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ABSTRACT: 
 

Extraction and analysis of prebiotics from selective plants. In this study five plant samples and 

their parts from local area were investigated for their prebiotic properties. The fresh, ground 

sample were extracted with 50% methanol and water at room temperature on magnetic stirrer 

based on extract yield and prebiotic properties out of five, two samples are selected as potential 

source of prebiotic. This include fruit of Tamarind (Tamarindus indica ) and curry leaves 

(Murraya koenigii). In this investigation, isolation of Lactobacillus genus was done and used 

as a source of probiotics organisms. Selected sample were screened for antimicrobial activity. 

Reducing sugar content, total carbohydrate content was determined by DNSA and Phenol- 

sulfuric acid test respectively . Tamarindus indica and Murraya koenigii shows good prebiotic 

activity and can be consumed as prebiotic food. 

 

 
Key words: Prebiotic, probiotic, Tamarind, Curry leave., LAB, DNSA, 
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1. INTRODUCTION: 
 

Nowdays ,human lifestyle, diet and physical activity are changed. Individuals don`t 

have time for their health maintenance. In this busy world people consume wide variety of 

foods like junk food and they came away from our traditional food. In our traditional diet 

healthy and nutritious food was consumed, but in actively moving or busy world diet get 

changed and they need less physical activity. The biodiversity of the human intestinal flora is 

more likely affected by this lifestyle, this results in changes in its microbial composition that 

causes various health issues such as high blood pressure, cardiovascular diseases, diabetes, 

intestinal inflammation. Use of prebiotic might be a possible way to solve this situation. Many 

investigations on prebiotics have confirmed that prebiotics are clinically effective in increasing 

the intestinal flora. 

Nutraceuticals and function food (NFF) are increasing in popularity as a tool of the 

consumers for management of their health and wellness. Pro, pre and symbiotics are an 

important group of NFF shown to be effective in modulating gastrointestinal diseases and other 

elements. Prebiotics polysaccharides and oligosaccarides that can withstand digestion and 

absorption in small intestine, but can be selectively fermented by probiotic bacteria native to 

the large intestine. They consist of short chain carbohydrates, principally oligosaccharides, e.g. 

fructooligosaccharides (FOS), GOS, and polysaccharides'. Insulin (Gibson, 1995; 

Panitantum,2004). The colonic fermentation of prebiotics enhance the growth of probiotic such 

as Bifidobacteria, Lactobacillus, Eubacteria (Gibson and Roberroid 1995; Cummings., 

et.al.2001), but not of pathogens, which causes gastrointestinal diseases. The fermentation of 

prebiotics by the probiotic bacteria improve host health, by enhancing the absorption of 

minerals such as Ca,Mg,Fe and producing compound capable of preventing compound capable 

of preventing colon cancer. 
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Prebiotics occurs naturally in fruits, and vegetables e.g. onion, garlic,banana, and 

small amounts are found in the forms of free sugars or glycoconjugate in human milk and 

animal. Recently, dragon fiesh has been reported to be a sourse of oligosaccharides, which is a 

candidate prebiotic (Wichienchot et.al .,2010). Prebiotics may also be synthesised from 

polysaccharides, such as starch or sugars using appropriate enzymes ; e.g. GOS may be 

synthesized from lactose with beta-galactosidase; FOS may be prodused from polymerisation 

of fructose monomers however consumers preference towards natural products or ingredients 

has encouraged the continuing search for viable natural sourses for prebiotics. This study 

describes study on ̂ 5 plants parts and vegetables and theire parts, all found and aquired in local 

areas of Saswad as potential sourse of prebiotics. 

Prebiotics are non-digestible nutrients that enhance the growth of beneficial intestinal 

microflora to improve host health ( Ezeonu, I.M and Ukwah, B. N., 2009.). Where as probiotics 

are live microbes that beneficialy affect the host therefore the prebiotics supports probiotic 

growth. (Akhter et.al. 2015.). Phenolic compounds in plant samples selectively promote 

probiotic growth and inhibit pathogenic bacterial growth.Probiotic organism have role in 

maintaining the function and strucure of the intestine. Probiotics also helps   in 

digestion ,fermentation, inhibition of pathogenic organism ,provision of enzymes,and amino 

acid ,also helps in developing the immunity. In local markets various types of probiotic foods 

that is food containing live microflora ,for example.,yoghurt are available. But individuals are 

suspecious about consuming live microorganism regardless of the profound benefits , so 

prebiotics are on high demand. 

To the best of our knowledge ,poor study has evaluated the prebiotic and 

antimicrobial activity of the Murraya koenigii and Tamarinda indica. Therefore, this study 

evaluated the potential of aqueous extract as prebiotic by determining the MIC , MBC , 

Prebiotic activity .Prebiotics affect not only the growth of beneficial bacteria but also health 

and growth performance of animals.( Ringo et.al .,2010) . For example ,the addition of 

prebiotic honey in Penaeus vannamei diet increased their total weight and reduced the feed 

conversion ratio ( Fuandila et al.,2020) . Furthermore ,supplementation of prebiotics and 

probioitcs in the diet of P.vannamei resulted in improved growth comapred with the use of a 

prebiotic or probiotic alone (Arisa et al .,2015). The extract of curry leaves and tamarind fruit 

has antimicrobial properties that inhibit the growth of some bacteria , including 

pseudomonas ,S.aureus, E.coli , but not that of other bacteria such as, S.typhi, bacillus . 
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 Prebiotics as functional foods 
 

Functional food or medicinal food is any fresh or processed food claimed to have a health- 

promoting and/or disease-preventing property beyond the basic function of supplying 

nutrients. Prebiotics and probiotics are the food ingredients which fit into this functional food 

definition and in which food industries are interested. Probiotics are live microbial feed 

supplements added to appropriate food vehicles, whereas prebiotics are dietary carbohydrates 

that have a selective metabolism in the colon and serve to increase number of probiotics such 

as lactic acid-producing bacteria. Including bifidobacteria. In recent years, increasing 

attention has been focused on the possible beneficial effects of prebiotics, such as enhanced 

resistance to invading pathogens, improved bowel function, prevention of colon cancer, lipid 

lowering action, improved calcium and iron bioavailability (Bruzzese et al 2009, Bosscher 

etal 2003, Ferguson & Philpott 2007). Since the search for functional foods or functional food 

ingredients is one of the leading trends in today’s food industry. The market values and 

biological potential of both probiotics as well as prebiotics are enormous. 

 Why prebiotics? 
 

Currently, changed lifestyles as well as the increased use of antibiotics are significant factors 

challenging the preservation of a healthy intestinal microflora. The concept of probiotics is to 

restore and uphold microflora, which are helpful to the human body. Probiotics are found in a 

number of fermented dairy products, infant formulae, and dietary supplements. In the presence 

of prebiotics, which are non-digestible food ingredients favourable for probiotic growth, their 

survival in the intestine is ameliorated (Broekaert & Walker, 2006). 
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 Origin of the term : 
 

A prebiotic was first defined by Gibson (1995), a pioneer in the field of prebiotics, as ‘non- 

digestible food ingredient that beneficially affects the host by selectively stimulating the 

growth and/or activity of one or a limited number of bacteria in the colon, and thus improves 

host health. This was reframed by him in 2004 as: A prebiotic is a selectively fermented 

ingredient that allows specific changes, both in composition and/or activity in the 

gastrointestinal microflora that confers benefits. Upon host wellbeing and health” (Gibson et 

al, 2004). However, a prebiotic quality has been. Attributed to many food components without 

due consideration to the criteria required. 

During Recent years, almost every food oligosaccharide and polysaccharide (including dietary 

fibre) has been claimed to have prebiotic activity, but not all dietary carbohydrates are 

prebiotics. There is therefore, a need to establish clear criteria for classifying a food ingredient 

as prebiotic. Such Classification requires a scientific demonstration that the food component 

or ingredient is prebiotic. 

 

 
 Criteria for classifying a food ingredient as prebiotic : 

 
a. Resists digestion, absorption and adsorption predvertisement 

 
b. Fermented by the microflora colonising the gastrointestinal system of the host 

 
c. Selectively stimulates the growth and/or the activity of one or a limited number of bacteria 

within the gastrointestinal system of the host (Gibson et al 2004), 

d. Not metabolized by non-probiotic gut flora such as Bacteriodes sp. And Escherichia coli 

(Fedorak & Madsen, 2004). 

Although, the first two criteria may be satisfied by some biomolecules, the third and the forth 

criteria are difficult to fulfil. This requires a consideration of fermentable substrates in the 

human diet, availability for the microflora and selective metabolism. It needs anaerobic 

sampling followed. By reliable and quantitative microbial analysis of a wide variety of 

microbial genera i.e. total aerobes, total anaerobes, bacteroides, bifidobacterium, clostridium, 

enterobacteria, eubacterium and lactobacillus (Gibson, 2004). 
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 Benefits from prebiotics : 
 

1. Enhanced resistance to invading pathogens 
 

2. Improved bowel function 
 

3. Anticancer properties (colon) 
 

4. Lipid lowering action and beneficial for metabolic syndrome 
 

5. Improved Ca & Fe bioavailability, vitamin supply and osteoporosis management 
 
 
 

4. Probiotics : 
 

Probiotics, the live microorganisms, which when administered in adequate amounts confer 

several health benefits. These bacteria can also alleviate the symptoms of disease-related 

metabolic disorders. Table I gives the commonly used microorganisms as probiotics. 

Health benefits by probiotics : 
 

1. Providing nutrients and cofactors 
 

2. Successfully competing with pathogens 
 

3. Stimulating host immune responses by producing specific polysaccharides. 
 

4. Managing lactose intolerance 
 

5. Prevention of colon cancer 
 

6. Lowering cholesterol 
 

7. Lowering blood pressure 
 

8. Improving immune function and preventing infections 
 

9. Reducing inflammation 
 

10. Improving mineral absorption prevents harmful bacterial growth under stress 
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Table- 
 

Lactobacillus acidophilus Lactobacillus delbrueckii Bifidobacterium bifidum 

Lactobacillus casei Lactobacillus helviticus 
Befidobacterium brevie 

Lactobacillus lactis Lactobacillus rhamnosus 
Bifidobacterium longum 

Sacharromyces boulardii  
Lactobacillus plantarum 

 
Enterococcus faecalis 

 
Lactobacillus fermentum 

 
Streptococcus thermophilus 

 

 
 

5. Prebiotics vs. Probiotics 
 

Prebiotics are the fibre type of ingredients, which trigger the growth of bacteria having 

favourable effects on the intestinal flora. Probiotics, however, are live micro-organisms 

contained in the food we eat. They remain intact throughout the digestive process and reach 

the large intestine. Some of the effects of prebiotics are indirect l.e. through the action of 

probiotics while some effects are direct. Both sets of benefits are valuable for our health 

wellness and can act symbiotically to provide numerous health benefits. 

Since prebiotics are non-digestible fibre components of food, unlike live organisms of probiotic 

Preparations, they have lower risk of degradation and allergic reactions or problems of 

intolerance than probiotics. Prebiotic consumption without sufficient presence of healthy 

bacteria may not give favourable results and probiotic supplements without sufficient amounts 

of prebiotics as the substrates may not show fruitful outcomes. In fact, the benefits of 

consuming both prebiotics and probiotics are so strong that synbiotic products (products in 

which both a probiotic and a prebiotic are combined) are being developed as functional foods. 

(Nomoto 2005) 
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2. REVIEW OF LETERATURE: 
 

Non-digestible food elements called prebiotics encourage the formation of lactic acid and 

bifidogenic bacteria in the gastrointestinal system. Prebiotics are usually made up of dietary 

fibers and oligosaccharides. Prebiotics provide numerous benefits for your health, including 

The prebiotics lactulose and polydextose are considered established, while lactitol, 

xylooligosaccharides (XOS), and isomaltooligosaccharides (IMO) are considered developing. 

The xylooligosaccharides (XOS), arabinoxylooligosaccharides (AXOS), and inulin-derived 

from chicory roots (FOS) from wheat bran demonstrated significant applicability (Sabater- 

Molina et al. 2009; Femia et al. 2010; Xu et al. 2009). Raffinose, maltodextrin, mannitol, 

maltodextrin, raffinose, lactulose, and sorbitol are also prebiotics with proven health properties 

(Yeo and Liong 2010; Vamanu and Vamanu 2010; Mandal et al. 2009).Whole grains high in 

resistant starch are thought to be prebiotic by nature and to have numerous health advantages 

when consumed. In healthy people, they are not absorbed in the small intestine; instead, short- 

chain fatty acids (SCHFA) are produced through fermentation by the colon's natural microbiota 

(Vaidya and Sheth 2010). Dietary fibers such as fenugreek gum, flaxseed gum, and oat β- 

glucan are fermentable to SCFAs, which suggests that they could be used as prebiotics to 

improve human health (Lin et al. 2011). Recently, it has been shown that yeast cell wall 

material rich in mannan oligosaccharides is a beneficial prebiotic.An alarming rise in morbidity 

and mortality has been observed in the past few decades due to poor diet, tobacco use, and 

alcohol intake. A increasing number of consumers are looking up to companies that 

manufacture prebiotics due to the growth in cases of degenerative diseases, cancer, diabetes, 

heart disease, and chronic obesity. Prebiotic products are dominating the nutraceutical market, 

capitalising on the public passion for low-carb, high-fiber diets. Two health supplement 

ingredients that are becoming recognised as viable prebiotic agents are First Leaf (FL), which 

is made up of blackcurrant extract powder, lactoferrin, and lutein and was developed by Four 

Leaf Japan Co. Ltd. in Japan, and Cassis Anthomix 30 (CAM30), which is also made up of 

blackcurrant extract powder and was developed by Just the Berries Ltd. in New Zealand. Rats 

fed CAM30 and FL showed a considerable increase in population size.Additionally, it showed 

a decrease in β-glucuronidase activity and an increase in β-glucosidase activity. According to 

Molan et al. (2010), these health advantages could make these items an excellent source of 

probiotics. Following 20 days of supplementing human subjects with wheat germ preparation 

Viogerm®PB1, there was a significant drop in the coliform population and pH, as well as an 

increase in the number of lactobacilli and bifidobacteria. According to Matteuzzi et al. (2004), 
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these findings demonstrated that the product Viogerm®PB1 has a prebiotic effect and may 

enhance host health. Glover et al. (2009) assessed the impact of supplementing with matured 

gum arabic (Acacia (sen) SUPERGUMTM) on the systolic blood pressure of both normal 

individuals and patients with diabetic nephropathy. For eight to twelve weeks, administering 

25 g of SUPERGUMTM daily through diet had a notable positive impact.Pineiro et al. (2008) 

examined the advantages of prebiotics for food during a technical meeting called by the Food 

and Agriculture Organization of the United Nations (FAO). In order to ensure the safe use of 

prebiotics, a team of international experts developed a systematic methodology, set guidelines, 

and suggested criteria. 

The current state of prebiotic research was to be summarized, and new prebiotic sources, 

production methods, and paths for future research were to be investigated by us. 
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3. MATERIALS AND METHODS: 

The present investigation was carried out during the year 2023-2024 in the Waghire college 

Saswad, in department of Microbiology, Savitribai Phule Pune university, on isolation and 

characterization of gut microflora obtain from newborn stool sample. The bacteria culture we 

tentatively identified upto genus level based on their morphological and biochemical 

characteristics. The selected isolate further examined for their ability to utilize prebiotic. 

 ISOLATION AND CHARACTERIZATION OF LAB : 
 

 GLASSWARE AND APPARATUS- 
 

All the glassware used in this study are clean with, 70% ethanol, before use sterilization of 

glassware and other apparatus were carried out by autoclaving at 121°c for 15 minutes. 

 COLLECTION OF SAMPLE 
 

Newborn baby stool sample where collected from Chintamani Hospital's maternity ward of a 

5 day old baby .The sample were randomly collect in a pack in sterile container and 

transporated immediately to laboratory and stored at 12-14°c for further study. 

 ISOLATION : 
 

De Man Rogosa Sharp is a selective media used for LAB. The MRS agar and MRS broth were 

used for isolation , enrichment, cultivation of Lactobacillus species 

For enrichment : Aprrox. 2gm newborn stool sample inoculated directly into the sterile 100 

ml MRS broth,with 5 ml of mother milk as a complementary ingredient. 
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Procedure: 
 

Then incubated broth at 37o C for 48 hours, in an anaerobic atmosphere. 
 

 
After 48 hours enriched broth is used for isolation. 

 

 
A loopful of enriched broth is taken and streaked on sterile MRS agar plate by four quadrant 

method. 
 

 
Then plates are incubated for 37o C for 48 hours. 

 

 
After 48 hrs morphological characteristics are noted and characterization is proceed. 
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 IDENTIFICATION OF LAB 
 

Selected isolates were examined from the colony morphology , cell shape and Gram character 

as per standard procedure. 

GRAM STAINING : 
 

Isolated bacteria were examined microscopically for cellular morphology and Gram stain 

phenotypes. The gram stain involves applying a sample inoculum onto a glass slide and 

allowing to dry. The slide is then treated with a special stain and examined under a microscope. 

Gram staining is a common technique used to differentiate two large groups of bacteria based 

on their different cell wall constituents. The gram stain procedure distinguishes between gram 

positive and gram negative groups by coloring these cells pink or violet. Gram positive bacteria 

stain violet and Gram negative is pink. 

 
 

 BACTERIAL ENDOSPORE STAINING: 
 

Bacterial endospores are metabolically inactive, highly resistant structure produced by some 

bacteria as a defensive strategy against unfavorable environmental condition. The bacteria can 

remain in this suspended state until conditions become favorable and they can germinate and 

return to their vegetative state. In this method, a primary stain-malachite green is forced into 

the spore by steaming the bacterial emulsion. Malachite green is water soluble and has a low 

affinity foe cellular material, so vegetative cells may be decolorized with water. Safranin is 

then applied to counterstain any cells which have been decolourized. At the end of staining 

process, vegetative cells will be pink, and endospore will be dark green. This is observed under 

microscope for visualization. 
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Biochemical Tests: 
 

The biochemical characterization of the isolate was essentially carried out as per the procedure 

given in Bergy's manual of Determinative, systemic bacteriology. Following tests are 

conducted, given detailed below : 

 

 
 OXIDASE TEST: 

 
The oxidase test detects the presence of a cytochrome oxidase system that will catalyse the 

transport of electron between electron donors in the bacteria and a redox dye-tetramethyle-P- 

phenylene-diamine. The dye is reduced to deep purple colour. This test is used to assist in the 

identification of bacteria which produces the enzyme cytochrome oxidase. 

 CATALASE TEST: 
 

This test is used to identify organisms that produce the enzyme, catalase. This enzyme 

detoxifiers hydrogen peroxidase by breaking down it into water and oxygen gas. The bubbles 

resulting from production of oxygen gas clearly indicate a catalase positive result. 

MR-VP (METHYL RED – VOGES PROSKAUER TEST): 
 

These tests are based on the facts that bacteria can ferment glucose into mixed acids or butylene 

glycol. These tests are used to identification of certain fermentative bacteria. 

MR- When grown in a glucose containing medium, some bacteria, can produce large amounts 

of mixed acids such as acetic acid, formic acids or succinic acid from glucose fermentation. 

The amount of acid produced overcomes the buffering activity of the phosphate broth thereby 

rendering the PH of the medium acidic. This acidity is tested by using Methyl Red, a PH 

Indicator. MR reagent is an alcoholic solution of the methyl red dye, which remains red at a PH 

4.4 or below. However, the VP test detects an intermediate product, the acetyle methyl carbiinol 

(acetoin). Upon the addition of KOH, acetoin is oxidized to diacetyle,which then reacts with 

the guanidine group of arginine (contained in the pepton) to give rise to a red-coloured product. 
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 CARBOHYDRATE FERMENTATION TEST: 
 

The principle of carbohydrate fermentation states that the action of organism or carbohydrate 

substrate results in acidification of the medium, detected by a PH indicator dye . Carbohydrate 

fermentation is the process microorganisms use to produce energy. Most microorganisms 

convert glucose to pyruvate during glycolysis; however, some organisms use alternate 

pathways. A fermentation medium containing a single carbohydrate (glucose, lactose, sucrose, 

mannitol etc.) for fermentation. However, the medium also contains various PH indicators. In 

addition to a PH indicator to detect the production of acid from fermentation, a Durham tube is 

placed in each tube to capture gas produced by metabolism. The carbohydrate fermentation 

patterns shown by different organisms are useful in differentiating among bacterial groups or 

species. 

 

 
 GELATIN HYDROLYSIS TEST: 

 
This test is used to determine the ability of an organism to produce extracellular proteolytic 

enzymes, gelatinase that hydrolyze gelatin. The presence of gelatinases is detected using a 

nutrient gelatin medium. This medium is a simple medium composed of gelatin, peptone and 

beef extract. When nutrient gelatin tube is stab-inoculated with a gelatinase positive organisms 

the secreted gelatinase will liquefy the gelatin, resulting in the liquefaction of the medium. 

While the gelatinase negative organisms do not secrete enzyme and do not liquefy the medium. 
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 NITRATE REDUCTION TEST: 
 

This test determines the production of an enzyme called nitrate reductase, which results in the 

reduction of nitrate(NO3). Bacterial species may be differentiated on the basis of their ability 

to reduce nitrate to nitrite or nitrogenous gases. A heavy inoculum of test organism is incubated 

in a broth containing nitrate. The organisms capable of producing the nitrate reductase enzyme 

reduce the nitrate, present in the broth, to nitrite which may then be further reduced to nitric 

oxide, nitrous oxide, or nitrogen. The nitrate reduction test is based on the detection of nitrite 

and its ability to form a red compound when it react with sulfanilic acid to form a complex 

(nitrite-sulfanilic acid) which then reacts with a alpha-naphthaylamine to give a red precipitate 

which is a water-soluble azo dye. However, only when nitrate is present in the medium, red 

colour in the medium after addition of sulfanilic acid and alpha-naphthalyamine means only 

nitrite is not present in the medium. 

 

 
 SELECTION OF PLANT SAMPLES: 

 
For the study of prebiotic activity we selected five different types of plants. Tamarindus indica, 

Murraya koenigii, Moringa oleifera, Beta vulgaris and solanum tuberculum these plants were 

selected for study. These plants basically found in local areas in India. These plants locally 

called as tamarind tree, curry leaves tree, moringa tree, beetroot plant and potato plant. We 

were selected various parts of plants for study these are tamarind fruit, curry leaves, moringa 

leaves, beetroot and potato. 
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 EXTRACTION OF PLANT SAMPLES: 
 

Moringa oleifera leaves were purchased from Saswad vegetable market. 
 

The leaves were cleaned and air-dried for 3 days at 35°C. 
 

 
The dried leaves were grounded into a fine powder, mixed with distilled water (98°C) at a 

ratio of 1:9, and stored for 24 h at room temperature. 
 

 
The solution was filtered using a Whatman Filter Paper no. 1 to separate the leaves from the 

liquid solution. 
 

 
The solution was then frozen at -80°C and dried in a freeze dryer for 3 days until the solution 

turned to powder. 
 

 
The powder was stored at -20°C until further use. 

 
With some modifications this procedure is used for all samples. 
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 ANTIMICROBIAL ACTIVITY SCREENING: 
 

Antimicrobial activity screening is used for checking potential of extract to inhibit the growth 

of pathogenic microorganisms. Mueller Hinton agar plates were used for this assay. For 

antimicrobial activity screening we used five pathogenic strains. These strains are E.coli, 

Psuedomonas, S.aureus, S.typhi. These pathogenic microorganisms were taken from 

Microbiology Laboratory of Waghire College. Each of the bacterial solutions was adjusted to 

1.108 CFU/ml for further use. The antimicrobial activity of plant extract was investigated 

against pathogenic bacteria by observing the inhibitory zone. 

Agar well diffusion method: 
 

Agar well diffusion method is widely used to evaluate the antimicrobial activity of plants or 

microbial extracts . 
 

 
In this well-known procedure, agar plates are inoculated with a standardized inoculum of the 

test microorganism. 
 

 
Then, a hole with a diameter of 6 to 8 mm is punched aseptically with a sterile cork borer or 

a tip, and a volume (20–100 µL) of the antimicrobial agent or extract solution at desired 

concentration is introduced into the well. 
 

 
Then, agar plates are incubated under suitable conditions depending upon the test 

microorganism. 
 

 
The antimicrobial agent diffuses in the agar medium and inhibits the growth of the microbial 

strain tested . 
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 PREBIOTIC ACTIVITY SCREENING: 
 

Well diffusion method: 
 

Agar well diffusion method is widely used to evaluate the antimicrobial activity of plants or 

microbial extracts .With some modifications we performed well diffusion method for prebiotic 

activity. Here, enhancement of bacteria around the well is observed and not the zone of 

inhibition. 

MRS Agar plates are inoculated with a standardized inoculum of the test isolated LAB with 

spread plate method. 
 

 
A hole with a diameter of 6 to 8 mm is punched aseptically with a sterile cork borer or a tip. 

 

 
A volume (20–100 µL) of the extract solution at desired concentration is introduced into the 

well. 
 

 
Then, agar plates are incubated under suitable conditions depending upon the test 

microorganisms. 
 

 
The extract solution diffuses in the agar medium and enhance the growth of LAB. 
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MIC AND MBC TESTS: 
 

The MIC and MBC were determined using the broth dilution method previously described by 

Unegbu et al. (2020). 

Procedure: 
 

The extract was dissolved in broth to obtain the extract concentrations of 0, 5, 7.5, 10, 25, 50, 

75 and 100 mg/ml. 
 

 
Stock of LAB was transferred into a 10-ml broth containing various extract concentrations. 

 

 
One of each extract concentration was not inoculated with LAB and served as a negative 

control 

 
. 

 
LAB were incubated at 37°C for 24 h 

 

 
The lowest extract concentration that indicated no visual turbidity change was considered as 

the MIC. 
 

 
After the MIC was determined, 200 µl of bacteria visible bacterial growth were seeded on the 

MRS and incubated at 28°C for 24 h. 
 

 
The lowest extract concentration that exhibited no bacterial colony on the agar was 

considered as the MBC. 
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 CHROMATOGRAPHY : 
 

Thin layer chromatography is a process, for separating components of a mixture. 

Chromatography were performed for identification of the components for qualitative analysis. 

Solvent system are required, as Solvents are essential components of the mobile phase in liquid 

chromatography systems. They help to dissolve the sample and transport it through the 

stationary phase. 

Requirement - 
 
 
 

Solvent system used are : 
 

1.For curry leaves extract - 
 

Ethyl acetate : Methanol : Water (75:13.5:10 ratio ) 

2.For tamarind extract – 

Acetonitrile : Water (7.5:25 ratio) 

3.TLC sheet 

4.TLC chamber 

5.UV Chamber 

6. Developer - 40 % KOH 
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Procedure- 

 

Solvent system for respective extract are prepared in TLC chamber 
 

 
Sample spot is applied to the TLC sheet 

 

 
TLC sheet are placed in chamber containing solvent to elute. 

 

 
After the spot run to 3/4th , the sheet are removed from chamber. 

 

 
The spot were developed using developer 

 

 
Spot visualized under UV chamber. 

 
 
 

R. F value calculated using following formula and calculated value is compared with standard 

to identify the component. 

R. F. = Distance travelled by solute (cm) /Distance travelled by solvent (cm) 
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 PHYTOCHEMICAL ANALYSIS : 
 

The confirmatory qualitative phytochemical screening of plant extracts was performed to 

identify the main classes of compounds. Some of the significant phytochemicals are 

carotenoids, polyphenols, alkaloids, steroids and flavonoids. 

Following tests were performed – 
 
 
 

Libermann Test : 
 

It is a method of testing for phends. Phenols in concentrated sulphuric acid reacted with nitrite 

to give green to blue solution. Phenolic compounds inhibit enzymes associated with the 

development of human diseases. 2 mg of dry extract is dissolved in 2 ml of acetic acid. Then 

heated to boil, mixture cooled , followed by addition of 1ml conc. Sulphuric acid. Apperance 

of green colour represent a positive test. 

 

 
Wagner’s Test : 

 
Alkaloids are naturally occurring toxic amines produced by plants mainly as a defense 

mechanism to protect themselves against herbivores. The main toxic effects of alkaloids result 

in disturbances of the central nervous system, digestive processes, reproduction, and the 

immune system. Most alkaloids are precipitated from neutral or slightly acidic solution and 

give rise red -brown precipitate. 2ml extract was treated with Wagner’s reagent . 

 

 
Alkaline reagent Test : 

 
This test performed to detect presence of flavonoids in the extract. Flavonoids are secondary 

metabolites that are very abundant in plants. Flavonoids possess a number of medicinal benefits, 

including anticancer, antioxidant, anti-inflammatory properties. Two or three drops of sodium 

hydroxide were added to 2 ml of extract. Initially a deep yellow colour appeared, which is 

became colureless by adding few drops of HCL, indicating that flavonoids are present. 
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Salkowaski Test : 
 

This test performed for detect presence of cholesterol and other steroids. Upon treating a 

sample containing sterols with chloroform and highly concentrated sulfuric acid leads to a 

dehydration reaction and formation of new double bonds. 5ml extract taken into test tube, 

followed by additiin of chloroform 2ml This solution is treated with conc. Sulfuric acid A red 

colur layer indicates positive result. Extract solution at desired concentration is introduced into 

the well. Then, agar plates are incubated under suitable conditions depending upon the test 

microorganisms. The extract solution diffuses in the agar medium and enhance the growth of 

the microbial strain tested . 

 

 
 DETERMINATION OF REDUCING SUGAR IN THE EXTRACT: 

 
The Dinitrosalicylic acid (DNS) method is a colorimetric method that uses the redox reaction 

between the free carbonyl group (C=O) and 3, 5-dinitrosalicylic acid. When alkaline solution 

of 3, 5-dinitrosalicylic acid reacts with reducing sugars (e.g. Glucose, lactose...) it is converted 

into 3-amino-5-nitrosalicylic acid which produces orange red colour in the reaction mixture. 

Water is used up as a reactant and oxygen gas is released during the reaction. The intensity of 

the colour is measured at 540 nm in colorimeter. 

Materials used: 
 

1 Standard glucose solution (1 mg/ml) 
 

2 DNSA reagent 
 

3 Sodium potassium tartarate 

4 Test tubes 

5 Pipette 
 

6 Measuring cylinder 

7 Boiling water bath 
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Procedure: 
 

Seven test tubes are taken and marked properly. 
 

 
Standard sugar solution in the range of (0,0.1,0.2,0.3,0.4,0.6,0.8) are pipette out. 

 

 
1 ml DNS reagent is added to all the tubes. 

 

 
Volume made to 3 ml with distilled water. 

 

 
Similarly blank and test are prepared. All tubes placed in boiling water bath for 5 mins. 

 

 
Then, tubes are cooled and diluted, and volume made upto 10 ml. 

 

 
Readings are taken at 540 nm against blank. Graph are drawn. 



31  

 Total carbohydrate estimation by Phenol sulfuric acid method: 
 

100 mg glucose was taken in the test tube. To this added 5ml 2.5N HCl and boil on a water 

bath for 3 hrs to hydrolyse. Cooled to room temperature. To this added a sufficient quantity of 

solid sodium carbonate (Na₂CO₃) till effervescence ceases. It indicates complete neutralization 

and then filtererd and the volume is made up to 100ml. 

Procedure: 
 

Working standards are Pipette out in the series of test tube (0.2,0.4,0.6,0.8,1ml ). 
 

 
Then, 0.2 ml sample pipette out ,Volume is made up to 1ml with water. 

 

 
Blanks are setted with all reagents without sample . 

 

 
1ml phenol was added to each tube, to this 5ml 96% sulfuric acid was added and shaked 

well. 
 

 
After 10min the content is again shake and tubes are placed in a water bath at 25-30°C for 

20min. 
 

 
.In hot acidic medium glucose was dehydrated to hydroxymethyl furfural. 

 

 
This forms a green colored product with phenol. 

 

 
This colour intensity was measured at 490 nm. 



32  

Finally total amount of carbohydrate was calculated by using following formula. 
 

Total carbohydrate content % = x mg of glucose × 0.1 /100 
 
 
 
 

 
 Enzymatic digestion by Gastric Juice: 

 
Simulated human gastric juice was prepared by suspending the following chemicals in 1 L of 

deionised water: 8 g sodium chloride (NaCl), 0.2 g potassium chloride (KCl), 8.25 g 

disodium phosphate dihy- drate (Na2HPO4.2H2O), 14.35 g sodium hydrogen 

phosphate(NaHPO4), 0.1 g calcium chloride dihydrate (CaCl2.2H2O), and 0.18 g magnesium 

chloride hexahydrate (MgCl2.6H2O). 
 

 
The acidity levels of the gastric juice were adjusted to pH 1,2, 3, and 4 by using 5 M 

hydrochloric acid (HCl). 
 

 
One mL of the extracted sample was mixed with 1 mL of Simulated human gastric juices of 

various pH and incubated in a water bath at 37 ± 1°C for 5 hours. 
 

 
After incubation, one mL of the mixture was withdrawn and tested for final reducing sugar 

content (Section 2.6.2). 
 

 
The contents of total carbohydrate and reducing sugar of the extracted sample before the 

digestion process were also determined. 



 

 
 

4. RESULT AND DISCUSSION: 
 

Morphological characteristic and biochemical test : 

 

 Size Shape Colour Margin Consisten 

cy 

Elevation Opacity Gram 

character 

Motility  

0.2 mm Circular Milky 

white 

Regular Smooth Convex Opaque Gram 

positive 

rods 

Non- 

motile 

 

 
 
 
 
 
 

 

  

Colony morphology Gram Staining 
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BIOCHEMICAL TESTS: 
 
 
 
 

Sr.No. Biochemical test Observation Result 

1. Oxidase test No purple colur observed. Negative 

2. Catalase Test Bubbles are not form Negative 

3. Methyl red test Colour change yellow to red. Positive 

4. Voges Proskaur Test Colur change yellow to red. Positive 

5. 
Gelatin hydrolysis 

test 
Zone of clearance not observed. Negative. 

6. Nitrate reduction test Colur change is not observed. Negative 

 
 
 
 
 

Methyl red test Vogos proskaur test 
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CARBOHYDRATE FERMENTATION TEST : 
 
 
 
 

Sr. No. Sugars Observation Result 

1 Lactose Yellow colour changes to red. Positive 

2 Maltose No colour change Negative 

3 Dextrose Yellow colour changes to red. Positive 

4 Mannitol No colour change. Negative 

5 Sucrose Yellow colour changes to red. Positive 

 
 
 
 
 
 

 

 

Carbohydrate femermentation test observation 
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ANTIMICROBIAL ACTIVITY : 
 

For concentraion 30,50,70( μl) Five plant extract were investigated to evaluate their 

antibacterial activity against pathogenic bacteria including one strain of Gram positive bacteria 

(S. aureus) and three strains of Gram-negative bacteria (E. coli, Klebsiellas,& P. aeruginosa) 

using well diffusion method. Analysis of antibacterial activity of these plant extracts was noted 

in Table 1 and in Fig. 1. The results revealed that all plant extracts were potentially effective 

in inhibiting microbial growth of bacteria with variable potency. Tamarinus indica extract was 

the most effective inhibiting microbial growth of all tested pathogenic bacteria at concentration 

of 30,50,70(μg) . Out of dive sample only 2 sample of Tamarindus indica and Murraya koenigii 

extract was effective against both gram positive and gram-negative strains. 

 
 

Table for Tamarind extract 
 

 
Name of 
Pathogen 

Concentration of extract Positive 
control 

(Ampicillin 
50µl) 

 
Negative Control 
(Methanol 50µl) 

30µl 50µl 70µl 

S. aureus 10mm 15mm 25mm 27mm No inhibition 

Klebsiella 18mm 18mm 20mm 22mm No inhibition 

 
 

 
Table for Curry leaves extract 

 

Name of 
Pathogen 

Concentration of extract Positive control 
(Ampicillin 50µl) 

Negative Control 
(Methanol 50µl) 

30µl 50µl 70µl 

E.coli 14mm 15mm 15mm 17mm No inhibition 

S. aureus 15mm 18mm 20mm 22mm No inhibition 
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PREBIOTIC ACTIVITY : 
 

Prebiotic activity also checked by agar well diffusion method, Lactobacillus genus does not 

showed zone of inhibiton around the well , enhanced growth from lowest concentration is 

observed. So both extract, Tamarindus indica and Murraya koenigii act as prebiotic as they 

enhanced growth of probiotic bacteria and does not showed any inhibiton. These are observed 

in Figure. 

This study demonstrated that highest growth of Lactobacillus even at low extract concentration. 
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MIC AND MBC : 
 

As shown in fig. 3 ,the MIC of Murraya koenigii extract for Lactobacillus spp. was 50 mg 

/ml, and of Tamarindus indica was 25 mg /ml and the bacterium remained alive even at an 

extract concentration of 75 mg /ml. However both the extract showed increase in the growth 

with increased concentration, but also observed that even at lowest concentration i.e 5 mg /ml 

hace highest growth. 

Therefore, the extract inhibited growth of some pathogenic bacteria more effectively than that 

of Lactobacillus spp. Lactobacillus colonies were still observed on MRS at a extract 

concentration of 75 mg /ml. Thus both extract promoted growth of Lactobacillus but suppresed 

the growth of E. coli, P. aeroginosa, S. aureus, and Klebsiella . 

 
 
 
 
 
 

 
MIC of Curry leaves for LAB 
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MIC of Tamarind Extract Of LAB 
 

 
MBC of Curry leaves extract for LAB 
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MBC of Tamarind extract for LAB 
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PHYTOCHEMICAL TESTS: 
 

Following figures shows phytochemical tests observations of Murraya koenigii and 

Tamarindus indica extract and are noted in the table below. 

 

 

Wagner’s Test for Tamarind extract Wagner’s Test for Curry leaves 
 

 

Salkowaski’s test for Tamarind Salkowaski’s test for Curry leaves 
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Shinoda’s Test for Curry leaves Shinoda’s Test for Tamarind 
 
 
 
 
 
 

 

Leibermann Test for curry leaves Leibermann Test for Tamarind 
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Table: 
 

Test Observation Result Conclusion 
Wagner Test 

1.Tamarind extract Reddish brown precipitate Positive 
Alcaloids groups 

Present 
2.Curry leaves extract 

No precipitate formed Negative 
Alcaloids groups 

Absent 
Salkowaski Test 

 
1. Tamarind extract 

Colour changes to reddish 
brown 

 
Positive 

Cholesterol and 
steroids groups are 

present 

2.Curry leaves extract Colour changes to reddish 
brown 

 
Positive 

Cholesterol and 
steroids groups are 

present 

Leibermann Test 

1. Tamarind extract Colour changes to green Positive 
Phenol groups are 

present 
2.Curry leaves extract Colour changes to green 

Positive 
Phenol groups are 

present 
Shinoda Test 

 
1. Tamarind extract 

Yellow colour become 
colourless by adding few drops 

of HCL 

Positive Flavanoid groups 
are present 

 
2. Curry leaves extract 

Yellow colour become 
colourless by adding few drops 

of HCL 

Positive Flavanoid groups 
are present 
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CHROMATOGRAPHY : 
 

From fig.4 Spot is observed under UV chamber. 
 
 
 

Calculation: 
 

1) For Murraya koenigii : 
 

R. F = Distance travelled by solute / Distance travelled by solvent 
 

=0.9/1.5 
 

=0.6 
 

By reffering standard reading from fig. It is corresponds to xylose respectively. 
 
 
 

2) For Tamarindus indica : 
 

=0.7/1.6 
 

= 0.44 
 

By reffering standard readings this value correspond to the value of glucose. 
 

By using standard reading Murraya koenigii showed presence of xylose sugar. And 

Tamarindus indica showes glucose. 

Therefore,both sample have presence of monosaccharides which are utilized by probiotic 

organism for their growth. 
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ESTIMATION OF REDUCING SUGAR CONTENT : 
 

DNSA method is utilized for estimation of reducing sugar content present in the sample before 

and after digestion with prepared gastric juice. 

Absorbance at 540 nm : 
 
 
 
 

Glucose 
concentration 

(ml) 

 
DNSA (ml 

 
Distilled water 

 
Sample 

 
Absorbance 

0 1 1  0.03 
0.1 1 0.9  0.04 
0.2 1 0.8  0.06 
0.4 1 0.6  0.09 
0.6 1 0.4  0.01 
0.8 1 0.2  0.15 

Tamarind extract 1 - 1 0.33 
Curry leaves 

extract 1 - 1 1.40 

Blank 1 1 - 0.0 
 
 
 
 

By plotting the absorbance value of sample in the standard curve the concentration of reducing 

sugar is calculated. 

The amount of reducing sugar present before digestion, in Tamarindus indica is 1.50 g /ml and 

Murraya koenigii is 0.88 g /ml 
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TOTAL CARBOHYDRATE CONTENT : 
 

Phenol sulfuric acid method were performed for total carbohydrate estimation. Absorbance is 

taken at 490nm . Graph plotted for standard. 

Absorbance at 490nm 
 

Glucose 
concentra 
tion (ml) 

Distilled 
water 

Phenol 
(ml) 

Sulfuric 
acid (ml) 

Concentration 
(mg/ml) 

 
Absorbance 

0.2 0.8 1 5 0.020 0.208 
0.4 0.6 1 5 0.040 0.355 
0.6 0.4 1 5 0.060 0.418 
0.8 0.2 1 5 0.080 0.563 
1 0 1 5 0.10 0.65 

Blank 1 1 5 0 0.00 
Tamarind 

extract 
 1 5  2.26 

Curry 
leaves 

 1 5  1.41 

 
 
 
 

By using standard graph concentration of sample were determined. They are obtained as for 

curry leaves it is 0.0144 mg /ml and 0.0138 mg /ml for tamarind. So , total carbohydrate content 

was determined by using following formula: 

Total carbohydrate content % = x mg of glucose × 0.1 /100 
 
 
 

For curry leaves - 
 

Total carbohydrate content present in curry leaves is 14.4% 

For Tamarind extract - 

Total carbohydrate content present in tamarind extract is 13.8 %. 
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ENZYMATIC DIGESTION BY GASTRIC JUICE: 
 

At various pH enzymatic digestion is proceed 
 

Reducing sugar before digestion and after digestion with gastric juice is noted. It is found that 

sugar present in extract is reduced after digestion with gastric juice. 

 
 
 

Before Digestion Curry leaves extract Before Digestion Tamarind extract 
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After Digestion Extract of Curry leaves 
 
 
 
 

 
After Digestion Extract of Tamarind 
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Initial Sugar 

Content (mg/ml) 

Final Sugar Content 

After digestion 

(mg/ml) 

 
Total Carbohydrate 

Content (%) 

PH 1 PH 2 PH 3 PH 4 

1)Curry leaves Extract 

0.88g/ml 
0.13 0.68 0.2 0.2 13.8% 

2)Tamarind Extract 

1.59g/ml 
0.13 0.13 0.13 0.13 14.4% 
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5. APPENDIX: 
 

MRS agar composion- 
 

Peptone - 10 gm 

Yeast extract- 5 gm 

Meat extract - 10 gm 

Glucose - 20 gm 

Polysorbate - 1 gm 

Sodium acetate - 5 gm 

Magnesium sulfate - 0.1 gm 

Disodium phosphate - 2gm 

Mangnese sulfate - 0.05 gm 

Agar - 30 gm 

Final PH -5.5±0.2 at 25°C 
 
 

MRS broth composion- 
 

Peptone - 10 gm 

Yeast extract- 5 gm 

Meat extract - 10 gm 

Glucose - 20 gm 

Polysorbate - 1 gm 

Sodium acetate - 5 gm 

Magnesium sulfate - 0.1 gm 

Disodium phosphate - 2gm 

Mangnese sulfate - 0.05 gm 

D/W - 1000 ml 

Final PH - 5.5±0.2 at 25°C 



53  

Mueller Hinton agar composion- 

Beef extract - 2. 00 gm 

Acid hydrolysis casein -17. 00 gm 

Starch - 1.50gm 

D/W - 1000 ml 

PH - 7. 3 
 
 

Nitrate broth composion- 

Peptone - 0.25 gm 

Meat extract - 0.15 gm 

Potassium nitrate - 0.05 gm 

D/W - 50 ml 

PH - 7. 0 

Reagent - 

Sulfanilic acid 

Alpha Naphthamlmin 
 

 
Gelatinase media composion 

Gelatin - 0.1 gm 

Dipotassium phosphate - 0.15 gm 

Potassium phosphate - 0.05 

Agar - 2.5 gm 

Nutrient broth - 1.3 gm 

D/W - 100 ml 

PH - 6.8 
 
 

Reagent - mercuric chloride. 
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Carbohydrate fermentation broth- 

Peptone - 10 gm 

Beef extract - 1.0 gm 

Sodium chloride - 5. 0 gm 

Phenol red - 0.018 gm 

1% sugar 

D/W - 100 ml 
 

 
1 N NaOH - 0.4 gm sodium hydroxide in 50 ml D/W dissolve and make volume 100 ml. 

 

 
Standard glucose stock - 

0.25 0 mg glucose in 100 ml D/W. 

Working stock - 

Take 10 ml from standard stock and dilute with D/W and make volume 100 ml. 
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6. CONCLUSION: 
 

In this present study, moringa leaves, potato, beetroot, tamarind fruit and curry leaves were 

tested for these prebiotic ability against potential probiotic strain of LAB. Prebiotic activity 

screening describes the extend to which prebiotics can support the growth of LAB. Tamarind 

fruit and curry leaves has significantly higher prebiotic activity. Thus, tamarind fruit and curry 

leaves might be has high potential as new prebiotics. This study showed that LAB strain has 

ability to utilizes resistant starch from tamarind fruit and curry leaves as carbon source and can 

be another option as prebiotics. 
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INTRODUCTION 
. 

Multi-component reactions is a synthetic method in which three or more reactant react 

together to form a single product. MCRs also known as one pot synthesis [1]. The 

main advantage of these reaction is its simplicity and versatility of the experimental 

procedures and access to a wide range of products.  Formation of a new carbon- 

carbon bond is one of the most fundamental operation in organic chemistry.  

 Advantages of MCRs:  

1) Easy to carry out than the multistep synthesis, 

2) They are eco-friendly   

3) Chemo selectivity  

 4) Atom economy and step efficiency  

 5) Low waste generation etc. [2] 

As multi component reactions represent a powerful tool in the sustainable organic 

synthesis its complementary utilization with other green chemistry principles would 

bring organic chemist one step closer to ideal synthesis [3]. In multicomponent 

organic reaction, the catalyst that are needed must have the quantities of numerous 

active sites, nano range size, and a large surface area [4]. 
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Ferrites are the compounds with Iron (III) oxide Fe2O3 as their principle components 

[5]. Many ferrites are spinel with the formula AB2O4, where A and B represent 

various metal cations. Spinel ferrites consists of cubic closed – packed (fcc) oxides 

(O2-) with A cations occupying one eighth of the tetrahedral  holes and B cations 

occupying half of the octahedral holes – that is the inverse spinel structure .  

Spinel ferrite nanoparticles have attracted much attention because of their electronic, 

magnetic, and catalytic properties, all of which are different from those of their bulk 

counterparts. Among spinel ferrites, cobalt ferrite (CoFe2O4) has an inverse spinel 

structure in which, in the ideal state, all Co2+ ions are in B sites, and Fe3+ ions are 

equally distributed between A and B sites [6].   

The surface properties and catalytic activity of ferrospinels of nickel, cobalt, copper 

and their sulphated analogues are prepared by soft chemical methods at the room 

temperature coprecipitation route to yield samples with high surface areas [7]. 

The catalytic effectiveness of ferrites for many such reactions arises because of the 

ease with which iron can exchange its oxidation state between 2+ and 3+. Another 

important attribute of these materials, from commercial standpoint, is their stability 

under extremely reducing conditions, which is due to the spinel structure. Thus the 

reduction of Fe+3 to Fe+2 takes place without altering these lattice configurations so 

that upon re-oxidation, the original state is retained [11]. In contrast to the spinel 

ferrites, the catalyst Fe2O3 loses its activity as it is reduced to FeO and metallic iron. 

Magnetite iron oxide nanoparticles catalyst is that they can be easily separated using 

an external magnet, which achieves a simple separation of catalyst without filtration 

[12]. 
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The spinel ferrites are effective catalysts for number of industrial processes such as 

catalytic alkylation [10], combustion of methane [11], decomposition of alcohol and 

hydrogen peroxide and oxidative dehydrogenation of hydrocarbons [12-13]. These 

applications mainly depend upon the method of preparation [14].  

Acridine -1,8-dione and acridine derivatives are well known polyfunctionalized 1,4-

dihydropyridine (DHPs) . These derivatives of DHPs have an important ring skeleton 

and reported wide range of pharmaceutical and biological properties, including 

antitumor, antitubercular, antimalerial, antibacterial, antihypertensive, fungicidal, 

anticancer, anti-inflammatory and diabetes [15]. These derivatives are also 

commercially used as calcium channel blocker [16, 17]. Further, these compounds are 

useful for treatment of Angina pectoris, hypertension, Alziemer’s disease. Few of 

these compounds are used in numerous bioactive compound [18].  

1,8-Dioxo-decahydroacridines derivatives are using as dyes and also as 

photoinitiators. Furthermore, these derivatives have the applications in material 

science like semiconductors and in spectroscopy as luminescent agent [19]. Synthesis 

of acridine derivatives containing 1,4-dihydropyridines, involves the three component 

cyclocondensation reaction of 5,5-dimethyl-1,3-cyclohexanedione (Dimedone), 

aromatic aldehyde and various anilines .in presence of several catalysts .  

However, some of these reported methods for the synthesis of 1,8-

dioxodecahydroacridine have limitations such as low yields, unpleasant experimental 

procedure, reagents are expensive or the use of an excess of catalyst, generation of 

polluting effluents and prolonged reaction times. Therefore, there is scope for further 

innovation of methods with milder reaction conditions, short reaction times, increase 

in variation of the substituents in the components and better yields for the synthesis of 
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1,8-dioxodecahydroacridine, the discovery of new methodologies using new and 

efficient catalyst is highly desirable.  

Keeping the importance of 1,8-dioxodecahydroacridine derivatives we have decided 

to synthesize 1,8-dioxodecahydroacridine derivatives (4a-g) by one-pot three-

component reaction of dimedone (1), aromatic aldehyde (2) and p-Toluidine (3) using 

magnetically recoverable and reusable spinel cobalt ferrite catalyst synthesized by 

oxalate precursor method (Scheme-1). 
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Scheme 1: Synthesis of 1,8-dioxo-decahydroacridinederivatives (4a-g) from 

dimedone (1), aromatic aldehyde (2) and p-Toluidine (3) using cobalt ferrite catalyst 
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Results and Discussions  
 

 

Structural analysis of CoFeO4 spinel ferrite Catalyst: 

The IR spectrum (FTIR) of synthesised oxalate precursor [CoFe2(C2O4)3.2H2O] were 

recorded in the range of 400–800 cm-1 at room temperature and the obtained results 

are shown in Figure 1. The two peaks at 3404.25 cm-1 and 3343.52 cm-1 assigned to 

OH2 symmetric stretch and OH2 asymmetric stretching respectively. The strong single 

peak at 1640.85 cm-1 can be assigned to the >C=O stretching vibration. The two 

proximate peaks at 1373.24 and 1320.35 cm−1 are attributed to the C−O symmetric 

and asymmetric vibrations, respectively. The peak at 821 cm-1 is due to the O−C−O 

vibration. Another two IR peaks at 494.63 and 532.45 cm-1 are from the Fe−O 

stretching and Co−O stretching, respectively. 

Infrared absorption spectrum (FTIR) of calcinated cobalt ferrite were recorded in the 

range of 400–800 cm-1 at room temperature and the obtained results are shown in 

Figure 2. Two major IR absorption bands observed, the high wave number band v1 at 

591.13 cm-1 is assigned to the tetrahedral complexes, while the lower wave number v2 

at 425.36 cm-1 is assigned to the octahedral complexes. In the cobalt ferrite sample, 

the high wave number v1 represents the vibration of M2+
–O2- in the sub-lattice site A, 

while the lower wave number band v2 represents the trivalent metal–oxygen vibrations 

at the octahedral B-sites. The difference in v1 and v2 band positions is expected 

because of the difference in the M3+
–O2- distances for the octahedral and the 

tetrahedral sites [20]. 
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The XRD pattern of the calcinated at 600 oC cobalt ferrite sample presented in Figure 

3. All the peaks in the pattern are characteristic of cubic spinel cobalt ferrite CoFe2O4 

(JCPDS card#79-1744); however, the absence of extra peaks ensures the phase purity 

[20].  

The diffraction peaks corresponding to (220), (311), (222), (400), (422), (333) and 

(400) planes of cobalt spinel ferrite were ascribed. The average crystallite sizes of the 

produced cobalt ferrites for the most intense peak [(3 1 1) plane] were calculated from 

the XRD data using the Debye–Scherrer formula [21] and found 36.599 nm.  

The Lattice parameter ‘a’ was calculated by using XRD data the equation discussed 

elsewhere [21], a d N
, where, ‘a’ is lattice constant, ‘d’ is inter planer spacing 

and  2 2 2N h k l  
.  The calculated value of lattice parameter of cobalt ferrite 

is A = 8.365 Å, shows that the sample is to be cubic spinel structure. 

As it can be noted in SEM micrograph (Figure 4), calcinated CoFe2O4 nanoparticles 

prepared by the oxalate precursor method have a uniform, mono-disperse, and 

spherical/cubic structure with narrow particle size distribution. Very fine spherical 

CoFe2O4 particles with some extent of aggregation can be observed in the SEM 

pictures. 

Magnetic characterization of the particles was done using vibrating sample 

magnetometer (VSM). Hysteresis loop of calcinated cobalt ferrite shown in Figure 4. 

The saturation magnetization (MS) obtained at room temperature was found to be 

76.6947 emu/gm and remanent magnetization (Mr) was 42.4054 emu/gm, and 

coercivity (Hc) was 290.1552 Oe. The observed saturation magnetization (Ms) value 

for CoFe2O4 nanoparticles is 42.4054 emu/gm, which is lower than the reported value 
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for the bulk samples (80 emu/g), which is a consequence of superparamagnetic nature 

of the magnetic nanoparticles. 

Synthesis of 1,8-dioxo-decahydroacridine Derivatives:  

Synthesis of 1,8-dioxo-decahydroacridine derivatives (4a-g) by one-pot three-

component reaction of dimedone (1), aromatic aldehyde (2) and p-Toluidine (3) using 

magnetically recoverable and reusable spinel cobalt ferrite catalyst synthesized by 

oxalate precursor method (Scheme-1) for different aromatic aldehydes investigated. 

A mixture of dimedone (1) (20 mmol), aromatic aldehydes (2) (10 mmol) and p-

Toluidine (3) (10 mmol) dissolved in solvent (15 mL ethanol + 10 mL distilled water) 

in round bottom flask (capacity 50 mL), the cobalt ferrite catalysts (15 mol%) added 

and the reaction mixture was then heated under reflux. The completion of reaction 

was monitored using TLC, [solvent system Ethyl acetate: n-Hexane (3:7)].  

The catalyst removed by fixing the catalyst magnetically at the bottom of the flask 

with a strong magnet, after which the reaction mixture was taken off and cooled to 

room temperature. The reaction mixture was then filtered. The residue was then 

washed with ethanol + water mixture and the residue which is obtained was then 

dried. The product was purified by column chromatography. Then melting point 

recorded and, % yield was calculated. 

Initially the amount of ferrites (catalyst load) was optimized for model reaction (4a) 

using benzaldehyde. The catalyst was added in amounts of 0, 05, 10, 15 and 20 mol 

%. The results indicate that increase in amount of catalyst from 0 mol % to 15 mol % 

increases yield of reaction. When no catalyst was added (0 mol %) for model reaction 
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4a, there was only small amount (Yield 27 %) of product obtained after 160 min 

(Table 1). 

Table 1:  Optimization of reaction conditions and catalyst load (mol %) of cobalt 

ferrite nanoparticles for the synthesis of of 1,8-dioxo-decahydroacridine(4a). 

Entry Catalyst loading (mol %) Time (min) Yield of 4a, a % 

1 0 160 27:00 

2 05 20 89.65 

3 10 15 95.45 

4 15 15 96.02 

5 20 15 93.50 

a Hereinafter, isolated yield of pure product. 

The representative spectral data of 9-(4-(dimethylamino)phenyl)-3,3,6,6-

tetramethyl-10-(p-tolyl)-3,4,6,7,9,10-hexahydroacridine-1,8(2H,5H)-dione (4b) : 

m.p. 198 oC;  

IR (KBr): 3039.91 cm-1 (aromatic C-H stretching), 2958.64 cm-1 (aliphatic C-H 

stretching), 1719.17 cm-1 (C=O stretching), 1604.81 cm-1 (aromatic C=C stretching), 

1469.64 cm-1 (C-N stretching), 1148.96 cm-1 (C-C stretching) cm-1, 814.73 cm-1 

(aromatic C-H bending)  

1H NMR: (500 MHz, CDCl3): δ 1.093 (s, 6H, CMe); 1.224 (s, 6H, CMe); 2.320 (s, 

4H, CH2); 2.378 (s, 6H, CMe); 2.404 (s, 3H, CMe); 2.897 (s, 6H, NMe); 5.471 (s, 1H, 

CH); 6.650 (s, 2H, Ar-CH); 6.931 (s, 2H, Ar-CH); 6.951 (s, 2H, Ar-CH); 7.259 (s, 

2H, Ar-CH)
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To evaluate the generality of this approach, seven aromatic aldehydes were used 

under optimized conditions to obtain substituted 1,8-dioxo-decahydroacridine 4(a-g) 

(Scheme 1). As shown in Table 2, the reaction of aromatic aldehydes having electron-

withdrawing groups reacted very well at faster rate compared with aromatics 

aldehydes substituted with electron releasing groups to give 1,8-dioxo-

decahydroacridine. 

Catalyst reusability is of major concern in heterogeneous catalysis. The recovery and 

reusability of the catalyst was investigated in this reaction for model reaction (4a). 

The reaction was carried out using dimedone (1) (20 mmol), aromatic aldehydes (2) 

(10 mmol) and p-Toluidine (3) (10 mmol) dissolved in solvent (15 mL ethanol + 10 

mL distilled water) in round bottom flask (capacity 50 mL), the cobalt ferrite catalysts 

(10 mol%) added and the reaction mixture was then heated under reflux.The 

completion of reaction was monitored using TLC, [solvent system Ethyl acetate: n-

Hexane (3:7)].  

The catalyst removed by fixing the catalyst magnetically at the bottom of the flask 

with a strong magnet, after which the reaction mixture was taken off and cooled to 

room temperature. The solid catalyst washed twice with acetone and the fresh 

substrate was introduced into the flask, allowing the reaction to proceed for the next 

run. The catalyst was consecutively reused five times without any noticeable loss of 

its catalytic activity (Cycle number and yield of 4a: 1- 96.02  %; 2- 95.56 %; 3- 94.60 

%; 4- 93.20 %; 5- 92.75 %). These catalysts are highly magnetic therefore; they could 

be easily and almost completely separated by an external magnet which is of a great 

advantage for a heterogeneous catalyst. 
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The work-up of these reactions was very clean, the catalyst removed by fixing the 

catalyst magnetically at the bottom of the flask with a strong magnet, after which the 

reaction was taken off and cooled to room temperature. The reaction mixture was then 

filtered. The residue was then washed with ethanol + water mixture and the residue 

which is obtained was then dried. The catalyst is not only efficient but also mild and 

easy to handle. 
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Table 2:  Synthesis of 1,8-dioxo-decahydroacridinederivatives using CoFe2O4 

nanoparticles(4a-g). 

Entry 
Aromatic 
Aldehyde 

Product 
Time 
/ min 

Yielda / % M.P. 

 

 

1 

 

 

 

 

 
 

 4a 

 

 

25 

 

 

96.02 % 

 

 

210 0C 

2 

 

 

 

 

 

 

 

 
 

4b 
 

 

15 

 

97.63 % 

 

198 0C 
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Entry 
Aromatic 
Aldehyde 

Product 
Time 
/ min 

Yield / % M.P. 

3 

 

 

 

 

4c 

 

 

 

15 

 

 

 

96.36 % 

 

 

 

190 0C 

4 

 

 

  
4d 

 

 

 

 

 

 

 

15 

 

 

 

 

 

 

 

95.22 % 

 

 

 

 

 

 

 

260 0C 

 

5 

 

 

 

 

 

4e 

 

 

 

 

 

20 

 

 

 

 

 

95.92% 

 

 

 

 

 

256 0C 
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Entry 
Aromatic 
Aldehyde 

Product 
Time 
/ min 

Yield / % M.P. 

 

6 

 

 

 

 

 

4f 

 

 

 

 

 

 

 

25 

 

 

 

 

 

 

 

94.32 % 

 

 

 

 

 

 

 

196 0C 

7 

 

 

 

 

4g 

15 94.77% 240 0C 

a Hereinafter, isolated yield of pure product. 
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Experimental  

 

Preparation of CoFe2O4 ferrite catalyst:  

Nano spinel cobalt ferrite was synthesized by the oxalate precursor method [22]. 

Analytical reagent grade oxalic acid, cobalt sulphate and ferrous sulphate were used 

for synthesis. Stoichiometric amount of corresponding cobalt sulphate and ferrous 

sulphatedissolved in deionized water at 60 oC to obtain clear solution. Saturated 

oxalic acid solution added with continuous string till all metal sulphates converted in 

to metal oxalates, then the precipitate digested for half hour, washed with deionized 

water till free from sulphates (tested with barium chloride). The oxalate precursor 

precipitate filtered and dried at room temperature. The oxalate precursor’s calcinated 

at 600 C for four hours, gives final spinel cobalt ferrites. 

Characterization of Cobalt ferrite catalyst: 

The structural parameters investigated by X-ray diffraction Phillips-3710 X-ray 

diffractometer employed with Cu-K radiation (=1.5405Å) were used in the present 

study. The infrared spectra were recorded at room temperature using Perkin Elmer 

infrared spectrophotometer. Magnetic measurements carried at room temperature 

using vibrating sample magnetometer.  
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General Procedure for synthesis of 1,8-dioxo-decahydroacridine 
derivatives: 
 
 
A mixture of dimedone (1) (20 mmol), aromatic aldehydes (2) (10 mmol) and P- 

Toluidine (3) (10 mmol) dissolved in solvent (15 mL ethanol + 10 mL distilled water) in 

round bottom flask (capacity 50 mL), the cobalt ferrite catalysts (10 mol%) added and the 

reaction mixture was then heated under reflux. The completion of reaction was monitored 

using TLC, [solvent system Ethyl acetate: n-Hexane (3:7)].  

The catalyst removed by fixing the catalyst magnetically at the bottom of the flask with a 

strong magnet, after which the reaction mixture was taken off and cooled to room 

temperature. The reaction mixture was then filtered. The residue of 1,8-dioxo-

decahydroacridinederivatives 4a-g was then washed with ethanol + water mixture and the 

residue which is obtained was then dried. The product was purified by recrystallization 

using ethanol as a solvent. Then melting point recorded and, % yield was calculated.  

 

Characterization of 1,8-dioxo-decahydroacridine derivatives:  

Melting points are uncorrected. 1H-NMR spectra of representative derivative was 

recorded on BrukerAvance III HD NMR 500 MHz spectrometer. Chemical shifts are 

reported in δ units (ppm) relative to TMS as internal standard. The infrared spectra were 

recorded at room temperature using Perkin Elmer infrared spectrophotometer. All the 

reagents used were of AR grade and were used without further purification. 
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Conclusion 

 

In conclusion, spinel cobalt ferrite nanoparticles successfully synthesized by oxalate 

precursor method. XRD pattern and IR spectrum confirmed formation of single phase 

cubic spinel copper cerium ferrite. The average crystallite size is 36.599 nm and 

lattice constant is 8.365 Å. Nano spinel copper cerium ferrite nanoparticles is a 

readily synthesized, non-toxic, inexpensive, easily magnetically recoverable and 

efficient catalyst for the synthesis of 1,8-dioxo-decahydroacridine derivatives by the 

condensation of aromatic aldehydes with p-Toluidine and dimedone. The advantages 

offered by this method are short reaction times, ease of product isolation, and high 

yields. 
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Spectroscopic data and other 

relevant supporting data 

 

 

 

 

Figure 1: IR spectrum of Oxalate Precursor [CoFe2(C2O4)3.2H2O] 
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Figure 2: IR spectrum of CoFe2O4 catalyst 
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Figure 3: XRD patterns of calcinated CoFe2O4 catalyst 
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Figure 4: Hysteresis loop of calcinated CoFe2O4 catalyst 
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Figure 5: IR spectrum of 9-(4-(dimethylamino)phenyl)-3,3,6,6-tetramethyl-10-(p-tolyl)-

3,4,6,7,9,10-hexahydroacridine-1,8(2H,5H)-dione (4b) 
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Figure 5: 1HNMR spectrum of 9-(4-(dimethylamino)phenyl)-3,3,6,6-tetramethyl-10-(p-

tolyl)-3,4,6,7,9,10-hexahydroacridine-1,8(2H,5H)-dione (4b) 
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