using T Scratch analysis software. Confluent cell cultures were
scratched and immediately imaged at X5 magnification (0 h). HeLa
cells were incubated in medium alone (24 h untreated control) or aro-

1968). However, the ICs, value was higher than the reported
value of 1 pg/ml (Saito et al. 1995).

Since the UV-Vis spectra and metabolic profile of both
cell and broth extracts of isolate R5 (identified as S. coer-
uleorubidus) were similar, the two were mixed resulting
in 185 mg of crude antibiotic complex. This crude com-
plex when subjected to TLC using various solvent sys-
tems gave separation in SS6. Five well separated bands
were obtained and were named R5A, R5B, R5C, R5D and
RS5E. A polar compound which did not migrate remained
as a circular spot. This spot was scraped and run in SS3.
It resolved as a single band indicating that it was a pure
compound. This compound was named R5F, which on
treatment with 0.5% magnesium acetate, changed color
from orange-red to violet indicating the presence of peri-
hydroxy quinone in the structure as seen in anthracyclines.
The UV-Vis spectra of compound R5F showed peaks in

@ Springer

matic polyketides, Y8A-1, R5F-3 and R3E-4 uM (24 h treated) for
24 h before re-imaging. The automated analysis was performed using
a disk size of 7, default threshold 0.25 and erosion size 2. Percentage
of open image area represented as mean + standard deviation of 4 rep-
licates (**P <0.05)

the UV region (233, 252, 292 nm) and in the visible region
(421, 472, 517 nm) which are characteristic of a dihy-
droxyanthraquinone as seen in daunomycin (Bouma et al.
1986). The UV-Vis spectra of standard daunomycin also
showed similar peaks. Also RSF showed an Rf of 0.75
in the same solvent system as has been reported for dau-
nomycin (Dickens et al. 1997). Further the IR spectra of
standard daunomycin and R5F were superimposable with
similar peaks. The '"H NMR spectra of R5F conclusively
confirmed its identity as daunomycin. Daunomycin has
been isolated previously from Streptomyces peucetius,
Streptomyces griseus, Streptomyces insignis and other
Streptomyces species and variously named by different
researchers as rubomycin C, mitocromin D and leukae-
momycin C. It has also been obtained from cultures of S.
coeruleorubidus as rubidomycin (Arcamone et al. 1969).
The antitumor activity of daunomycins, first established
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using tumor bearing mice, was confirmed in clinical trials
showing its powerful activity against acute leukemia. Dau-
nomycin thus became the first anthracycline endowed with
clinical usefulness. In the present work, Compound R5F
was found to inhibit the proliferation of HeLa cells with
an ICy, value of 10 uM which was slightly higher than
that shown by standard daunomycin (3 uM) under simi-
lar experimental conditions. In vitro wound healing assay
revealed the antimetastatic properties of compound R5F.

Isolate Y8, identified as S. lavendofoliae yielded an
aklavinone glycoside which could be an aclacinomycin
(Kitamura et al. 1981). Also an Rf of 0.12 in SS9 and 0.47
in SS10 was observed. These Rf’'s when compared with lit-
erature suggested that the compound belongs to the aclacino-
mycin class of anthracyclines. The UV—-Vis spectra and IR
spectra also validated the fact that it could be an aclacino-
mycin. The chemical shifts in the 'H NMR at & 4.8 and & 3.3
could be due to the proton at C-1 and equatorial proton at
C-4 of the 2-deoxyfucose. The characteristic chemical shift
around 6 2.2 in the NMR spectra of the compound Y8A sug-
gests the presence of an amino sugar moiety in its structure
(Oki et al. 1979). This amino sugar may be daunosamine as
indicated on the basis of the shifts at 6 1.8-2.0 (CH2), 5 1.3
(CH3), 6 2.0 (NH,) as reported by Yoshimoto (Yoshimoto
et al. 1980). Thus compound Y8A may be an aclacinomy-
cin analogue. Aclacinomycins, which are a type of anthra-
cyclines, are aklavinone glycosides with antitumor activity
and are known to be produced by Streptomyces galilaeus.
This group of yellow anthracyclines has the widest variety
of sugar substituents, mainly rhodosamine, deoxyfucose and
cinerulose, and to a lesser extent amicetose, aculose and
rhodinose (Fujiwara et al. 1985). Daunosamine and mono-
methyl daunosamine along with deoxyfucose and cinerulose
have also been reported as sugars of aclacinomycin ana-
logues produced by a mutant strain of S. galilaeus (Oki et al.
1979). Compound Y8A isolated in this work, was found to
contain daunosamine and deoxyfucose but not cinerulose.
Thus compound Y8A is perhaps a new aclacinomycin ana-
logue which we isolated from the culture broth of Y8. Acla-
cinomycins are mainly produced by Streptomyces galilaeus
or its mutants. However, in this study, Y8A was found to be
produced by our isolate identified as S. lavendofoliae. There
are only two reports before this where aclacinomycins have
been reported to be produced by S. lavendofoliae (Kim et al.
1995a, b).

Compound Y8A was found to have an ICs, value of
2.9 uM against HeLa cells. However, it was found to be
cytotoxic to the normal cells, L929 at a much higher con-
centration as compared to that of aclacinomycin A and acla-
cinomycin B whose reported values are 0.12 and 0.24 pg/
ml. Compound Y8A was also found to exhibit antimetastatic
activity wherein the migration of HeLa cells was inhibited
even at non toxic concentration (1 uM). Thus compound

YS8A has antiproliferative and anti invasive characteristics
required in an antimetastatic antitumor compound.

Although screening programs do not always result in the
discovery of new compounds, this study yielded a few novel
aromatic polyketides which can be taken up in a drug devel-
opment program wherein they may be chemically modified
to further increase their activity. These can be subsequently
evaluated in clinical trials rendering valuable chemothera-
peutic compounds in future.
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ABSTRACT

Background and Objectives: Rare actinomycetes are a promising source of novel metabolites of pharmaceutical impor-
tance. The current study focussed on selective isolation of specific genera of rare actinomycetes and screening the isolates for
biosynthetic genes particularly polyketide synthases (PKS) and non ribosomal peptide synthetases (NRPS).

Materials and Methods: The soil samples were subjected to various pre-treatments like 1.5% phenol treatment, 0.3%
chloramine T treatment, benzethonium chloride treatment, etc. and plated on selective media supplemented with specific
antibiotics targeting rare genera of actinomycetes. The putative rare actinomycete isolates were screened for bioactivity
using agar cross streak method and agar well diffusion method. The ability of the isolates to produce anti-quorum sensing
compounds was tested against Serratia marcescens. The isolates were also screened for the presence of biosynthetic gene
clusters associated with PKS-1, PKS-II and NRPS pathways using the degenerate primer sets K1F-M6R, KSo/KSp and A3F-
AT7R, respectively. The expression of these gene clusters was tracked by physicochemical screening of the extracts of isolates
using spectroscopic and chromatographic techniques.

Results: In this study, 1.5% phenol treatment was found to be the most promising followed by heat treatment and chloramine
treatment. Our studies showed that ISP5 agar was the best for isolation of rare genera followed by ISP7, Starch Caesin agar
and ISP2 supplemented with antibiotics like gentamicin, nalidixic acid and streptomycin. Micromonospora was the most
abundant genus followed by Dactylosporangium. Actinomadura, Nocardiopsis and Actinoplanes were almost equal in num-
ber. Primary screening showed that 92% of the isolates were active against one of the test organisms. Thirty seven isolates
were found to produce anti-quorum sensing (QS) compounds. NRPS sequences were detected in thirty nine isolates (42.8%),
whereas PKS-I and PKS-II sequences were detected in seventeen and twenty eight strains (18.6% and 30.7%), respectively.
Conclusion: Nine type I and type II polyketide-producing isolates as well as six peptide-producing isolates were found. The
peptide extract of isolate KCR3 and a polyketide extract of isolate NCD10 were found to possess anti-tumor activity exhib-
iting an IC, value of 3 pg/ml and 2.5 pg/ml against HeLa cells.

Keywords: Rare actinomycetes, Polyketide synthases, Non ribosomal peptide synthetases
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RARE ACTINOMYCETES: MOLECULAR AND PHYSICOCHEMICAL SCREENING

INTRODUCTION

Actinomycetes have a proven capacity to produce
novel antibiotics, and many screening programs
have been carried out leading to the discovery of
numerous new bioactive molecules, which have
subsequently found their way into various clinical
uses ranging from control of infections to cancer
treatment (1). However, the chances of discovering
commercially potent secondary metabolites from
well-known actinomycetes is becoming increasing-
ly difficult due to the practice of wasteful screening
that is leading to rediscovery of the known bioactive
compounds (2). This emphasizes the need to isolate
and screen the undiscovered representatives of the
less explored actinomycetes. Recent evidence has
demonstrated that rare actinomycete species, which
are often very difficult to isolate and cultivate, might
represent a unique source of novel biologically active
compounds (3) and methods designed to isolate and
identify a wide variety of such actinomycetes have
been developed (4). These methods include a variety
of pretreatment techniques in combination with ap-
propriately supplementing selective agar media with
specific antimicrobial agents.

Although bioactivity guided screening is the oldest
and most common screening strategy, in the recent
years, PCR based approaches have been used suc-
cessfully to amplify genes associated with second-
ary metabolite biosynthesis (5). Polyketide synthases
and non-ribosomal peptide synthetases are the major
enzymes of secondary metabolite synthesis. A few
examples of classes of antibiotics produced through
these biosynthetic pathways include ansamycins,
tetracyclines, polyenes and glycopeptides (6). In the
present study, degenerate primer sets were used to
screen for the presence of biosynthetic gene clusters
associated with PKS-I, PKS-II and NRPS pathways
in genomic DNA of one hundred and seventeen rare
actinomycete strains.

Though the presence of the biosynthetic genes in
isolates can be proved by molecular screening, it
can not confirm the production of the compounds.
Hence, expression of these gene clusters was tracked
by physicochemical screening of the isolates us-
ing spectroscopic and chromatographic techniques
for the analysis of crude extracts and prediction of
the bioactive compounds. Such studies have been
carried out previously on Streptomyces, a genus of
actinomycetes (7, 8). However, to the best of our

http://ijm.tums.ac.ir

knowledge, these methods have not been used for
screening non-Streptomyces rare actinomycetes, the
focus of this study.

Research on actinobacteria is still in its infancy in
India. Hence the aim of the present study was to de-
termine the diversity of culturable bioactive rare ac-
tinomycetes from Indian forest soils and screen them
for the presence of biosynthetic genes using PCR.
The metabolic profile and anticancer activity of po-
tent and promising isolates was also studied.

MATERIALS AND METHODS

Test organisms and cell lines. The target strains
used for screening antimicrobial activity were pro-
cured from microbial type culture collection and
gene bank (IMTECH, Chandigarh, India) and were:
Micrococcus luteus MTCC 106, Bacillus subtilis
MTCC 441, Escherichia coli MTCC 443, Pseudo-
monas aeruginosa MTCC 741, Serratia marcescens
MTCC 4822, Candida albicans MTCC 227, and As-
pergillus niger MTCC 282. The cell lines were pur-
chased from NCCS, Pune, India.

Chemicals and media. All chemicals and solvents
were of analytical grade and purchased from Mer-
ck, Germany and culture media were obtained from
Hi-media, Mumbai, India. Standard doxorubicin was
obtained from Sigma-Aldrich.

Collection of soil samples. Soil samples were col-
lected at depths of 3-5 cm below the surface from
various forest areas in and around Nagpur, India.
The samples were placed in sterile polyethylene
bags, closed tightly and stored at 4°C until required.

Treatment of soil samples and selective isola-
tion of rare actinomycetes. Approximately 1 g of
each sample was suspended in 10 ml sterile distilled
water from which three dilutions (10 to 10-*) were
prepared. The diluted samples were divided into
equal aliquots, and were subjected to various treat-
ments like 1.5% phenol treatment, 0.3% Chloramine
T treatment, benzethonium chloride treatment, heat
treatment, air drying and a combination of these
treatments before plating on appropriate isolation
media (9). Several media such as starch casein agar,
humic acid vitamin agar (HVA), actinomycetes iso-
lation agar (AIA), yeast extract-malt extract-dextrose
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agar (ISP2), glycerol-asparagine agar (ISP5), and ty-
rosine agar (ISP7) were used for isolation (10, 11).
All media were supplemented with sterile antifungal
(cycloheximide 100 pg/mL, nystatin 25 pg/mL) and
antibacterial (gentamicin, vancomycin, streptomy-
cin, and nalidixic acid 25 pg/mL) antibiotics to fa-
cilitate the selective isolation of slow-growing rare
actinomycete genera.

Inoculated plates were incubated at 30°C for up to
six weeks, and all leathery colonies were identified
and sub-cultured on starch casein agar. Preliminary
identification of rare actinomycete colonies were
done by microscopic observation with a long work-
ing distance microscope. Single colonies were suc-
cessively transferred onto potato dextrose agar and
incubated until pure isolates were obtained.

Characterization of non-streptomycete actino-
mycetes. The growth of rare actinomycete cultures
was examined at 7, 14 and 21 days on ISP2 and
starch casein agar. The presence of aerial mycelium,
the color of aerial and substrate mycelium and the
formation of soluble pigments were recorded. Cov-
er slip culture method was used for the microscopic
characterization. The mycelium structure, arrange-
ment of conidiospores and arthrospores on the my-
celium were observed by high power (400X). The
diaminopimelic acid (DAP) isomer in the cell wall
was determined by the method of Becker et al. (12).
The whole cell sugar pattern (WCSP) was obtained
by the method of Staneck and Roberts (13). Lyso-
zyme sensitivity of the isolates was determined to
differentiate between Streptomycetes and non-strep-
tomycetes (14).

Screening for bioactivity. The rare actinomycete
isolates were assessed for their capability of produc-

ing bioactive compounds by agar cross streak meth-

Table 1. PCR primers used in this study

od against test organisms (15). Isolates that showed
activity in the primary screening were selected for
secondary screening. These isolates were grown in
submerged culture in 250 ml flasks containing 50 ml
of PDB (Potato Dextrose Broth) medium. The cell
free supernatant, sterilized by filtration and vacuum
concentrated five-fold in Vacufuge Plus (Eppendorf,
North America) was used for extracellular antimicro-
bial activity by agar well diffusion method against
test microorganisms (16).

Anti-Quorum sensing activity. For the anti-QS
screening, the rare actinomycetes were first central
streaked onto the PDA plates and incubated for 2-3
days. The plate was then overlaid with soft LB agar
seeded with the indicator strain Serratia marcescens
and incubated overnight. A positive QSI result was
indicated by a lack of pigmentation of the indicator
strain around the vicinity of the test organisms. Neg-
ative results were indicated by no pigmentation inhi-
bition (17).

PCR detection of PKS-I, PKS-II, and NRPS se-
quences. Three sets of degenerate primers were used
for the amplification of genes encoding polyketide
synthases I and II (PKS-I and PKS-II) and nonri-
bosomal peptide synthetases (NRPS) (Table 1) (6,
18). The PCR reaction mixture that consisted of 20-
200 ng genomic DNA, 10.0 uL of 2X GoTaq Green
master mix (Promega, USA), 10 pmoles of different
primer sets, and sterile ultrapure water was added
to final volume of 20 pL. The PCR was performed
using the Bio-Rad thermal cycler with the following
cycling conditions: (i) 94°C for 5 min; (ii) 30 cycles
of 94°C for 1 min, 57°C (for KIF-M6R and KSa/
KSB) or 62°C (for A3F-A7R) for 1 min, and 72°C for
2 min; and (iii) 72°C for 5 min. The PCR amplifi-
cation products were resolved using electrophoresis

Primers Primer Sequence Gene recognized  Product size (bp) Reference

KI1F TSAAGTCSAACATCGGBCA PKSI 1200 6
M6R CGCAGGTTSCSGTACCAGTA

KSa TSGCSTGCTTCGAYGCSATC PKSII 613 18
KSp TGGAANCCGCCGAABCCGCT

A3F GCSTACSYSATSTACACSTCSGG NRPS 700 6
ATR SASGTCVCCSGTSCGGTAS

27F AGAGTTTGATCMTGGCTCAG 16S rRNA 1400 45

1492R AGAGTTTGATCMTGGCTCAG
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in 1% agarose gel (Promega, USA) and stained with
ethidium bromide (0.5 pgmL") and viewed using
Molecular Imager. Streptomyces nogalater was used
as a reference strain for the presence of PKSII gene
and Streptomyces avermitilis for NRPS and PKS 1
genes.

DNA extraction, sequencing and analysis. Total
genomic DNA from seven potent isolates was ex-
tracted using standard method (19). The 16S rRNA
gene was amplified by PCR using the primer pair
27F-1492R (Table 1). PCR was carried out under the
following conditions: initial denaturation at 94°C
for 3 min; 30 cycles of 94°C for 30 sec, 60°C for
30 sec, and 72°C for 1 min; and a final extension at
72°C for 10 min. The PCR products were purified
and sequenced using a ABI PRISM® BigDyeTM
Terminator Cycle Sequencing Kits with AmpliTaq®
DNA polymerase (FS enzyme) (Applied Biosyste-
ms).

The resultant 16S rRNA gene sequences were com-
pared with those of other closely related taxa retrieved
from the GenBank database. The program MUSCLE
3.7 was used for multiple alignments of sequences
(20). The resulting aligned sequences were cured us-
ing the program Gblocks 0.91b. Finally, the program
PhyML 3.0 aLRT was used for phylogeny analysis
and HKY85 as substitution model. The program Tree
Dyn 198.3 was used for tree rendering (21).

Physico-chemical screening. The absorption
spectra of bioactive crude organic extracts in meth-
anol were recorded in the UV-visible region (190-
1100 nm) by using a biospectrophotometer (Model
BL 198, Elico, India) and observed for peaks in 230-
280 nm range and 400-500 nm range for detection of
aromatic polyketides (22), 215-270 nm for complex
polyketides like polyenes compounds (7) and in 210-
230 and 270-280 for peptides (23). Doxorubicin, an
anthracycline; nystatin, a polyene and nisin, a pep-
tide were used as standards.

Chemical screening of the crude extracts was car-
ried out by the method described by Taddei (8). TLC
screening was performed on readymade silica gel
plates (Merck, Germany, Cat # 1.05554.0007). All
samples were spotted manually with a 5-ul micro-
pipette. Each TLC plate (20 x 20 cm) was spotted
with samples of the various microbial crude extracts
and the chromatograms were developed using chlo-
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roform: methanol: aq ammonia (85:14:1), or benzene:
acetone: methanol (100:10:1), methanol: chloroform:
acetic acid: water (80:20:2:0.2) chloroform: heptane:
methanol (10:10:3) as the solvent systems.

Detection of secondary metabolite patterns was
performed using a UV lamp at 254 and 365 nm, as
well as by direct staining using coloring reagents like
magnesium acetate reagent, formaldehyde- H,SO,
reagent, naphthoresorcinol reagent and chlorine
o-dianisidine (8, 23).

Anticancer activity. The effect of bioactive ex-
tracts on HeLa was determined in vitro by MTT as-
say (24). The adherent cells were exposed to a con-
centration gradient of 1-10 pg/ml.

RESULTS

Effect of pretreatment & antibiotics for selective
isolation of rare actinomycetes. Using different soil
treatment methods, selective media and cultivation
conditions, organisms putatively identified as actino-
bacteria were selected on the basis of characteristic
colony morphology, notably the ability to form aerial
hyphae and substrate mycelia.

1.5% phenol treatment of soil suspension yielded
the maximum number of colonies, sixteen, on ISP5
supplemented with gentamicin followed by ISP7 with
the same antibiotic. Air dried samples gave maximum
colonies, nine, on starch casein agar (SCA) supple-
mented with gentamicin followed by five colonies on
ISP 7 with streptomycin. With heat treatment, AIA,
ISP5 and ISP7 with vancomycin yielded three, five
and two colonies. However, maximum colonies nine,
were obtained on ISP2 with gentamicin. Chloramine
treatment was found to be most successful on ISP7
with vancomycin and nalidixic acid (Table 2).

A total of one hundred and seventeen actinobacte-
rial strains were isolated from five forest soil samples
and one hundred and six isolates were found to have
meso-DAP indicating that they are rare actinomy-
cetes.

Identification of rare actinomycetes. The isolates
were grouped on the basis of colour series, the main
colours being white (45.83%), gray (35.41%), red
(6.25%), and yellow (4.16%); while 8.33% isolates
were without any distinct colour (hyaline). Whole
cell sugar pattern of isolates containing meso-DAP
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showed that fifty strains had xylose either alone or
with arabinose. Eighteen strains showed the pres-
ence of madurose and thirty two, galactose. Using a
polyphasic approach, on the basis of phenotypic, mi-
croscopic and chemotaxonomic criteria, the isolates
were classified into twelve genera as shown in Ta-
ble 3. The isolates were renamed as per their generic
name for further studies.

Seven potent isolates were identified on the basis
of 16S rRNA gene sequencing. The sequences have
been submitted in Genbank and accession numbers
obtained as shown in Table 4.

Primary screening. When the isolates were sub-
jected to primary screening using agar cross streak
method, ninety eight isolates showed antimicrobial
activity against one or the other test organism. Six-
ty two isolates showed only antibacterial activity,
twelve isolates showed only antifungal activity and
the remaining twenty four isolates showed both anti-
bacterial and antifungal activity. Of the isolates with
antibacterial activity, fifty isolates were active only
against Gram positive bacteria whereas twelve iso-
lates were active against both Gram positive as well
as Gram negative bacteria. Thirty seven (36.2%)

Table 2. Recovery of rare actinomycetes colonies using selective isolation methods

Treatment Media Antibiotics used No. of colonies Reference
1.5% phenol ISP 5 Gentamicin 16 46
1.5% phenol ISP 7 Nalidixic acid/gentamicin 10 47
Air dry SCA Gentamicin 9 48
Air dry ISP 7 Streptomycin 5 49
Heat treatment ISP 2 Gentamicin 7 50
Heat treatment ISP 5 Kanamycin 5 51
Chloramine treatment ISP 7 Streptomycin 4 52

Table 3. Grouping of isolates into genera on the basis of morphological and chemotaxonomic properties

Genus No. of Cell wall  Cell Whole cell Substrate Aerial Spores
isolates amino acid wall sugar pattern mycelium mycelim
(%) type
Micromonospora 22 (20.75) Meso- DAP, 11 Ara, Xyl (D) Yellow/brown - Spherical to oval
glycine
Dactylosporangium 16 (15.09) Meso- DAP, 1I Ara, Xyl (D) Yellow brown/ - Single row of 3-4
glycine orange oblong spores
Actinoplanes 12 (11.32) Meso- DAP, 1I Ara, Xyl (D) Orange/yellow - Spherical or short rods
glycine
Nocardiopsis 11 (10.3) Meso-DAP 1II No (C) Creamish yellow Grayish white Long chain of spores
Actinomadura 10 (9.43) Meso-DAP 1II No (C) Grayish white white Short chain of conidia
on aerial mycelium,
often curled
Microbispora 9(8.49) Meso-DAP 1II Ara, Gal, Mad  Yellow/orange  Pink white  Chains of conidia with
2 spores
Catellatospora 7 (6.6) Ara, Xyl, Gal Bright yellow No Short chain of conidia
Planobispora 6(5.66) Meso-DAP IV Ara, Gal, Mad (B) Brownish white ~White with Spornagia with 2 spores
rose tinge
Kocuria 5(4.71) -
Spirilliplanes 4(3.77) Meso -DAP Xyl, Gal, Mann  Yellow/orange white Oval or short rods
Spirillospora 3(2.83) Meso-DAP 1II Mad (B) yellow white Rod shaped or curved
Saccharomonospora 1(0.94) Meso-DAP  1II Ara, Gal (A) white Grayish green Spores in pairs or short

chains
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Table 4. Similarity of the rare actinobacterial isolates to the closest cultivated species and their Genbank accession numbers

Isolate Genbank No. of Query Similarity Closest cultivated species
accession No. nucleotides cover (GenBank accession no.)
sequenced
ACM1 MG372011 1167 100% 79% Actinobaculum schaalii strain NML 070171 16S
ribosomal RNA gene, partial Sequence (FJ711188.1)
KCR3 MG430204 938 100 100 Kocuria kristinae partial 16S rRNA gene, strain SZ22
(LT600550.1)
ATP10  MG388286 1163 100% 79% Actinomyces sp. VULS8 16S ribosomal RNA gene, partial
sequence (KX389558.1)
MMS16  MG372012 1203 94% 81% Micromonosporaceae 16S TRNA gene, isolate SR 53
(X87321.1)
MBS9 MG388285 1191 100% 78% Actinomycetales bacterium AB1007 16S ribosomal RNA
gene, partial sequence (JQ924089.1)
ACM9 1427 100 99% Glutamicibacter arilaitensis strain Re11716S rRNAgene,
partial sequence (NR074608.1)
MMS8  MG407702 1143 96 98% Micromonospora auratinigra strain RLFI_1037 16S

rRNA gene, partial sequence (KY580811.1)

isolates showed anti-quorum sensing activity when
tested against Serratia marcescens.

Secondary screening. All the ninety eight bioact-
ive isolates selected in primary screening were sub-
jected to secondary screening against B. subtilis,
E. coli and C. albicans. Only ninety one isolates
showed antibacterial or antifungal activity in sec-
ondary screening. The extracts of fourteen isolates
were observed to have a remarkable antibacteri-
al activity of which isolate MMS17 was found to
be the most potent with a zone of inhibition of 7.3
cm against B. subtilis and 4.5 cm against E. coli.
Similarly, the extracts of ten isolates showed re-
markable antifungal activity, with isolates SMS
and MMSI6 being more active against C. albicans
and isolate DCT11 and ATPI10 against 4. niger. Of
the eleven isolates which showed anti QS activity
against S. marcescens, five isolates namely, isolate
KCR3, MMS14, MMS16, SMS and NCD10 showed
remarkable activity. Two isolates, isolate MMSI6
and SMS exhibited all the three activities that is,
antibacterial, antifungal and anti QS activities.

Detection of PKSI, PKSII & NRPS genes. A
total of eighty four (92.3%) strains were found to
possess at least one of the PKS and NRPS systems.
NRPS sequences were detected in thirty nine iso-
lates (42.8%), whereas PKS-I and PKS-II sequences
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were detected in seventeen and twenty eight strains
(18.6% and 30.7%), respectively. Thirty six isolates
showed the presence of two genes. All three target
genes were detected in five isolates (MMS1, MMS9,
MMS14, DCT14, MMSI16).

Physicochemical screening. Out of the twenty
eight bioactive isolates which also showed the pres-
ence of the PKS II gene, the extracts of twenty one
isolates showed UV absorption maxima in the range
208 and 288 nm indicating the presence of an aro-
matic nucleus. When the extracts of these twenty one
isolates were chemically screened, nineteen showed
a color reaction with formaldehyde-sulphuric acid
reagent confirming the presence of an aromatic nu-
cleus in their structure. The UV- Visible spectra
of at least seventeen extracts showed an additional
peak in the 400-500 nm range, which could indicate
the presence of an extended chromophore as seen
in aromatic polyketides. Chemical screening using
naphthoresorcinol reagent showed the presence of
sugars in the extracts of these seventeen isolates.
Of the seventeen isolates which showed amplifi-
cation of PKSI gene, the extracts of nine isolates
showed characteristic peaks in the range of 215-
270 indicating their capability of producing type I
polyketides.

Results of physicochemical screening using ab-
sorption measurement at 254 nm and 366 nm and
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reaction with chlorine o-dianisidine showed that
twenty four isolates could be recognized as peptide
producing strains. None of the spots reacted with
ninhydrin reagent. The UV spectral data for the eth-
yl acetate extracts of selected active fermented broth,
antimicrobial activity and presence or absence of
biosynthetic genes are shown in Table 5.

Anticancer activity. On the basis of potency and
diversity of bioactivity, the extracts of eight isolates
(KCR3, MMS14, MMSI16, SMS, MMSI17, DCT14,
MBS9, NCD10) were tested for anticancer activity
against HeLa cell line using MTT assay. The extracts

of isolates KCR3 and NCDI10 were found to be the
most potent with IC_  value of 3 ug/ml and 2.5 pg/
ml respectively and other extracts in the range of 4.5
to 6.5 ug/ml.

DISCUSSION

A large number of actinomycetes have been iso-
lated and screened from soil in the past sever-
al decades, accounting for 70-80% of secondary
metabolites available commercially (25). Conse-
quently, the possibility of isolating new actinomy-

Table 5. Summary of culturable rare actinomycete isolates from Indian forest soils

Isolates Aerial mycelim Diffusible A max Antimicrobial activity>  Anti QS activity Biosynthetic genes®
pigment B. subtilis E. coli C. albicans S. marscenes PKS1 PKS II NRPS
ACM7 Yellow Yellow 235,377,420 + + + + - - -
MMS6 Orange 241, 380, 445 + + - - - - -
MMSS8 Orange Orange 252,317,460 ++ + + - + +
MMS9 Pale yellow 291,299, 362 ++ + - + + +
MMS10 White 217,289 ++ - - + + R +
KCR3 Pale orange 280,293 + + -+ + +
MMS13 White 303, 330 - - - + - + +
MBS6 Yellow 342, 358, 377, ++ - - +
MMS14 Orange Orange 266, 276 + - - -+ + + +
MMS15  Pale yellow 288, 342,378,405 ++ - + 4+ + + -
MMS16 Yellowish orange  Yellow 352,363, 377, +++ ++ ++ -+ + - -
SMS White 337, 345 +++ ++ +H++ +++ - - +
ATP6 White 338,377,417,438  + - - - + -
MMS17 White 340, 377,420,445 +++ ++ - + + + R
DCT11 Reddish brown 296, 351 +++ ++ - + + + -
ACM9 yellow 347,333, 358, 378 - - ++ - + + -
ATP10 Yellowish orange 347, 437 + - ++ - - + +
DCT12 Pale yellow 327, 400 + - - - + - -
MMS20  Dark yellow 363, 375,417,438 + + + - + + -
MBSS8 Orange Yellowish 317,343, 362, - - ++ - - + +
MMS22 White 242,352 - + - - - -
DCT14 White 335, 340,375,403  + - - ++ + + +
DCT15  Bright orange 342,377,333 - + - - + - -
MMS21 White 317,332,342 + - - + - -
MBS9 Yellow 330, 358,412 ++ ++ - ++ - + -
NCD10 Yellow 291 ++ + + +++ - - +
NCD11 White 338, 358, 400 ++ + - ++ + + -

2+++ inhibition zone >15mm, ++ inhibition zone 5-15mm, + inhibition zone 0-5mm, - No inhibition

b+ Present, - Absent
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cete strains has diminished so that the search for
novel products has now switched to rarer genera of
actinomycetes.

Selective isolation of rare actinomycetes. Non-
Streptomycete actinobacteria can be isolated using
chemical and physical pretreatment of the samples,
specific selective media, fine-tuning of culture con-
ditions and other genus-specific methodologies (9),
including the use of anti-Streptomyces antibiotics
(Table 2). Streptomycin or nalidixic acid and kana-
mycin in combination have been used for isolation
of Actinomadura by Hayakawa and others (10, 26).
Gentamicin has been specifically used for that of
Dactylosporangium previously (27).

In this study, 1.5% phenol treatment was found to
be the most successful method resulting in isolation
of almost 40% of the total rare actinomycetes. Four
genera, Micromonospora, Actinoplanes, Actinomad-
ura and Microbispora, that could resist the germi-
cidal effect of phenol were isolated by this method.
Our results were in agreement with that of Hayakawa
et al. and Istianto et al. (28, 29).

Genera Micromonospora, Actinoplanes, Acti-
nomadura and Saccharomonospora were recovered
by using dry heat pretreatment. Similar results were
obtained by Hayakawa and Kavitha et al. (9, 30), who
showed that heating air dried soil samples at 120°C re-
duced the numbers of filamentous bacteria and strep-
tomycetes on isolation plates, resulting in the selec-
tive isolation of various rare actinomycetes genera.

In this study, Micromonospora was the most abun-
dant genus followed by Dactylosporangium. Acti-
nomadura, Nocardiopsis and Actinoplanes were al-
most equal in number. Jose and Jebakumar have re-
ported Micromonospora as the second most dominant
group after Streptomyces accounting for 23% of total
actinomycetes in their study (31). Micromonospora
was also the major genera of rare actinomycetes in
both mangrove and soggy soils (32). In Indian scenar-
io too, research on actinobacterial diversity from ter-
restrial ecosystems has led to the isolation of Micro-
monospora, Actinomadura and Microbispora (33).

Bioactivity. Our results using cross streak method
indicated that almost 92% of the isolates were active
against one or more of the test organisms which was
much higher than that reported by Qin et al. and Lee
et al. (3, 34).

Almost 26.5% of the bioactive isolates, in this
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study, were found to be broad spectrum showing
both antibacterial and antifungal activity. Most of the
antibacterial isolates were found to inhibit only the
Gram-positive bacteria (81.2%). Many authors work-
ing on bioactive actinomycetes have reported similar
results (3, 35).

A few isolates (7.14%) which showed activity in
primary screening did not show activity in second-
ary screening. This is in line with results reported
earlier by some researchers (36). In this screening
project, we found that thirty seven isolates obtained
from soil showed anti-QS activity against Serratia
marcescens. We followed the ‘soft agar overlay pro-
tocol” developed by McLean et al. based on pigmen-
tation inhibition to rapidly screen for the presence
of potential QSI by rare actinomycete isolates (37).
However, in our assay, instead of Chromobacteri-
um violaceum we used Serratia marcescens, which
produces a red pigment controlled by AHL-mediated
QS systems, as an indicator organism for the screen-
ing of QSI (17).

Detection of PKSI, PKSII & NRPS genes. The
bioactive actinomycete isolates from soil samples
were screened using degenerate primers for the pres-
ence of PKS-I, PKS-IT and NRPS genes. NRPS se-
quences were detected in 42.8% isolates, which is
similar to that reported by Yuan et al. but more than
Qin et al. and Lee et al. and less as compared to that
of 68% reported by Pathom Aree et al. In this study,
PKS I sequences were detected in 18.6% which is
in agreement with that of Qin et al., Lee et al. and
Pathom Aree et al., but much less than that reported
by Yuan et al. Also, PKSII detection was observed
in 30.7% isolates, slightly lower than that found by
Yuan et al. and Lee et al. but higher than Qin et al.
(3, 34, 35, 38).

Some isolates such as MMS9, KCR3, MMSI6,
MMSI17, DCT14, and MBS9 exhibited antibacterial
activity against test organisms and these correlated
well with successful amplification of either one or
more of the targeted genes from the genomes of the
isolates. It can be inferred that these isolates contain
at least one complete biosynthetic gene cluster for
bioactive secondary metabolite production.

In this study, some actinomycete isolates such
as ACM7, MMS6, DCT11, MMS22 and NCD9 ex-
hibited antimicrobial activity but no amplification
products. The absence of PCR amplicons in these
isolates suggests the lack of the biosynthetic genes
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although this assumption can not be conclusive. Ac-
cording to Wood et al. (39) this might be as a result
of variations in primer target sequences preventing
the primers from binding efficiently. A limitation
in this kind of study is that the design of degener-
ative primers is based on the available sequences
in the GenBank of more abundant and well-studied
organisms such as Streptomyces, unlike the rare ac-
tinomycetes that have few available sequences on
their biosynthetic gene clusters in database library.
Some isolates such as MMS12, DCT7, DCT13 and
CTS5 did not exhibit activity but there was ampli-
fication of the biosynthetic gene cluster. Not all bio-
synthetic gene clusters are involved in the biosyn-
thesis of bioactive secondary metabolites (40, 41).
It is also possible that the genes detected by PCR
are non-functional or the isolates in question might
have different nutritional requirements for the pro-
duction of bioactive secondary metabolites (3). Also,
Wood et al. concluded that positive PCR amplifica-
tion does not indicate that the genes are expressed
nor does it show that the strain possesses the full
suite of biosynthetic gene cluster for the biosynthe-
sis of that class of antibiotic. The detection of all the
three genes in some isolates such as MMS1, MMS9
and DCT14 are indicators of their potential natural
product diversity and divergent genetic evolution.

Physicochemical screening. Physico chemical
screening using UV-visible spectroscopy and TLC
was used to detect the ability to produce polyketides
and peptides by rare actinomycetes. A A max of 417
nm, 447 nm and 532 nm indicates the polyketide na-
ture of the bioactive compounds. An additional peak
of 288 nm is indicative of an aromatic nucleus in the
structure indicating that the polyketides may be Type
II polyketides (22). UV-visible spectral studies have
been used to predict the nature of compounds by
comparing data with available literature. On this ba-
sis isolates MMS8, MMS10, MBS6, MMS16, ATP6,
ATP10, MMS20, MBS8 and MBS9 were found to be
aromatic polyketide producers. Almost all the types
of aromatic polyketides contain sugars attached to
their chromophore in their structure (42). Thus the
presence of sugars in the metabolite fingerprinting
of these isolates indicates that they might be poten-
tial aromatic polyketide producing species. Also the
extracts of isolates MMS8, MMS10, MBS6, MMSI6,
ATP6 and MBS9 were found to be pH sensitive fur-
ther confirming that they may be anthracyclines,
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a class of type II polyketides (22). The extracts of
ATP10, MMS20 and MBS8 were not pH sensitive
indicating that they can be other type II polyketides
like tetracenomycins or tetracyclines. Except isolate
MMSIO0, in all these isolates the amplification of
gene for PKS II was also observed.

Many researchers have used this technique to
screen organisms for polyenic antifungal compounds,
which are type I polyketides (7). The spectral data
of the extracts of isolates MMS9, MMSI13, MMSI5,
DCT11, ACM9, DCT12 and DCT15, MMS21 and
NCDL11 was consistent with those obtained by Male-
ki etal. and Ilic et al. (43, 44). UV spectral data of the
extracts of isolates KCR3, MMSI14, SMS, MMSI17,
PBS4 and NCDI10 exhibited strong absorption max-
ima at 250-270 nm, which corresponds to the char-
acteristic absorption of a peptide bond. A peptide
antibiotic cerein, obtained from B. cereus shows UV
absorption maxima at 198, 255 and 273 nm and weak
absorbance peak at 250 and 273 nm. Further, chlo-
rine o-dianisidine that reacts with peptides was used
to find peptide-producing strains. Positive reaction
of TLC spots of extracts of isolates KCR3, MMS14,
SMS, MMSI17 and NCD10 with chlorine o-dianisi-
dine reagent suggested they are peptides and the ab-
sence of coloration of the TLC spots with ninhydrin
further suggested that they are cyclic (23).

CONCLUSION

This study led to the isolation of nine strains each
of type I and type II polyketide producers, and six
strains of peptide producers. The combined strategy
of molecular and physicochemical screening along
with bioactivity guided screening was found to be
an effective approach in looking for polyketide and
peptide producing rare actiomyceytes. The extract of
isolate KCR3, a peptide and that of isolate NCDI10, a
polyketide was found to possess anti tumor activity
exhibiting an IC,; value of 3 pg/ml and 2.5 pg/ml
against HeLa cells. These compounds can serve as
potential candidates for development as chemothera-
peutic drugs for the future.
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ABSTRACT:

Field survey resulted in collection of Corynandra chelidonii var. pallai (Reddy and Raju) V.S. Raju, of family
Cleomaceaeas a new addition to the flora of Maharashtra State with recent literature of classification system. The
paper also envisages brief citation, description, flowering and fruiting time followed by ecological notes.

Keywords: Corynandra chelidonii, diversification, taxonomic literature and Phenology.
INTRODUCTION: which is re-established with other four

In the recent years there are some new additions
were reported to the Flora of Maharashtra State
such as Juncus bufonius L. (Lekhak et al., 2011),
Premna mollisima Roth. (Paithane andBhuktar
2013); Hedychium flavescens Carey ex Roscore
(Jadhao et al, 2014); Physalis pruinosa L.
(Somkuwar et al. 2014); Amomum maximum Roxb.

And Zingiber capitatum Roxb. var. elatum (Roxb.)

Baker.(Govekar and Sardesai 2015); Opilia
amentacea Roxb. (Somkuwar et al 2015);
Amorphophallus  longiconnectivus Bogner. And

Phyllodium longipes (Craib) Schindl. (Gadpayale et
al., 2016) etc.

The genus Cleome was first described by Linnaeus
in Species Plantarum, Vol. 2 (1753: 671) of family
Cleomaceae is almost universally accepted from the
past 140 years (e.g. Hooker and Thomson 1872,
Cooke 1903, Sundararaghavan 1993, Reddy and
Raju 2001 and Kers 2003) with approximately 250
accepted species (Mabberley 2008 and The Plant
List 2018) in the world (Cooke 1903).

Recently available literature of Iltis and Cochrane
(2007, 2014) represents the division of Cleome s.l.
into a number of segregate genera. According to
Cochrane and Iltis (2014), the genus Corynandra
Schrad.exSpreng., based on Corynandra chelidonii

(L. f) Cochrane and Iltis (Cleome chelidonii L. f.)

combinations as C. felina (L. f.) Cochrane and Iltis,
C. flava (Banks ex DC.)Cochrane and Iltis, C.
viscosa (L.)Cochrane and Iltis and C. viscosa subsp.

nagarjunakondensis (Sundararagh.)Cochrane.

In relation to this some worker as Russell L. et. al.
(2017) in resolving generic boundaries in Indian-
Australasian  Cleomaceae: Circumscription of
Areocleome, Arivela, and Corynandra as distinct
genera and Feodorova, T. A. et al. (2010) provides
molecular data for the diversification and the origin
of C4 in Cleome (Cleomaceae) which also explore
and concrete the opinions of Cochrane and Iltis
(2014) which is represented by 18 species in India
1993) and 12

Maharashtra state (Flora of Maharashtra state by

(Sundararaghavan species in
BSI, Vol-I, 2000) including recent discovery of
Corynandra elegans Chandore, U.S. Yadav and S.R.
Yadav (2016).

In the present work Cleome chelidonii L. f. is now
considered as Corynandra chelidonii (L. f) Cocharane
and Iltis. (2014) which is also consider by Subhash
Sirangi and Ajmeera Ragan (2017) in their study of
Dormancy and in-vitro seed germination of Cleome
chelidonii var. pallai C.S. Reddy and V. S. Raju
(2001) as Corynandra chelidonii var. pallai (reddy
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and raju) V.S. Raju, ined. [(V.S. Raju, per. comm.)
(2017)].

There is no any information in any regional flora
and taxonomic literature about the occurrence of
this species in Maharashtra State; hence this article
is about the first time reporting of Corynandra
chelidonii var. pallai (Reddy and Raju) V.S. Raju for

the Angiospermic flora of Maharashtra State, India.

METHOD AND MATERIAL:

Field explorations were made in Eastern region of
Maharashtra State, India to collect specimens in
different seasons (2015 to 2018) in order to record
the actual and essential key characters of
specimens in reproductive and vegetative phases.
Herbarium specimens were prepared and all
relevant data were recorded in a field book along
with photographs.

Taxonomic treatment for Corynandra chelidonii var.
pallai (reddy and raju) V.S. Raju (SubhashSirangi
and Ajmeera Ragan 2017; Reddy, C.S. and Raju,
V.S 2001, a new variety of Cleome chelidonii L. f.
Cleomaceae, Journal of Economic and Taxonomic

Botany 25: 217-218).

RESULTS AND DISCUSSION

Erect, annual herb, much branched up to 1.5 m
high; internodes to 12 cm. Basal leaves 3-5 foliate;
leaflets up to 4-7 x 0.3-0.7 cm. lanceolate, cuneate
at base, acute or rounded at apex margin crenate to
crenate-serrate. Petiole 4- 8 cm, upper leaves 1-3
foliate; leaflets linear, base cuneate or rounded,
apex acute, serrate. Petiole 2-4 cm. Flowers showy,
pinkish or rosy in lax terminal corymbose racemes.
Bracts foliaceous 1.5 mm long. Flower buds ovoid.
Sepals elliptic, acuminate 1.5-2 mm. Petals ovate,
1.4- 1.7cm, rosy (pink). Stamens numerous (120-
160); filaments 1.5- 1.8 cm, purple tinged. Ovary
sessile, 8-10 mm long, glabrous.Capsule linear-
cylindrical, narrow at the base, beak 5-10 mm

long.Valves striate, parallel nerved, glabrous. Seeds

e-ISSN 2347 - 517X

many asymmetrical ovoid, comma shaped,
compressed. 1.3-1.8 mm in diam. dark brown,
central portion paler and smooth, cleft narrow,
slightly coloured, about 0.5- 0.7 mm deep. Testa
with scattered scales,

bearing waxy coating,

elaisome absent.

CONCLUSION:

Habitat: Margins of Lake and Stream.

Distribution: Kondha, Bhuyar, Shahapur, Kardha,
(Chichal) Dist.-
(Maharashtra) India.

and Khapari Bhandara

Phenology: Flowering and fruiting: July-December.
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v

F1G.1- Corynandra chelidonii var. pallai (Reddy & Raju) V.S.
Raju; i-Root view, ii- in habitat, iii- Flowering, iv- single twig
with buds, v- flowering mode at node, vi- single flower, vii-

fruit.
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PHYTOCHEMICAL SCREENING OF ROOT OF ORTHOSIPHON RUBICUNDUS (D. DON)
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Secondary metabolites in the plants
are chemically active compounds (viz.
flavonoids, alkaloids, terpenoids, steroids,
saponins etc.), which are produced in
response to stress. They are known for
complexity in the structure with restricted
distribution in various plant parts (Keeling and
Bohlmann, 2006; Visweswariet. et al., 2013).
Present communication deals with the
occurrence of phytochemicals present in the
root of Orthosiphon rubicundus (D.Don) Benth,
a well-known medicinal plant.

Roots of Ortthosiphon rubicundus
were collected from wild habitat of
Chandrapur. The roots were dried under
shade. It was pulverized to a coarse powder
and its extract was prepared using Soxhlet
extractor, using hexane, ethyl acetate,
dicholoromethane, ethanol and methanol as
solvents. Presence of phytochemicals viz.
volatile oils, alkaloids, glycosides, flavonoids,
tannins and polyphenolic compounds,
carbohydrates, terpenoids, fixed oils/fats,
saponins, coumarine, gum and mucilages and
cartenoids in the root samples of Ortthosiphon

rubicundus (D. Don) Benth, Phytochemical

rubicundus were assessed following Trease
and Evans (2002) and Sharaibi and
Osuntogun (2017).

The results showed presence of
flavonoid, steroid, alkaloid, volatile oils and
carotenoids in ethyl acetate extract. Flavonoid,
steroid, alkaloid and volatile oils were
extracted in non polar hexane. Highly polar
methanol solvent extracted phenol, tannins,
flavonoid and steroids. Flavonoid, alkaloid and
caretonoids were extraced in
dichloromethane. Phenol, flavonoid and
steroids were extraced in ethanol. Thus,
Orthosiphon rubicundus showed presence of
phytochemicals such as flavonoids, steroids,
alkaloids, volatile oils and cartenoids through
extractions in various non-polar to polar
sovents.
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Table 1. Phytochemical screening of Orthosiphon rubicundus in different solvents.
Phy?gtl:‘ll'ieer:;/ical Hexane Ethyl Acetate Dicholoromethane | Ethanol | Methanol
Phenols x x x | V
Tannins x x x x \/
Flavonoid \ \ \ \ \
Steroids \ \ x V \
Terpenoids x x x x x
Alkaloids v V J x x
Saponins x x x x x
Coumarins x x x X X
Mucilage x X x x x
Volatile oils ¥l \ x x x
Fixed oils & fats x X x x x
Carotenoids x \ < X X

\:Present; x : Absent.
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Abstract: Anew bioadsorbent material was prepared by impregnation of carbonized Tamarindus indica seed in H,SO, and NaOH
followed by microwave treatment (MACTIS). Developed bioadsorbent was characterized using proximate and ultimate analysis.
The element analysis of prepared bioadsorbent of Tamarindus indica seed shows 78.01 % carbon, 1.90 % hydrogen and 2.70 %
nitrogen. The surface morphology and the chemical composition of MACTIS was analysed by SEM and EDX, respectively. EDX
results of acid-base impregnated bioadsorbent of Tamarindus indica seed have 78.25 % of carbon by weight. The surface
chemical nature of bioadsorbent and functional groups on the surface of the active carbon was studied by FT-IR and XRD. The
Brunauer-Emmett-Teller (BET) surface area under nitrogen adsorption at -196°C of prepared adsorbent was found 57.164 m”/g.
The present research work shows that acid-base impregnated bioadsorbent of Tamarindus indica seed could be employed as low
cost bio-adsorbent in bioengineering process in the removal of toxic pollutants from waste water.

Keywords: Bio-adsorbent, Characterization, Impregnation, Tamarindus indica

I INTRODUCTION:

In industrial processes, activated carbon is widely used as
adsorbent due to its microporous, homogenous structure with
high surface area and radiation stability [1, 2, 3]. The practice
for producing efficient activated carbon is not fully
investigated in developing countries. Moreover, there are
several problems with the regeneration of used activated
carbon [4]. At the moment, there is a great interest in finding
inexpensive and effective alternatives to the existing
commercial activated carbon (CAC) [5]. Development of
effective and inexpensive activated carbon may add to
environmental sustainability and put forward benefits for
future prospect in commercial applications [6, 7]. The
expenses of activated carbon prepared from bio waste
materials are very low compared to the cost of CAC[8].

Many researchers[9-13] have been discussed the
removal of pollutants such as dyes, heavy metals, phenols,
pyridine, nitrobenzene, pesticides, biological active agents,
dissolved and non-dissolved chemicals, radioactive
substances, detergents, polychlorinated biphenyls and other
organic hazardous chemicals plant and tree based waste
materials. Plant/tree based waste materials that have been
successfully used to manufacture activated carbon in the recent
past include waste wood, bagasse, coir pith, orange peel,
Moringa oleifera tree, coffee husk, pine cone, mango peels,
rice husk, periwinkle shell, coconut shell, Imperata cylindrica
leaf, rubber seed coat, banana stalk, groundnut hulls, ackee
apple (Blighia sapida) seeds, oil palm fruit fibre, coconut tree,
sunflower seed hull, pine-fruit shell, hazelnut husks, rice hulls,
oil palm shell, Coconut husk, Tea leaves, Ficusreligiosa
(peepal) leaves, Mangrove plant leaf, Azadirachta indica
leaves, Manilkara zapota leaf, Manilkara zapota leaf,
Polyalthia Longifolia leaf, lemon leaves, Curly Kale Leaves,
Eucalyptus leaves, Polyalthia longifolia leaf, Acacia arabica
leaves, Aloe vera leaves, biomass of Tinospora cordifolia
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plant, Eichhornia crassipes Biomass, Tridax procumbens
leaves, Tridax procumbens leaves, Terminalia chebula leaf,
Shorearobusta leaf, Tamarindus indica fruit shell, Citrus
limetta peel, Arachis hypogaea shell, Lagenaria Siceraria
shell, Citrus documana fruit peel, Citrus medica fruit peel,
Citrus aurantifolia fruit peel, Banana peels, Walnut Shell,
cashew nut shell, palm kernel-shell, Betel nut coir, Lapsi
(Choerospondias axillaries) seed, Phyllanthus emblica seed,
Seed extracts of Moringa Oleifera, Guava seeds, Punica
granatum seed, Phoenix Dactylifera (Date Plam) seeds,
Cuminum cyminum seeds, Almond tree (Terminialia cattapa)
bark, Vitex negundo plant bark, Drumstick (Muringa
odecifera) tree bark, Acacianilotica tree bark, Morringa Indica
bark, Acacia Auriculiformis scrap wood char, stalks of
Sorghum and Canola[14-18].

Tamarindus indica, belongs to the family
Leguminosae (Fabaceae), commonly known as Tamarind
tree, is one of the fruit tree species that is used as traditional
medicine [19]. Tamarindus indica (T. indica) is evergreen tree
that can reach 24 m height and 7 m girth that has pale yellow
and pink flowers [20]. Tamarind tree is found especially in the
Indian subcontinent, Africa, Pakistan, Bangladesh, Nigeria
and most of the tropical countries. Every part of Tamarindus
indica plant (root, body, fruit and leaves) has rich nutritional
value and broad medicinal usage. It also has industrial and
economic value. World Health Organization report specifies,
tamarind fruit is an optimal source of all essential amino acids
except tryptophan (82%) [21, 22] and it also contains phenolic
compounds like, procyanidin B2, mucilage, catenin, tartaric
acid, arabinose, xylose, galactose, pectin, epicatechin,
glucose, triterpen and uronic acid [23].

Present investigation marks the characterization of
treated Tamarindus indica seed. The objective of this paper is
to develop and analyze the bulk density, moisture content,
volatile matter, ash content, pH, fixed carbon content by
proximate analysis and by elemental, BET surface, EDX,
SEM, FTIR and XRD analysis.
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I MATERIALS AND METHODS :

Preparation of adsorbent

All the chemicals used were of analytical reagent
grade purchased from Merck. India Pvt. Ltd. and Sd. Fine
Chemicals, and all solutions were prepared by using double
distilled water throughout this study. Tamarindus indica seeds
were collected from the local area and washed several times
with water to remove dust and other impurities. Then air
drying, it was ground using domestic mixer and sieved to 300
mesh size. The sample was washed with distilled water to
remove colour and dried in an oven at 80°C for 24 hours. The
dried Tamarindus indica seed powder was carbonized on
muffle furnace for 5 Hours at 500°C. This carbonized seed
powder again activated in domestic microwave (900MW) by
one minute intervals for 30 minutes. The microwave assisted
carbonized Tamarindus indica seed then impregnated with 0.5
N sodium hydroxide and 0.5 N sulphuric acid for 24 hours
respectively and washed with deionised water to remove
colour and other impurities. This MACTIS was dried at 110°C
in vacuum oven for 24 hours, grind well and kept in air tight
plastic bottles for further use.

Physico-chemical Characterization of adsorbent
Proximate analysis

Physico-chemical parameters such as pH, bulk
density, moisture, ash, volatile matter, fixed carbon, water and
acid soluble matter of MACTIS were analysed. The results of
ultimate analysis obtained were presented in Table 1. The pH
for the activated MACTIS bio-adsorbent was determined
using the Elico pH meter, model LI-120, other parameters
were analyzed by using standard test methods [24-26].

Ultimate analysis

The Brunauer-Emmett-Teller (BET) surface area
pore characteristics were determined using computer-
controlled nitrogen gas adsorption analyzer at -196°C by
Quanta Chrome Nova-1000 surface analyser instrument. The
elements C, H, N and S were analysed by using Elementar
Vario EL III model (C-H-N Analyser). The examination and
analysis of microstructure morphology of MACTIS was
recorded by using Scanning Electron Microscopy (SEM),
(JEOL Model JSM - 6390LV). Electron dispersive X-ray
(EDX) (JEOL JSM-7600F FEG-SEM model) was used for
the element and chemical characterization of the activated
MACTIS. The spectral analysis was done by Fourier
Transform Infrared Spectrophotometer (FTIR) (Thermo
Nicolet, Avatar 370) with KBr. FTIR spectra were recorded
between 4000 and 400 cm'. The FTIR spectra give
information about the characteristic functional groups on the
surface of activated MACTIS bio-adsorbent. The Structural
integrity of the bio-adsorbent samples was checked by Powder
X-ray diffraction (XRD) by Bruker AXS D8 Advance
difractometer using Cu Ka radiation (A=1.5406 A°).
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| RESULTS AND DISCUSSION :

Physico-chemical characterization

The physico-chemical characterization i.e.
proximate and ultimate analysis results of chemically
activated microwave assisted carbonized Tamarindus indica
seed (MACTIS) are presented in Table 1 and 2. The moisture,
ash and volatile matter contents tended to be low and the lower
values of ash content, water soluble and acid soluble matter
results favour the good adsorbent characteristics showing that
bio-adsorbent was properly prepared. During carbonization
and activation processes, organic substances become unstable
as a result of the heat causing the molecules to break their
bonds and linkages. During activation process, volatile matter
is released as gas and liquid by-products which evaporate off
leaving a material with high carbon content [27]. The results
of proximate analysis and elemental analysis indicated that
the chemical activation has successfully increased the carbon
content and decreased volatile matter. The Brunauer-Emmett-
Teller (BET) surface area, average pore diameter and total
pore volume were found to be 57.164 (m’/g), 63.433 (A°) and
0.172 (cc/g) indicated that MACTIS biomaterial should be an
excellent adsorbent. The pH of MACTIS bio-adsorbent has
slightly acidic nature (6.85).

Table-1 : Proximate analysis Table -2 : Ultimate analysis

;‘; Parameters Values i‘; Parameters Values

1 Bulk density (gm/cm®) 0.5992 1 Carbon % 78.01
2 Moisture content% 2.87 2 Hydrogen % 1.90
3 Ash content % 6.24 3 Nitrogen % 2.70
4 Volatile matter content % 9.36 4 Sulphur % ND
5 Fixed carbon content % 81.53 5 Oxygen % 17.39
6 pH 6.85 6 Surface Area (m*/g) 57.164
7 | Water Soluble Matter (%) 0.76 7 é\‘c?; age Pore Diameter 63433
8 Acid soluble matter (%) 1.54 8 Total Pore Volume (cc/g) 0.172

Scanning Electron Microscopy (SEM) study

SEM micrographs were studied for surface and
morphological characteristics of MACTIS bio-adsorbent
(Fig.-1 and 2). The assessment of the SEM micrographs
showed that in micrographs, dark areas indicated pores and
grey areas indicated the carbon matrix and showed rough
surface of the adsorbent that provided large surface area for
adsorption. The surface structures of precursor were rough
and uneven. Largely, a well-built porous surface was observed
at higher magnification, and further, randomly distributed
pore size was observed in the micrographs due to the
modification using an activating agent and microwave
treatment.

20kV

X6,000 2pm 0000 1145 SEI
Fig.-2 : SEM micrograph (2pm)

20kV  X1,500 10pm 0000 1145 SEl
Fig.-1 : SEM micrograph (10pm)
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Electron Dispersive X-ray (EDX)

The EDX analysis highlighted the presence of
elemental percentage compositions of carbon, oxygen and
other elements in the MACTIS bio-adsorbent. The EDX result
of MACTIS reported in Tables 3 showing amount of different
elements in the samples. The sample with the highest amount
of carbon and the least amount of oxygen is said to be the most
effective. It was observed that the MACTIS bio-adsorbent has
the highest amount of carbon by weight (78.25%) and
(85.19%) by atom and the lowest amount of oxygen by weight
of carbon. Hence MACTIS can use as an efficient adsorbent
for the removal of pollutants from aqueous solution.

Table-3 : EDX analysis results

Element | Weight % | Atomic %

CK 78.25 85.19

OK 14.25 11.64

Mg K 2.24 1.20

PK 2.32 0.98

SK 0.32 0.13

Had KK 1.11 0.37

ul Scsle ;m ds [2u'5u 0000 : : : i g CaK 1.51 0.49

Fig.- 3 : EDX monograph of MACTIS

Fourier Transform Infrared (FTIR) spectra

The FTIR technique is an important tool to identify
the characteristic functional groups present in the adsorbent.
The different functional groups in MACTIS bio-adsorbent
were observed by FTIR spectra (Fig.-4). The number of peaks
represents the adsorptive nature of MACTIS. The peaks in the
region 3700 to 3400 cm” is due to the presence of ~O-H and
—N-H stretching vibrations. The peaks in the region 2900 to
2500 cm’' represents the ~CH, symmetrical and asymmetrical
stretching. The peak region from 1700 to 1400 cm” indicates
the presence of —.C=0 group of ketones, esters and —C-O-C- of
ether. The peaks due to —N-H deformation and bending were
observed in the region 1400 to 1500 cm™. Around 1200 to 500
cm-1 region, peaks observed due to the presence of -C=S, -C-
N, -C-0, -C-C- and —C-H stretching vibrations. On the basis of
the FTIR, one can confirm the potential applicability of
MACTIS as abio-adsorbent material.

Powder X-ray diffraction (XRD)

Figure-5 shows the XRD pattern of the MACTIS
bioadsorbent material. The activated carbon exhibited peaks
at around 20 = 25° to 29" which correspond to the peak of
graphite [28]. The powder XRD signals exhibits noise, reveals
that a predominantly amorphous structure of carbon. In this
result, it can be explained that the pyrolytic reaction of organic
compounds consists of the breaking of chemical bonds with
temperature and condensing further into active compounds.
These compounds form typical graphitic layers and stacks of
planes during carbonization [29]. Thus, the MACTIS carbon
material has a completely amorphous structure, which is
expected for organic materials.
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I CONCLUSION :

: In this article, a new chemically impregnated and microwave
assisted carbonized Tamarindus indica seed (MACTIS)
activated carbon prepared. The developed bio-adsorbent
material was characterized by proximate analysis such as bulk
density, moisture, ash, volatile matter, fixed carbon content,
water soluble and acid soluble matter and ultimate analysis
such as elemental analysis, BET surface area, average pore
diameter, total pore volume, EDX, SEM, FTIR and XRD.
Tamarindus indica seed (MACTIS) is a potential precursor
adsorbent due to its high carbon content, low moisture and ash
content. The irregular pores are presents on the surface of bio-
adsorbent indicate the feasibility of binding sites. The FTIR
analysis confirmed the presence of different functional groups
on the surface of adsorbent. The results of the present
investigation show that MACTIS is a good precursor for
preparation of potentially useful low cost adsorbent. In
conclusion, Tamarindus indica seed can suitably considered
as an alternative material for the removal of pollutants such as
dyes, heavy metals, organic pollutants, biological active
agents and other hazardous chemicals.
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ABSTRACT:

Water is extremely essential for survival of al living organisms. Groundwater is one of the most useful water
sources for drinking and domestic uses. Contamination of such water sources is a big problem for heath. Ten
groundwater samples were collected from ten different villages from Arvi region of Wardha District of
Maharashtra. The physico-chemical parameters such as temperature, pH, electrica conductivity (EC), total
dissolve solid (TDS), total akalinity, calcium hardness, magnesium hardness, sodium, potassium, chloride,
sulphate and nitrate were analyzed and the results were compared with water quality standards prescribed by 1Sl

and WHO.

KEYWORDS: Physico-chemical parameter, Groundwater, Open well, Arvi.

INTRODUCTION:

Water is one of the most important natural resources and
a prerequisite for sustenance of life. Exploitation of
water resources to meet the demand of agricultura
products with the exponential population growth and
equally supported by industrialization and urbanization
put ground water resources under great threat both in
terms of quality as well as quantity [1]. Water pollution
are mainly due to contamination by foreign matter such
as microorganism, chemicals, industrial or other wastes
or sewage which deteriorate the quality of the water and
render it unfit for itsintended useq2].
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The groundwater qudity in any areais a function of its
physical and chemical parameters which in turn are
highly influenced by geological formations, climatic
conditions and anthropogenic activities [3]. Hence
determination of groundwater quality is important to
observe the suitability of water for particular use. A
number of water analysis experiments are regularly
conducted by different groups of chemists and biologists
across the country [4, 5, 6, 7, 8, 9]. The present
groundwater quality analysis focused to examine the
groundwater quality parameters such as temperature, pH,
electricd conductivity (EC), total dissolved solids,
chloride, total alkalinity, calcium and magnesium
hardness, sodium, potassium, sulphate and nitrate from
well water samples collected from ten villages of Arvi
region of Wardha district, Maharashtra.

MATERIAL AND METHOD:

All the chemicas used were of AR grade. Double
ditilled water was used for the preparation of reagents
and solutions. In this study ground water (open well
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water) samples from ten different villages (Table-1)
located in Arvi region of Wardha district were collected
in polyethylene containers of 1 L capacity for physico-
chemical characterization [10].

Table1: Description of water sampling sites

Water Samples Water Source Location (Villages)
S Open well Dhanoli

S Open well Choramba
S Open well Dighi

S Open well Wadgaon
S Open well Gaurkheda
S Open well Bothali

S Open well Bodad

S Open well Rohna

S Open well Salpha

Sio Open well Verul

The mgor groundwater quality parameters considered
for the analysis in this study are temperature, pH,
electrical conductivity (EC), tota dissolve solid (TDS),
total alkalinity, calcium hardness, magnesium hardness,
sodium, potassium, chloride, sulphate and nitrate [11].
Temperature, pH, T.D.S. values were measured by water
analysis kit and manual methods. Cacium and
magnesium hardness of water was estimated by
complexometric titration method [11]. Chloride contents
were determined volumetricaly by silver nitrate
titrimetric method using potassium chromate indicator
[12]. Sodium and Potassium values were determined by
Flame photometer. Sulphate and Nitrate contents were
analyzed by UV-Visible spectrophotometer.

RESULTSAND DISCUSSION:

The groundwater (well water) samples of al ten
experimental sites were analyzed for various physico-
chemica parameters viz. temperature, pH, €ectrica
conductivity (EC), total dissolve solid (TDS), totd
alkalinity, calcium hardness, magnesium hardness,
sodium, potassium, chloride, sulphate and nitrate at al
ten study sites, which are described groundwater quality
can be seen in Table 1. The results of the samples vary
with different collecting places because of the different
nature of soil contamination [12]. All metabolic and
physiological activities and life processes of aquatic
organisms are generaly influenced by water
temperature. In the present study temperature ranged
from 26.2-27.3°C. The pH values of drinking water is an
important index of acidity, alkalinity and resulting values
of the acidic-basic interaction of a number of its mineral
and organic components. In the present study pH ranged
from 7.6 to 8.5, which lies in the range prescribed by
APHA and ISl [13, 14]. Electrica conductivity (EC),
values were observed in the range of 0.52 to 1.56
mmhos/cm. EC values were found within ISl limit
except sampling site S8 indicating the presence of high
amount of dissolved inorganic substances in ionized

form. According to WHO and Indian standards, TDS
values should be less than 500 mg/L for drinking water.
In the present study TDS ranged from 272 mg/L to 889
mg/L. In the present study four samples S2, S3, $4 and
S8 exceed the range suggested by WHO and Indian
standards [14, 15]. Totd Alkalinity is atotal measure of
substance in water that has “acid-neutralizing” capacity.
The main sources of natura alkalinity are rocks which
contain carbonate (COs?) , bicarbonate (HCOs") and
hydroxide(OH") compounds, silicates(SO,*) and
phosphates(PO,*) may aso contribute to akalinity.
Total alkalinity values for al ten tested samples were
found to be greater than the value prescribed by 1Sl [14].
In the present study tota alkalinity ranged from 268-528
mg/L. The limits of calcium and magnesium have been
prescribed in the range 75-200 mg/l and 50-100 mg/L
respectively [16]. In the present investigation, calcium
concentration ranged from 21 mg/L to 360 mg/L and
found above prescribed limit in sample S2 according to
ISI. Calcium is needed for the body in small quantities,
though water provides only a part of total requirements
[16].

Magnesium content in the investigated water samples
was varied from 89 mg/L to 157 mg/L, which liesin the
range prescribed by 1SI. Sodium and potassium contents
in the investigated water samples were varied from 16.7
mg/L to 102.8 mg/L and 0.6 mg/L to 3.1 mg/L
respectively. The chloride content in the samples is in
between 8.5 to 263.7 mg/L. Natura water contains low
chloride ions. The findings indicate that al water
samples were within the desirable limits of chloride in
drinking water, prescribed by Indian Standard Index
[15]. The concentration of sulphate in water sample is
observed to be within the limit prescribed [14] for
sulphate content and it varies from 13.3 mg/L to 28.3
mg/L. The high concentrations of sulphate may induce
diarrhea [4]. Nitrate nitrogen is one of the maor
constituents of organism aong with carbon and
hydrogen as amino acids, protein and organic
compounds in the ground water [5]. In the present study,
nitrate nitrogen levels show within the prescribed values
ranging from 0.67 mg/L to 2.13 [14].

CONCLUSION:

The values of al groundwater quality parameters were
found within the permissible limits of the WHO and ISl
guideline for drinking water and aso within Indian
standard limits but in some villages ground water were
found to have even higher as compared to standard limit.
In conclusions from the results of the present study it may be
sad that the ground water of Arvi region is though fit for
domestic purpose but drinking water need treatments to
minimize the contamination. Hence, regular and quantified
monitoring of water quality parameters of groundwater
will be useful for sustainable water management.
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Table2: Groundwater quality parameters of villageslocated in Arvi region of Wardha district.

Water Parameters S S S S S S S S S Swo
Colour Clear Clear Clear Clear Clear Clear Clear Clear Clear Clear
TemperatureC 26.2 27.2 26.5 26.8 27.3 26.8 27.1 26.5 27.3 27.3
pH 8.1 7.6 8.3 85 7.7 7.6 74 7.8 7.6 8.2
EC (mmhos/cm) 0.75 0.95 0.98 1.06 0.52 0.63 0.86 1.56 0.87 0.65
TDS (ppm) 376 525 504 565 272 342 442 889 443 286
Total Alkalinity (ppm) 413 341 483 528 277 341 407 410 332 268
Ca-Hardness(ppm) 163 360 158 94 171 155 129 21 192 144
Mg-Har dness(ppm) 128 103 98 134 121 89 134 157 146 89
Sodium (ppm) 49.1 437 97.4 102.8 25.8 21.6 69.3 16.7 23.6 19.8
Potassium (ppm) 2.4 31 0.8 13 0.8 1.8 0.6 2.8 0.8 1.9
Chloride (ppm) 354 70.9 39.7 59.3 8.5 145 53.8 263.7 57.4 17.3
Sulphate(ppm) 21.7 13.3 28.3 13.9 225 17.6 16.6 21.7 23.1 15.5
Nitrate (ppm) 0.67 112 0.96 213 197 0.82 1.94 0.93 1.13 0.88
ACKNOWLEDGEMENTS: 13. Standard Methods for Examination of Water and Waste Water,

The author thanks the Principal of Dr. Ambedkar College,
Deekshabhoomi, Nagpur for encouragement and providing
necessary facilitiesin the department of chemistry.

REFERENCES:

1.

10.

11.

12.

Ramkumar T, Venkatramanan S, Anithamary |, Ibrahim S M,
Evaluation of hydrogeochemical parameters and quality
assessment of the groundwater in Kottur blocks, Tiruvarur
district, Tamilnadu, India. Arabian Journal of Geosciences, 2013,
6, 101-108.

Kumar R, Chauhan A, Rawat L, Physico-chemical Analysis of
Surface and Ground Water in Selected Sites of Dehradun,
Uttarakhand, India. Journal of Environmental and Analytical
Toxicology, 2017, 6: 420. doi: 10.4172/2161-0525.1000420.
Telkapalliwar N G, Qureshi Z A, Chaudhari D R, Kalsaitkar P R,
Physicochemical Examination of Ground Water (hand-Pump) of
Nearby Villages of Bhandara city, Maharashtra, India, 2014, 3
(1), 219-222.

Telkapalliwar N G, Shende B B, Studies on some Physico-
chemical Parameters of Bore Wells water in Gondpipri Region,
International Journal of Chemical Science, 2011, 9(2), 883-888.
Telkapalliwar N G , Shende B B, Analysis of some Physico-
chemical Parameters of ground water in Gondpipri Region,
Journa of Chemical and Pharmaceutical Research, 3(1), 2011,
176-179.

Shivankar  V, Telkapalliwar N, Atomic  Absorption
Spectrophotometric Determination of Heavy Metals present in
the Ground Water of Chandrapur District, Maharashtra, India,
Indo-Global Research Journal of Pharmaceutical Science, 2012,
2 (3), 362-364.

Telkapalliwar N G, Shivankar V M, Physico-chemical
characteristics of bore well water to assess water quality for
drinking purpose in Omkarnagar region of Nagpur city (India)”,
Journal of Chemical, Biological and Physical Sciences, 2012,
2(2), 1123-1126.

Nagarnaik P B, Patil P N, Analysis of Ground Water of Rural
Areas of Wardha-City Using Physico — Chemical and Biological
parameters, International Journal of Engineering Research and
Applications, 2012, 2(3), 803-807.

Dohare Devendra, Deshpande Shriram, Kotiya Atul, Analysis of
Ground Water Quality Parameters: A Review, Research Journal
of Engineering Sciences, 2014, 3(5), 26-31.

Brown M W, Skovgstd M J, Fishman J, Methods for Collection
and Analysis of water Samples for Dissolved Mineras and
Gases, 5, 1974.

Manivasagam N, Physico-Chemical Examination of Water,
Sewage and Industrial effluents, Pragati Prakashan, Meerut,
1984.

Vogel A |, Text Book of Quantitative Inorganic Analysis, 4"
Edition, ELBS, London, 1978.

14.

15.

16.

127

16th Edition, APHA, AWWA and WPCF, Inc., New York, 1985.
Indian Standard Drinking water- Specification ( Second Revision
), Bureau of Indian Standards, 2012, 1S 10500 : 2012

WHO, Guidelines for drinking water quality. Recommendation 1,
Geneva: World Health Organization, 1996.

Dhembare A J, Podhe G M, Singh C R, Ground water
characteristics and their significance with special reference to
public heaith in Pravara area, Maharashtra, Pollution Research,
1998, 17(1), 87-90.

50



ADSORPTION OF PHOSPHORIC ACID ON PULSES HUSK BIO-ADSORBENT AND
VERIFICATION OF FREUNDLICH AND LANGMUIR ADSORPTION ISOTHERMS

V. M. SHIVANKAR
Department of Chemistry, Dr. Ambedkar College, Deekshabhoomi, Nagpur.
E-mail: vidyadharshivankar@gmail.com

few investigations, it followed Langmuir.

Abstract : A — This paper reports an investig ation on the adsorption of phosphoric acid onto activated carbons
prepared from Pulses husk. The activated carbons were prepared by chemical activation method. The adsorption data
were well described by the Langmuir and Freundlich adsorption methods. . A variety of adsorbents are available
naturally- bagasse, rice husk, neem bark, clays etc. that can be used to remove acids from the discharged waste. In this
review, we look at the various adsorbents available particularly Pulses husk and see how effectively they can be
utilized to meet our requirements. The acid removal process followed Freundlich isotherm in most of the cases and in

Key words: Adsorptions, Phosphoric acid, Pulses Husk , bio-adsorbent, Freundlich, Langmuir isotherm .

l INTRODUCTION:

Water pollution is the contamination of water bodies such as
lakes, rivers, oceans, and groundwater caused by human
activities[1], which can be harmful to organisms and plants
which live in these water bodies.” Adsorption appears to be
good for the treatment of effluents.” The first thing for an
efficient adsorption process is the search for a low cost
adsorbent with high adsorption capacity and second it should
be biodegradable.”™ The activated carbon has been till now the
most used adsorbent but is expensive to use on a large scale"
and the idea of using natural. Acids include maleic and oxalic
acids which results due to partial oxidation of phenol and its
derivatives . It has been reported that high levels of maleic
and oxalic acids in potable water cause health problems to
humans like kidney stones, Erosion of enamel and mouth,
vomiting and hematemesis . In that case elimination or
lowering the levels of these acids in wastewaters is not
optional. Adsorption method in the removal of lower aliphatic
carboxylic acids from wastewater is, however,
overwhelmingly recommended by the literature
" Unfortunately the choice of a cost-effective adsorbent is big
challenge. A good adsorbent is supposed to be cheap,
abundant, with high carbon content. Activated carbon widely
reported as a suitable adsorbent for the acids. Unfortunately it
is expensive. In an effort to reduce the cost, an attention is now
directed towards the use of agro wastes as sources of the
activated carbons . They are used in water treatment and in
industrial applications such as in the extraction of metal ions,
air handling, and purification,"” the discoloration of food in the
food industry and in the pharmaceutical industry."" Activated
Pulses Husk Ash (RHA) were used as adsorbents for
decolourisation. ARH Activated Pulses Husk was prepared
from treated with nitric acid and RHA was collected directly
from mill." There adsorption capacity was evaluated for the
decolourisation and adsorption of wastewater containing
Phosphoric acid, The effect of system variables such as pH,
contact time, initial concentration and adsorbent dose were
investigated.”” The result shows that efficient varies with the
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variation in adsorbate concentrations and adsorbent."” Color
removal efficiency was found to be 88 % to 94 % at the dose of
20 g/l for ARH and 80 % to 95 % at the adsorbent .dose of 2.5
g/l for RHA. The studies were carried out at Phosphoric acid
concentration of 50 mg/1, 30 mg/1 and 10 mg/1. On the basis of
adsorption isotherm graphs, R-square values were determined
and found to fit the adsorption data. The Linear, Langmuir and
Freindlich adsorption isotherms are good fitted for the
experimental data.""

Freindlich adsorption isotherm:

1
loz [i] =logk+—log p

L] ]

Log(x/m)vs.logp isastraightline with slope=1/n
Langmuir Adsorption Equation:.

e S
1+XF

Langmuir Adsorption Equation

This is known as Langmuir Adsorption Equation.
Calculation of Equilibrium Constant:

Langmuir proposed that dynamic equilibrium exists between
adsorbed gaseous molecules and the free gaseous molecules.
Using the equilibrium equation, equilibrium constant can be
calculated.

Kq
Alg) +B(S) —— AB

Eq
where K, represents equilibrium constant for forward reaction
and K, represents equilibrium constant for backward
direction.
According to Kinetic theory,
Rate of forward reaction=K, [A] [B]
Rate of backward reaction=K, [AB
The above equation represents the equilibrium constant for
distribution of adsorbate between the surface and the gas
phase.
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I MATERIALS AND METHODS :

Preparation of Adsorbent:

A weighed amount of Pulses husk charged into the furnace ata
temperature of 300, 400, 500 and 600°C for 0.5, 1.0, 1.5 and 2
h. The resulting charred material was collected and cooled at
room temperature. The domain of variation of these factors is
defined according to Bornemann ez al., "*'. A known amount of
Pulses husk charcoal (10 g) was transferred in a beaker
(250mL) and added 100 mL distilled water to it and continued
adding water to it up to 200mL to completely soak the charring
rice straw in beaker. When the charring Pulses husk
completely settled down then decanted the distilled water and
repeated this process for several times until the decanted water
become cleared. Pulses husk charcoal was then filtered
through ordinary filter paper and washed again with distilled
water. Cleaned Pulses husk charcoal was dried in an oven to
geta constant weight and stored as Pulses husk bio adsorbent.

Methods:

0.1 N phosphoric Acid solution was prepared by dissolving
required amount of Phosphoric acid in 250 ml conical flask.
The given NaOH solution was Standardize using
phenolphthalein indicator. 6 clean reagent bottles with number
from 1 to 5 were taken.1 g finely ground activated Pulses husk
was taken in each bottle. These bottles were shake vigorously
and kept for one hour. Filter each solution through filter paper
and titrate 10 ml of each of them with 0.1N NaOH solution.

l RESULTS AND DISCUSSION :

In our work we have try to determine adsorption of phosphoric
acid on activated Pulses husk as a bio adsorbent. Different
concentration of phosphoric acid solution we are prepared and
determine the adsorption for 1 hr. contact time. From the table 1
we have determine the values of log x/m and log Ce the graph 1
of freindlich adsorption isotherm of phosphoric acid on
Pulses husk the straight line is obtained. From the graph R*,n,
k values were determined. From the values it was observed that
Freindlich adsorption is verified. Similarly, from graph 2
Ce/x/m vs. Ce of Phosphoric acid on activated Pulses husk ,
straight line is obtained. From the graph a, b, R2 were
determined. This value shows the Langmuir adsorption is
verified. Also, from table 3 the values of % adsorption vs.
concentration graph 3 were plotted. From the graph it was
observed that as the concentration of acid solution decreases %
adsorption decreases. From graph 1 and 4 the Freindlich
adsorption isotherm can be said to be good fit for the given
experimental adsorption data, since the linear regression of log
x/m is log Ce gave R’value in the range of 0.99 for the different
concentration of Phosphoric acid with Pulses husk
adsorbents. Application of adsorbents for different effluents
amplest understand the actual application of this adsorption
method on the results obtained the experiments were
conducted on different waste water samples collected from
different industries. The activated Pulses husk and Pulses husk
ash can be used as good adsorbent for selected effluent having
specific concentration adsorbate (color/organic matter).
Similarly, from graph 2of the Langmuir adsorption isotherm
can be said to be good fit for the given experimental adsorption
data, since the linear regression of Ce/x/m is Ce gave R’values
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in the range of 0.80 for the different concentration of
Phosphoric acid with Pulses husk adsorbents. Application
of adsorbents for different effluent samples. To understand the
actual application of this adsorption method on the results
obtained the experiments were conducted on different waste
water samples collected from different industries. The
activated Pulses husk and Pulses husk ash can be used as good
adsorbent for selected effluent having specific concentration
adsorbate (color/organic matter). From the table 3 Freindlich
constant for phosphoric acid 'n' having value 0.950 and 'K'
having value 22.80 and Langmuir constant 'a' having value
0.4822 and 'b' having value 37.03 indicate that both Freindlich
and Langmuir adsorption isotherm is verified. From graph 3, it
is concluded that the adsorption of acids decreases with
decrease in concentration of acid. As the concentration of acid
decreases from system 1 to 5 the adsorption of acid on Pulses
husk adsorbent also get decreases. From the above all graphs
we can conclude that having R’ value greater than 0.70 indicate
the adsorbent gives better adsorption of acids.

l CONCLUSION :

The result of present study clearly shows that acid treated
Pulses husk are effective in adsorption of acids. It is evident
that experimental adsorption data for the adsorption of color in
this research can be explained by more than one adsorption
isotherms. The result shows that the R* values are closer to 1
for all adsorption isotherm plots. Thus, Linear, Langmuir and
Freindlich isotherm models are good fitted to the experimental
data. Thus full utilization of agro-waste and treatment of
wastewater is one of the good prospective for good
environment. The Pulses husk can be proved as good, effective
and eco-friendly adsorbent. Pulses husk are cheap, less
expensive in market. As it is a waste material of pulses after
threshing of Pulse, generally it is available in free of cost. It
gives better adsorption of acids so instead of activated carbon
itis more beneficial for adsorption as an adsorbent.
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Table 1: Observation table for phosphoric acid.
Initial Eqn
Vol. Of Amt of | 2" | vol. Of Vol. Of | cone. Phospho
. Oof NaOH of I
Bottle | phosphori | Vol. Of water | charco hos filtrate sol hos ric acid XM Log Log Ce
No. | cacid sol. | (ml) al PROSP 1 taken . PROSP 12 dsorbed (x/m) &
V (ml) (mg) horic V1 (ml) required | horic X (g)
& acid V2 (ml) | acid &
Co Ce
1 50 0 1 10 10 38.6 0.364 | 9.8471 9.8471 | 0.946 | -0.4553
1 50 0 1 10 10 38.6 0.364 | 9.8471 9.8471 |0.946 | -0.4553
2 40 10 1 8 10 342 0.358 | 7.9857 7.9857 | 0.844 | -0.4909
3 30 20 1 6 10 24.6 0.268 | 5.2491 5.2491 | 0.720 | -0.6878
4 20 30 1 4 10 16.4 0.171 |3.5144 3.5144 | 0.545 | -0.8912
5 10 40 1 2 10 8.3 0.087 | 1.7385 1.7385 | 0.240 | -1.0597

Table 2: Percentage adsorption for phosphoric acid on Pulses husk .

Concentration Co Ce Co-Ce | Co-Ce/Co | % adsorption
0.5 10 0.3843 9.6157 0.98157 95.15
0.4 8 0.3381 7.6619 | 0.967738 94.77
0.3 6 0.2583 5.7417 0.94695 93.69
0.2 4 0.1617 | 3.8183 | 0.934575 93.45
0.1 2 0.08715 | 1.90785 | 0.923925 93.39
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Table 3: Calculation of Freindlich and Langmuir constant.

Phosphoric | constant | Phosphoric
acid acid

N |0.920 A 0.4522

K |23.80 B 36.03

R* [ 0.97 R’ 0.750

|
y=1.052x + 1.3
R2=0.99 05

-1.5 -1 |68‘ée 0 0.5

Figure 1: Verification of Freindlich adsorption
isotherm of phosphoric acid on Pulses husk .

0.06

0.04 23
/

Ce/
x/ﬂ\02 - y=0.051x+0.027
R?=0.801
0 )
0 Ce 0.5

Figure 2: Verification of Langmuir adsorption isotherm
of Phosphoric acid on Pulses husk adsorbent.
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Figure 3: % adsorption vs. concentration of
Phosphoric acid on Phosphoric Acid adsorbent
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ABSTRACT ARTICLE HISTORY
Nanoparticals of Al substituted nickel ferrite were synthesized by Received 7 November 2016
microwave assisted sol-gel auto combustion method and characterised Accepted 6 June 2017
using X-ray diffraction (XRD), transmission electron microscopy (TEM) KEYWORDS

and vibrating sample magnetometer (VSM). The XRD revealed that the Nickel ferrite; sol-gel: XRD;
powders obtained are single phase with spinel structure belongs to saturation magnetization;
Fd3m. The average crystallite size calculated using Debey-Scherrer coercivity

formula found to be in the range of 11-18 nm which were counter

verified by using TEM. The magnetic parameters of the synthesized

samples were characterised by using VSM. The saturation

magnetisation (M), coercivity (H.) was found to decrease with the

substitution.

1. Introduction

Nickel ferrites have been under intense research as it possesses attractive properties for
application as soft magnet and low loss material at high frequencies [1]. Aluminium substi-
tuted nickel ferrites are technically important due to their high electrical and low eddy cur-
rent losses making them more suitable for microwave devices [2].

The structural and magnetic properties of substituted nickel ferrites have been stud-
ied by several investigators. Amiradadizadeh et al [3] have reported the decrease in sat-
uration magnetisation and coercivity with increasing aluminium content in nickel
cobalt ferrite. It is observed that the decrease is due to replacement of Fe’* by AI’*
which weakens the sub lattice interaction. Pissurlekar observed the increase in magnet-
isation with increase in Zn concentration upto x = 0.5 and then decrease for higher
Zn concentration in nickel ferite [4]. Singhal et al [5] reported increase in saturation
magnetisation and decease in coercivity with increase in cobalt concentration in nickel
chromium ferrite.

The present work deals with the synthesis of nanoparticles of aluminium substituted
nickel ferrites via sol-gel auto-combustion method and investigation of their structural and
magnetic properties by means of X-ray diffraction, TEM and VSM measurements.

CONTACT S. P. Waghmare @ sarawaghmare@gmail.com
Color versions of one or more of the figures in the article can be found online at www.tandfonline.com/gfer.
© 2017 Taylor & Francis Group, LLC

56


https://crossmark.crossref.org/dialog/?doi=10.1080/00150193.2017.1360698&domain=pdf&date_stamp=2017-12-01
mailto:sarawaghmare@gmail.com
http://www.tandfonline.com/gfer
https://doi.org/10.1080/00150193.2017.1360698

Downloaded by [University of Florida] at 00:31 12 December 2017

FERROELECTRICS (64773

2. Experimental method

Nanoparticles of NiAl,Fe,.,O, (y = 0.5, 1.5) have been synthesised by sol- gel auto combustion
method. The stoichiometric amount of AR grade nickel, iron and aluminium nitrate was used
while urea was used as fuel. The mixture of metal nitrate was dissolved in distilled water and the
solution was then heated with constant stirring on the magnetic stirrer at 60°C. The wet gel pro-
duced fired in a specially designed microwave oven to get the resultant ash powder. The ashes of
raw substances obtained were grinded in a pestle mortar for 4 hrs. Finally these samples were
annealed at 800°C for several hours at a heating rate of 100° C/hr to get desired nano powder.

The structural characterization of the synthesized samples was carried out by Philips X-ray dif-
fractometer (Model 3710) using Cu K,, radiation of wavelength 1 = 1.54 A at room temperature.

TEM micrographs were recorded by using transmission electron microscope (Philips
model CM 200) to investigate powder morphology as well as grain size.

Magnetic measurements were performed by using commercial Lake - shore vibrating
magnetometer (VSM). Magnetic hysteresis was measured at room temperature with maxi-
mum applied fields upto 15 KOe. The saturation magnetisation (M) and coercivity (H,)
were found from hysteresis loops.

3. Results and discussion
3.1. XRD analysis

The X-ray diffraction patterns of the samples were shown in Figure 1 and 2. The XRD pat-
tern analyzed using X- Powder software and the crystalline phases were identified by com-
parison with reference data from the JCPDS card No. 520278 for Nickel ferrites (NiFe,O,).
The XRD pattern reveals the single phase cubic spinel structure without any impurity peaks
belonging to the space group Fd3m. The particle size of the synthesized ferrite samples has
been calculated from the most intense peak corresponding to (311) using the classical
Debey-Scherrer formula [6]. The values of the particle size, lattice constant deduced from
the X-ray data are given in Table 1.

It was found that the lattice constant decreases with Al’" substitutions. The decrease in
the value of the lattice constant with AI>™ ion substitution can be explained on the basis of
ionic radii. As the larger Fe’" ions (0.67 A) are replaced by smaller A" jon (0.51 A), the lat-
tice parameter decreases. Similar trend were reported by K. V. Kumar [7].
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Figure 1. XRD pattern of Ni Alys Fe; 5 O,.
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Figure 2. XRD pattern of Ni Al; 5 Fegs O,.

Table 1. Lattice parameters, particle size, coercivity and saturation magnetisation of NiAl,Fe,.,04 (y = 0.5,
1.5).

Lattice Saturation
parameters Particle Coercivity magnetisation on
Sr. no. Compound a(A) size (nm) Hc [Oe] Ms (emu/g)
1. Ni Alps Feq5 04 8.2487 1.7 230.54 0.0861
2. Ni Al; 5 Fegs Oy 8.1243 18.2 234.66 0.0222

3.2. Transmission electron microscope (TEM) analysis

The particle sizes and morphology of NiAl, sFe; sO, is shown in Figure 3. The particle size
determined from TEM was found to be in close agreement with that obtained from XRD
studies.

3.3. Magnetic properties

Figure 4 and 5 shows the hysteresis loops for A’ doped Nickel ferrite with the applied field
of 15 KOe. The main magnetic data like saturation magnetisation (M), coercivity (H.) are
tabulated in Table 1. It is evident from fig and table that both saturation magnetisation and

Figure 3. TEM photograph of Ni Aly s Fe; 5 O,.
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Figure 4. VSM of Ni Alys Fe; 5 O,.

Figure 5. VSM of Ni Al; 5 Feg 5 O,.

coercivity decreases with the increase of AI’* content.The observed decreased in saturation
magnetisation could be explained on the basis of cation distribution and exchange interac-
tion between tetrahedral (A) and octahedral (B) sites. Verma et al[8] using Mossbaure’s
experiment showed that on increasing AI’* concentration, AI’* ion goes to B-site of spinel
structure replacing the Fe’* ions from B-site to A-site. According to Neel’s two sublattice
model, there are three kinds of super exchange interactions in spinel ferrite i.e. A-A, B-B
and A-B interaction. The A-B interaction strength is large than A-A and B-B. The net mag-
netic moment M = My — M, and large M results in higher saturation magnetisation. The
substitution of non-magnetic AI’* ion, which has a preferential B site occupancy result in
the reduction of super-exchange interaction between A and B sites. The decrease in satura-
tion magnetisation is due to migration of Fe*" jons from B site (Mg) decreases. Therefore
the net magnetisation on (Mg — M,) decreases as observed by G. R. Kumar et al [9]. Coerciv-
ity decreases with increase in AI’* ion concentration. It could be due to decrease in anisot-
ropy field which is in turn decreases the domain wall energy [10].

4, Conclusion

Al substituted nickel ferrites with the chemical formula NiAl,Fe, O, (y = 0.5, 1.5) have
been successfully synthesized by sol-gel auto combustion method. The X-ray diffraction
analysis confirmed the formation of single phase spinel structure. The crystallite size was
found in the range of 11nm to 18 nm. The lattice parameter decreased with increase in Al
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concentration. TEM analysis confirmed the measurements of nanosize by XRD data. The

incorporation of non-magnetic A

1> ions in nickel ferrite resulted in decrease of saturation

magnetisation and coercivity because replacement of Fe’* by AI’* ions weakens the sub lat-
tice interaction and lowers the magnetic moment of the unit cell.
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Abstract

Nanocrystaslline Al doped cobalt ferrite CoAlyFe2-yO4 (y = 0.5, 1.5) powders have been synthesized by microwave assisted sol-
gel auto combustion method and characterised using X-ray diffraction (XRD), transmission electron microscopy (TEM) and
vibrating sample magnetometer (VSM). The XRD revealed that the powders obtained are single phase with spinel structure and
crystallises to Fd3m space group. The calculated grain size from XRD data have been verified using TEM. TEM photograph
shows that powder consists of manometer sized grains. It was observed that as AI** content increases the grain size and lattice
constant decreases which attributed towards the influence of non-magnetic A13+ concentration on the grain size. The magnetic
properties of the synthesized samples is characterised by using VSM. The saturation magnetisation (Ms), coercivity (Hc) were
found to decreases with increases of aluminium content which is due to nonmagnetic AI** jon and weakened interaction

between sub lattices.

© 2017 Elsevier Ltd. All rights reserved.
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2016).

Keywords: Sol-gel, grain size, XRD, VSM

1. Introduction

Extensive work has been carried out on spinel nano-ferrite because of potential application in science and
technology which include electronic devices, magnetic fluids, data storage devices, medical diagnosis, magnetic
resonance imaging, targeted drug delivery, hyperthermia for cancer treatment, heterogeneous catalysis, magnetic
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separation[1-3]. Spinel ferrites exhibits interesting physical and chemical properties because of their ability to
distribute the cations amongst the tetrahedral (A) and octahedral sites(B) [4].Cobalt ferrite have been under intense
research as it possess high coercively, moderate magnetisation, good magnetostrictive properties, excellent thermal
and chemical stability, good mechanical hardness, large permeability of high frequency, remarkable high electrical
resistivity [5,6]. These properties make it suitable for many application such as high density digital recording
information storage, ferrofluid, magnetic drug delivery, as sensor, magnetic optics devices [7].Many efforts have
taken by researcher to manipulate the magnetic properties of cobalt ferrite by substituting magnetic and non
magnetic cation at A and B site. Ahmad Amirabadizaded et al(2013) [8] have reported the decrease in saturation
magnetisation and coercivity with increasing aluminium content in nickel cobalt ferrite. It is observed that the
decrease is due to replacement of Fe3+ by Al3+ which weakens the sub lattice interaction. Mamill et et al (2016)[9]
also reported decreases in magnetic properties Ms, Mr and Hc with increase in concentration of Cr3+.Sonal Singhal
et al(2007)[10] suggested that Al3+ ion enters into A and B site in 2:3 ratio and a decrease in lattice parameter and
saturation magnetisation with the aluminium content. S. J. Azhagushnmugam et al (2013)[11] used the chemical co-
precipitation method and reported the decrease in saturation magnetisation with decrease in size which is explain in
terms of exchange interaction of A and B sites . K. Vijaya Kumar et al [12] reported decrease in magnetic
behaviour with increasing Al concentration and one of the ferrite appears to exhibiting super paramagnetic
nature.Lawrence Kumar et al (2013)[13] reported a decrease in lattice parameter and saturation magnetisation with
increase in Al content which was attributed to the smaller ionic radius and weakening exchange interaction
respectively.

The present investigation was carried out to study the impact of Al3+ ion on structure and magnetic properties of
Cobalt ferrite synthesised by sol-gel Auto combustion method.

2. Experimental
2.1. Synthesis Technique

Nanoparticles of CoAlyFe2-yO4 (y=0.5 & y=1.5) have been synthesised by sol- gel auto combustion method.
The Stoichiometric amount of AR grade cobalt nitrate Co(NO3)2.6H20, iron nitrate Fe(NO3)2.9H20, aluminium
nitrate AI(NO3)2.9 H20 were used while urea was used as fuel. The mixture of metal nitrate was dissolved in
distilled water. The solutions as prepared were mixed together to form a homogeneous transparent aqueous solution.
The aqueous solution was then heated and continued stirred on the magnetic strirrer at 600C, till aqueous solution
get converted into wet gel by evaporating the water. Further, the wet gel fired in a specially designed microwave
oven, to get the resultant ash powder. The ashes of raw substances obtained were grinded in a pestle mortar for 4
hrs. Finally these samples were annealed at 8000C for several hours at a heating rate of 1000 C/hr to get desired
nano powder.

2.2. X-ray Diffraction Studies

The structural characterization of the synthesized samples was carried out by Philips X-ray diffractometer
(Model 3710) using Cu Ka radiation of wavelength A=1.54 “A at room temperature. The average crystalline size of
the ferrites was determined from the most intense peak (311) pattern using Debye Scherer,s formula,

D = (0.9 L)/(P cosd) ey

Where, B is the full width half maximum (FWHM) in radians and 0 is the Bragg,s angle for the actual peak.
Being cubic spinel, the lattice parameter (a) for the samples were calculated using the formula:
d=a/ v (0*++?) 2

Where, dy is the inter-planner spacing, a is lattice parameters. h k | are the Miller indices of the crystal planes.
The cell volume (V) were calculated from following equation using XRD data

V=a’ 3)
The X-ray density (px-ray), bulk density (pm) and porosity (P) were also calculated using following formulae,
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ZM
Pey = N )
Pm = (“rz)lﬁ (5)
pP=1-—""> (6)
Px-ray

Where Z is the number of formula units in a unit cell which is 8 for spinel ferrite, M is the molecular mass of the
sample, N is the Avogadro’s number, m is the mass of the pellet, r is the radius of the pellet and h is the height of
pallet.

2.3. TEM

TEM micrographs were recorded by using transmission electron microscope (Philips model CM 200) to
investigate powder morphology as well as grain size.

2.4. Magnetic measurements

Magnetic measurements were performed by using commercial Lake — shore vibrating magnetometer (VSM).
Magnetic hysteresis were measured at room temperature with maximum applied fields upto 15 KOe. The saturation
magnetisation (Ms) and coercivity (Hc) were found from hysteresis loops.

3. Results And Discussions
3.1. XRD Analysis

The X-ray diffraction patterns of the samples were shown in Figure 1. The XRD pattern analyzed using X-
Powder software and the crystalline phases were identified by comparison with reference data from the JCPDS card
No. 221086 for Cobalt ferrites (CoFe,0,4). The XRD pattern reveals the single phase cubic spinel structure without
any trace of impurity which confirms that A’ ions have been incorporated into the cubic spinel lattice. The particle
size of the synthesized ferrite samples has been calculated from the most intense peak corresponding to (311) using
the classical Debey-Scherrer formula. The values of the particle size, lattice constant, X-ray density, measured
density deduced from the X-ray data are given in Table 1

It was found that the lattice constant decreases with Al substitution. The decrease in the value of the lattice
constant with AI’* ion substitution can be explained on the basis of ionic radii. As the larger Fe’" ions (0.67 A) are
replaced by smaller A" ion (0.51 A) the lattice parameter decreases. X-ray density decreases with Al substitution
and this is attributed due to decrease in lattice constant and particle size. Similar trend were reported by R.A.Bugad
etal (2013) [14] and S. S. Suryawanshi et al (1999) [15].

Table 1: XRD parameters of Co Al Fe,.,O4 (y=0.5 & y=1.5)

Bulk X-Ray Particle
Sr. ) Cell Volume . ) Porosity .
No Compound Lattice Parameters (A Density Density %) Size
. 0
a(A) ) (D) gm/cm’ (Dx) gm/ cm’® (nm)
1. Co Alys Feys Oy 8.3387 A’ 579.822 2.7349 5.0447 48.48915 25.6
2. Co Al s Feps Oy 8.1466 A’ 540.666 2.4995 4.7009 55.94791 17.8
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Figure 1: X-ray diffraction pattern of Co Al,Fe,.,04 (y=0.5 & y=1.5)
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3.2. Transmission Electron Microscope (TEM) Analysis

Figure 2: TEM photograph for Co Al sFe; 50,4

Figure 2 present the TEM photograph of y = 0.5 sample which show that the particle sizes in nanometres agree
with XRD data

3.3. Magnetic Properties

Figure 3 shows the hysteresis loops for A" doped cobalt ferrite with the applied field of 15 KOe. The main
magnetic data like saturation magnetisation (Ms), coercivity(Hc), remanence magnetisation (Mr) and squareness
ratio (Mr/Ms) are tabulated in Table 2. It is evident from fig and table that both saturation magnetisation and
coercivity decreases with the increase of Al content. This decrease is related to the decrease of grain size[16].
Further the decrease in magnetisation with increase of aluminium content may also explain on the basis of cation
distribution between tetrahedral (A) and octahedral (B) sites. The substitution of non-magnetic

AT, replaces Fe*" and occupies octahedral site rather than tetrahedral site.

This may weakens the A-B interaction as AI’" ion will not take part in the exchange interaction due to its non
magnetic nature. Hence the saturation magnetisation decreases with increase of A" content. Similar results have
been reported by Lawrence Kumar et al (2013)[13] and Ramesh C. et al(2015) [17].Coercivity decreases with
increase in A’ ion concentration. It could be due to decrease in anisotropy field which is in turn decreases the
domain wall energy[18].

Table 2: VSM (Hysteresis loop) Magnetic properties

Composition of y | VSM OF CoAlyFe2-yO,
Coercivity He Saturation Magnetisation Ms Remancance Magnetisation Mr Squareness Ration
[Oe] (emu/g) (emu/g) Mr/Ms

y=0.5 550.52 0.85402 0.31481 0.3686

Y=15 535.43 0.054072 0.01238 0.2289
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Figure 3 M-H curves for Co AlysFe, 5Oy (y = 0.5 and 1.5) nano particles synthesized by sol-gel autocombustion technique.

4. Conclusions

Al substituted Co ferrites with the chemical formula CoAl,Fe;.4(y=0.5,y=1.5) synthesized by sol-gel auto
combustion method. The X-ray diffraction analysis confirmed the formation of single phase spinel structure. The
lattice parameter and the grain size were found decreasing by XRD data.The incorporation of non-magnetic AI**
ions in cobalt ferrite resulted in decrease of saturation magnetisation and coercivity because replacement of Fe* by
AP ions weakens the sub lattice interaction and lowers the magnetic moment of the unit cell.
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ABSTRACT:

This Physico-chemical analysis of soil was carried out for the studics of various parameters like pH. Electrical
conductivity (EC), Total organic carbon, Available nitrogen (N), Available phosphorus (P), Availablc Potassium
(K) and Calcium carbonate CaCOs). This study leads us 1o the conclusion of the nutrient's quantity of farmland
soil of nearby villages of Hingna Taluka, District Nagpur, and Maharashtra State. The important abservation
during the study is that the parameters were fluctuating for farm to farm of nearby villages. The present analysis
will help farmers 1o decide the problems related to soil nutrients and amount of fertilizers to be added 1o soil 10

make production economic.

KEYWORDS: Soil, Physico-chemical, Soil fertility, Soil pollution.

INTRODUCTION:

Soil is one of the most imporant resources of the nature.
Every living is straight and lastly dependent on soil for
the human food is derivative from the earth. Creation
plan for have strong and soil is essential to human being
survival. Soil has composite role which is useful to
human and other living organism. The industrialization
and development in agriculture are necessary to meet the
basic requirement of people: at the same time it is
necessary Lo preserve the environment [1]. The modern
concepl, the soil quality is the ability to sustain plant and
animal productivity, to increase water and air quality and
to contribute plant and animal health [2-3] although all
Physico-Chemical properties are involved in soil
functioning, bio chemical properties tend o react mosl
rapidly to get change in the external environment [4-5].
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Soil fertility is an important lactor, which determines the
growth of plant. It is depends on the concentration of N,
P. K organic and inorganic materials, micronutrients and
water. In general soil chemical ferulity and in particular
lack of nutrient inpuls is a major factor in soil
degradation [6]. The yield and quality of crop depends
upon the fertilizers and presence of micronutrients. The
soil condition is of great importance because it is a
universal medium for plant growth, which supplics
essentials nutricnts 1o the plants [7]. But duc to excess
use ol fertilizers, the physico-chemical staas in soil s
being changed (8], Physico- chemical characteristes ot
different soils vary in space and time due 1o variation i
topography, climate, physical weathering  processes,
vegetation cover, microbial activities, and several other
biotic and abiotic variables [9]. Present study is an
attempt to find out the nutrient's quantity in farmland soil
of nearby villages of Ilingna wluka, Nagpur district,
Maharashira. This informaton will belp farmers
decide the amount of fertilizer 10 be added 10 soil 1o
make the production cconomic. The objective ol tis
paper was 1o analyze the trend i pll, EC OC, N PR
and CaCOy status of farmland soil of nearby villages ol
Hingna Taluka, Nagpur district, Maharashrra,
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MATERIAL AND METHOD:

Collection of soil samples:

Ten suoil samples were collected from the surface ol
farmland soil from nearby villages of Hingna Taluka.
Nagpur District. Maharashtra in the month of January
2017. Soil samples were collected at a depth of 0-30cm
in polythene bags and were labelled as §; 10 S

Chemicals and Apparatus:

All chemicals used were of analytical reagent grade
chemicals. The experimental solutions were prepared by
using doubly distilled water All glass wares used i the
present study were made from Borosil glass.

Physico-Chemical Characterization:

The collected samples were analyzed for major Physical
and Chemical soil quality parameter like pH, Electrical
Conductivity (EC), Organic Carbon (OC), Nitrogen (N),
Phosphorus (P). Potassium (K) and Calcium carbonate
(CaCO.) [10]. The pH of the soil suspension was
determined using pH meter (Elico pH meter, model LI
120). EClectrical conductivity (EC) of the soil was
determined in the filrate of the water extract using
Conductivity meter (Elico model CM-180), Pereentage
organic carbon (OC) was determined by chromic acid
wel digestion method as standard procedure of Walkley
and Black method, available nitrogen was estimated by
alkaline Permanganatc method, available phosphorus
determined by Olsen’s volumetric method. Available

Tablc : Physico-chemical characterization ol 2

rmland soil samples of aearhy villages ol Hingna Taluka, District N

1(3) Muy- June 2017

potassium content the soil awas derernmm Jd
ammonium - acelaty extraetable maethod aimd
carbonate was determmed by Papid trraton el
with standard NaOTEsolution

RESULT AND DISCUSSION:

The physico-chemical propertics ol farmland soil
samples of nearby villages of Hingna Taluka, Distnct
Nagpur. and Maharashtra arc - given m Table |
Variation of physico-chemical parameters ol farmthan
soil samples are shown in figures Ve

pii:

Soil pll is an important consideration tor farmers and
gardencrs for several reasons. including the fact that
many plants and soil life forms prefer either alkaline or
acidic condition [11]. Soil pil denotes soil’s acidity or
alkalinity and is the mcasure of hydrogen 1ons (H7 1 n
the soil solution. A study on soil pH revealed thar .
soil samples collected from the Farmer s el
slightly alkaline and pli ranged from 7ot e

Fleetrical conductance (EC):

Electrical conductance (EC) s a good sign lor the crops
as it helps in the absorption ol the nutnents [12]). Greater
the ion concentration in soil solution: more is the EC
[13]. The EC study of soil shows varation 10
conductivity values between 0.16 mS 10 0 34 mS these
values of EC suggest normal soil

agpur. Mahaashing
India U

Suil Samples pH F.C (nS) e OC N (Kpiha ') P (kpiba') K !K.Ef'L‘ﬂ. e CaC ), -
S, 7.62 0.21 07 450 20,56 114240 sy
Sy 771 026 055 176 240 60 16 TaR
S) 7.65 0.54 069 497 3427 672.00 861
Sq 1.13 037 0.46 34 6.45 44132 3
S 786 0.16 (32 219 3347 3176 32 S
S. 7068 019 047 1N 1200 ANY N y R
Ss 781 045 06} as6 A4 N4 NN Y
Se 774 051 107 130 oo NN (Y
Sy 7.88 042 093 0 LENTIN o8y 1 o

Su [ I (O as o 3N R0 R

Organic carbon (OC):

Soil organic carbon is the scat of nitrogen in soil and its
determination is often carried out as an index of nitrogen
availability. If the soil organic carbon is present in soil
then this soil is useful for the agrcultural prictices
Organic corbon may be added i the so1l i the form ot
animal manures, compost, ele Organic carbon i the
present study varies from 0.32 % 10 1.07 % and shows

medium 1o high organic carbon content 0 the soul
samples

Avallable Nitrogen (N):

Nitrogen is a most important tertihzer element. ILis the
most important majar nutrient requieed by plant ta

proper growth and deselopment 1o apart ol i
cells, whieh s aonecessary part ol all proteis g

and metabolic processes mvalved i the synthesis ol
transter of energy |14 Avadable niagen i the prose
farmland soil samples vanes trom 219 ke ha o 70 ke

ha . which s medium to very high nitrogen content
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MATERIAL AND METHOD:

Collection of soil samples:

Ten soil samples were collected from the surface of
farmland soil from necarby villages of Hingna Taluka,
Nagpur District, Maharashtra in the month of January
2017. Soil samples were collected at a depth of 0-30cm
in polythene bags and were labelled as S, 10 §;.

Chemicals and Apparatus:

All chemicals used were of analytical reagent grade
chemicals. The experimental solutions were prepared by
using doubly distilled water. All glass wares used in the
present study were made from Borosil glass,

Physico-Chemical Characterization:

The collected samples were analyzed for major Physical
and Chemical soil quality parameter like pH, Electrical
Conductivity (EC), Organic Carbon (OC), Nitrogen (N),
Phosphorus (P), Potassium (K) and Calcium carbonate
(CaCO,) [10]. The pH of the soil suspension was
determined using pH meter (Elico pH meter, model LI-
120). Electrical conductivity (EC) of the soil was
determined in the filtrate of the water extract using
Conductivity meter (Elico model CM-180). Percentage
organic carbon (OC) was determined by chromic acid
wet digestion method as standard procedure of Walkley
and Black method, available nitrogen was estimated by
alkaline Permanganate method, available phosphorus
determined by Olsen’s volumetric method. Available

10(3); May- June 2017

potassium content in the soil was determmed by using
ammonium  acetate extractable method and  calcim
carbonate was determined by Rapid titranon method
with standard NaOFH solution

RESULT AND DISCUSSION:

The physico-chemical properties  of  farmland  soil
samples of nearby villages of Hingna Taluka, District
Nagpur, and Maharashtra arc given in Table-1.
Variation of physico-chemical parameters of larmland
soil samples are shown in figures- | to 7.

pH:

Soil pH is an important consideration for farmers and
gardeners for several reasons, including the fact that
many plants and soil life forms prefer either alkaline or
acidic condition [11]. Soil pH denotes soil’s acidity or
alkalinity and is the measure of hydrogen ions (H") in
the soil solution. A study on soil pH revealed that the
soil samples collected from the farmer's licld were
slightly alkaline and pll ranged from 7.62 10 7.91.

Electrical conductance (EC):

Electrical conductance (EC) is a good sign for the crops
as it helps in the absorption of the nutrients [12]). Greater
the ion concentration in soil solution; more is the EC
[13]. The EC study of soil shows variation in
conductivity values between 0.16 mS (0 0.54 mS. these
values of EC suggest normal soil.

Table : Physico-chemical characterization of farmland soil samples of nearby villages of Ilingna Taluka, District Nagpur, VMaharashtra.

India
Soil Samiples pH EC(mS) "% OC N (Kg/ha') P(Kgha') K (Kgha') % CaCO,
S, 7.62 0.21 0.71 456 20.56 1142.40 453
S 7.7 0.26 0.55 376 240 860.16 7.48
Sy 7.65 0.54 0.69 497 34.27 672.00 8.61
S, 7.73 0.37 0.46 314 6.45 443,52 3719
S« 7.86 0.16 0.32 219 33.47 376.32 5.4
Se 7.68 0.39 047 338 12.90 48384 6.35
S, 7.81 0.45 0.63 456 484 564.48 AN
Sk 7.74 0.51 1.07 136 31.05 604,80 4.86
Sy 7.88 042 0.93 624 35.08 685.44 364
Sie 791 0.46 0.62 415 7.26 658,56 477

Organic carbon (OC): Available Nitrogen (N):

Soil organic carbon is the scat of nitrogen in soil and its
determination is often carried out as an index of nitrogen
availability. If the soil organic carbon is present in soil
then this soil is useful for the agricultural practices.
Organic carbon may be added in the soil in the form of
animal manures, compost, etc. Organic carbon in the
present study varies from 0.32 % to 1.07 % and shows
medium to high organic carbon content in the soil
samples.

Nitrogen is a most important fertilizer element. It is the
most important major nutrient required by plant for
proper growth and development. It is a part of all Iving
cells, which is a necessary part of all proteins, enzymes
and metabolic processes involved in the synthesis and
transfer of energy [14], Available nitrogen in the present
farmland soil samples varies from 219 kg ha' 1o 736 ky
ha’, which is medium 1o very high nitrogen content.
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Available Phosphorus (P):

Phosphorus is an essential clement because of the large
amount of phosphorus required for plants growth.
Phosphorus is most oflen limiting nutrients remains
present in plant nuclei and act as energy storage. In the
present farmland soil samples, available phosphorus
ranges from 2.40 kg ha™ 10 35.08 kg ha™" indicates low to
very high content of phosphorus.
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Figure-1: Variation of pH in soil samples
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Figure-6: Varlation of K In soil samples

Available Potassium (K):

Potassium plays o key role in o vast array of
physiological process and vital to plant growth from
protein synthesis to maintenance of plant water balance
(15]. Soils that have adequate potassium allow plants to
develop rapidly and outgrow plant disease, insect
dumage and protect against winter freeze damage [16],
Potassium was found in the range of 376,32 kg ha'
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114240 kg ha'. which shows very high potassivm
content in all ten farmland soil samples.

% CaC03
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Figure-7: Variation of "4 CaCOvin soil xamples

Calcium carbonate (CaCQO,y):

In the irrigation soils calcium carbonale vceurs in natural
state. Soil ferility is not uniformly affected by the
presence of carbonates. Calcium carbonale values in the
present soil samples ranged from 3.12 to 8.61 %,

CONCLUSION:

Physicochenucal characterizaton ol farmland sail s
important o agriculture for plants growth and sl
management A physic-chemical studies of ten Farmland
sotl sumples from nearby willages ol Thngna Taluka,
show different values for vanous sites. This study gine
information about very low, low, medium, moderate,
high and wvery high content of physico-chemical
parameters and nutrients in farmland soil. By using this
information farmer can manage necessary fertilizers and
nutnents needed for farmland soil in order to Increase
the percentuge yield of crops
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Abstract

The demonetisation step taken by the government is one of the most bold and
sudden steps that is bound to impact every Indian and every sector of the
economy. This cathartic step is targeted at cleansing our system from deep
rooted corruption and the maladies of a parallel economy, run primarily on
unaccounted cash. This paper focuses on impact on the demonetization on the
real estate.

Keywords :Demonetisation, Real Estate

Introduction :

With companies such as Sobha and the entry of established industrial houses of the
likes of TATA, Mahindra, Godrej, L&T, ShapoorjiPalonji etc. in this sector, the primary real
estate market is getting more organized and matured. It is going by rules, getting all
clearances in place, offering good quality products at the most reasonable price points and on
time delivery.
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