
AQAR :2023-24: Criteria-I 3 Curricular Aspects 

 

 

 

 

 

 

_______________________________________________________________ 

 

 

______________________________________________________ 

 

 

  

 

 

 

 

 

 

  

 

 

 

 

 

 

 

  

MAHATMA GANDHI ARTS, SCIENCE & 

LATE NASARUDDINBHAI PANJWANI COMMERCE 

COLLEGE, ARMORI 

Dist. Gadchiroli (Maharashtra) 441 208 

Affiliated to Gondwana University, Gadchiroli. 

Re-accredited by NAAC 8A9 with 3.24 CGPA 

Manoharbhai Shikshan Prasarak Mandal Armori9s  

CRITERION 3 I 

CURRICULAR ASPECTS 

METRIC NO: - 1.3.3.  

METRIC NAME: -Number of students undertaking project work /     

                                    field work/ internships. 

Web: - mgcollegearmori.ac.in 

e-mail: - mgcollege.armori@gmail.com 

Phone: - 07137-266558 

ANNUAL QUALITY ASSURANCE REPORT  

AQAR : 2023-2024 

mgcollegearmori.ac.in
mailto:mgcollege.armori@gmail.com


 

 

 

 

 

Project Work Reports/ Field  
Visit Reports of B.Sc. 

 





Mahatma Gandhi Arts, Science and Late N. P. Commerce 
College, Armori 

 

 

 

 

 

Department of Botany 

 

 

 

Kachargadh Darekasa  

 

 

 

Study Tour Report  

Academic Session 2023-24 

 



Mahatma Gandhi Arts, Science and Late N. P. Commerce College, Armori 

Department of Botany 

Study Tour Report 2023-24 

Date Name Event Student 
strength 

17/02/2024 Department of 
Botany 

Study tour 25 

 

As per academic syllabus of Gondwana University, Gadchiroli, the department of Botany 

organized one day study tour at Kachargadh Darekasa District Gondia on dated 17/02/2024. 

Two members of the Department of Botany, Dr. S. T. Nagdeve and Dr. V. I. Kahalkar, along 

with 25 B.Sc. students of I, II and III years visited Kachargad forest in Dareksa district of 

Gondia on 17 February 2024. Started at 6 AM and we reached Kachargad Dareksa sharp at 

10:30 am. Our students actively observed various plant species including medicinal plants. This 

trip added valuable experience to our knowledge. We started 3 kms trek to identify local trees, 

shrubs, herbs and important plants without disturbing the nature. In the afternoon, we reached 

Kachargad Cave, the largest cave in Asia after climbing for about 3 kms. The variety of flowers 

found in Kachargarh area kept us excited. The majority of the plants identified during trekked 

belonging to the Asteraceae, Acanthaceae, Anacardiaceae, Apocynaceae, Bignonanaiceae, 

Bombacaeae, Caesalpinaceae, Combretaceae, Euphorbiaceae, Fabaceae, Flindersiaceae, 

Hypoxidaceae, Malvaceae, Mimosaceae, Periplocaceae, Poaceae, Rhamnaceae, Rubiaceae, 

Rutaceae, Sapindaceae, Spotaceae, Tiliaceae, and Verbenaceae families. The botanical names 

of the plants is as fallows Andrographis paniculate, Anogeissus latifolia, Bauhinia racemose, 

B. vahlii, Bombax ceiba, Bridelia retusa, Butea monosperma, B. superba, Cassia fistula, 

Celastrus paniculata, Chloroxylon swietenia, Combretum album, Curculigo orchioides, 

Cymbopogon martini, Demdrocalamus strictus, Dioscorea bulbifera, Elephantopus scaber, 

Glochidion zeylanicum, Grewia tiliifolia, Haldina cordifolia, Hemidesmus indicus, 

Hemigraphis latebrosa, Hyptis suaveolens, Kydia calycina, Lagerstroemia parviflora, Lannea 

coromandelica, Lantena camera, Madhuca longifolia, Mallotus philippensis, Mangifera 

indica, Molineria trichocarpa, Parthenium hysterophorus, Phyllanthus emblica, Pterocarpus 

marsupium, Schleichera oleosa, Sida acuta, S. cordifolia, Stereospermum chelenoides, Tectona 

grandis, Terminalia alata, Tephrosia purpurea, Tridax procumbens, Triumfetta rhomboidei, 

Tectona grandis, Ventilago denticulate, Vitex negundo etc. families and plants species were 

found in Darekasa's Kachargarh Forest. After a long Nature walk through fascinating forests, 



we took lunch and start journey towards Hazara fall and capture nice picture finally ended tour 

on Famous Manododevi Temple on way, where they shopped and spent some rest time. It was 

a great experience and fun for me.  
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SOME BASIC TERMS: 

Kandom Experinent 
A random experiment is a physical 

situation whose outcome cannot be predicted until it is 
observed. 

Outcones 
The results of a random experiment are 

called its outcomes. 

Sample Space 
A sample space, is a set of all possible 

outcomes of a random experiment. 
Example: 
Random Experiment: Toss a fair coin once. 
Sample Space: 2 ={Head, Tail} 

Random Variables 
A random variable, is a variable whose 

possible values are numerical outcomes of a random 
experiment. There are two types of random variables. 

1. Diserete Random Variable is one which may 
take on only a countable number of distinct values such 
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as o,1,2,3,4,....Discrete random variables are usually 

(but not necessarily) counts. 

2. Continuous Random Variable is one which 
takes an infinite number of possible values. Continuous 
random variables are usually measurements. 

SOME EXAMPLES 

EXPRIMENTS 

TOSSING A COIN 

TAING A TEST 

PLAYING A GAME 

ROLLING A DICE 

Event 

OUTCOMES 

HEAD, TAIL 

PASS, FAIL 

WIN, LOSS, TIE 

1, 2, 3, 4, 5, 6 

SAMPLE SPACE 

S= {HEAD,TAIL} 

S={PASS, FAIL} 

Then A={ HH, HT, TH} 

S= {WIN, LOSS, TIE} 

S= {1, 2, 3, 4, 5, 6} 

An event is a collection of one or more outcomes 

of an experiment. In other words, an event is a subset of 
the sample space. It is denoted by capital letters. 

Ex. Consider a random experiment of tossing two coins 
simultaneously. S={ HH, HT, TH, TT} 
Let A be an event of getting atleast one head. 

Clearly, A is a subset of the sample space S. 
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PROBABILITY: 

Probability is the branch of mathematics concerning 
numerical description of how likely an event is to occur. 

Definition 

Let S be the sample space of a random 
experiment and let e be an eventi.e. ES.Then 
probability of an event E is denoted and defined as 

NO OF FAVOURABLE OUTCOMES OF E 

P(E)= TOTAL NO OF POSSIBLE OUTCOMES 

Ex. Let a dice is thrown randomly. 

sample space, S={1, 2, 3, 4 5, 6} 

So, A={1, 3, 5} 

Let A be the event of getting an odd number. 

Then P(A)= 
n(A) 3 

n(S) 6 

1 

n(E) 

2 

n(S) 

i.e. there is 50% chance of occurring the event A of 
etting an odd number. 
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TYPES OF SINGLE EVENT 

L.Simple event: An event consisting of a single 
outcome of sample space s is called simple or an 
elementary event.Every sample point of the sample 
space s forms a simple event. 

Ex. Let a coin is tossed, S = {H, T} 

Let A be an event of getting only tail then A = (T}. 

Here, A contains exactly one sample point and hence it is 

a simple event. 

The probability of a simple event is always 
1 

2.Sure event: An event which contains all the sample 
points of the sample space S is called as a sure event. 

n(S) 

Ex. Leta card is drawn at a random from a pack of 52 
cards. 

The probability of a sure event is always 1. 

Let A be an event getting either red or black card then 
clearly A is a sure event. 

3.Impossible event: An event which does not 
contain any sample point of the sample space S is called 
as impossible event. 

*The probability of an impossible event is o. 

Ex. Let a die is thrown randomly ,S={1, 2, 3, 4, 5, 6} 

Let A be an event of getting number greater than 6. 
Then A= . Clearly, A is an impossible event. 
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ALGEBRA OF EVENTS: 
1. Union of two events: Let A and b be two events 

defind in a sample space S. Then union of events A and B 
is the collection of all outcomes belong to eitherÁ or bor 
both, it is denoted by A U B. 

Ex. Let a die is thrown randomly ,S={1, 2, 3, 4, 5, 6} 
Let A be an event of getting an odd number and B be an 
event of getting an even number. 
Then A={1, 3, 5} and b={2, 4, 6} 
So, A U B ={1, 2, 3, 4, 5, 6}. 

P(AUB) = P(A) + P(B) - P(An B) 

2. Intersection of two events: Let A and B be two 
events defind in a sample space S. Then intersection of 
events A and B is the collection of all outcomes which are 
commom to both A and B, it is denoted by A n B. 

Ex. Let a die is thrown randomly ,S={1, 2, 3, 4, 5, 6} 

Let A be an event of getting a multiple of 3 and B be an 
event of getting an even number. 

Then A = {3,6} and b= {2,4, 6}. 

So, A n B ={6} 

3. Complementory events: Let A be an event defined 
in a sample spaceS. Then an event which contains 
outcomes of S other than in A is called complementory 
event to A, denoted by A. 
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Ex. Let a coin is tossed, S={H, T} 

Let A be an event of getting only tail then A=(T} and B be 
an event of getting only head then B={H}. 

Clearly, A and B are complementory events. 
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TYPES OF EVENTS BASED ON 

OCCURRENCE OF TWO EVENTS: 

1.Independent events: If two or more events in 
a sample space occur in such a way that the occurence of 

one does not affect the occurrence of another then they 

are said to be independent events. 

Ex. If a coin is tossed twice, the results of the second 

throw would be in no way affected by the results of the 
first throw, so the events in first toss and in second toss 

are independent to each other. 

2.Dependent events: If two or more events in a 
sample space occur in such a way that the occurence of 

one affects the occurrence of another then they are said 

to be dependent events. 

3.Equally likely events: Two events are said to 
be equally likely if they have the same probability of 
OCcurrence. 

Ex, If a coin is tossed,S={H, T}. 

Then events A of getting head and B of getting tail are 
equally likely events. 

4.Mutualy excusive events: Two events A 
and B defined in a sample space S are said to be 
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mutually exclusiveif they cannot occur simultaneously 
in a single trial ie. their intersection is empty. 

Ex, Let a die is thrown randomly ,S={1, 2, 3, 4, 5, 6} 

Let A be an event of getting an odd number and B be an 

event of getting an even number. 

Then A={1, 3, 5} and b={2, 4, 6}. 

Clearly, An B=¢and hence A and Bare mutually 
exclusive events. 

5.Mutually exhaustive events: Two events 
A and B defined in a sample space S are said to be 

mutually exhaustive if their combine outcomes make the 
sample space S i.e. AU B-S. 

Ex. Let a die is thrown randomly ,S={1, 2, 3, 4, 5, 6} 

Let A be an event of getting an odd number and B be an 
event of getting an even number. 

Then A={1,3, 5} and b={2, 4, 6}. 

Clearly, AUB=S and henceA and B are mutually 
exhaustive events. 

NOTE: If two events A and B defined on the sample 

space S are mutually exclusive and mutually exhaustive 
they are said to be complementory events. 

Page 9 



PROPERTIES OF PROBABILITY: 

Property 1. Probability of any event is always 
between o and 1. 

i.e. If A is an event then then 

Os P(A) s 1 

Property 2. The sample space (S) for a 
random variable represents all possible outcomes 
and must sum to 1 exactly. 

i.e. P(S) = 1 

Property 3. The probability of the comnplement 
of an event ("NOT the event")= 1 MINUS the 
probability of the event. 

i.e. P( = 1- P(A), A represents the 
complement of A 

Property 4. Probabilities of disjoint events can 

be added. i.e. If A and B are disjoint then 

P(A or B) = P(A) + P(B) 
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Probability 
The probability of any event is 

defined as "The ratio of number of favourable 

outcomes for the occurrence of that event to the 

total number of distict possible outcomes of a 

random experiment':. 

ie. if S is the sample space of a random experiment 

and Let E be any event in S then 

probability of E 
no of favourable outcomes 

no of all possible outcomes 

N(E) 
N(S) 

Probability is the measure of the likehood of 

occurrence of an event. 

P(A)=1-P(A). 

Some basic properties: 

1) IfA' is the complement of event A then 

2) For any event A in sample space S, 0<P(A)s1. 

3) Probability of an impossible event is 0. 

4) Probability of a sure event is 1. 

5) If A<B then P(A)SP(B). 



Conditional Probability 

associated with the given random experiment. Let A 
and B be any two events defined on the sample 

space S. Then the probability of occurrence of A 

under the condition that event b has already 
occurred and P(B)#0 is called the conditional 

probability of event A given b and is denoted by 

P(A/B). 

Formula: 
Let S be sample space associated with the random 

experiment and n(S) be the number of sample points 
in the sample space S. Since we are given that event 
B has already occurred, therefore our sample space 
reduces to event B only, which contains n(B) sample 

points. Now out of n(B) sample points, only n(AnB) 
sample points are favourable for the occurrence of 

event A. Therefore, by definition of probability 

pg.3 

Let S be a sample space 

= 
PA/B) n(ANB) 

P(A/B) = 

n(B) 

n(AnB)/n(S) 

,n(B)+0. 

n(B)/n(S) 

P(ANB) 
P(B) , P(B)+0. 



Similarily, the conditional probability of event B 
given A is 

P(B/ A) = 

FonalyticSteps 

P(ANB) 

P(A) 
,P(A) #0. 

P(A N B) 

P(A) P(B) 

www.analyticssteps.com 

FIG. Venn diagram for Conditional Probability, P(BlA) 



Ex. Find the probability that a single toss of a die will 
result in a number less than 4 if it is given that the 
toss resulted in an odd number. 

Solution: Let a die is tossed, so n(S)=6. 

Let event A: toss resulted in an odd number and 
event B: number is less than 4 

: A={1, 3, 5}, S0, P(A) =3/6 = 1/2 

: B= {1, 2, 3}) 

: ANB =(1,3} and P(AnB) =2/6 =1/3 

Hence, required probability = P(number is less than 

4 given that it is odd) 

= P(B/A) 

P(ANB) 

P(A) 

1/3 

1/2 

= 2/3 



Addition Theorem 
Let S be a sample space associated with the 

given random experiment. Let A and B be any two 
events defined on the sample space S. Then the 
probability of occurrence of at least one event is 

denoted by P(AUB) and is given by 

P(AUB) = P(A) + P(B) -P(ANB) 

8 

We therefore get: 

P(A or B) P(A) 

mutually exclusive then 

+ 

+ 

events then 

P(AUB) = P(A) + P(B) 

P(B) 

COROLLARY1: If two events A and B are 

PAand B-075 

P(A) + P(A) = 1. 

A 

P(A and B) 

COROLLARY2: If A and A' are complementory 



Multiplication Theorem 
Let S be a sample space associated 

with the given random experiment. Let A and B be 

any two events defined on the sample space S, Then 
the probability of occurrence of both the events is 

denoted by P(ANB) and is given by 

P(ANB) = P(A).P(B/A) 

= P(B).P(A/B) 



Properties Of Conditional 

Probability 
1. Let A and B be events of a sample space S of an 

experiment, then we have P(A|B)= P(B|B) =1. 

2.If A and B are any two events of a sample space 

Sand F is an event of S such that P(F)+0, then 

P(AU B)|F) = P(A|F) + P(B|F) - P(ÇAN B)|F). 

3. P(A'|B) =1-P(A|B). 



Independent Events 
Let S be a sample space associated with the 

given random experiment, Lct A andB be any tw 

events defined on the sample space S. If the 
urrence of any one event does not depend on 

Occurrence or non-occurrence of other event, 

then two events A andBare said to be 

independent. 

Properties 
1. If A and b are independent events then 

P(A/B)=P(A) and P(A/B)=P(B). 

2. If A and b are independent events then 

P(AB)=P(A).P(B) 

3. If A and b are independent events then 

i) A and B' are also independent. 

i) A' and B' are also independent. 



Baye's Theorem 
Baye's theorem is a direct application of the 

conditional probabilities. It is used to determine 

prosterior probabailities. 

STATEMENT: Let E1, E2,..., E, be a set of events 

associated with a sample space S, where all the 

events E1, Ez,.., E, have nonzero probability of 
occurrence and they form a partition of S. Let A be 

any event associated with S, then according to Bayes 

theorem, 
P(ANE;) P(E)P(A|E) 

P(A) ZP(Ek)PA|Ek) 
P(EA) =: ,for anyi=1, 2,... 
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Some basic definitions 

2 Page 

" Random variable: A numerical quantity 
that takes on different values depending on 
chance. 

" Population: The set of all possible values 
for a random variable. 

" Event: An outcome or set of outcomes. 

" Probability: The relative frequency of an 

event in the population ... alternatively.. the 
proportion of times an event is expected to 

Occur in the long run. 



3 | Page 

Types of random variables: 

" Two types of random 
variables 

1) Discrete random variables 
(countable set of possible 
outcomes) 

2) Continuous random variable 
(unbrokern chain of possible 
outcomes) 



EXAMPLE OF DISCRETE RANDOM 

VARIABLE 

X 

" Treat 4 patients with a drug 
that is 75% effective 

" Let XE the [variable] 
number of patients that 
respond to treatment 

"X is a discrete random 
variable can be either 0, 1, 
2, 3, or 4 (a countable set of 
possible outcomes 

" Discrete random variables are understood in 
terms of their probability mass function 
(pmf) 

4| Page 

pmf: a mathematical function that assigns 
probabilities to all possible outcomes for a 
discrete random variable. 

" This table shows the pmf for our "four patients" 
example: 

1 2 3 4 

Pr(X=x) 0.0039 0.0469 0.21090.4219 19 0.3164 



The four patients" pmf can also be shown 
graphically 

Probabil ity 

0.5 

0.4 

0.3 

0.2 

0.1 

0 
.0039 

.0469 

1 

2109 

2 

4219 

3 

Number of successes 

S|Page 

3164 

4 

"Areas under pmf graphs correspond to 
probability 

Area on pmf = Probability 



Probability 

" For example: 

Pr(X = 2) 
= shaded rectangle 

= height x base 

0.5 

0.4 

0.3 

O.2 

0.1 

= 0.2109 x 1.0 

= 0.2109 

1 

-0.2109I 

-1.0 

3 

Number of successes 

6|Page 

4 



EXAMPLE OF CONTINUOUS 
RANDOM VARIABLE 

" Continuous random variables have an infinite 
set of possible outcomes 

" Example: generate random numbers with 
this spinner 

0.75 

7| Page 

0.5 

0.25 

Outcomes form a continuum between 0 and 1 



probability density function (pdf):a 
mathematical function that assigns 
probabilities for continuous random variables. 

" The probability of any exact value is 0. 

BUT, the probability of a range is the area 
under the pdf "curve" (bottom) 

Height = 1 

0.0 025 

" Area = probabilities 

Area 0.5 

0.5 0.75 

8| Page 

1.0 

The pdf for the random spinner variable 

" The probability of a value between 0 and 0.5 

Pr(0 s X s0.5) 



= shaded rectangle 

= height x base 

=1 x 0.5 = 0.5 

pdfs come in various shapes here 
are examples 

Uniform pdf 

Chi-square pdf 

9|Page 

to 

Normal pdf 
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PROBABILITY 

Let A be an event in the sample 

space S then-

Probability of A = P(A) = n(A) 
n(S) 

Where, n(A) = No. of elements in A 

n(S) = No. of elements in S 

Basic properties 

1. If A' is the complement of event A then 

P(A') = 1 - P(A). 

2. For any event A in sample space 5,0 < P(A) < 1 

3. Probability of an impossible event is· 0. 

4. Probability of a sure event is 1. 

5. If A< B then P(A) < P(B). 

Problems: 

l)Compute the probability of the occurrence 

of an event if the probability the event not 

occurring is 0.56. 

Solution: 



Given, P(not l:) -= P(E') = 0.56 

We know that, 

P(E) + P(E') = 1 

So, P(E) = 1 - P(E') 

P(E) = 1 - 0.56 

=> P(E) = 0.44 . 

2) In a lottery of 50 tickets numbered 1 to 
SO, one ticket is drawn. Find the probability 
that the drawn ticket bears a prime number. 

Solution: 

Given, Tickets are marked numbers from 1 to 50. 
And, one ticket is drawn at random. 

Total number of tickets is 50, so n(S) = 50. 

Tickets which are number as prime number are 2, 
3, 5, 7, 11, 13, 17, 19, 23, 29, 31, 37, 41, 43, 47 

Total number of tickets marked as prime is 15. 

Let A be an event of getting a prime no. ticket 
then n(A)= 15. 

We know that P(A)= :~~; 

15 . 3 
------

50 . 10 . 



Thus, ·the probability of getting a prime number 
on the ticket is 3/10. 

3) An urn contains 10 red and 8 white balls. 
One ball is drawn at random. Find the 
probability that the ball drawn is white. 

Solution: 

Given, A bag contains 10 red and 8 white balls 

Total number of balls 10 + 8 = 18, so n(S)=18. 

Total number of white balls is 8. 

Let A be an event of getting a white ball at 
random, so n(A) = 8. 

k h ( ) . n(A) 8 4 We now t at, p A = n(S) = 18 = 
9 

Thus, the probability of drawing a white ball from 
the urn is 8/18 = 4/9. 
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ADDITION THEOREM 

If A and Bare any two events then the 

probability of happening of at least one of the 

events is defined as -

P(AUB) = P(A) + P(B)- P(A n B) 

•!• If A and B are mutually exclusive events 

then P(A n B)=0, so P(A u B) = P(A) + P(B) 

Problems 

1) If P(A) = 0.37, P(B) = 0.42, P(A n B) = 0 

.09 then find P(A U B) . 

Solution: . 

P(A) = 0.37 , P(B) = 0.42 , P(A n B) = 0.09 

P(A U B) = P(A) +-P(B ) - P(A n B) 

P(A U B) = 0.37 + 0.42 - 0.09 = 0. 7 

2) What is the probability of drawing either 

a king or a queen in a single draw from a 
well shuffled pack of 52 cards? 

Solution: 



Total number of .cards = 52 

Number of king cards = 4 

Probability of drawing a king card = 4/52 

Number of queen cards = 4 

Probability of drawing a queen card= 4/52 

Both the events of drawing a king and a queen 
are mutually exclusive 

P (A u B) = P (A) + P (B) 

Therefore, probability of drawing either a king or 
a queen = 4/52 + 4/52 = 2/13 · · 

b 



CONDITIONAL PROBABILITY 

1. If P(B) > 0, the conditional probability of A 

given B is defined as-

P(A I B) = P(AnB) 
. P(B) 

2. If P(A) > 0, the conditional probability of A 

· given B is defined as-

P(BIA) = P(AnB) 
· P(A) 

PROBLEMS 

1) Find the probability that a single toss of a 

die will result in a number less than 4 if it is 

given that the toss resulted in an odd 

number. 

Solution: 

Let a die is tossed, so n(S)=6. 

Let event A: toss resulted in an odd number 

and event B: number is less than 4 



:. A= {l, 3, 5}, SO, P(A) = 3/6 = 1/2 

.-. B = { 1, 2, 3} 

:. An B = {l, 3} and P(AnB) = 2/6 = 1/3 

Hence, required probability = P(number is less 

than 4 given that it is odd) 

= P(B/A) 

P(AnB) 

P(A) 

_ 1/3 
--

1/2 

= 2/3. 

2) The probability that it is Friday and that a 

student is absent is 0.03. Since there are 5 

school days in a week, the probability that it 

is Friday is 0.2. What is the probability t hat a 

student is absent given that today is Friday? 

Solution: 

The formula of Conditional probability Formula is: 

P(BIA) = P(A n B)/P(A) 

P(Absentl Friday)= P (Absent and 

Friday)/P(Friday) 

= 0.03/0.2 



= 0.15 

= 15 % . 

9 



MULTIPLICATION THEOREM 
If A and B are any two events of an experiment, 
then-

{

P(A)P(B f A), if P(A) > 0 
P(A n B) = P(B)P(A I B), if P(B) > 0 

Problems 

Q. An urn contains 20 red and 10 blue balls. 

Two balls are drawn from a bag one after 

the other without replacement. What is th e 

probability that both the balls drawn are 

red? 

Solution: 

Let A and B denote the events that first and 

second ball drawn are red balls. We have to find 

P(A n B) or P(AB). 

P(A) = P(red balls in first draw) = 20/30 

Now, only 19 red balls and 10 blue balls are left in 

the bag. Probability of drawing a red ball in 

second draw too is an example of conditional 

probability where drawing of second ball depends 

on the drawing of first ball. 

Hence Conditional probability of Bon A will be, 



-_ P(BI A) = 19/29 

11 

By multiplication rule of probability, 

P(A n B) = P(A) x P(BI A) 

P(A n B) = 20;30 x 19/29 = 38/87. 



Baye's theorem 

Let E1, E2, ... , En be a set of events 

associated with a sample space S, where all the 

events E1, E2, ... , En have nonzero probability of 

occurrence and they form a partition of S. 

Let A be any event associated with S, then 

according to Bayes theorem, 

P(E· I A) = P(AnEi) _ P(Ei)P(AIEi) f . = 1 2 n 
I P(A) - }:P(Ek)P(AIEk) ' or any I ' ' ...• ' 

Problems 

Q. A bag I contains 4 white and· 6 black balls 

while another Bag II contains 4 white and 3 

black balls. One ball is drawn at random 

from one of the bags, and it is found to be 

black. Find the probability that it was drawn 

from Bag I. 

Solution: 

Let E1 be the event of choosing bag I 

E2 be the event of choosing bag II 

and A be the event of drawing a black ball. 

Then, P(E1) = P(E2) = 1/2 



Also, P(A1E1 ) = P(drawing a black bali'fro m 

Bag I) = 6/10 . 3/5 . 

P(AIE 2 ) = P(drawing a black ball from Bag II) 

= 3/7 

:. By using Bayes' theorem, the probability of 

drawing a black ball from bag I out of two bags, 

P(E I A) _ P(E1)P(AIE1) 
1 

- P(E 1)P(AIE1)+P(E2)P(AIE2) 

1 3 
-x-

- 2 5 
- 1 3 1 3 

-x-+-x-
2 5 2 7 

P(E1 IA) = 7 /12 
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INTRODUCTION 

Starch is the principle carbohydrate in plants with great economic and nutritional 

importance (Tharanathan, 2002). It can be collected from many vegetable crop sources 

including wheat, corn, potatoes and rice etc., (Englyst and Englyst, 2005; Katayama et 

al., 2002).Starch granules comprise of amylose and amylopectin polymers and minor 

non-carbohydrate components such as ash (minerals), lipids and proteins. Tropical root 

and tuber crops, such as yam and sweet potato remain underexploited sources of starch 

for the industry worldwide (Moorthy, 2002).In general, starch is isolated from roots and 

tubers through rasping, sieving, and decantation or centrifugation (Daiuto, Cereda, 

Sarmento, &Vilpoux, 2005). The starch properties are dependent on the starch source 

and also highly dependent on the history of the starch itself, such as extraction 

procedures. It is known that extraction procedures affect both the chemical composition 

and physical properties of starch which justify the interest of studying the most suitable 

isolation method for starch (Correia&Beirao-da-Costa, 2010). 

Sweet potato (Ipomoea batatas) is a dicotyledonous plant that belongs to the family 

Convolvulaceae (Abo-El-Fetoh, Al-Sayed, &Nabih, 2010). Maximum recovery of 

starch with good physicochemical and functional qualities coupled with an economical 

extraction of starch from sweet potato is important if this starch is to be exploited in 

industrial applications (Moorthy, 2002). Yam starch was isolated by four methods using 

water, pectin, oxalic acid/ammonium oxalate (OA/AO), sodium hydroxide to find the 

effect of isolation methods on starch properties. Results proved that the smaller starch 

granules diameter varied from 1.9 mm (OA/AO extraction) to 13.5 mm (water and 

pectinase extractions). The larger diameter varied from 41.0mm (NaOH treatment) to 

67.7 mm (OA/AO). OA/AO extraction showed the best recovery of starch (18%). 

Treatment with sodium hydroxide showed the highest viscosity values, next to those 
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with water. Theisolationof yam starch with OA/AOproduced a higher recovery of 

starch (Daiuto et al., 2005).Yam starch was isolated using different methods (alkali or 

enzyme or ordinary method). The starch isolated by ordinary method had the highest 

amylose content while the starch isolated using enzymatic method had the lowest level 

of amylose. Isolation methods affected the water-binding capacities, swelling powers, 

and solubility (Wang, Zhang, Li, & Gao, 2011). 

Alkaline and enzymatic methods induced changes in the properties of chestnut 

(Castaneasativa Mill.) fruit starch. Chestnut starch isolated by the alkali method 

presented the higher values for amylose and resistant starch. An enzymatic method of 

isolation increased the starch viscosity (Correia,Cruz-Lopes, &Beirao-da-Costa, 

2012a). Acorn starches isolated bythe alkaline method presented high amylose content 

and high paste stability.Isolation showed no effect on solubility and swelling power 

(Correia, Nunes, &Beirao-da-Costa, 2013).Starch isolated from Jackfruit seed using 

distilled water showed a higher protein content, starch yield, amylose, and total starch 

than starch isolated with alkaline and enzymatic methods. While the starch isolated by 

the enzymatic method presented higher water absorption index and water soluble index 

(Noor et al., 2014). Pea starch isolated using neutral protease showed the lowest 

swelling power and solubility while the starch isolated by dry-milling showed the 

highest value. Alkaline steeping method increased the pasting properties of pea starch 

(Sun, Chu, Xiong, & Si, 2015).Tef starch isolated using sodium hydroxide as steeping 

additives showed a lower protein, higher starch purity, small granule size, higher peak 

viscosity, final viscosity, and higher gelatinization temperature. Steeping with a 

combination of sodium metabisulfite and lactic acid improved the starch yield 

(Nyakabau, Wokadala, &Emmambux, 2013) 
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In an unmodified form, starches have limited use in the food industry. The properties 

of starches can be improved by various modifications. Modifications can be made to 

the different starches in order to achieve a more useful end product; these include 

characteristics etc., (Liang & King, 2003).Starch can be modified by the chemical, 

physical, genetic or enzymatic mean. Acid modification is a chemical method used to 

prepare thin boiling starches for food and non-food industry applications (BeMiller& 

Whistler, 2009). Hydrochloric acid and sulphuric acid are the generally used 

mineral/inorganic acids (Pomeranz, 1991). Hydrochloric acid is an industrially used 

inorganic acid for acid treatment of starch, but it generates toxic fumes. Inorganic acids 

may depart a lot of side products that slow down the progress of hydrolysis (Peppler & 

Perlman, 1980) and indeed they cause some health concern among the consumers. As 

far as industries are concern, the situation is far more difficult because in spite of 

extensive washing some residual protein and fat of bounded starch react with HCl to 

produce colored products like bitter Maillard compounds which carry an additional cost 

for its removal (Fontana et al., 2008). 

Citric acid is renowned as nutritionally safe compared to other substance used for 

modification of starch (Xie& Liu, 2004). The acid would first hydrolyze the amorphous 

parts of the starch granules and then hydrolyze the crystalline region, resulting in the 

production of shorter chains, which would be disorganized through autoclaving and 

finally reoriented to form more ordered double helix structure during the retro gradation 

which would prevent the enzyme hydrolysis (Hoover, 2000). Acid hydrolysis reduces 

the molar mass, and consequently it increases the free aldehyde group content. It also 

decreases viscosity, increases the solubility of the granules, minimizes syneresis and 
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causes gel thermo-reversibility when subjected to cooling after melting creating a 

potential fat substitute for the food industry (Whistler & Daniel, 1990). 

Hydrochloric acid treatment slightly decreased the granule size of maize and potato 

starches. The acid treatment time increased the solubility of starches and gelatinization 

temperatures (Lin, Lee, & Chang, 2003).Hydrolysis with hydrochloric acid presented 

changes in the pasting, thermal transition and morphology of the Cola nitida (rubra) 

starch. Acid hydrolysis increased starch solubility and lowered its swelling capacity 

(Omojola, Manu, & Thomas, 2011). Acid hydrolysis of sago starchfor12h increased the 

amylose content and gel strength, after 24h of hydrolysis the molecular weight of 

amylopectin and amylose decreased. Hydrolysis by acid increased the solubility of 

starch (Abdorreza, Robal, Cheng, Tajul, &Karim, 2012). Acid hydrolyzedpinhao starch 

showed low syneresis, high solubility, thermo reversibility and melting point similar to 

fat (Thys, Aires, Marczak, &Norena, 2013). 

Acid treated jicama starches showed low values of gel strength and water solubility 

index, total sugar content and water absorption index. Gels of hydrolyzed maize and 

jicama starch showed thermo-reversibility. Acid hydrolysed jicama starch was used as 

a fat substitute in the preparation of yogurt (Amaya-Llano, Martínez-Alegría, Zazueta-

Morales, & Martínez-Bustos, 2008). The granular structures of native and citric acid-

heat moisture treated starches exhibited remarkable differences in their shape when 

observed under the SEM. A decrease in relative crystallinity and gelatinization 

temperatures were noticed in citric acid-heat moisture treated starch (Liu et al., 

2014).Citric acid treatment decreased the swelling power and solubility of cassava 

starch. Citric acid treatment did not change the X-diffraction pattern, however, the 

gelatinization temperatures were decreased (Mei, Zhou, Jin, Xu, & Chen, 2015).Acid 

treatment slightly increased the pasting properties of sweet potato starches whereas it 
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decreased in arrowroot starch. After acid modification both the starches exhibited lower 

gelatinization parameters and higher gel strength (Singh, Raina, Bawa, &Saxena, 2005) 

Fat replacers are the substances that can replace some or all of the fats in food products 

and have the potential to help consumers reduce their total fat consumption (American 

Dietary Association, 2005). Fat replacers are used in the place of natural fats with the 

objective of obtaining a reduction in the caloric value (Huyghebaert, Dewettinck, 

&Greyt, 1996). They are categorized as fat substitutes which are fat-based and as fat 

mimetics which are protein and carbohydrate-based. Carbohydrate-based fat replacers 

include cellulose, carrageenan, dextrins, gums, pectins, modified starch and vegetable 

fibers. Protein-based fat replacers include isolated soy protein, microparticulated 

protein, and modified whey protein. Fat-based fat replacers include mono- and di-

glycerides, caprenin, salatrim, and olestra (ADA, 2005). Carbohydrate-based replacers 

incorporate water into a gel-type structure resulting in lubricant or flow properties 

similar to those of fats in food systems. It is likely that desirable textures can be 

achieved using these types of substitutes, and there are few regulatory obstacles 

regarding any toxicological potential (Akoh, 1998). Starch can also be modified by 

hydrolysis to form a fat replacer (Sajilata & Singhal, 2004). 

The following are the criteria for a starch based fat mimetic  a) Starch should contain 

an amylose content of ~20% (Vanderveen & Glinsmann, 1992). b) Starch with a 

granule size of 2-

(Daniel & Whistler, 1990; Malinski, Daniel, Zhang, & Whistler, 2003).c) According to 

Food and Drug Administation (1982), a starch-based fat mimetic is supposed to be 

partially or completely digestible. d) Starch must possess a DE (Dextrose equivalent) 

5). e) Starch gel with a melting 

point close to that of the fats (37-45 °C) could be used as a fat substitute (Radley, 1976). 
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f) Starch must possess high water-holding capacity (Vanderveen&Glinsmann, 1992) 

and better emulsifying properties (Lim et al., 2010). g) Starch should display shear 

thinning characteristic (Clark, 1994). 

A low fat mayonnaise was developed using anenzymatic hydrolyzedcorn starch 

(granule size 2 -reduced mayonnaise with fat 

replacer had similar sensory quality as compared with the high fat mayonnaise (Ma et 

al., 2006). The addition of acid hydrolysed jicama starch as a fat substitute in the 

preparation of stirred yogurt produced a good functional and sensorial properties 

(Amaya-Llano et al., 2008). Yogurt added with acid hydrolyzed starches showed an 

increase in the percentage of syneresis compared to the control. The low-fat sausages 

containing heat-stable amylase-modified potato starch as a fat replacer showed the 

hardness value similar to control sausage. The presence of modified potato starch in 

reduced-

2008). In a study effect of fat replacers on physical and sensory characteristics of yog-

ice cream was investigated. The addition of protein-based fat replacer and 

carbohydrate-based fat replacer improved the physical and sensory characteristics of 

the low-fat and fat-free yog-ice creams. The reduced fat yog-ice cream prepared with 

protein based fat replacer gave the desirable texture and flavor to yog-ice cream (Akin 

& Guler-akin, 2009).Low-fat ice creams containing protein based fat replacer 

(Simplesse® D-100) had faster-melting rates than low-fat ice cream with carbohydrate-

based fat replacer (Inulin). The use of fat replacer decreased the hardness of ice 

creams.The reduced fat creams gained similar sensory textural scores to the full-fat 

sample (Karaca et al., 2009). In a study orange fiber was used as a novel fat replacer in 

ice cream. The addition of orange peel fiber did not significantly change the physical 
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(color parameters, melting rate and texture parameters) and sensory properties of the 

ice creams (Crizel et al., 2014). 

Starch is classified based on the extent of digestibility as follows: (Englyst & Hudson, 

1997). Rapidly digestible starch (RDS) consists mainly of amorphous and dispersed 

starch. It is digested quickly in the small intestine. During in vitro testing, it is 

hydrolysed to the constituent glucose molecules in 20min. RDS is the best exemplified 

by freshly cooked starchy foods such as mashed potatoes. In this case, starch granule 

shave been gelatinized and are more accessible to enzymatic digestion. Slowly 

digestible starch (SDS) like RDS is expected to be completely digested in the small 

intestine but it is digested more slowly than RDS. During in vitro hydrolysis, SDS is 

converted to glucose between 20 and110min. This category consists of physically in 

accessible amorphous starch and raw starch with type A and type C crystalline 

structure, such as cereals. Resistant starch (RS) is a small fraction of starch that was not 

hydrolysed after 120min of in vitro hydrolysis -amylase and pullulanase treatment. 

Resistant starch is defined as the sum of starch and products of starch degradation not 

absorbed in the small intestine of a healthy individual (Englyst, Kingman, & 

Cummings, 1992). 

Resistant starch is subdivided into four categories regarding the mechanism that prevent 

its enzymatic digestion (Englyst et al, 1992) as follows:a) Resistant starch type I (RS1) 

represents starch that is resistant because it is physically inaccessible to digestion by 

entrapment in a non-digestible matrix such as partly milled grains and seeds and in 

some very dense types of processed starchy food. RS1 is a heat stable in most normal 

cooking operation and enables its use as an ingredient in a wide variety of conventional 

foods. b) Resistant starch type II (RS2) represents starch that is a certain granular form 

and resistant to enzyme digestion. In starch granules, starch is tightly packed in a radical 
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pattern and is relatively dehydrated. This compact structure limits the accessibility of 

digestive enzymes and accounts for the resistant nature of RS2. RS2 granules are 

present in raw potato and banana. c)Resistant starch type III (RS3) represents the most 

resistant starch fraction and is mainly retrograded starch formed during cooling of 

gelatinized starch such as cooked and cooled baked potatoes, breakfast cereals. d) 

Resistant starch type IV (RS4) represents the chemically modified starch such as 

hydroxyl propyl starch and cross-linking starch. Generally, it is known that RS3 is 

formed when the linear amylose fraction of starch is retrograded or recrystallized after 

the gelatinization of starch (Eerlingen & Delcour, 1995). RS3 formed during processing 

is associated with amylose retro gradation, which is influenced by amylose content, 

chain length, autoclaving temperature, storage time and temperature (Ozturk, Koksel, 

Kahraman, & Ng, 2009). 

Starch modification by enzymatic methods is of special interest as they are safer for the 

environment and consumers. The enzymatic reaction can be more specifically 

controlled under mild conditions and result in fewer by-products (Le et al., 2009). There 

are many enzymes used in starch hydrolysis to alter the starch structure and to achieve 

- -D-

glucopyranosyl residues. The most common enzymes for starch modification include 

- -amylase, glucoamylase, pullulanase, and isoamylase. Pullulanase 

(pullulan 6-glucanohydrolase, EC3.2.1.41) is a debranching enzyme, which has been 

-1, 6 linkages in 

pullulan, amylopectin and other related polysaccharides (Lin & Chang, 2006). The 

increased degree of debranching would give chains more opportunity to align and 

aggregate to form perfectly crystalline structures, thereby leading to the formation of 

more RS (Guraya, James, & Champagne, 2001). Enzymatic methods by debranching 
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treatments have been applied to prepare resistant starch (Miao, Jiang, & Zhang, 2009; 

Shin, Byun, Park, & Moon, 2004). 

Slowly digestible starch was increased when gelatinized waxy maize starch was treated 

with pullulanase at higher concentration and less debranching time. On the other hand, 

resistant starch was increased with a higher debranching time (Miao et al., 2009). 

Similarly, the resistant starch (RS) content of high amylose maize starch was increased 

with increased debranching time. Debranching caused increases in enthalpy values of 

maize starch samples Autoclaving storing cycles after debranching of maize starch 

caused decreases in viscosity values (Ozturk et al., 2009). Waxy maize starch was 

treated by pullulanase and retrograded at room temperature to produce resistant starch 

(RS). The debranching increased the RS3 contents and improved the functional 

properties of waxy corn starch. Apparent amylose content of maize resistant starch 

products was increased (Shi, Chen, Yu, &Gao, 2013).Pullulanase debranched waxy rice 

starch was subjected to repeated crystallization treatment and its physicochemical 

properties and digestion pattern were investigated by Zeng, Ma, Kong and Gao (2015a). 

Debranched waxy rice starch treated with four cycles of crystallization produced the 

highest level of slowly digestible starch and eight cycles of crystallization showed the 

highest RS content. 

industry. Several professional and international health organizations have defined 

functional foods as a food given an additional function by adding new ingredients or 

more of existing ingredients that provide physiological or health benefits (Feili, 

Wahidu, Wan Abdullah, & Yang, 2013). Resistant starch has a great interest to product 

developers and nutritionists for two reasons, the first being the potential physiological 

benefits and the second the unique functional properties, yielding high-quality products 

not attainable with traditional insoluble fibres (Fuentes-Zaragoza, Riquelme-Navarrete, 
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Sanchez-Zapata,&Perez-Alvarez,2010) and it can be applied in several food products, 

such as breakfast cereals, bakery products and mixtures (Korus, Witczak, Ziobro, 

&Juszczak, 2009; Sanz-Penella, Wronkowska, Soral-Smietana, Collar, &Haros, 2010), 

cakes and cookies (Laguna, Salvador, Sanz, &Fiszman, 2011), pastas (Sajilata, Singhal, 

&Kulkarni, 2006; Gelencer, Gal, Hodsagi, &Salgo, 2008) and in some special 

applications as well, for example in pudding (Ares, Baixauli, Sanz, Varela, & Salvador, 

2009), yoghurt (Fuentes-Zaragoza et al., 2010), cheese-imitation (Arimi, Duggan, 

Yarmand, &Razavi,2008). The amount of RS used to replace flour depends on the 

particular starch being used, the application, the desired fibre level and in some cases, 

the desired structure-function claims (Sajilata et al., 2006). 

Bread is an important staple food in both developed and developing countries. The 

development of retrograded amylose (RS3) in bread is known and current interest in 

adding high-amylose starch to promote RS content, maintain bread quality and reduce 

starch hydrolysis rates are the focus of many studies (Hung, Yamamori, & Morita, 

2005). Corn and tapioca resistant starch were partially replaced with corn starch in 

gluten-free dough and bread (Korus et al., 2009).Resistant starch incorporated breads 

showed soft crumb texture than bread without RS addition. The crumb hardness 

diminished with the increasing amount of applied RS preparation. RS incorporation 

 the organoleptic quality of the obtained bread (Korus et 

al., 2009).Resistant starch prepared from parkia flour was used for the replacement of 

wheat flour in bread preparation. RS was increased with increase in Parkia flour level 

in all bread. Incorporation of RS increased the crude protein, ash, and crude fiber 

content. The color of the bread was remarkably affected by the addition of different 

levels of RS (Sankhon, Amadou, & Yao, 2013). 
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Purpose of the study Sweet potato starch is used to produce diverse foods such as 

vermicelli, noodles, jelly sheets, fried chips, specially flavored yogurt, alcoholic drinks, 

jam, cake, and steamed bread. However, commercial use of sweet potato starch has 

been limited. The utility of sweet potato starch can be increased by developing 

appropriate processing techniques to prepare sweet potato starch with desirable 

properties. Modification of sweet potato starch by physical, chemical or enzymatic 

methods may make it more suitable for use in traditional food products that normally 

use other types of starches. Although, there have been few reports that on the 

modification of sweet potato starch, technological aspects of sweet potato starch are 

scarce in the scientific literature. An awareness of its potential uses can help in large-

scale cultivation and extraction of starch from the sweet potato crop in India. This 

information would be beneficial for the better designing of starch-based food 

ingredients with improved health benefits. Therefore, the overall purpose of the 

research is to modify the sweet potato starch and evaluate its application in selected 

food products. 

Scope of the study Health concerns have led consumers worldwide to reduce 

consumption of food high in fat, which had opened the way to growing market for 

healthy foods with good mouth feel and incorporating natural products only. Thus, 

producers are motivated to market low-fat products with natural ingredients. So, the use 

of fat mimetics instead of conventional fats and oils helps in reducing the calorie intake. 

In this context, result from this research provides information that whether the acid 

treatment is efficient in producing a potential fat mimetic from the sweet potato starch. 

Increasing resistant starch content in the diet had the potential to provide several 

significant health benefits and value to food products. Therefore, knowledge gained 
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from this research can be applied to develop a process for RS preparation from sweet 

potato starch and application in an innovative food product. 

Based on this background the present study was undertaken with the following 

objectives: 

General objective 

To isolate, modify and characterize the sweet potato starch and evaluate its application 

in selected food products 

Specific objectives 

To determine the effect of starch isolation methods on properties of sweet potato starch 

 To investigate the effect of debranching and retrogradation on the resistant starch 

formation in sweet potato starch 

 To evaluate the incorporation of resistant starch rich starch powder in bread and 

investigate its effects on the quality characteristics of bread 
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REVIEW OF LITERATURE 

The literature pertaining to a study on Isolation, Modification and Characterization of 

Sweet Potato Starch and its Application in Selected Food Products is presented under the 

following headings. 

2.1  Structural organization of starch 

2.2  Isolation methods of starch 

2.3 Chemical Modification of Starch 

2.4 Application of resistant starch in food products 

2.5 Concluding remarks 

2.1 Structural organization of starch 

Starch is a storage carbohydrate found in plant sources and is a polymer of D-glucose 

(Moorthy, 2002).The starch granules are built up in layers around a central core, called a 

hilum (deMan, 1999). The layers alternate between amorphous and crystalline regions 

(Katayama et al.,, 2002). The starch granules are composed of two polymers, amylose, and 

amylopectin. The proportion of amylose to amylopectin depends on the source of the starch 

as well as many other factors including the conditions in which the starch has been held 

(Englyst&Englyst, 2005; Murugesan, Gurunathan, Shibanuma, &Hizukuri, 1993). 

Amylose is a fraction of starch which is composed of repeating glucose molecules linked 

-D (1-4) linkages (Figure 2.1 A). 

Amylose is generally a straight chain or linear polysaccharide that can have a degree 

polymerization of up to DP 6000 and a molecular mass of around 105 g/mol. The amylose 

content in native starch can range anywhere from 0 to almost 50% (Sajilata, Singhal, 

&Kulkarni, 2006). 

Amylopectin is the second fraction that is found within the starch. This polysaccharide is a 

-D(1- -D(1-6) linkages 
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(Figure 2.1B). Amylopectin is highly branched and has a degree of polymerization of DP 

2 million and a molecular weight of around 109 g/mol making it one of the largest 

molecules found in nature.The amount of amylopectin present in a starch can be as low as 

50% and as high as 100%. Starches with 100% amylopectin are known as waxy starches 

(Sajilata et al.,, 2006). 

 

 

 

Figure 2.1 Structure of (A) Amylose, (B) Amylopectin (Adapted from Nowjee, 2004) 

2.2 Isolation methods of starch 

Starches are extracted from the plant material and used in a wide range of products. In the 

extraction process, starch is separated from the other constitutes of raw material such as 

fibers, proteins, sugars, and salts. Different isolation procedures affect the chemical 

composition and physical properties of starch. These changes in starch properties, and even 
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in starch granule structure, resulting from the isolation procedure are a reflection of the 

non-rigid organization of starch granules (Singh, Haken, Niu, Zou, &Eckhoff, 

1997).Tropical tuber crops elephant foot yam, cush-cush yam,and sweet potato contain 

starch as the major component and thus, act as an important source of starch (Moorthy, 

2002). Starch extraction process from roots and tubers consists in grating the raw material, 

in order to break vegetal cells and release the starch. This step is followed by passing the 

fiber through sieves of different mesh sizes and subsequent slurry concentration by 

decantation or centrifugation (Vilpoux, 2003). Sweet potato (Ipomoea batatas Lam) 

under-exploited crop (Sathe &Salunkhe, 1999). Sweet potato starch can be extracted from 

the fresh root by wet milling and repeated washing with water after a settling time (Collado 

& Corke, 1997).  

Aqueous ammonia solution (0.03M) was used to extract starch from several tuber crops by 

decantation. There was a noticeable improvement in the yield of starch from Dioscorea and 

Colocasia while yields decreased in sweet potato starch (Moorthy, 1991). Ji, Seetharaman 

and White (2004) reported that the sedimentation rather than centrifugation produced 

greater starch yield (Corn) with the lowest protein content. Isolation had no effect on 

thermal properties. Moreover, sedimentation is preferred over centrifugation for laboratory 

starch isolations (especially when the quality of the sample is small) because of the lowered 

starch-protein content and higher starch yields obtained with sedimentation. Johnston and 

Singh (2004) used bromalin enzyme during milling process for extraction of corn who 

found that the starch yield was equal to conventional yield. In a study conducted by Daiuto, 

Cereda, Sarmento and Vilpoux (2005), extraction of yam starch with ammonium 

oxalate/oxalic acid showed the best result with an instantaneous loss of mucilage viscosity. 

Extraction provided a recovery of 18%, the highest among the tested methods (extraction 
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with sodium hydroxide or water or pectinase). Extraction with sodium hydroxide showed 

the highest viscosity values, next to those with water. Treatment with pectinase has affected 

the internal granular structure of starch. Extraction with oxalic acid / ammonium oxalate 

showed a high recovery of starch. 

Park, Bean, Wilson and Schober(2006) investigated the high-intensity ultrasound 

(sonication) in combination with reducing agents as a method to isolate starch from 

sorghum and compared with starch isolated by two methods such as an enzymatic method 

using pepsin A and protein extraction buffer. The starch isolated by sonication method was 

similar in physicochemical properties to starch isolated using enzymatic and chemical 

buffer methods of isolation. Protein content and brightness value of sorghum starch isolated 

using sonication was reduced. Wischmann et al., (2007) isolated potato starch by four 

scales, which is a laboratory scale, a small and a medium pilot plant scale and in an 

industrial pilot plant scale. The starch sample isolated by the industry scale contains a 

higher volume percent of the smallest and the largest granules (approximately 12-  

Authors observed that the starch isolated in distilled water showed a significant difference 

from other isolation scales with low pH, pasting profile and a high number of short 

amylopectin chains. Correia and Beirao-da-Costa (2010) isolated starches from chestnut 

(Castaneasativa Mill.) and acorns (Quercussuber Lam. and Q. rotundifolia Lam.) fruits 

using four different methods. These involved a physicochemical and/or an enzymatic 

treatment followed by centrifugation and sieving: (i) low shear at alkaline pH LSA, (ii) 

high shear in water HSW, (iii) enzymatic treatment at low shear LSE, (iv) LSA and using 

successively three sieves LSA3S. For all the tested methods, the LSA3S isolation method 

produced a higher yield and purity. LSA3S method was found to be the most suitable 

isolation method of starch. 
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Wang, Zhang, Li and Gao(2011) isolated yam starch with alkali (starch-A) or enzyme 

(starch-E) and compared with ordinary method (starch-O). The starch-O had the highest 

amylose content while the starch-E had the lowest level of amylose. The three different 

starches showed different water-binding capacities, swelling powers, and solubility. 

Nyakabau, Wokadala and Emmambux (2013) demonstrated the effect of steeping additives 

(distilled water, sodium metabisulfite, lactic acid, and sodium metabisulfite + lactic acid) 

on the quality of isolated tef starch. Among the five treatments sodium hydroxide steeps 

gave the starch with lower protein content, higher starch purity, higher peak viscosity, final 

viscosity, and small granule size compared to other treatments. 

Witono, Santoso, Miryanti and Tan (2013) isolated Canna edulis Ker. Starch using two 

different types of physical treatments (hydraulic press and screw press) and with the 

addition of sodium metabisulphite and sodium hydroxide. The results showed that the 

starch yield and the reduction of fiber were only influenced by the physical treatment 

whereas ash content in the product was influenced by both the NaOH concentration and 

physical treatment. Souza, Sbardelotto, Ziegler, Marczak and Tessaro (2016) extracted rice 

starch using NaOH followed by centrifugation. The obtained starch contains low protein 

content without any change in the granular structure. 

2.3 Chemical modification of starch 

The limited application of native starches is due to low shear resistance, thermal resistance, 

thermal decomposition and high tendency towards retrogradation, high syneresis, sensitive 

to extreme processing conditions such as pH, temperature etc., (Cousidine, 1982). The 

limitations experienced from native starch may be overcome by various modifications 

(Jacobs and Delcour (1998). The basis of starch modification lies in the improvement of its 

functional properties by changing the physical and chemical properties of such native starch 

(Ortoefer, 1984). Starch modification which involves the alteration of the physical and 
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chemical characteristics of the native starch can be used to improve its functional 

characteristic thereby tailoring it to specific applications (Hermansson and Svegmark, 

1996). These modifications can be obtained by chemical, physical, or enzymatic methods. 

In the chemical method of modification, the effect of acid type and concentration, 

concentration of alcohol and treatment temperature on different starches were studied from 

many years (Ma &Robyt, 1987; Fox &Robyt, 1992; Robyt,et al.,, 1996; Changet al.,, 

2006). Acid hydrolyzed starches are produced when a concentrated suspension of starch 

(30-40 g/100 g solids) is treated with acid (mostly hydrochloric acid and sulfuric acid) at 

temperatures lower than those of gelatinization (30-60 °C) for one or many hours of 

reaction time (Fleche, 1985). Hydrochloric acid is an industrially used inorganic acid for 

acid treatment of starch, but it generates toxic fumes. Inorganic acids may depart a lot of 

side products that slow down the progress of hydrolysis (Peppler & Perlman, 1980) and 

indeed, they cause some health concern among the consumers (Fontana et al., 2008). 

Hence, in this scenario, a natural alternative for the modification of starch with low cost is 

certainly required. Citric acid is renowned as nutritionally safe compared to other inorganic 

acids used for modification of starch (Xie& Liu, 2004). Acids cause scission of the 

glucosidic linkages, thereby altering the structure and properties of the native starch (Singh, 

Raina, Bawa, &Saxena, 2005). Acid hydrolysis reduces the molar mass, and consequently 

it increases the free aldehyde group content. It also decreases viscosity, increases the 

solubility of the granules, minimizes syneresis, and causes gel thermo-reversibility when 

subjected to cooling after melting creating a potential fat substitute for the food industry 

(Whistler & Daniel, 1990). 

Lin, Lee and Chang (2003) investigated molecular structure and physicochemical 

properties of acid alcohol treated maize and potato starches (0.36% HCl in methanol at 

25oC for 1 15days). The yields of the modified starches were ranged from 91 to 100%. 



19 
 

The average granule size of modified starches decreased slightly. The solubility of starches, 

gelatinization temperatures and range of gelatinization increased with the increase of 

treatment time. Singh et al., (2005) characterized the acid modified sweet potato starches. 

After modification, the pasting properties of starch was slightly affected while the 

gelatinization parameters were significantly affected. Further results showed that the gel 

strength of acid modified starch was increased. Amaya-Llano, Martínez-Alegría, Zazueta-

Morales and Martínez-Bustos(2008) found that HCl hydrolyzed jicama starches exhibited 

low values of gel strength, water solubility index, and water absorption index. Gels of 

hydrolyzed maize and jicama starch showed thermo-reversibility. In addition, the acid 

hydrolysed jicama starch was used as a fat substitute in the preparation of yogurt. 

Chibuzo (2012) subjected sweet potato starch to acid hydrolysis and observed a decrease 

in water, oil absorption capacities and pasting properties of the starch. In addition, moisture, 

ash and protein were significantly affected. Lin, Pan, Hsu, Singh and Chang (2012) 

investigated the effect of acid treatment on the waxy and normal corn starches with 

different moisture contents. They reported a decreased peak viscosity, gelatinization 

temperature and enthalpy of waxy and normal corn starches after acid treatment. In a 

study,Aparicio-Saguilánet al., (2014) observed that the acid treatment resulted in a 

reduction in the amylose content of banana starch and a light change in the diffraction peaks 

of X-ray diffraction patterns. The gelatinization enthalpy was decreased while an increase 

in the gelatinization range was noticed. Lin Singh, Chen and Chang (2015) observed an 

enhanced swelling power, solubility and pasting characteristics of corn starches after 

treated with HCl for different durations. 

Ahmed and Auras (2011) investigated the effect of sulfuric acid hydrolysis on rheological 

characteristics of lentil starch was studied. Lentil starch was converted to gel during heating 

and exhibited predominant solid-like properties. Acid hydrolysis strongly affected the 
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rheological properties by lowering gel strength. Dutta, Paul, Kalita and Mahanta(2011) 

reported that the granule density, solubility and light transmittance of jack fruit seed starch 

increased after acid hydrolysis. Starch amylose content and crystallinity increased on acid 

treatment. Liu et al., (2014) found a higher RS content in citric acid-heat treated (CAHT) 

starches. The granular structures of native and CAHT starches exhibited remarkable 

differences in their shape. In a study Mei, Zhou, Jin, Xu and Chen (2015) indicated that 

citric acid treatment significantly increased the resistant starch (RS) content in starch 

samples. The swelling power and solubility of citrate starch samples were lower than those 

of native starch. Studies (Amaya-Llano, Martínez-Alegría, Zazueta-Morales, &Martínez-

Bustos, 2008; Thys, Aires, Marczak, &Norena, 2013) showed that acid treated starches 

could be used as a fat replacer in the food product preparations. 

2.4 Application of resistant starch in food products 

Resistant starch is of interest in the production of food products because of its health 

benefits. Few researchers have investigated the use of RS in foods, including spaghetti, 

tortilla, and bread (Goni, Gracia-Diz, Manas, &Calixto1996; Juarez-Garcia, Agama-

Acevedo, Sayago-Ayerdi, Ambriz, & Bello-Perez, 2006; Rohlfing, Paez, Hyun, & 

White,2010).The amount of RS used to replace flour depends on the particular starch being 

used, the application, and desired fiber level and in some cases the desired structure-

function claims (Sajilata et al., 2006). High concentrations of RS3 led to reduced structural 

integrity and thus, a decrease in quality of the product (Hung, Yamamori, & Morita, 2005; 

Korus, Witczak, Ziobro, &Juszczak, 2009). 

In a study Lin, Czuchajowska and Pomeranz(1994) used resistant starch to partially replace 

the shortening or wheat flour in a yellow layer cake formulation. For a low level of 

shortening replacement (12.5%), the cake qualities were improved, but for a high level 

(37.5%) a decrease in cake volume and an increase in firmness were obtained. Yue and 
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Waring (1998) indicated that a 15% replacement of flour by RS had no significant effect 

on cake quality. In an experiment Fuentes-Zaragoza, Riquelme-Navarrete, Sánchez-Zapata 

and Pérez-Álvarez(2010) observed a panel rated 40% RS loaf cakes as best for flavor, 

grittiness moisture perception, and tenderness 24 h after baking. RS waffle showed greater 

crispness than control or traditional fiber.Majzoobi, Hedayati, Habibi, Ghiasi, and 

Farahnaky (2014) used corn resistant starch (RS) in the production of sponge cake. 

Increasing the level of RS caused an increase in cake density but a decrease in volume. a 

maximum level of RS in the sponge cake recipe to produce an acceptable product amounted 

to 20%. 

Wepner, Berghofer, Miesenberger and Tiefenbacher(1999) used citrate starch made from 

corn, pea, potato and wheat as a source of RS to enrich toast bread, wafers, pasta and 

extruded products. Changes in product quality were compensated by varying the recipe. 

The incorporation of RS in pasta products imparts improved textural properties and health 

benefits (Premavalli, Roopa, &Bawa, 2006). Research findings have found that commercial 

RS sources added to pasta formulatio

with no impact on sensory properties compared to a durum wheat pasta control (Gelencsér, 

Juhasz, Hodsagi, Gergely, &Salgo, 2008). 

Resistant starch enriched pasta has been reported from wheat, banana and sweet potato 

(Villalobos, Diaz, Acevedo, Tovar, & Perez, 2008; Ovando-Martinez, Sáyago-Ayerdi, 

Agama-Acevedo, & Bello-Pérez, 2009; Jyothi, Renjusha, Padmaja, Sajeev, &Moorthy, 

2012).Aravind et al., (2013) developed resistant starch enriched pasta using commercial 

RS2 and RS3 and compared to pasta made from 100% durum wheat semolina. Authors 

noticed that up to 20% substitution of semolina with either RS2 or RS3 starch had no 

significant effect on the cooking quality characteristics or textural parameters or sensory 
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properties of cooked pasta. Bustos, Perez and Leon (2013) studied the effects of combining 

resistant starch type 2 and type 4 on technological and nutritional attributes of pasta. Results 

conveyed that the resistant starch type 4 pasta contributed mainly to the reduction in 

cooking loss, resistant starch type 2 pasta produced the most important improvement in 

technological and nutritional properties of cooked pasta. 

Baixauli, Salvador and Fiszman (2008) studied the instrumental texture characteristics of 

muffins enriched with resistant starch and noted that its addition produced a softer texture; 

the samples were less hard, elastic and cohesive, reflecting a more tender structure; these 

effects were more evident at higher concentrations of resistant starch. Sanz, Salvador, 

Baixauli and Fiszman (2009) investigated the influence of the addition of RS2 and RS3 

containing ingredients on texture; color and consumer acceptability of muffins. The 

addition of all RS types decreased the texture parameters. No differences were found in L* 

value samples. RS2 containing muffins showed the highest sensory acceptability than RS3 

containing muffins. Maziarz et al., (2013) stated that the addition of RS2 to muffins 

significantly enhanced all sensory characteristics and resulted in a higher mean overall 

likeability score. While RS2 enriched bread appeared significantly darker in color and had 

the perception of a well-done crust versus the control. A grainer texture was observed with 

the chicken curry containing RS2 which did not affect overall likeability. 

Gelencser (2009) stated that the commercial resistant starches could be added to bread 

products up to 20 % without causing changes in sensory properties; however, the physical 

properties were negatively influenced. Korus et al., (2009) reported that the use of tapioca 

and corn resistant starch preparations in gluten-free dough and breads resulted in the 

increase of storage and loss moduli of the dough and increased elastic character. The 

addition of resistant starch raised the total dietary fibreup to 89%. Sanz-Penella, 

Wronkowska, Soral-Smietana, Collar and Haros (2010) developed the bread by substitution 



23 
 

of wheat flour with modified pea starch with a high level of RS (PeaP). PeaP addition in 

wheat bread significantly increased the RS level. Over dose of modified pea starch (30%) 

negatively affects dough mixing and over mixing behaviour. 

Fuentes-Zaragoza et al., (2010) stated that the bread containing 40% RS had greater loaf 

volume and better cell structure compared with traditional fibres tested. Bustos et al., 

(2011) showed that incorporation of an RS2 and an RS4 at levels of 2.5 10% in bread 

reduced the in vitroglycaemic index with minimal impact on sensory quality.Sanz et al., 

(2007) investigated the effect of resistant starch (RS) type in batter rheology and in the 

properties of the final battered food. RS type affected batter rheology and battered food 

properties. RS2 was found to reduce batter viscosity; on the other hand, an increase in batter 

viscosity was found with RS3. The final color of the battered food was significantly 

affected by the RS type. Sozer et al., (2007) found that an RS3 had minimal impact on 

sensory quality at 10% substitution, with better quality than commercial bran spaghetti. 

 (2008) have successfully substituted 

most or all of the fat in imitation cheese with resistant starch without adversely affecting 

meltability or hardness and conferring the well-established benefit of resistant starch as a 

functional fibre. Laguna et al., (2011) proved that resistant starch-rich ingredients have 

good potential for developing fibre-rich biscuits without changing their general features up 

to 40% of substitution level. Rohlfing et al., (2010) suggested that an addition of RS3 

resulted in decreases in pliability, rollability, and cohesiveness to flour tortillas. Menon et 

al., (2015) demonstrated the effect of a resistant starch fortification in sweet potato flour 

and starch significantly reduced the starch digestibility and glycaemic index of noodles. 

2.5 Concluding remarks 

By reviewing the previous literature, it was evident that the isolation procedures affect both 

the chemical composition and physical properties of starch. In the previous studies isolation 
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of starches were done with different methods using various chemical solvents (distilled 

water, sodium hydroxide, sodium metabisulphite, oxalic acid, ammonium oxalate etc.,) and 

-amylase). Among the solvents used, starch isolated with 

sodium metabisulfite and distilled water produced higher yield and purity than other 

chemicals nevertheless these solvents were economically cheap and produces starch with 

minor changes. Starch isolated with distilled water produced relatively smaller granules 

which can be used as a fat mimetic. Enzymes used for isolation of starch affected the 

structure of starch granule also the application of enzymes for starch isolation makes the 

process expensive. In this scenario studying the most suitable method for isolation of sweet 

potato starch is required. 

In the unmodified form, starches have limited use in the food industry. The properties of 

starches can be improved by various modifications. The acid modification is one type 

chemical method used to modify starches for food industrial application. Hydrochloric acid 

and sulphuric acid are the generally used mineral/inorganic acids (Pomeranz, 1991). 

Literature had specified that hydrochloric acid is an industrially used inorganic acid for 

acid treatment of starch, but it generates toxic fumes. Inorganic acids may depart a lot of 

side products that slow down the progress of hydrolysis and indeed they cause some health 

concern among the consumers. Hence, in this context, a natural alternative for the 

modification of starch with low cost is certainly required. Citric acid is renowned as 

nutritionally safe compared to other substance used for modification of starch (Xie & Liu, 

2004). The advancement of applying citric acid for the treatment of starches was increased 

as observed in the recent literature. Application and characterization of citric acid on sweet 

potato starch has not been studied in the literature so far. As a result, this gives a scope for 

studying the citric acid treatment on sweet potato starch and thereby providing an insight 

of the acid treated starch for food industrial application. Studies (Amaya-Llano et al.,, 2008; 
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Thys et al.,, 2013) showed that acid treated starches could be used as a fat replacer in the 

food products preparations. Medium fat, low-fat, and nonfat products have increasingly 

gained in popularity and much improvement in the quality of these products has been made 

in the last two decades (Goff and Hartel, 2013). Ice cream is one of the oldest fat rich 

delicious dairy products savored by all kinds of people. Developing a reduced fat ice cream 

of good quality using a modified sweet potato starch as fat replacer was required to meet 

the desire for consumers to reduce the fat intake. 

On viewing the literature many reports were found on the preparation of resistant starch 

(RS) from different cereal and tuber starches, however very little information exists 

regarding the preparation and characterization of RS from sweet potato starch. Literature 

showed that resistant starch can be considerable increased when treated with pullulanase 

and further stored for retrogradation. It is noteworthy to optimize the RS preparation from 

sweet potato using pullulanase treatment which could be applied for the preparation of 

functional foods. Recently, RS was applied in the development of several food products 

such as breakfast cereals, bakery products etc., Hence the application of sweet potato 

resistant starch as a functional ingredient for formulation of bread and investigating its 

quality is noteworthy. 
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MATERIALS AND METHODS 

3.1 EFFECT OF STARCH ISOLATION METHOD ON PROPERTIES OF 

SWEET POTATO STARCH 

3.1.1 Materials 

Pink skin sweet potatoes tubers were purchased from Agricultural 

Market of Armori, Maharashtra, India. Tubers were of a uniform 

medium size and free from mechanical or pathological injuries. The 

tubers were placed in a polyethylene bag to prevent loss of moisture 

during transportation to the laboratory of Department of Microbiology, 

M. G. College Armori where the analysis was conducted. Sodium 

metabisulfite, sodium chloride and all other reagents used in the study 

were purchased from Sigma-Aldrich. 

3.1.2 Methods of isolation of sweet potato starch 

3.1.2.1 Isolation using sodium metabisulfite (M1) 

Starch was isolated from the sweet potato in triplicates as described by 

Vasanthan (2001). The blending of sweet potato with water was done at 

a ratio of 1:10 until smooth slurry forms. Sodium metabisulfite of 0.01% 

(w/v) was added during slurrying. After slurrying, the first filtration was 

done with double-layered cheesecloth. The resulting filtrate was then 

subjected to further filtration through a series of polypropylene screens 

(250, 175, 125, and/or 75 µm) and the filtrate was centrifuged for 20 min 

at 5000 × g at 20°C. Starch settled (a white layer) at the bottom of 

centrifuge tube was washed with toluene, oven dried between 30° and 
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40°C and the dried starch was ground with mortar and pestle into a fine 

powder. 

3.1.2.2 Isolation by sodium chloride (M2) 

According to the method of Riley et al., (2006), the edible portion of 

sweet potato was cut into small pieces and homogenized with 1 M NaCl 

(900.00 ml) solution using a blender. The mixture was filtered through 

triple layered cheesecloth; starch was washed with distilled water. The 

granules were allowed to settle and water was decanted. The sediment 

was centrifuged at 3,000 ×g for 10 min. Starch was removed, allowed to 

air dry overnight at room temperature and the dried starch was ground 

with mortar and pestle into fine powder. 

3.1.2.3 Isolation by distilled water (M3) 

The sweet potato starch was isolated using the method described by 

Wickramasinghe, Takigawa, Matsura-Endo, Yamauchi and Noda (2009) 

with slight modification, the edible portion of sweet potato was cut into 

small pieces and homogenized with distilled water for 1-2min. The 

slurry was then passed through double-layered cheesecloth and the 

filtrate was allowed to settle for a minimum of 3h at room temperature. 

The precipitated starch was washed three times with distilled water, 

dried at room temperature for two days and then the dried starch was 

kept in the oven at 50oC for three hours. The dried starch was ground 

with mortar and pestle into fine powder. The yield of starch based on the 

weight of the raw tubers was determined. The starch was then packed 
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into an airtight container and stored under dry conditions at room 

temperature until used for further applications. 

3.1.3 Starch yield (%) 

The starch yield obtained from sweet potato was calculated by the 

following formula:  

 

3.1.4 Functional properties of sweet potato starches 

3.1.4.1 Water absorption capacity (WAC) and oil absorption 

capacity (OAC) 

According to Noor et al., (2014) jackfruit seed starch isolated by 

enzymatic method gave the highest amount of water absorption index as 

compared to distilled water and alkaline method. This indicates that 

isolation method affected water absorption capacity of starches. Hence, 

water absorption capacity was determined for the isolated starches. 

Water Absorption Capacity (WAC) and Oil Absorption Capacity (OAC) 

of sweet potato starches were analyzed according to the method of 

Abbey and Ibeh (1988). Ten milliliters of water/oil was added to 1 g of 

the starch sample in a centrifuge tube of known weight. The mixture was 

allowed to stand for 30 min, centrifuged (3500 ×g, 15 min) and the 

supernatant was discarded. The tube and the residue were weighed and 

the gain in weight was regarded as the water/oil absorption capacity. 
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3.1.4.2 Paste clarity (PC) 

Paste clarity (PC) was measured according to the method of Reddy and 

Seib (1999). Starch (0.05g, db) was suspended in distilled water (5mL) 

in a glass-stoppered tube and heated at 95o C for 30min with shaking 

every 5 min. After cooling, the starch clarity was measured on a 

spectrophotometer at 650nm against the water blank. 

3.1.4.3 Swelling power (SP) and solubility(S) 

The results of the study conducted by Correia et al., (2012b) showed that 

starches extracted by alkaline and enzymatic methods displayed low in 

swelling and solubility values with no significant difference among the 

samples. Hence, SP and S of the isolated starches were determined. 

Swelling power (SP) and solubility(S) of sweet potato starches were 

determined by the method of Leach, McCowen and Schoch (1959). A 2 

g (dry basis) sample was mixed with 180 ml of distilled water in a 

centrifuge tube and heated in a water bath from 50 to 90°C for 30 min 

with 10oC interval. After heating, the suspension was centrifuged at 

2200rpm for 15 min. The supernatant was drawn off by suction and dried 

for 4 hours at 120oC in an oven and the percentage of soluble extracted 

from the starch was calculated. The swelling power was calculated as 

the weight of the sediment paste per gram of dry starch. 

3.1.5 Chemical composition of isolated starches 
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The chemical composition such as moisture content, dry matter, pH, ash, 

crude fat, crude protein, apparent amylose and starch content was 

determined with the following standard methods. 

3.1.6 Moisture content and dry matter 

Moisture content is an essential factor for a safe storage, as higher 

moisture contents can lead to microbial damage and subsequent 

deterioration in quality (Moorthy, 2002). Moisture content in the starch 

granules may also influence the starch crystallinity (Imberty, Buleon, 

Tran, & Perez, 1991). Hence, moisture content was analysed for the 

starches according to the method described by Adebayo, Lateef and 

Elizabeth (2010). The detailed procedure is given in Appendix I. 

3.1.7 Determination of ash 

The enzymatic method of starch isolation had resulted in increased ash 

content in jack fruit seed starch than distilled and alkaline methods (Noor 

et al.,, 2014). For this reason, ash content was analyzed in the study 

Starch sample (2 g) was weighed into a porcelain crucible. This was 

transferred into the muffle furnace set at 550°C and left for about 4 

hours. About this time it had turned to white ash. The crucible and its 

content were cooled to about 100°C in air, then room temperature in a 

desiccator and weighed. The percentage ash was calculated from the 

formula below: 
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3.1.8 pH 

Wischmann et al., (2007) observed that the starch isolated in distilled 

water showed low pH compared to other isolation methods. Hence pH 

is determined in the present study so as to find if isolation methods affect 

the pH of the starch sample. 

The pH of a starch sample was determined by the method of Benesi 

(2005). Sample (5g) was weighed in triplicate into a beaker, mixed with 

20 ml of distilled water. The resulting suspension stirred for 5min and 

left to settle for 10 min. The pH of the water phase was measured using 

a calibrated pH meter. 

3.2 

 

3.2.1  

Starch was isolated from the sweet potatoes by the method of Wickrama 

singhe, Takigawa, Matsura-Endo, Yamauchi and Noda (2009). The 

sweet potato starch suspension (20 %, w/v) was gelatinized on a boiling 

water bath for 15 min under stirring. This gel was autoclaved at 120 °C 

for 30 min and then the gel was re-dissolved in distilled water to obtain 

a 10% (w/v) gel solution. The gel was cooled to 50°C. A 2% pullulanase 

was added to the starch gel and debranching was carried out for 21h at 

50oC. Later the sample was heated at 95°C for 20 min, cooled down to 

room temperature and stored for 24 h at 4°C. Afterwards, the sample was 

freeze dried and stored in closed plastic containers (Milasinovic, 

Radosavljevic, & Dokic, 2010). 
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3.2.2  

Preparation of breads involved the replacement of wheat flour with 10% 

and 15% RS using an appropriate amount of RSRP (63.07% RS). The 

bread without an addition of RSRP was served as control bread (CB). 

Experimental breads formulated with 10% and 15% RS were named as 

EB1 and EB2 respectively. Control and experimental breads were 

prepared firstly by making the water-sugar suspension. Then, flour, 

yeast, salt and all other ingredients were mixed with the sugar solution 

in a mixing bowl as per the formulation listed in the Table 3.1. 

 

    

    

    

    

    

    

    

    

    

    *RSRP  Contains about 63.07% of RS 
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The dough was optimally mixed using the mixer for about 10 to 15min until 

the dough became soft and elastic. After mixing, 350 g of the samples was

weighed individually and molded into a shape manually and then the 

fermentation was carried out for 30 min at 32 - dough was 

min, the dough was placed on a tray and baked in a baking machine at 200oC 

for 45 min (Plate 3.1). The baking breads were cooled before further testing.
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3.2.3 Microbiological analysis of bread 

3.2.3.1 Total bacterial count (TBC) 

For the determination of total bacterial count, 1 gm of each bread sample 

was mashed and mixing into 9 ml of sterile peptone water. The mixture 

1 ml 

of a 10-2diluted solution was transferred on a nutrient agar using a fresh 

pipette and spread as quickly as possible on the surface of the plate with 

a sterile glass spreader. One sterile spreader was used for each plate. The 

plates were then kept in an incubator at 37oC for 24hours. The colonies 

were then counted and expressed as colony forming units per gram 

(cfu/g) of samples. All counts were done in duplicate using the Stuart 

scientific colony counter (Harrigan & Mclance, 1976). 

3.2.3.2 Storage studies 

Breads packed in the polyethylene covers are stored at room temperature 

for four days. Effect of storage period on moisture content, starch 

fractions, color, textural and microbial properties were determined for 

0th day, 2nd day and 4th day of storage interval. Sensory analysis was 

carried out during the storage interval. 

3.3 Stastical Analysis 

All data presented were the mean of three independent determinations. The 

statistical significance of data was tested by one-way analysis of variance 

(ANOVA) and Critical difference (CD) was performed to examine the significant 

differences among experimental mean values. Pearson correlation (r) was also 



35 
 

computed using a Minitab-2017 to find the relationship among the chemical and 

functional properties of isolated sweet potato starches 
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4.1  

 

 

 

Figure 4.1 Starch yield (%) of sweet potato isolation by using sodium 

metabisulfite (M1), sodium chloride (M2) and distilled water (M3); * : 

significant difference at p <0.05 
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This result was agreed with Noor et al., (2014) who noticed that starch isolated 

using distilled water obtained the highest amount of starch yield. Brabet et al., 

(1997) reported that the extractable starch of sweet potato was in the range of 6.50 

- 25.70%. The starch content of sweet potato ranged from 12.38 to 17.52% 

according to the finding of Thao and Noomhorm (2011). 

4.2  

4.2.1  

The results of functional properties of sweet potato starches extracted by the three 

methods are given in Table 3.1. Water Absorption Capacity (WAC) of sweet 

potato starches was in the range of 0.62-0.66 ml/g. WAC was related to the 

interactive forces among starch components, weak interactive forces results in 

high WAC (Riley et al.,, 2006). OAC of sweet potato starch was in the range of 

0.66-0.73 ml/g, but it was higher than the OAC (0.15ml/g) of sweet potato starch 

accounted by Chibuzo (2012). It might be due to the greater hydrophobic tendency 

than the hydrophilic tendency of isolated starches. Shine and color of a product 

were influenced by the paste clarity of starch (Abo-El-Fetoh, Al-Sayed, & Nabih, 

2010). The paste clarity of sweet potato starch ranged from 0.44 to 0.46. Abo-El-

Fetoh, Al-Sayed and Nabih (2010) reported paste clarity for sweet potato starch 

as 0.33. No significant differences were observed in functional properties such as 

water absorption capacity, oil absorption capacity and paste clarity among the 

three isolated starches. 

Table 4.1 Functional properties of sweet potato starches 

Starch isolation methods 

Properties M1 M2 M3 
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WAC (ml/g) 

 

0.66±0.03 a 

 

0.62±0.06 a 

 

0.63±0.06 a 

OAC(ml/g) 0.66±0.05 a 0.73±0.05 a 0.70±0.06 a 

Paste Clarity 0.45±0.04 a 0.44±0.04 a 0.46±0.02 a 

 

Mean values followed by the same letters within the row are not significantly 

different (p > 0.05). M1: isolation using sodium metabisulfite, M2: isolation using 

sodium chloride, M3: isolation using distilled water, WAC: water absorption 

capacity, OAC: oil absorption capacity  

4.2.2 Swelling power and solubility 

Swelling power of a starch can be associated with starch and its minor 

components (e.g., proteins and lipids), pre-treatment and processing conditions 

(Prinyawiwatkul, McWatters, Beuchat, & Phillips, 1997). The results of swelling 

power and solubility of sweet potato starch are shown in Table 3.2. 

 

Starch isolation methods 

Temperature (oC) 
 

M1 

 

M2 

 

M3 

 

Swelling power(g/g) 

  

50 3.01±0.28ac 3.55±0.10b 3.01±0.13c 

60 4.04±0.04ac 4.60±0.06b 4.18±0.24c 

70 5.00±0.13a 5.04±0.11a 5.01±0.17a 
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80 9.48±1.46a 9.96±0.29a 9.60±0.98a 

90 12.08±0.83a 14.30±0.88b 13.43±0.91ba 

Solubility (%)   

50 0.77±0.08a 0.94±0.21a 0.83±0.31a 

60 1.00±0.53a 1.19±0.30a 1.02±0.14a 

70 2.36±0.19a 2.47±0.14a 2.34±0.17a 

80 5.52±0.44a 5.68±0.28a 5.53±0.46a 

90 6.18±0.50a 6.35±0.45a 6.13±0.42a 

    

  

Mean values followed by the different letters within the row are significantly 

different (p < 0.05). M1: isolation using sodium metabisulfite, M2: isolation 

using sodium chloride, M3: isolation using distilled water  

The swelling power of isolated starches ranged between 3.01and 12.08g/g 

for M1 starch, 3.55 to 14.30g/g for M2 and 3.01 to 13.43g/g for M3 starch. A 

significant (p< 0.05) difference was observed in swelling power at 50, 60 

and 90oC among the starches isolated through different methods. This result 

was similar with Huang, Lai, Chen, Liu and Wang (2010) who reported 

that the swelling power of sweet potato starches was found to be  5.23-

16.38g/g with a temperature range of 65-95oC. The swelling power and the 

solubility of chest nut starches isolated by alkaline and enzymatic methods 

presented similar patterns at different temperatures. Swelling power and 

solubility increased gradually from 60 to 90oC, for both the isolation 
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methods (Correia et al.,, 2012b). Strong bonded micellar network of the 

starch polymer was the primary factor in influencing the swelling property 

(Gujska, Reinhard, & Khan, 1994). 

As temperature increased, swelling power was also raised. This might be 

attributed to the distraction of starch granules at elevated temperature and 

subsequent release of all the apparent amylose from the amylopectin network 

(Charles et al.,, 2007). The low swelling power of M1 and M3 starches might 

be due to the existence of a huge number of crystallites formed by the 

association among long amylopectin chains. The swelling power of starch 

decreases as a result of crystallite formation (Singh, Kaur and Singh 2004). 

Solubility values were ranged from 0.77-6.18% for M1, 0.94-6.35% for M2 

and 0.83-6.13% for M3 starches. No significant difference was observed 

among the starches. Starch solubility increased with increasing 

temperature to 90oC. A similar range of solubility for sweet potato starch was 

reported by Abegunde, Mu, Arogundade, Deng and Chen (2012). Mweta 

(2009) also reported the solubility of sweet potato starch was in the range of 

0.41-6.4. 

4.3 Effect of storage period on microbial content of bread samples  

Bread is a type of bakery product which has a shorter shelf-life than most 

other processed foods. Bread not only loses freshness in terms of crumb 

softness and flavor with time but also is consequently subjected to microbial 

spoilage (Baik &Chinachoti, 2000). Results indicated that there were a few 

bacterial colonies in the control bread while the experimental breads were 

free of microbial contamination (Table 7.7). The contamination of control 

bread sample might have occurred during handling and packing of bread 
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sample since most of the microbes will be inactivated during the high 

temperature of baking process. Lainez, Vergara and Barcenas (2008) 

reported that a lot of microorganisms that grow on the bread crust can be 

inactivated during baking. Furthermore, the products can be re-contaminated 

with microorganisms after the baking, during cooling, and packaging (Jay, 

Loessner, & Golden, 2005; Lainez et al.,, 2008). Microbial colonies were 

observed in CB on 0th day while no microbial growth was noticed in EB1 

until the second day of storage (Table 4.3).These results are in agreement 

with the findings of Ayub et al., (2003). Bacteria population in bread 

samples (CB, EB1) increased from the second day of storage. 

Table 4.3  Effect of storage period on microbial content of the bread samples 

Microbial 

content 

(103cfu/g)   

Storage 

period 

CB EB1      EB2 

          

 

      TBC 

 0th Day                                                 9.00±4.20

  

NG     NG          

2nd Day 12.50±7.70 6.50±3.50

  

NG 

   4tDay                                          36.00±4.20 9.00±2.80 NG 

TBC: total bacterial count, NG: no growth. Values are means ± standard deviation 

of duplicate values. 

On the other hand, EB2 indicated no microbial growth during the four days of 

storage. Free water in food products was responsible for the growth and 

multiplication of all microbes present in food (FAO, 2009). The high water holding 

capacity of fibers can be utilized to reduce free water in food systems (Bodner & 

Sieg, 2009). The high water holding capacity was mainly caused by the greater 

number of hydroxyl group which exists in the fiber structure and allow more water 
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interaction through hydrogen bonding (Nasser et at., 2008). Hence, high fibre 

content in EB2 (20.71%) possibly reduced the free water in the bread and thereby 

prevented the microbial growth.A similar result was observed in bread with high 

fibre by Haruna et al., (2011). 

Ayub et al., (2003) observed by no microbial colonies during the two days of 

storage of industrial and local made breads. During the last three days the microbial 

count was in the range of 25-197cfu/g similar results were noticed by Butt et al., 

(2001) where microbial colonies in the breads were observed after the 4 days of 

storage. According to WHO Standards (1994), the maximum permissible limits in 

baked products for total plate count is 2.0×105cfu/g. Results from the present study 

indicated that all formulated breads were within safe levels, and will not affect 

health of the consumers. As storage period increased, the colony count of 

CB and EB1 samples was increased from 9 to 36×103cfu/g and 6.50 to 

9.0×103cfu/g respectively. 
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SUMMARY AND CONCLUSION  

Starch properties are dependent on the starch source but also highly dependent on the 

history of the starch itself, such as extraction procedures. It is known that extraction 

procedures affect both the chemical composition and physical properties of starch 

(Marques & Correia, 2012) which justify the interest of studying the most suitable 

method for isolation of sweet potato starch. Utilization of starch in food industries was 

chiefly determined by physical, functional and pasting characteristics (Adebowale & 

Lawal, 2002). Starches are commonly modified by physical, chemical or enzymatic 

methods. Acid treatment is one type of chemical modification (BeMiller & Whistler, 

2009). Acid modified starches are prepared industrially by treating the starch slurry 

with mineral acids at 25-55oC for a different time periods (Hoover, 2000). Acid cause 

scission of the glucosidic linkages, thereby altering the structure and properties of the 

native starch (Wang & Wang, 2001). Acid hydrolysis reduces the molar mass, and 

consequently it increases the free aldehyde group content. It also decreases viscosity, 

increases the solubility of the granules and causes gel thermo-reversibility when 

subjected to cooling after melting creating a potential fat mimetic for the food industries 

(Whistler & Daniel, 1990). 

Fat replacers are the substances that can replace some or all of the fats in food products 

that have the potential to help consumers reduce their total fat consumption (ADA, 

2005). In the modern diet, there is a trend towards increased consumption of reduced-

fat products. One area where this potential exists is the production of fat-reduced ice 

cream (Markgraf, 1997). Hence, producing an ice cream with reduced fat is considered 

to fill a gap in the market and fulfill consumer demand. In previous literature acid 

hydrolysed starch was used as fat mimetic in low fat yogurt preparations (Amaya-Llano 

et al., 2008). 
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Resistant starch (RS) was defined as the starch fraction, which escapes digestion in the 

small intestine and may be fermented in the colon (Haralampu, 2000). There are four 

different types of RS: they are RS1- Starch which is physically inaccessible and locked 

within cell walls, RS2- Granular starch that is resistant to digestive enzymes, RS3- 

Retrograded starch and RS4- Starch that is chemically modified (Eerlingen et al., 1993). 

Berry (1986) reported that amylopectin of potato starch when debranched using pullulanase 

before applying heating and cooling cycles considerably improved the RS3 content. In 

another study conducted by Gonzalez-Soto et al. (2007), debranched banana starch when 

autoclaved and stored at a temperature of 32oC for 36h gave the highest RS content of 

around 34%. Foods containing RS moderate the rate of digestion. The slow digestion of RS 

has implications for its use in controlled glucose release applications. Among the starch-

based products bread are the most widely consumed. Bread is a staple food in the human 

diet in many countries, contributing 50% of dietary energy through its significant 

carbohydrate content. Typical white wheat bread contains only 1% to 2% RS and a very 

small amount of slowly digested carbohydrates (Wolever et al., 2003). The incorporation 

of RS in dough formulations is an important strategy to enhance the RS content in breads. 

Considering the above points, a study was undertaken with the following objectives 

General objective 

 To isolate, modify and characterize the sweet potato starch and evaluate its application 

in selected food products 

Specific objectives 

 To determine the effect of starch isolation methods on properties of sweet potato 

starch 
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 To investigate the effect of debranching and retrogradation on the resistant 

starch formation in sweet potato starch 

 To evaluate the incorporation of resistant starch rich starch powder in bread and 

investigate its effects on the quality characteristics of bread 
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INTRODUCTION 

Classification of Moringa Plant 
 
Kingdom: Plantae 

 
Super Division: Spermatophyta 

 
Division: Magnoliopsida 

 
Class:   Magnoliopsida 

 
Subclass: Dilleniidae 

 
Order:  Capparales 

 
Family: Morinaceae 

 
Genus:  Moringa 

 
Species: oleifera 

 
Moringa oleifera Lam (syn. M. ptreygosperma Gaertn.) is a tropical plant belonging to family 

Moringaceae, native of India which was introduced in Brazil around 1950. Moringaceae is a 

single genus family with 13 known species. Among these oleifera is most widely used and 

utilized species (Sengupta and Gupta, 1970; Morton, 1991). The tree originated from Agra 

and Qudh in the northern eastern region of India, south of Himalayas (Mugal et al., 1999). It 

is cultivated throughout the plains, especially in hedges and in house yards, thrives best under 

the tropical insular climate, and is plentiful near the sandy beds of rivers and streams (Qaiser, 

1973). The Moringa plant has been consumed by humans throughout the century in diverse 

culinary ways (Iqbal and Bhanger, 2006). It can grow well in the humid tropics or hot dry 

lands, can survive destitute soils, and is little affected by drought (Morton, 1991). Moringa 

grows best at altitudes up to 600 m but it will grow at altitudes of 1000 m. It tolerates a wide 

range of rainfall with minimum annual rainfall requirements estimated at 250 mm and 

maximum at over 3000 mm and a pH of 5.0-9.0 (Palada and Changl, 2003). It will survive in 
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a temperature range of 25ºC to 40ºC but has been known to tolerate temperatures of 48ºC and 

light frosts.  

The Moringa plant is perennial, evergreen tree that grows up to 20 ft tall or ranges from 5 to 

10 m (Morton, 1991), with a straight trunk and a corky, whitish bark. Fruit is long and round 

with green color when it is young and brown when mature. Moringa prefers neutral to slightly 

acidic soils and grows best in well-drained loam to clay-loam. It tolerates clay soils but does 

not grow well if waterlogged. M. oleifera, native of the western and sub-Himalayan tracts, 

India, Pakistan, Asia Minor, Africa and Arabia (Somali et al., 1984; Mugal et al., 1999) is now 

distributed in the Philippines, Cambodia, Central America, North and South America and the 

Caribbean Islands (Morton, 1991). India is the largest producer of Moringa with an annual 

production of 1.1 to 1.3 million tons of tender fruits from an area of 380 km². (Fuglie, 1999). 

In some parts of the world M. oleifera 

nown as the kelor tree (Anwar and Bhanger, 2003). M. oleifera 

nutritive vegetable in many countries, particularly in India, Pakistan, Philippines, Hawaii and 

many parts of Africa (  Anwar and Bhanger, 2003; Anwar et al., 

2005).  

Moringa -carotene, protein, vitamin C, 

calcium and potassium and act as a good source of natural antioxidants; and thus enhance the 

shelf-life of fat containing foods due to the presence of various types of antioxidant compounds 

such as ascorbic acid, flavonoids, phenolics and carotenoids (Dillard and German, 2000; 

Siddhuraju and Becker, 2003). Humans can produce 10 of 20 essential amino acids in vivo 

while the others must be supplied by a diet of plants or animals. Failure to obtain enough of 

any one of the 10 essential amino 
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protein and muscle (Smolin and Grosvenor, 2007). Plants rich in proteins can be ingested and 

10 essential amino acids which it cannot produce on its own. In the Philippines, it is known as 

sometimes prescribed for anemia (Estrella et al., 2000; Siddhuraju and Becker, 2003). Among 

13 species, the best studied with regard to potential medicinal uses and the identification of 

compounds of potential therapeutic importance, is oleifera, which is native to the Indian 

subcontinent.   

M. oleifera looses its leaves from December to January and new growth starts in February to 

March. The leaves are bipinnate or more commonly tripinnate, up to 45 cm long, and are 

alternate and spirally arranged on the twigs. Pinnae and pinnules are opposite; leaflets are 1.2 

to 2.0 cm long and 0.6 to 1.0 cm wide, the lateral leaflets elliptic, the terminal ones obovate; 

petioles of lateral leaflets are 1.5 to 2.5 mm long, those of terminal ones 3 to 6 mm long. The 

leaflets are finely hairy, green and almost hairless on the upper surface, paler and hairless 

beneath, with red-tinged midveins, with entire (not toothed) margins, and are rounded or blunt-

pointed at the apex and short-pointed at the base. The twigs are finely hairy and green, 

becoming brown.  

Moringa is not a nitrogen fixing tree, but its fruits, flowers and leaves contain 5-10 % protein 

on average. All of its parts are eaten widely as vegetables providing excellent food for humans. 

The pods are eaten like green beans and are reported to contain protein. The edible Moringa 

leaves contain essential provitamins, including ascorbic acid, carotenoids (Lako et al., 2007) 

and tocopherols (Gomez-Conrado et al., 2004; Sanchez-Machado et al., 2006). Moringa pods 

also contain amino acids such as argenine and histidine. Its seeds contain 73 % oleic acid 

similar to olive oil which is used for cooking and also in perfumes. This oleic acid also called 

as ben oil is excellent in salad and burns with a clear light and without smoke. Seeds of Moringa 
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have antimicrobial activity and utilized as a natural coagulant for water purification (Kalogo et 

al., 2000; Anwar et al., 2007). Pteryospermin is an active compound found in various parts of 

Moringa plant which has antibiotic, bacterial and fungicide properties (Das et al., 1957). The 

flowers, leaves, roots and bark are used in remedies for tumors, abdominal discomfort, 

conjunctivitis, high blood pressure and skin disease etc. Root- bark of Moringa yields an 

alkaloid, moringinine which acts as cardiac stimulant (Keharo, 1969). Moringa is rich source 

of vitamin C and acts as an antioxidant that along with other vitamins protects body from 

oxidative stress, maintain immune system and aid in absorption of iron. The 5 medicinal plants 

have greatest potential for benefitting people, especially those living in countries (like 

Pakistan) suffering from poverty, poor health, malnutrition. 

Moringa acts as a great natural sleeping aid because it contains the unique natural compound 

known as Nebedaye, which can be found in the leaves. Nebe

consumed Moringa could stay asleep for up to twice as long as subjects that did not consume 

any Moringa. This makes it useful for those people who wish to stay in a long blissful slumber. 

On the other hand, the enhanced relaxation and deeper sleep will allow people with a limited 

number of allotted sleeping hours to awaken more refreshed and energized than they normally 

would. Moringa trees have been used to combat malnutrition, especially among infants and 

nursing mothers. A large number of reports on the nutritional qualities of Moringa now exist 

in both the scientific and the popular literature. Leaves can be eaten fresh, cooked, or stored as 

dried powder for many months without refrigeration, and reportedly without loss of nutritional 

value. There are various parts of the Moringa plant which are being used for health reasons. 

For one, the leaves of this plant proved to be a good source of calcium, iron, ascorbic acid and 

phosphorus.  
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Bacteria are listed at first position among the microorganisms causing opportunistic diseases 

(Kone et al., 2004) various antibacterial agents are currently employed in treating bacterial 

infections. However, the widespread and indiscriminate use of antibacterial agents resulted in 

development of drug resistance among many virulently pathogenic bacterial species 

(Berkowitz, 1995). Many of the currently used antibacterial is associated with adverse effects 

such as toxicity, hypersensitivity, immunosuppression, and tissue residues posing public health 

hazard. Further, the newer broad spectrum antibiotics are cost prohibitive and are not within 

the reach of poor Indian farmer. Because of these disadvantages there is a need to find 

alternative remedies for treatment of bacterial diseases. Oleifera is one such plant which is 

reported to possess several medicinal properties. During recent years considerable work has 

been done to investigate the pharmacological actions of the leaves and a seed of M. oleifera on 

scientific lines but only limited work has been reported so far on antibacterial activity of M. 

oleifera leaves though it is reported to possess varied medicinal properties. M. oleifera is 

known for its traditional nutritional properties so from the data generated in this study we 

anticipitate to establish medicinal properties of M. oleifera. This can lead to development of 

new class of antimicrobial in which incidence of resistance should be very low due to lack of 

selective pressure. 

OBJECTIVES OF THE RESEARCH 

1. Procurement of bacterial samples.  

2. Collection of leaves of Moringa oleifera and preparation of its extract.  

3.  Estimation of antimicrobial activity of leaves of Moringa oleifera against standard 

bacterial isolates.  

4. Comparative study of antimicrobial activity of Moringa oleifera leaves with standard 

antibiotics.  
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REVIEW OF LITERATURE 

Since the beginning of human civilization, medicinal plants have been used by mankind for its 

therapeutic value. Nature has been a source of medicinal agents for thousands of years and an 

impressive number of modern drugs have been isolated from natural sources. Many of these 

isolations were based on the uses of the agents in traditional medicine. The plant-based, 

traditional medicine systems continues to play an essential role in health care, with about 80% 

s relying mainly on traditional medicines for their primary health care 

(Owolabi et al., 2007). Medicinal plants are plants containing inherent active ingredients used 

to cure disease or relieve pain (Okigbo et al., 2008). The medicinal properties of plants could 

be based on the antioxidant, antimicrobial antipyretic effects of the phytochemicals in them 

(Cowman, 1999; Adesokan et al., 2008). The ancient texts like Rig Veda (4500-1600 BC) and 

Atharva Veda mention the use of several plants as medicine. The books on ayurvedic medicine 

such as Charaka Samhita and Susruta Samhita refer to the use of more than 700 herbs (Jain, 

1968). According to the World Health Organization (WHO, 1977

plant, which in one or more of its organ contains substances that can be used for the therapeutic 

purposes (Okigbo, 2009

flowers, seeds, roots, barks, stems, etc.) used for preparing medicines. In India, the ayurvedic 

system has described a large number of such medicines based on plants or plant product and 

the determination of their morphological and pharmacological or pharmacognosticals 

characters can provide a better understanding of their active principles and mode of action.  

In the last few decades there has been an exponential growth in the field of herbal medicine. It 

is getting popularized in developing and developed countries owing to its natural origin and 

lesser side effects (Brahmachari, 2001). Herbal drugs constitute a major share of all the 

officially recognized systems of health in India viz. Ayurveda, Yoga, Unani, Siddha, 

Homeopathy and Naturopathy, except Allopathy. More than 70% of India's 1.1 billion 



7 
 

populations still use these non-allopathic systems of medicine (Vaidya and Devasagayam, 

2007). In many developing countries, a large proportion of the population relies on traditional 

practitioners and their armamentarium of medicinal plants in order to meet health care needs. 

Although modern medicines may exist side-by-side with such traditional practice, herbal 

medicines have often maintained their popularity for historical and cultural reasons. Such 

products have become more widely available commercially, especially in developed countries. 

Use of herbal medicines in developed countries has expanded sharply in the latter half of the 

twentieth century. In India, herbal drugs are an integral part of The Indian System of Medicine 

(Ayurveda) which is an ancient and mainstream system (Rai, 2005).  

2.1 Moringa  

Moringa oleifera is one of the best known medicinal plant. The Moringa plant has been 

consumed by humans (Iqbal et al., 2006). It is one of the richest plant sources of Vitamins A, 

B, C, D, E and K (Anwar and Bhanger, 2003; Babu 2000; Caceres et al., 1992; Dayrit et al., 

1990; Delisle et al., 1997). The vital minerals present in Moringa include Calcium, Copper, 

Iron, Potassium, Magnesium, Manganese and Zinc. It has more than 40 natural anti-oxidants. 

Moringa has been used since 150B.C. by ancient kings and queens in their diet for mental 

alertness and healthy skin. The leaves, pods, seeds, gums, bark and flowers of Moringa are 

used in more than 80 countries to relieve mineral and vitamin deficiencies, support a healthy 

cardiovascular system, promote normal blood-glucose levels, neutralize free radicals, provide 

excellent support of the body's anit-flammatory mechanisms, enrich anemic blood and support 

immune system. It also improves eyesight, mental alertness and bone strength. It has potential 

benefit in malnutrition, general weakness, lactating mothers, menopause, depression and 

osteoporosis. It is also used to make an efficient fuel, fertilizer and livestock feed. Moringa leaf 

has been purported to be a good source of nutrition and a naturally organic health supplement 
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that can be used in many therapeutic ways (McBurney et al., 2004; Fahey, 2005; DanMalam 

et al., 2001).  

Moringa was highly valued in the ancient world. The Romans, Greeks and Egyptians extracted 

edible oil from the seeds and used it for perfume and skin lotion. In the 19th century, plantations 

of Moringa in the West Indies exported the oil to Europe for perfumes and lubricants for 

machinery. People in the Indian sub-continent have long used Moringa pods for food. The 

edible leaves are eaten throughout West Africa and parts of Asia. For centuries, people in many 

countries have used Moringa leaves as traditional medicine for common ailments. Clinical 

studies have begun to suggest that at least some of these claims are valid. With such great 

medicinal value being suggested by traditional medicine, further clinical testing is very much 

needed. A study was done in Pakistan to examine the physico-chemical characteristics of M. 

oleifera seeds and seed oil from a wild provenance of Pakistan. The Moringa seeds exhibited 

an oil yield of 34.80%. Protein, fiber, moisture and ash contents were 31.65, 7.54, 8.90 and 

6.53%, respectively.  

Nikolaus Foidl and Dr. Gabrielle Foidl, two Austrian scientists living in Nicaragua, 

have developed intensive methods of cultivating Moringa. They along with their associate 

Leonardo Mayorga, have been conducting their research in Nicaragua since the early 1990s. 

They have collaborated with the University of Hohenheim, Germany and with Dr. Michael 

Kreuzer, ETH (Swiss Federal Institute of Technology) Zurich, Switzerland. Their intensive 

cultivation methods were developed under experimental conditions on plots ranging in size 

from 0.5 to 4 hectares. Foidl and his associates have experimented with various uses of 

Moringa leaves and green stems, including their use in cattle fodder. Following the Foidl study, 

a study was conducted by Dr. Nadir Reyes Sanchez. Dr. Reyes is on the Faculty of the 

Veterinary Medicine and Animal Science Department of Animal Nutrition and Management 

at the Swedish University of Agricultural Sciences in Uppsala, Sweden (Foidl et al., 2001).  
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These two studies in Nicaragua showed that supplementing cattle feed with the leaves and 

green stems of Moringa can increase milk production by 43-65%, and increase daily weight 

gain in cattle by up to 32%. Recently a new benefit of Moringa was suggested: the leaves seem 

to contain a substance that stimulates plant growth and increases crop production. Several years 

ago, Mr. Nikolaus Foidl came across a reference to a study by a Mr. Singh of India. It said that 

an extract from Moringa leaves seemed to stimulate the growth of plants.  

About two decades ago, in the southern states of India, and especially in Tamilnadu, M. oleifera 

was cultivated as single trees in homesteads, round cattle sheds, on farm boundaries, and as 

isolated plants in fences and as groups of trees on village waste lands. In the early 1990s in 

southern Tamilnadu people started growing perennial types - Moolanoor as an intercrop on 

field scale and their allies were cropped with vegetables and Sorghum. This system evolved as 

Moringa offered some protection to alley crops from drying winds during summer and Moringa 

provided some additional income. With the migration of people from south to north India, the 

demand for Moringa products increased. In all the places concerned, with their differing 

conditions, cultivation of M. oleifera was not given the required attention and systematic 

production practices were not followed as people failed to notice that it was a commercially 

viable alternate crop in Arid Zone Horticulture. (Anbarassan et al., 2001). In the Indian sub-

continent M. oleifera has long been cultivated for its edible fruit: today these are exported, 

fresh and in tins, to consumers in Asia and Europe. The edible leaves of the tree are very 

nutritious and are consumed throughout West Africa as well as in some parts of Asia. Powder 

from seed kernels works as a natural coagulant which can clarify even very turbid water, 

removing up to 99% of the bacteria in the process. There is need to explore therapeutic, 

nutritional and benefit of this gift of nature reported to be one of the world's most useful trees. 

Moringa has received attention in many countries in the tropics and sub-tropics and its leaves, 

pods and seeds form part of the traditional cuisine in these countries. Although Moringa is used 
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in West, Central and East Africa and although it grows in some parts of South Africa, the plant 

itself, as well as its uses, are mostly unknown to South Africans in general (National Research 

Council, 2006).  

Literature study and a few informal discussions held in Tshwane and Mokopane in the Gauteng 

and Limpopo provinces of South Africa respectively indicated that although some people use 

Moringa in their diets (mostly Indians) its usage is not documented in South Africa. However, 

the listing of Moringa as an herb in South Africa in a recent publication (Roberts, 2007) may 

be an indication that awareness of the plant in South Africa is on the increase. There is therefore 

an opportunity to introduce Moringa as a food source, which could lead to an increase in 

diversity of the dietary intake, especially among rural populations of South Africa. It has been 

shown in a recent survey that 33% of South African children under the age of six suffer from 

vitamin A deficiency (Coovadia, 2003). Ramachandran et al., (1980) reported the vitamin A 

content of Moringa as 11,300 IU per 100 g edible portion. The original source did quote the 

value as beta carotene, which should read 11,300 IU beta carotene per 100 g edible portion 

(McBurney et al., 2004). Babu (2000) reported vitamin A content as 3767 IU per 100 g edible 

portion. A publication of Kuhnlein (2003) quoted Moringa 

beta-carotene per 100 g edible portion. This data of Kuhnlein (2000) is recommended by 

McBurney et al., (2004). An initiative was launched by FAO to analyse the nutrient 

composition of traditional leafy vegetables so as to standardise the nutrient content per 100 g 

edible portion (FAO, 2008).  

2.2 Applications  

According to (Verma et al., 1976) M. oleifera is a fast growing tree being planted in India on 

large scale as a potential source of wood for the paper industry. The wood provides a pulp that 

is considered suitable for paper, wrapping, textiles and cellophane. In Jamaica, exudate is used 

for blue dye.  
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All of the parts of the M. oleifera can be used in a variety of ways as food. It is full of nutrients 

and vitamins. The leaves, especially young shoots, are eaten as greens, in salads, in vegetable 

curries, and as pickles. In India, Moringa extracts are commonly used as a phytotherapeutic 

agent. The leaves can be eaten fresh, cooked, or stored as dried powder for many months 

without refrigeration, and reportedly without loss of nutritional value. Dried or fresh leaves are 

also used in foods such as soups and porridges (Lockett et al., 2000), curry gravy and in 

noodles, rice or wheat (Abilgos et al., 1999). Farmers have added the leaves to animal feed to 

maintain a healthy livestock (Sarwatt et al., 2002; Fahey, 2005; Sanchez et al., 2006) while 

utilizing the manure and vegetable compost for crop growth (Fahey, 2005). Newer applications 

include the use of Moringa powder as a fish food in aquacultural systems (Dongmeza et al., 

2006). In the West, one of the best known uses for Moringa is the use of powdered seeds to 

flocculate contaminants and purify drinking water (Berger et al., 1984; Gassenschmidt et al., 

1995; Olsen, 1987) but the seeds are also eaten green, roasted, powdered and steeped for tea 

or used in curries (Gassenschmidt et al., 1995).  

Moringa leaves are used as feed for cattle, pigs and poultry. When Moringa leaves constituted 

40 to 50% of feed, it was found in research studies that milk yields for dairy cows and daily 

weight gains for beef cattle increased by 30%. The birth weight of calves increased by 3 to 5 

kg. Some animals, such as chickens will not voluntarily consume Moringa leaves or Moringa 

leaf powder (Price, 2000).  

The seed of M. oleifera contains high quality edible oil (up to 40% by weight). In Haiti, the oil 

has been used as general culinary and salad oil. It resembles olive oil in its fatty acid 

composition (Abdulkarim et al., 2005). The oil is also used as a lubricant for fine machinery, 

such as timepieces, for its little tendency of deteriorating and becoming sticky (Foidl et al., 

2001). Moreover, the oil has the capacity to absorb and retain volatile substance and is therefore 

valuable in the perfume industry.  
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After oil extraction of Moringa oleifera seeds, the left press cake contains water soluble 

proteins that act as effective coagulants for water purification. One to two seeds per litre are 

required for water purification. Seed powders are mixed with water, after hours, the water is 

filtered to get purified water. The charged protein molecules can serve as nontoxic natural 

polypeptide to settle mineral particles and organics in the purification of drinking water, 

vegetable oil, depositing juice (sugarcane) and beer (Foidl et al., 2001). Recently, there is an 

increasing trend to evaluate some indigenous cheaper material for wastewater treatment. 

Current studies report that Moringa seeds and pots are effective sorbets for removal of heavy 

mental and volatile organic compounds in the aqueous system (Akhtar et al., 2006, Sharma et 

al., 2006). It can be added in oxidation lagoons of wastewater treatment units to coagulate algae 

as well. The algae are removed by sedimentation, dried and pulverized, and then are used as 

protein supplement for livestock (Foidl et al., 2001). The unique characteristic of Moringa 

seeds could be a possible solution for the developing countries which are suffering from lack 

of clean drinking water.  

Moringa could be used as green compost. The juice from the fresh leaves can be used to 

produce an effective plant growth hormone (Price, 2000; Foidl et al., 2001). This hormone 

increases the yield by 25  30 % for nearly any crop including onion, bell pepper, soya, maize, 

coffee, tea and other plants. The active substance is zeatin; a plant hormone from the 

cytokinines group, which is available as a spray.  

2.3 Antibacterial activity of Moringa  

Bacteria are listed at first position among the microorganisms causing opportunistic diseases 

(Kone et al., 2004). Innumerable antibacterial agents are currently employed in treating 

bacterial infections. However, the widespread and indiscriminate use of antibacterial agents 

resulted in development of drug resistance among many virulently pathogenic bacterial species 

(Berkowitz, 1995). Many of the currently used antibacterials are associated with adverse effects 
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such as toxicity, hypersensitivity, immunosuppression, and tissue residues posing public health 

hazard. Further, the newer broad spectrum antibiotics are cost prohibitive and are not within 

the reach of poor Indian farmer. These disadvantages undermine the therapeutic utility of the 

currently available antibacterials and thus necessitating the need for finding alternative 

remedies for treatment of bacterial diseases. As the global scenario is now changing towards 

the use of non- toxic and eco-friendly products, development of modern drugs from traditional 

medicinal plants should be emphasized for the control of various human and animal diseases. 

M. oleifera is one such plant which is reported to possess several medicinal properties. The 

different parts of this plant viz. leaves, stem bark, root bark, flowers, fruits and seeds are used 

in the indigenous systems of medicine for the treatment of variety of human ailments (Chopra 

et al., 1956; Nadkarni, 1976). During recent years considerable work has been done to 

investigate the pharmacological actions of the leaves and seeds of M. oleifera on scientific lines 

but only limited work has been reported so far on antibacterial activity of M. oleifera root bark 

though it is reported to possess varied medicinal properties. Therefore, it was considered 

worthy to investigate the antibacterial activity of M. oleifera root bark. Bark used to cure Dental 

Caries/Toothache, Common cold, External Sores/Ulcer, Anti-Tumor, Snakebite, Scorpion bite, 

Digestive, Headache, Antinutrietional factors and Scurvy (Fahey, 2005).  

University of Bombay (BR Das), 

Travancore University (PA Kurup), and the Department of Biochemistry at the Indian Institute 

of Science in Bangalore (PLN Rao), identified a compound they called pterygospermin a 

compound which they reported readily dissociated into two molecules of benzyl isothiocyanate 

(Kurup and Rao, 1952, 1954; Kurup and Rao, 1954; Venkataraman et al., 1954; Das et al., 

1954, 1957). Benzyl isothiocyanate was already understood at that time to have antimicrobial 

properties. This group not only identified pterygospermin, but performed extensive and elegant 

characterization of its mode of antimicrobial action in the mid s. Although others were to 
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show that pterygospermin and extracts of the Moringa plants from which it was isolated were 

antibacterial against a variety of microbes, the identity of pterygospermin has since been 

challenged (Eilert et al., 1981) as an artifact of isolation or structural determination. 

Subsequent elegant and very thorough work, published in 1964 as a PhD thesis by Bennie 

Badgett (a student of the well-known chemist Martin Ettlinger), identified a number of 

glyosylated derivatives of benzyl isothiocyanate (e.g. compounds containing the 6-carbon 

simple sugar, rhamnose) (Badgett, 1964). The identity of these compounds was not available 

- -workers 

(Kjaer et al., 1979). Seminal reports on the antibiotic activity of the primary rhamnosylated 

compound then followed, from U Eilert and colleagues in Braunschweig, Germany (Eilert, 

1978; Eilert et al., 1981). They re-isolated and confirmed the identity of 4- -L-rhamnopy-

ranosyloxy) benzyl glucosinolate and its cognate isothiocyanate and verified the activity of the 

latter compound against a wide range of bacteria and fungi. Extensive field reports and 

ecological studies forming part of a rich traditional medicine history, claim efficacy of leaf, 

seed, root, bark, and flowers against a variety of dermal and internal infections. Unfortunately, 

many of the reports of antibiotic efficacy in humans are not supported by placebo controlled, 

randomized clinical trials.  

Aware of the reported antibiotic activity of and other isothiocyanates and plants containing 

them, we undertook to determine whether some of them were also active as antibiotics against 

Helicobacter pylori. This bacterium was not discovered until the mid-

which the 2005 Nobel Prize in Medicine was just awarded. H. pylori is an omnipresent 

pathogen of human beings in medically underserved areas of the world, and amongst the 

poorest of poor populations worldwide. It is a major cause of gastritis, and of gastric and 

duodenal ulcers. Cultures of H. pylori, it turned out, were extraordinarily susceptible to and to 

a number of other isothiocyanates (Fahey et al., 2002; Haristoy et al., 2005). These compounds 
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had antibiotic activity against H. pylori at concentrations up to 1000-fold lower than those 

which had been used in earlier studies against a wide range of bacteria and fungi. The extension 

of this finding to human H. pylori infection is now being pursued in the clinic, and the 

prototypical isothiocyanate has already demonstrated some efficacy in pilot studies (Galan et 

al., 2004; Yanaka et al., 2005).  

Faizi et al.1994; reported the isolation of two nitrile glycosides from the ethanolic extracts of 

M. oleifera leaves, niazirin and niazirinin and three mustard oil glycosides, 4-[(4'-O 

acetylalpha- L- rhamnosyloxy) benzyl] isothiocyanate, niaziminin A, and niaziminin B. 

Niazirinin is a new compound. Niaziminins A and B have previously been obtained from the 

left extract as a mixture. This is the first report of the isolation of nitriles, an isothiocyanate, 

and thiocarbamates from the same plant species. Faizi et al.1995; isolated six new and three 

synthetically known glycosides from the leaves of M. oleifera, employing a bioassay-directed 

isolation method on the ethanolic extract. Most of these compounds, bearing thiocarbamate, 

carbamate or nitrile groups, are fully acetylated glycosides, which are very rare in nature. 

Elucidation of the structures was made using chemical and spectroscopic methods, including 

2D NMR techniques. Murakami et al.1998; isolated niaziminin, a thiocarbamate from the 

leaves of M. oleifera. Bennett et al.2003; isolated various glucosinolates and phenolic 

compounds from various parts of M. oleifera. Karuna Shanker et al.2007; isolated nitrile 

glycosides (niaziridin & niazirin) from the leaves, pods and bark of M. oleifera by reverse 

phase HPLC. Singh et al.2009; reported presence of gallic acid, chlorogenic acid, ellagic acid, 

ferulic acid, kaempferol, quercetin and vanillin from the aqueous extracts of leaves, fruits and 

seeds of M. oleifera. The leaves also contains quercetin-3-O-glucoside and quercetin-3-O-(6''-

malonyl-glucoside), and lower amounts of kaempferol-3-O-glucoside and kaempferol-3-O-

(6''-malonyl-glucoside), 3-caffeoylquinic acid and 5-caffeoylquinic acid.  
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The Moringa plant has been the object of much research due to its multiple uses and well-

known bactericidal potential (Suarez et al., 2003; Ghebremichael et al., 2005). According to 

Bezerra et al., the Moringa tree is native to northeastern India. It is rich in nutrients and, apart 

from a range of industrial and medicinal applications, is used to purify water for human 

consumption (2003). Not surprisingly, as explained by Makkar and Becker 1997, the Moringa 

is of economic importance in the production of several commodities, such as oils, foods, 

condiments and medicines. Traditional medicine has a long history of serving peoples all over 

the world (Cheng, 2000). Medicinal plants are an important element of indigenous medical 

systems that has persisted in developing countries. The plant kingdom was estimated to 

produce over 500,000 natural products and about 40 to 80 thousand per plant species (Bhatt, 

1995). Recently, the use of traditional medicine based on plants has received considerable 

interest (Han et al., 2002). There are national and indigenous rights over plant derived 

resources. Basic scientific investigations based on medicinal plants and indigenous medical 

systems have increased. It has been estimated that 1 to 10% of the large diversity of 250.000 

to 500.000 plant species on the Earth have been studied chemically and pharmacologically for 

their medicinal properties (Farnsworth, 1991; Verpoorte, 2000). Recently a new benefit of 

Moringa was suggested: the leaves seem to contain a substance that stimulates plant growth 

and increases crop production. Several years ago, Mr. Nikolaus Foidl came across a reference 

to a study by a Mr. Singh of India. It said that an extract from Moringa leaves seemed to 

stimulate the growth of plants. 
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MATERIAL AND METHOD  

3.1 Microorganisms  

Bacterial strains used in the study include standard cultures of MTCC of Pseudomonas 

aeruginosa, Escherichia coli, Staphylococcus aureus, Bacillus subtilis and Salmonella 

typhimurium and various antibiotics susceptible to these strains will be utilized.  

3.2 Chemicals  

Nutrient agar, Muller  Hinton agar, Muller- Hinton Broth, Peptone and antibiotics were 

purchase from HiMedia and all other chemicals used were of analytical grade.  

3.3 Collection of leaves  

The fresh leaves of Moringa oleifera were collected in the month of December from Armori 

village Gadchiroli district of Maharashtra. 

3.4 Leave extracts preparation  

3.4.1 In aqueous solution  

The air-dried fresh leaves of M. oleifera were ground to powder and 50 g sample was dipped 

in 200 mL cold distilled water in a conical flask stoppered with rubber cork and left for 7 days 

with occasional shaking. Solution was filtered using sterile filter paper (Whattman No. 1) into 

a clean conical flask and subjected to water bath evaporation where the aqueous solvent were 

evaporated at its boiling temperature of 100°C and as well as by evaporation under vacuum. 

The standard extracts obtained were stored in a refrigerator at 4°C for antibacterial activity test 

(Akueshi et al., 2002).  

3.4.2 In organic solvent  

3.4.2.1 Ethanol and Ethyl acetate  

Leaves of M. oleifera were collected and dried in shade. The dried leaves was ground to powder 

and suspended in petroleum ether and kept in refrigerator overnight. After overnight 

incubation, the supernatant was discarded and the residue was dried at room temperature. The 
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residue was further divided into two parts and each part was suspended in ethanol and ethyl 

acetate respectively in sterile 25 mL conical flasks and kept at 4ºC overnight. After overnight 

incubation, the supernatant was filtered through Whatman No.1 filter paper and the filtrate was 

dried to evaporate the organic solvent at room temperature. The standard extracts obtained were 

then stored in a refrigerator at 4°C for antibacterial activity test (Valarmathy et al., 2010). 

3.4.2.2 Methanol and Chloroform  

The leave of M. oleifera was collected and air dried and pounded into a coarse powder using 

laboratory pestle and mortar. 30 g of the leaf powder was thoroughly mixed in 450 mL 

methanol and chloroform respectively and allowed to stand for one hour before filtering with 

the help of Whatman filter paper No. 1. The filtrate was overnight dried in hot air oven (45°C). 

The extraction yielded 6 g (methanol) and 3 g (chloroform). The standard extracts obtained 

were stored in a refrigerator at 4°C for antibacterial activity test (Thilza et al., 2010).  

3.5 Antimicrobial activity  

Antimicrobial activity antibiotic against standard strains of different bacteria was determined 

by disk diffusion method (Bauer et al., 1966).  

3.5.1 Preparation of stock solutions  

Different concentration of M. Oleifera leaves were using for this study and the stock solutions 

of antibiotics were prepared using the formula  

 

 

V=Volume required 

C=Final concentration of solution (mg/l) 

W=Weight of the antimicrobial (mg) to be dissolved in the volume V (ml) 

Stocks of antibiotics were prepared in sterile distilled water to generate a 100mg/l solution.  
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3.5.2 Growth inhibition  

The percentage inhibition of bacterial growth was calculated by comparing growth density with 

antibiotics and leaf extracts and without antibiotics and leaf extracts. Inhibition (%) in growth 

density was calculated as follows  

 

3.5.3 Minimal Inhibitory Concentration (MIC)  

Well labelled 9 tubes were taken. Add 2 mL o ) to the first tube 

then add 1 ml of sterile broth to all other tubes. Transfer 1 mL from the first tube to the second 

tube. Using a separate pipette, mix the contents of this tube and transfer 1 mL to the third tube. 

Continue dilutions in this manner to tube number 8, being certain to change pipettes between 

tubes to prevent carryover of antibiotic on the external surface of the pipette. Remove 1 mL 

from tube 8 and discard it. The ninth tube, which serves as a control, receives no antibiotic. 

Suspend to an appropriate turbidity several colonies of the culture to be tested in 5 mL of 

Mueller-Hinton broth to give a slightly turbid suspension. Dilute this suspension by aseptically 

pipetting 0.2 mL of the suspension into 40 mL of Mueller-Hinton broth. Add 1 mL of the 

diluted culture suspension to each of the tubes. The final concentration of antibiotic is now 

one-half of the original concentration in each tube. Incubate all tubes at 35 C overnight. 

Examine tubes for visible signs of bacterial growth. The highest dilution without growth is the 

minimal inhibitory concentration (MIC) (Murray, 2005). 
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RESULTS  

4.1 Antibiotic activity on bacterial strains  

Octatadisc of different antibiotics were used to check antibiotic susceptibility of all five 

bacterial strains (Escherichia coli, Staphylococcus aureus, Bacillus subtilis, Salmonella 

typhimurium, Pseudomonas aeruginosa). All bacterial strains showed different antibiotic 

susceptibility with various antibiotics (Fig. 4.2).  

4.1.1 E. coli  

Cefoperazone shows maximum zone of inhibition of 37 mm while Ceftazidime shows 

minimum zone of 14 mm however cefpodoxime shows no zone against these bacteria. Other 

antibiotics viz, Moxifloxacin, Amikacin, Gentamycin, Meropenem and Cefepime shows 28 

mm, 24 mm, 26 mm, 26 mm, 25 mm zones of inhibition respectively.  

4.1.2 B. subtilis  

Methicillin shows maximum zone of 29 mm while Fusidic acid shows minimum zone of 13 

mm. Other antibiotics viz, Penicillin, Streptomycin, Tetracycline, Chloramphenicol, 

Erythromycin and Novobiocin shows 16 mm, 19 mm, 27 mm, 26 mm, 24 mm and 21 mm 

respectively. 

4.1.3 P. aeruginosa  

Ciprofloxacin shows maximum zone of 28 mm while Imipenem shows minimum zone of 

11mm. Other antibiotics viz, Azetreonem, Amikacin, Piperacillin, Gentamicin, Meropenum 

and Ceftazidime shows 20 mm, 23 mm, 21 mm, 24 mm, 21 mm, and 21 mm zone of inhibition 

respectively.  

4.1.4 S. typhimurium  

Ciprofloxacin and Co-Trimoxazole shows maximum zone of 25 mm while Amikacin shows 

minimum zone of 18 mm. Other antibiotics viz, Cephalothin, Cefuroxime, Gentamicin, 
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Ampicillin and Ceftriaxome shows 22 mm, 19 mm, 20 mm, 21 mm and 22 mm zone of 

inhibition. 

4.1.5 S. aureus 

Clindamycin show maximum inhibition zone of 31 mm while vancomycin shows minimum 

inhibition zone of 18 mm. Other antibiotics Teicoplanin, ofloxacin, Azithromycin, 

Tetracycline, Penicillin and Erythromycin shows 19 mm, 28 mm, 25 mm, 26 mm, 29 mm, 23 

mm zone of inhibition respectively.

Fig.4.1: Antibacterial activity of different antibiotics against (a) E. coli (b) B. subtilis (c) 
P. aeruginosa (d) S. typhimurium and (e) S. aureus

4.2 Leaves extract activity of bacterial strains 
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To screen the antimicrobial activity of leaves of M. oleifera, all selected bacterial strains was 

taken as test microbes. Antimicrobial activity was assayed by agar disc diffusion method. The 

appearance of zone of inhibition is indicated that the leaf extracts were inhibiting the growth 

of test pathogen, thereby revealing the presence of antimicrobial activity in the leaf extracts.  

Aqueous extract shows minimum zone of inhibition of 11 mm against B. subtilis while ethanol 

shows maximum zone of inhibition 21 mm against B. subtilis.  P. aeruginosa was highly 

susceptible to ethanol extract of leaves whereas, less susceptible to ethyl acetate. S. aureus 

showed maximum zone of inhibition of 21 mm against ethanol extract while minimum zone of 

inhibition against aqueous extract.  

Similarly, E. coli, and S. typhimurium shown maximum zone of inhibition against ethanol 

extract i.e., 20 mm and 17 mm respectively while, minimum zone of inhibition against 

chloroform and aqueous extract by observing 14 mm of zone of inhibition for each.  

The results obtained by measurement of zone of inhibition are presented in table 4.1. All the 

extracts of M. oleifera leaves inhibit the growth of test microbes but among these extract 

Ethanol extract were highly active to inhibit test organism followed by methanol, chloroform, 

ethyl acetate and aqueous extract. 

Table 4.1: Comparative estimation of zone of inhibition (mm) of leaves extract 

   

   Strain 

Extract 

Methanol Ethanol Aqueous Ethyl Acetate Chloroform 

S. aureus 17 21 15 19 17 

E. coli 18 20 17 15 14 

B. subtilis 20 21 11 17 14 

P. aerogenosa 15 18 14 11 13 

S. typhimurium 16 17 14 15 15 
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Fig 4.2: Antibacterial activity of different Moringa extracts against (a) E. coli (b) B. 
subtilis (c) P. aeruginosa (d) S. typhimurium and (e) S. aureus

4.3 Growth inhibition (%) in the presence of antibiotic and leave extract 

In the present work four antibiotic were selected which showed minimum zone of inhibition 

with particular bacterial strain to compare with leaf extract of M. oleifera. Growth inhibition 

(%) of bacterial strain by antibiotics and leaf extract are shown in table 4.2 and Fig. 4.3 showed 

the graphical parameters of growth inhibition (%) of bacterial strains.

Table 4.2: Growth inhibition (%) of bacterial strain

Dilutions 

(Test tubes)

Methanol Ethanol Ethyl Acetate

B. Subtilis S. aureus E. coli B. Subtilis P. aerogenosa S. aureus
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1 82.97  91.52  94.13  86.63  90.82  91.7  

2 69.88  82.22  77.98  80.94  83.47  66.34  

3 52.89  77.40  67.68  73.41  78.66  57.09  

4 36.18  68.80  61.89  62.14  69.91  45.92  

5 27.72  63.61  52.11  48.36  52.91  31.39  

6 24.60  49.34  46.28  40.19  33.44  26.11  

7 16.36  32.47  32.19  32.45  16.79  20.85  

8 6.56  20.43  13.56  8.44  12.55  18.95  

                                                               Antibiotic 

Dilution 

Tubes 

Vancomycin (S. 

aureus) 

Imipenem (P. 

aeruginosa) 

Fusidic acid  

(B. subtilis) 

Ceftazidime  

(E. coli) 

1 92.46  94.68  93.76  96.67  

2 91.49  90.12  87.29  93.05  

3 90.75  83.87  79.91  83.47  

4 88.64  70.94  71.53  73.21  

5 84.23  64.19  64.26  66.69  

6 81.35  45.42  47.21  46.28  

7 54.79  28.76  36.24  35.75  

8 24.91  24.16  5.82  16.71  
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Fig. 4.3: Growth inhibition (%) of bacterial strains by Leaf extract and antibiotics

4.4 MIC Value 

MIC values demonstrate that in bacterial strains the most sensitive strain with antibiotic was 

P. aerogenosa (2 mg/mL) and S. aureus and B. subtilis with leaf extract (20 mg/mL). S. 

typhimurium showed less sensitivity with antibiotic (16 mg/mL) and with leaf extract (36 

mg/mL). Comparative table of MIC value of leaf extract and antibiotic are given in table 4.3

and 4.4 respectively.
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Table-4.3: MIC value (mg/ml) of leaf extracts 

Strain Methanol Ethanol Aqueous Ethyl Acetate Chloroform 

S. aureus 25 20 34 23 26 

E. coli 24 21 30 27 28 

B. subtilis 22 20 29 25 28 

P. aerogenosa 27 24 35 30 30 

S. typhimurium 26 25 36 27 27 

 

                             Table-4.4: MIC value (mg/ml) of antibiotics 

Strain Vancomycin Imipenem Fusidic acid Ceftazidime Amikacin 

S. aureus 8 - - -  

E. coli - - - 8  

B. subtilis - - 4 - - 

P. aerogenosa - 2 - - - 

S. typhimurium - - - - 16 
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SUMMARY 

Moringa oleifera, usually mentioned in literature as Moringa, is a natural as well as cultivated 

variety of the genus Moringa belonging to family Moringaceae. Different extracts of plant 

leaves shows antibiotic property against wide range of pathogens like Escherichia coli, 

Pseudomonas aeruginosa, Staphylococcus aureus, Bacillus subtilis and Salmonella 

typhimurium. Methanol, ethanol and Ethyl acetate leaves extract showed strong and superior 

antibacterial activity against all the bacteria. Aqueous extract show less activity compared to 

remaing extract.  So this plant extracts having good healing properties without side effects 

when compared with antibiotics. The consequences of this investigation suggest that the leaves 

extract of M. oleifera can be used to discover antibacterial agent for developing new 

pharmaceuticals to control studied human pathogenic bacteria responsible for severe illness 
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