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ABSTRACT 

To determine whether or not the plant extracts affecting biodegrading agents that 

normalize industrial effluent sample plants known as bionomalizers i.e. Carica 

papaya Linn., Moringa oliefera Lam. and Musa sapientum L. were taken into 

consideration through dose mortality against the stored grain pest Tribolium 

castaneum (Hbst.), cytotoxicity against the brine shrimp Artemia salina nauplii and 

antibacterial activity against the 9 bacterial isolates from the tannery effluent and 7 

certain other bacteria as laboratory test agents were done. Leaf, stem and roots of           

C. papaya; fruit, leaf, stem bark, stem wood, root bark and root wood of M. oliefera, 

and leaf, stem and roots of Mu. sapientum were extracted in petroleum ether, 

chloroform and methanol. 

For C. papaya extracts against T. castaneum beetles the dose mortality was done 

through residual film assay to yield the highest and the lowest mortality for the 

CH3OH extract of roots (LD50 0.114mg cm-2) and CHCl3 extracts of stem (LD50 

2.053mg cm-2) after 48h of exposure, while the CHCl3 extracts of leaf and root didn’t 

offer any mortality to the beetles. According to the intensity of activity observed 

through dose mortality test against the adult beetles the potentiality of the Pet.E., 

CHCl3 and CH3OH extracts could be arranged in a descending order: root (CH3OH) > 

stem (CH3OH) > leaf (CH3OH) > root (Pet.E.) > leaf (Pet.E.) > stem (Pet.E.) > stem 

(CHCl3) extract. For M. oliefera the highest and the lowest mortality have been 

observed for the CH3OH extract of root bark (LD50 0.276mg cm-2) and Pet.E. extract 

of root wood (LD50 0.629mg cm-2) after 48h of exposure. According to the intensity of 

activity observed through mortality of the adult beetles the potentiality of the Pet.E. 

and methanol extracts could be arranged in a descending order: root bark (CH3OH) > 

stem bark (CH3OH) > root bark (Pet.E.) > fruit (CH3OH) > root wood (CH3OH) > 

stem bark (Pet.E.) > stem wood (CH3OH) > root wood (Pet.E.) extract. For Mu. 

sapientum the highest and the lowest mortality have been observed for the CH3OH 

extract of stem (LD50 0.163mg cm-2) and Pet.E. extract of leaf (LD50 1.195mg cm-2) 

after 48h of exposure. According to the intensity of activity observed through 



 ix

mortality of the adult beetles the potentiality of the extracts could be arranged in a 

descending order: stem (CH3OH) > root (CH3OH) > leaf (CH3OH) > stem (Pet.E.) > 

root (Pet.E.) > leaf (Pet.E.) extract. 

For C. papaya against the A. salina nauplii the highest and the lowest mortality have 

been observed for the CHCl3 extract of leaf (LC50 1.326ppm) and CH3OH extracts of 

leaf (LC50 183.443ppm) after 24h of exposure. According to the intensity of activity 

observed through dose mortality test against the adult beetles the potentiality of the 

Pet.E., CHCl3 and CH3OH extracts could be arranged in a descending order: leaf 

(CHCl3) > root (CH3OH) > stem (CHCl3) > stem (Pet.E.) > stem (CH3OH) > root 

(CHCl3) > root (Pet.E.) > leaf (Pet.E.) > leaf (CH3OH) extract. For M. oliefera the 

highest and the lowest mortality have been observed from the CHCl3 extract of root 

bark (LC50 4.197ppm) and CH3OH extracts of fruit (LC50 234.246ppm) after 24h of 

exposure respectively. According to the intensity of activity observed through dose 

mortality test against the adult beetles the potentiality of the Pet.E., CHCl3 and 

CH3OH extracts could be arranged in a descending order: root bark (CHCl3) > root 

bark (CH3OH) > stem wood (CHCl3) > stem wood (CH3OH) > root wood (CHCl3) >  

stem wood (Pet.E.) > stem bark (CHCl3) > fruit (Pet.E.) > root bark (Pet.E.) > fruit 

(CHCl3) > root wood (Pet.E.) > fruit (CH3OH) > stem bark (CH3OH) > leaf (Pet.E.) > 

root wood (CH3OH) > leaf (CH3OH) extract. For Mu. sapientum the highest and the 

lowest mortality have been observed from the CH3OH extract of leaf bark (LC50 

22.991ppm) and Pet.E. extract of leaf (LC50 127.604ppm) after 24h of exposure. 

According to the intensity of activity observed through dose mortality test against the 

adult beetles the potentiality of the Pet.E., CHCl3 and CH3OH extracts could be 

arranged in a descending order: leaf (CH3OH) > leaf (CHCl3) > stem (CHCl3) > root 

(Pet.E.) > stem (Pet.E.) > root (CHCl3) > root (CH3OH) > stem (CH3OH) > leaf 

(Pet.E.) extract. 

Bacterial strains were isolated from tannery effluent. Fifteen colonies were screened 

from initial level of effluent on nutrient agar media. Out of fifteen colonies, nine 

isolates were selected for biochemical test and other studies. Selected isolates were: 

two isolates from sample 1 (isolate 1 and 2), four from sample 2 (isolate 3, 4, 5 and 6) 

and three from sample 3 (isolate 7, 8 and 9). The isolates were determined as                    
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1. Bacillus cereus, 2. Klebsiella oxytoca, 3. Staphylococcus aureus, 4. Escherichia 

coli (I), 5. Escherichia coli (II) 6. Citrobacter freundii, 7. Proteus vulgaris, 8. Bacillus 

subtilis, 9. Salmonella typhimurium. Physico–chemical characteristics of the tannery 

effluent were also determined along with the characterization of the found bacterial 

isolates.  

The Pet.E., CHCl3  and CH3OH extract of C. papaya (leaf, stem and root),M. oliefera 

(fruit, leaf, stem bark, stem wood, root bark and root wood) and Mu. sapientum (leaf, 

stem and root) were tested against 7 selected bacteria (2 Gram positive bacteria 

Bacillus subtilis, Staphylococccus aureus and 5 Gram negative bacteria Escherichia 

coli, Klebsiella pneumoniae, Salmonella enteritidis, Shigella flexneri and Shigella 

sonnei) to evaluate their antibacterial potential at a concentration of 200 and 400µg 

disc-1 along with a standard antibiotic, Ampicillin 10µg disc-1 and 9 isolates (from 

industrial effluent) to evaluate their antibacterial potential at a concentration of 400µg 

disc-1 along with a standard antibiotic, Kanamycin30µg disc-1. 

Among the C. papaya extracts the root extracts showed the highest antibacterial 

activity. Only the B. subtilis (roots/CHCl3 gave 20mm diam. for 400µg disc-1), K. 

pneumoniae (stem/CHCl3 gave 09mm in diam. for 400µg disc-1) and St. aureus 

(leaf/Pet.E. gave 09mm in diam, stem/CHCl3 gave 10mm in diam., roots/Pet.E. and 

CH3OH gave 15mm and 10mm in diam. respectively, while all the tests were for 

400µg disc-1) were responsive among the selected test bacteria. Among the M. 

oleifera extracts the stem wood extracts showed the highest antibacterial activity. 

Only the (fruit/Pet.E. and stem bark/CHCl3 both gave 09mm in diam. for 400µg disc-

1), K. pneumoniae (fruit and stem wood/CHCl3 gave 11 and 10mm in diam. both for 

400µg disc-1) and St. aureus (fruit/Pet.E. and CHCl3 gave 10mm and 09mm in diam., 

leaf/ Pet.E. gave 09mm in diam., and stem bark/Pet.E. and CH3OH gave 09 and 

10mm in diam. respectively, stem wood/Pet.E. and CH3OH gave 10 and 12mm in 

diam. respectively, root bark/Pet.E. and CHCl3 gave 11mm and 09mm in diam., and 

root wood/CHCl3 gave 10mm in diam., while all the tests were for 400µg disc-1) were 

responsive among the selected test bacteria. Among the Mu. sapientum extracts the 

root extracts showed the highest antibacterial activity. Only the St. aureus (stem and 

roots/Pet.E. gave 08mm and 10mm in diam., for 400µg disc-1) were responsive among 
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the selected test bacteria. According to the susceptibility test bacteria could be 

arranged in a descending order of St. aureus > B. subtilis > K. pneumoniae. 

The Pet.E., CHCl3  and CH3OH extract of C. papaya (leaf, stem and root),M. oliefera 

(fruit, leaf, stem bark, stem wood, root bark and root wood) and Mu. sapientum (leaf, 

stem and root) were tested against 9 isolates viz. 1. Bacillus cereus, 2. Klebsiella 

oxytoca, 3. Staphylococcus aureus, 4. Escherichia coli (I), 5. Escherichia coli (II), 

(for the iolates 4 and 5 the strains were different but determination was not done) 6. 

Citrobacter freundii, 7. Proteus vulgaris, 8. Bacillus subtilis, 9. Salmonella 

typhimurium. Among the 9 Isolates Isolate 8 B. subtilis was highly responsive to the 

Pet.E. and CHCl3 extracts of C. papaya stem (15 and 08mm), M. oliefera fruit (14 and 

09mm) and root bark (10 and 16mm), and Mu. sapientum root (10 and 10mm) 

respectively; to the Pet.E. extracts of C. papaya root (11mm), M. oliefera root wood 

(11mm), Mu. sapientum stem (10mm), and to the CHCl3 extract of M. oliefera stem 

bark (08mm). Next to the Isolate 8 it was Isolate 2 K. oxytoca responsive to the Pet.E. 

extract of C. papaya leaf (08mm), M. oliefera fruit (08mm), Mu. sapientum leaf 

(15mm) and root (10mm); and to the CHCl3 extract of C. papaya leaf (08mm), M. 

oliefera stem bark (08mm), stem wood (08mm) and root bark (08mm); followed by 

the Isolate 1 B. cereus which was responsive to the Pet.E. extracts of C. papaya stem 

(16mm), M. oliefera fruit (10mm) and Mu. sapientum stem (8mm) and root (10mm); 

this was followed by Isolate 3 St. aureus which was responsive to the Pet.E. extracts 

of C. papaya stem (10mm), M. oliefera fruit (13mm) and Mu. spaientum root (08mm) 

and again the CHCl3 extract of M. oliefera stem bark (08mm). This was followed by 

the Isolate 6 Citrobacter freundii where CHCl3 extract of C. papaya stem (08mm) and 

Pet.E. extract of Mu. sapientum leaf (10mm) were found responsive. Isolate 4 E. coli 

(I) and 5 E. coli (II) (but different strains) and 9 Sa. typhimurium show response 

against Pet.E. extract of C. papaya stem (08mm), M. oliefera fruit (08mm) and CHCl3 

extract of M. oliefera stem wood (09mm) respectively. According to the susceptibility 

test bacteria could be arranged in a descending order of B. subtilis > K. oxytoca > St. 

aureus = B. cereus > Citrobacter freundii > E. coli (I) = E. coli (II) = Sa. 

typhimurium. Isolate 7 P. vulgaris was not responsive to any of the 12 extracts of the 
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 Chapter 1  

INTRODUCTION 

1. General Introduction 
A plant is a bioreactor, since functionally it’s a synthetic laboratory that produces 

different biomolecules as metabolites. Common among these metabolites are 

compounds with protective action against insects, such as alkaloids, non-proteic amino 

acids, steroids, phenols, flavonoids, glycosids, glucosinolates, quinones, tannins and 

terpenoids. Since plants may contain hundreds or even thousands of metabolites, there 

is currently a resurgence of interest in the vegetable kingdom as a possible source of 

new lead compounds for introduction into the therapeutical screening programs 

(Hostettmann et al., 1995).  

Amongst the most promising of the natural products investigated to date are the 

metabolites. Although only about 10,000 secondary plant metabolites have been 

chemically identified, the total number of plant chemicals may exceed 400,000. There 

are a vast commucopia of defense chemicals, comprising repellents, feeding and 

oviposition deterrents, growth inhibitors, sterilants, toxicants, etc. (Champagne et al., 

1989). Plant derived materials or phytochemicals, which once formed the basis of pest 

control technology, are again being scrutinized for potentially useful products or as 

models for new classes of insecticides (Kubo and Nakanishi, 1978; Champagne et al., 

1989; Klocke, 1989; Nawrot and Harmatha, 1994). 

Massive use of these insecticides has had a long and difficult road because the earliest 

data gathering done by researchers among farmers and natives revealed a lot of 

practices based on superstition, which, when tested by scientific methods were not 

shown to be effective. After the World War II few plant and plant extracts replaced 

synthetic insecticides that had shown promising effects, and were of widespread use. 

When synthetic insecticides appeared in the 1940’s some people thought that botanical 

insecticides would disappear forever but problems like environmental contamination, 

residues in food and feed and pest resistance brought them back to the fore. There is no 
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1.1. Background information on the title plant species 
1.1.1. Carica papaya Linn. 

C. papaya (family: Caricaceae) is a tropical tree which is native to the tropics of the 

Americas but now widely cultivated in other tropical regions of the world, for its edible 

melon-like fruit, which is available throughout the year (Banerjee et al., 2006).  

1.1.1.1. Origin and geographical distribution  

Papaya is thought to have originated from Mexico and Central America. It was spread 

during the 16th century by the Spanish exploration from Central America to the Caribbean 

and the South East Asia. It is now widespread in the tropics in South America, Africa and 

Asia, and in the warm subtropics (Oceania) (Heuzé and Tran, 2012). It is grown 

worldwide in tropical and subtropical areas as a commercial crop, spreaded easily and 

become naturalized in many areas. 

1.1.1.2. Systematic position  

Kingdom: Plantae 

Division: Magnoliophyta 

Class: Magnoliopsida 

Subclass: Dilleniidae 

Order: Violales 

Family: Caricacea 

Genus: Carica 

Species: C. papaya Linn. 

The species includes perplexingly variable forms, sometimes classified as different 

varities of species. It has several synonyms, i.e.,  C. pinnatifada Heilborn, C. cubensis 

Solms-Laub., C. portorricensis Urban, C. peltata Hooker et Arnott, Papaya 

hermaphrodita Blanco, C. edulis Bojer, C. mamaya Vellozo, C. sativa Tuss., Carica 

Plate 1.1: C. papaya fruits on tree 
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flowers are considerably larger, on very short stalks, and often solitary in the leaf axils; 

they have five fleshy petals that are united toward the base and a large cylindrical or 

globose superior ovary that is crowned by five fan-shaped sessile stigmas. Most papaya 

trees bear male and female flowers on separate trees. There is no way of telling the sex 

until flowering. Some varieties are bisexual. Papaya is sensitive to salinity and frost, and 

does not tolerate water logging and flooding (Ecoport, 2009). 

1.1.1.4. Common and folkloric uses of C. papaya  

The fruits, leaves, and latex are used medicinally. Papain, a major compound in the fruit 

and latex has been used in brewing and wine making and the textile and tanning 

industries. It also has been reported that papaya leaf extract is used as a prophylaxis 

against malaria; Papain also is used to treat arthritis. The level of the compounds varies in 

the fruit, latex, leaves, and roots. Papain is also applied topically (in countries where it 

grows) for the treatment of cuts, rashes, stings and burns. Women in India, Bangladesh, 

Pakistan, Sri Lanka, and other countries have long used green papaya as a folk remedy 

for contraception and abortion.  

Papaya is a common man's fruit; available throughout the year in the tropics. It is referred 

to as the "medicine tree" or "melon of health". Papaya is filled with nutrients 

(Jackwheeler, 2003). Plants which are used for medicinal purposes are generally cheap 

and are best sources of pharmacologically active substances and are good resistance to 

bacterial activity (Basile et al., 1999). In general medicinal purposes, the plant is used 

tremendously. Whole C. papaya, i.e. its fruits, seeds, bark and leaves are used for 

treatment and curing many diseases. The edible portion of the fruit of C. papaya 

(pawpaw) contains both macro and micro minerals like Na, K, Ca, Mg, Fe, Cu, Zn and 

Mn (OECD, 2010). The plant is a source of carotenoides, vitamin C, thiamine, riboflavin, 

niacin, vitamin B6 and vitamin K (Bari et al., 2006; Adetuyi et al., 2008; USDA, 2009). 

The seed had recently been linked to cure sickle cell diseases (Imaga, et al., 2009), 

poisoning related renal disorder (Olagunju, et al., 2009) and as an anti-helminthes 

(Okeniyi et al., 2007).  
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Leaves contain large amounts of alkaloids, carpaine and pseudocarpine which creates 

positive effects on heart as well as on respiration (Perry and Metzger, 1980). The leaves 

of papaya have been shown to contain many active components that can increase the total 

antioxidant power in blood and reduce lipid peroxidation level, such as papain, 

chymopapain, cystatin, tocopherol, ascorbic acid, flavonoids, cyanogenic glucosides and 

glucosinolates. Leaf extract of C. papaya is well known as an anti-tumor agent (Walter 

Last, 2008). The papaya fruit, as well as all other parts of the plant, contain a milky juice 

in which an active principle known as papain is present. Aside from its value as a remedy 

in dyspepsia and kindred ailments, it has been utilized for the clarification of beer 

(Ayoola and Adeyeye, 2010).  

It contains medicinal properties and the major active ingredients recorded viz. carpine, 

chymopapain and papain, a bactericidal aglycone of glucotropaeolin, benzyl 

isothiocyanate, aglycoside sinigrin, theenzyme myrosin, and carpasemine (Akah et al., 

1997; Jackwheeler, 2003; Eno et al., 2000; Wilson et al., 2002; Seigler et al., 2002). 

Papaya plants are also produced for papain and chymopapain, two industrially important 

proteolytic enzymes found in the milky white latex exuded by fruits. In general, female 

fruits tend to exude more papain than hermaphrodite fruits. Papaya contains antifertility 

properties, particularly the seeds, (Lohiya et al., 1999). A complete loss of fertility has 

been reported in male rabbits, rats and monkey’s fed an extract of papaya seeds (Glazer 

and Smith, 1971; Lohiya et al., 1999; Pathak et al., 2000).  

1.1.2. Moringa oleifera Lam. 

Moringa oleifera is the most widely cultivated species of monogeneric family, the 

Moringaceae. It commonly known as the Drumstick tree. Moringa oleifera is the best 

known of the thirteen species in the genus Moringa. These are Moringa oleifera, M. 

arborea, M. borziana, M. concanensis, M. drouhardii, M. hildebrandtii, M. longituba, M. 

ovalifolia, M. peregrine, M. pygmaea, M. rivae, M. ruspoliana and M. stenopetala 

(Mahmood et al., 2010). 
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Saijan, Sohanjna in Pakistan; Ma-rum in Thai;  Shobhanjana in Sanskrit; Murangai, 

Murunga in Tamil.  

1.1.2.3. Morphological attributes  
Moringa is a slender softwood tree that branches freely and can be extremely fast 

growing. Although it can reach 3m heights in excess of 10m and a diameter of 20 to 

40cm at chest height, it is generally considered a small to medium size tree (Radovich, 

2009). The stem is normally straight but occasionally is poorly formed. The tree grows 

with a short, straight stem that reaches a height of 1.5 to 2m before it begins branching 

but can reach up to 3m (Foidl et al., 2001). It has deep roots, and therefore it can survive 

in dry regions, and wide-open crown with a single stem. The extended branches grow in a 

disorganized manner and the canopy is umbrella shaped. Tripinnate compound leaves are 

feathery with green to dark green elliptical leaflets 1 to 2cm (0.4 to 0.8in) long. The tree 

is often mistaken for a legume because of its leaves. The alternate, twice or thrice pinnate 

leaves grow mostly at the branch tips. They are 20 to 70cm long, grayish-downy when 

young, long petiole with 8 to10 pairs of pinnae each bearing two pairs of opposite, 

elliptic or obovate leaflets and one at the apex, 1 to 2cm long (Morton, 1991). 

Conspicuous, lightly fragrant flowers are borne on inflorescences 10 to 25cm (4 to 10in) 

long, and are generally white to cream colored, 2.5cm in diameter, borne in sprays, with 5 

at the top of the flower, although they can be tinged with pink in some varieties. The 

flowers, which are pleasantly fragrant and 2.5cm wide are produced profusely in axillary, 

drooping panicles 10 to 25cm long (Sachan et al., 2010). They are white or cream colored 

and yellow-dotted at the base. The five-reflexed sepals are linear-lanceolate. The five 

petals are slender-spatulate. They surround the five stamens and five staminodes and are 

reflexed except for the lowest. The fruits are trilobed capsules, and are frequently referred 

to as pods and fruits production in March and April.  

1.1.2.4. Common and folkloric uses of M. oleifera   

M. oleifera, commonly called the `drumstick tree`, is well known for its multi-purpose 

attributes, wide adaptability and case of establishment. Its leaves, pods and flowers are 
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packed with nutrients, important both human and animals. M. oleifera possess highly 

therapeutic and pharmacological values, so its consumption in regular diet could possibly 

reduce the risk of degenerative diseases (Paliwal et al., 2011c). M. oleifera is believed to 

possess numerous medical properties and is being used for the treatment of ascites, 

rheumatism (Anwar et al., 2007), venomous bites (Mishra et al., 2009), enhancing 

cardiac function (Limaye et al., 1995), inflammation (Ezeamuzie et al., 1996), liver 

disease (Rao and Misra, 1998), cancer, hematological, hepatic and renal function 

(Mazumder et al., 1999). Almost all the parts of this plant: root, bark, gum, leaf, fruit 

(pods), flowers, seed and seed oil have been used for various ailments in the indigenous 

medicine of South Asia, including the treatment of inflammation and infectious diseases 

along with cardiovascular, gastrointestinal, hematological and hepatorenal disorders 

(Paliwal et al., 2011b). 

Moringa has been used in the traditional 

medicine passed down for centuries in 

many cultures around the world, for skin 

infections, anaemia, anxiety, asthma, 

blackheads, blood impurities, bronchitis, 

catarrh, chest congestion, cholera, 

conjunctivitis, cough, diarrhoea, eye and 

ear infections, fever, glandular, swelling, 

headaches, abnormal blood pressure, 

hysteria, pain in joints, pimples, psoriasis, 

respiratory disorders, scurvy, semen 

deficiency, sore throat, sprain, 

tuberculosis, for intestinal worms, 

lactation ,diabetes and pregnancy (Nikkon 

et al., 2003). The healing properties of 

Moringa oil have been documented by 

ancient cultures.  

Plate 1.4: M. oleifera flowers and fruits ** 

** (http://commons.wikimedia.org/wiki/File:Moringa_oleifera_sg.jpg) 
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It has tremendous cosmetic value and is used in body and hair care as a moisturizer and 

skin conditioner. It has been used also in skin preparations and ointments since Egyptian 

times (Ramachandran et al., 1980; Sairam, 1999; Marcu, 2005). 

It is vata and kapha suppressant. Due to its hot potency it is helpful in relieving from pain 

and also reduces inflammation. It is also helpful in curbing the infection in the body. It is 

very much effective in stimulating the nervous system. Due to pungent taste it is effective 

in treating the digestive disorders, worm infestation, and constipation. It stimulates heart 

and also increases the blood density because of its hot potency. It is also a good 

antitussive and helps in resolving from extra mucus in the respiratory tract because of its 

bitter nature. Due to hot potency it is helpful in maintaining the proper menstrual cycle. It 

is also helpful in relieving from skin related problems as it generates sweat in the body. 

Its bark, roots, fruit, flowers, leaves, seeds, and gum are also used medicinally. Uses 

include as an antiseptic and in treating rheumatism, snake bites, and other conditions. 

Boiled leaves used to help increase lactation. Juice of the root with milk used for asthma, 

hiccups, gout, lumbago. In West Bengal, India, roots taken by women, especially 

prostitutes, for permanent contraception. The seed is often used to purify dirty or cloudy 

drinking water. In the Nile Valley, the name of the tree is `Shagara al Rauwaq` which 

means `tree for purifying` (Von Maydell, 1986). 

M. oleiferais an anti-pyretic (Fahey, 2005; Fisher, 2011), anti-inflammatory (Hukkeri et 

al., 2006; Holst, 2000; Sing and Kumar, 1999), and possesses a broad spectrum of anti-

bacterial, anti-fungal, anti-viral and antibiotic abilities, which may certainly lighten the 

load on the immune system (Caceres et al., 1992; Ezeamuzie et al., 1996). A Moringa 

dietary protocol makes perfect sense to combat the ravages of Lyme disease (Kjaer et al., 

1979; Kurup and Narasimha, 1954; Viera et al., 2010; Eilert et al., 1981; Jahn et al., 

1986; Das et al., 1957; Bennett et al., 2003; Fahey et al., 2001). According to Fuglie 

(1999) the many uses for Moringa include: alley cropping (biomass production), animal 

forage (leaves and treated seed-cake), biogas (from leaves), domestic cleaning agent 

(crushed leaves), blue dye (wood), fencing (living trees), fertilizer (seed-cake), foliar 

nutrient (juice expressed from the leaves), green manure (from leaves), gum (from tree 
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trunks), honey and sugar cane juice-clarifier (powdered seeds), honey (flower nectar), 

medicine (all plant parts), ornamental plantings, biopesticide (soil incorporation of leaves 

to prevent seedling damping off), pulp (wood), rope (bark), tannin for tanning hides (bark 

and gum), water purification (powdered seeds) (Adebayo et al., 2011). Various parts of 

this plant such as the leaves, roots, seed, bark, fruit, flowers and immature pods act as 

cardiac and circulatory stimulants, possess antitumor, antipyretic, antiepileptic, anti-

inflammatory (Kumar et al., 2009), antiulcer, antispasmodic, diuretic, antihypertensive, 

cholesterol lowering, antioxidant, antidiabetic, hepatoprotective, antibacterial and 

antifungal activities and are being employed for the treatment of different ailments in the 

indigenous system of medicine, particularly in South Asia (Anwar and Rashid, 2007; 

Anwar and Bhanger. 2003; Fakurazi et al., 2008; Paliwal et al., 2011a). It is generally 

known in the developing world as a vegetable, a medicinal plant and a source of 

vegetable oil (Bennett et al., 2003; Paliwal et al., 2011b). 

1.1.3. Musa sapientum L. 
Musa sapientum which is commonly called banana is a herbaceous plant of the family 

Musaceae. Akinyosoye (1991) reported that the plant is cultivated primarily for its fruits 

and to a lesser extent for the production of fibre. It is also believed to be an ornamental 

plant. 

1.1.3.1. Origin and geographical distribution  

In different countries about 300 varieties of bananas are grown, of which a vast majority 

have been growing in Asian, Indo- Malaysian and Australian tropics and are now widely 

found throughout the tropical and subtropical countries. India, Philippines, China, 

Ecuador, Brazil, Indonesia, Mexico, Costa Rica, Colombia, Thailand are the top banana 

producing countries. It is extensively grown and cultivated as a fruit plant all over 

Bangladesh.  

The banana grows almost everywhere in the country throughout the year. The principal 

banana growing areas however, are Rangamati, Barisal, Rangpur, Dinajpur, Noakhali, 

Faridpur and Khulna (Rahman and Kabir, 2003). 
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1.1.3.4. Common and folkloric uses of Mu. sapientum  

Medicinal plants are frequently used in traditional medicine to treat different diseases in 

different areas of the world (Palombo, 2005). This indigenous knowledge, passed down 

from generation to generation, has significantly contributed to the development of 

different traditional systems of medicine (Jachak and Saklani, 2007), as well as helped in 

exploration of different medicinal plants to find the scientific basis of their traditional 

uses.  

Young leaves of Mu. sapientum used for cool dressing of inflamed and blistered surfaces 

and as cool application for headaches. The trunk juice is applied to scalp for thinning 

hair. Cooked flower used for diabetes in India. Sap of the flower is used for ear-aches. In 

South-Western Nigeria, green fruits used for diabetes. The fruit of Mu. paradisiaca and 

Mu. sapientum is traditionally used in diarrhoea (unripe), dysentery, intestinallesions in 

ulcerative colitis, diabetes (unripe), in sprue, uremia, nephritis, gout, hypertension, 

cardiac disease (Ghani, 2003; Khare, 2007). M. spaientum is also used in the treatment of 

excess menstruation with Canna indica L. var. speciosa (Partha and Hossain, 2007). 

Banana leaves (ashes) are used in eczema (Okoli, 2007), as cool dressings for blister and 

burns (Ghani, 2003). Stem juice of fruited plant is used for treating diarrhoea, dysentery, 

cholera, otalgia, haemoptysis and flower is used in dysentery, diabetes and menorrhagia 

(Ghani, 2003). The root is used as anthelmintic (Khare, 2007), blood disorders, venereal 

diseases (Ghani, 2003). The plant is also used in inflammation, pain and snakebite (Coe 

and Anderson, 1999). 

Various researchers evaluated Mu. sapientum for its antidiarrhoeal activity (Block, 1941; 

Emery et al., 1997; Rabbani et al., 1999, 2001; Malik, et al., 1991), antiulcerogenie (Goel 

et al., 1985; Lewis et al., 1999), hypoglycemic activity (Ojewole and Adewunmi, 2003; 

Rai et al., 2009; Usha et al., 1989; Singh et al., 2007; Gomathy et al., 1990), antidiabetic 

(Pari and Maheswari, 1999; Usha et al., 1991), antitumoral and antimutagenic 

(Lohsoonthorn and  Danvivat, 1995; Deneo-Pellegrini et al., 1996; Murakami et al., 

1998; Botting et al., 1999),  antioxidant activity (Yin et al., 2008; Mokbel and Hashinaga, 
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2005; Vijayakumar et al. 2008), diuretic activity (Jain et al., 2007; Rizvi et al., 2011; 

Sood et al., 1985; Chodera et al., 1991), wound healing activity (Agarwal et al. 2009), 

anti-allergic activity (Tewtrakul et al., 2008) and have been also found to be effective in 

treatment of migraine (Guariso et al., 1993) and hypertension (Osim et al. 1990; Perfumi 

et al. 1994; Orie, 1997; Sarkar et al., 1999) antioxidant (Pari and Maheswari, 2000). 

1.2. Background information on the test organisms 
The whole project has been designed to carry on screening of the crude extracts of the 

test plant species on several test organisms for the detection of their biological activities 

by analyzing the data statistically that read on various parameters during the course of the 

work. The following test steps have been taken into consideration: 

1.2.1. Tribolium castaneum (Hbst.) 

The red flour beetle is Indo-Australian origin and is found in temperate region, but will 

survive the winter in protected places, especially where there is central heat (Tripathi et 

al., 2001). In the United States, it is found primarily in the southern states. T. castaneum 

is a worldwide and commonest stored pest of wheat-flour. It is commonly known as 

'Rust-red flour beetle'. It is an insect of the family Tenebrionidae under the order 

Coleoptera. It is one of the serious pests of stored products. Mouth-parts of this pest 

insect are not adapted to feed on hard whole grains and they are thus found in almost any 

kind of flour, cracked grains etc. The specific food of T. castaneum, which includes 

whole-wheat flour, bran, rice flour, cornmeal, barley flour and oatmeal. It also feeds upon 

dried fruits, dried plant roots, nuts, chocolates, drugs, snuff, cayenne pepper, pulses and 

prepared cereal foods such as corn flakes (Metcalf and Flint, 1962). Not only pulses and 

millets, but cereals are also been attacked by this beetle (Purthi and Singh, 1950). T. 

castaneum, attack meal, crackers, beans, spices, pasta, cake mix, dried pet food, dried 

flowers and even dried museum specimens (Via, 1999; Weston and Rattlingroud, 2000). 

Although small beetles, about ¼ of an inch long, the adults are long-lived and may live 

for more than three years. The red flour beetle is reddish-brown in color and its antennae 

end in a three-segmented club (Bousquet, 1990).  
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Table 1.1: Developmental rates of T. castaneum 

Rearing Temperature 30°C 34°C 

Egg 3 days 2 days 

Larva 20 days 15 days 

Pupa 4 days 3 days 

Reproductive Maturation  5 days 4 days 

Total time egg to egg 32 days 24 days 

The eggs are white, microscopic and often have bits of flour stuck to their surface. The 

slender larvae are creamy yellow to light brown in color. They have two dark pointed 

projections on the last body segment. The young larva is yellowish white and measures 1 

mm in length. As it matures, it turns reddish yellow, becomes hairy and measures over 6 

mm in length. Its head, appendages and the last abdominal segment are darker. The adult 

is a small reddish-brown beetle, measuring about 3.5mm in length and 1.2 mm in width. 

Its antennae are bent and bear a distinct club formed by the three enlarged terminal joints. 

The last antennal segment is transversely rounded. It was commonly found in the wild 

state in rotting wood and in loose bark of trees in India. This insect is now widely 

distributed all over the world mainly through commerce. The red flour beetle may be 

present in large numbers in infested grain, but are unable to attack sound or undamaged 

grain. Both the larva and adults cause damage. They are found in great numbers on 

infested materials and caused serious losses and considerable damage to flour and grains 

that have previously been attacked by other pests. Much of the damage done by T. 

castaneum is directly to kernels (germ and endoplasm). In case of severe infestation flour 

or other materials invaded may have a characteristics pungent odor as a result of the 

gaseous secretion exuded by the beetle. Such flour has an exceedingly low viscosity and 

its elasticity is markedly affected, which may cause gastric disturbance if used as food. In 
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severe infestation, the flour turn grayish and moldy and has a pungent, disagreeable odor 

making it unfit for human consumption (Good, 1936). 

 

 

 

 

 

 

 

 

 

 

 

Infested material will show many elongate reddish brown beetles, about 1/7 inch long 

crawling over the material when it is disturbed and brownish white (somewhat flattened) 

six-legged larval bedding on the inside of the grain kernels and crawling over the infested 

seeds. They are generally known among millers as “bran bugs”. T. castaneum 

contaminates more than they consume.  

According to Khan (1981) this contamination results from; 

                 -the presence of living or dead insects or insect parts; 

                 -cast exuviae, egg shell and pupal cases; 

                 -fecal and persistent odour; and 

                 -webbing of food. 

Plate 1.6: Life cycle of T. castaneum 

Adult Pupa 

Larva Eggs 
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Tribolium species are major pests of stored grains and grain products in the tropics. 

Control of these insects relies heavily on the use of synthetic insecticides and fumigants, 

which has led to problems such as disturbances of the environment, increasing costs of 

application, pest resurgence, pest resistance to pesticides and lethal effects on non-target 

organisms in addition to direct toxicity to users (Jembere et al., 1995). Thus, repellents, 

fumigants, feeding deterrents and insecticides of natural origin are rational alternatives to 

synthetic insecticides. 

1.2.2. Artemia salina (Brine shrimp) nauplii  

Brine shrimp lethality bioassay is a recent development in the bioassay for the bioactive 

compounds, which indicates cytotoxicity, as well as, a wide range of pharmacological 

activities (e.g. anticancer, antiviral, pesticidal, anti-AIDS, etc.) of the compounds. 

Bioactive compounds are almost always toxic in high doses. Pharmacology is simply 

toxicology at a lower dose or toxicology is simply pharmacology at a higher dose. Brine 

shrimp lethality bioassay is a bench top bioassay method for evaluating anticancer, anti-

microbial and pharmacological activities of natural products. Natural product extracts, 

fractions or pure compounds can be tested for their bioactivity by this method.  

Here in vivo lethality of a simple 

zoological organism (brine shrimp nauplii; 

Plate 1.6) is used as a convenient monitor 

for screening a fractionation in the 

discovery of new bioactive natural 

products. Generally, the median effective 

dose (ED50) values for cytotoxicity are one 

tenth (1/10) of median lethal dose (LC50) 

values in the brine shrimp test.  

  
Plate 1.7: A. salina nauplius 
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The A. salina belongs to a genus of very primordial crustacean (crawfish - crayfish) the 

Anostraca (Fairy Shrimps). Crawfish of this genus just have a divided exoskeleton made 

of Chitin enhanced protein, no usual crust of chitin (escutcheon) as other crawfish have. 

There are many species within the genus of Anostraca, but the A. salina are very nice to 

grow, since the rate of successful hatches is very high. To carry on toxicity tests of 

certain materials these nauplii are very easy to grow from its marketed cysts and to set 

experiments thereby. 

1.2.3. Agents for antimicrobial activity tests 

The combination of the genetic versatility of microbes and the widespread overuse of 

antibiotics has led to increasing clinical resistance of previously sensitive microorganisms 

and the emergence of previously uncommon infections. 

The principle of antimicrobial testing of plant extracts is based on the observation of the 

growth reduction of microorganisms after contact with plant tissues of extracts to be 

tested. So, it is very important to determine whether the crude extracts are active against 

various types of test organisms or not and thus a preliminary antibacterial screening of 

the crude extract was very much necessary. Therefore, screening was done against 

various pathogenic bacteria by disc diffusion assay method. The bacterial strains were 

cultured and used in the experiments carried out at the Microbiology Laboratory of the 

Institute of Environmental Sciences, University of Rajshahi, Rajshahi-6205, Bangladesh. 

Among the collected strains Escherichia coli, Klebsiella pneumoniae, Salmonella 

enteritidis, Shigella flexneri, Shigella sonnei were Gram negative and Bacillus subtilis, 

Staphylococcus aureus were Gram positive bacteria. 
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1.2.3.1. List of the test pathogenic bacteria 

Table 1.2: List of the test pathogenic bacteria and their pathogenicity. 

Gram-negative Bacteria 

Sl. 
No. Bacteria Pathogenicity 

1. Escherichia 

coli 

Most E. coli strains are harmless, but some serotypes are 

pathogenic and can cause serious food poisoning in humans, and 

are occasionally responsible for product recalls gastroenteritis, 

urinary tract infections, and neonatal meningitis. In rare cases, 

virulent strains are also responsible for haemolytic-uremic 

syndrome, peritonitis, mastitis, septicaemia and Gram-negative 

pneumonia. 

2. Klebsiella 

pneumoniae 

K. pneumoniae is a Gram-negative, non-motile, encapsulated, 

lactose-fermenting, facultative anaerobic, rod-shaped bacterium. 

Although found in the normal flora of the mouth, skin, and 

intestines (Ryan et al., 2004). It can cause destructive changes to 

human lungs if aspirated. 

3. Salmonella 

enteritidis 

Most cases of salmonellosis are caused by food infected with S. 

enteric. Secreted proteins are of major importance for the 

pathogenesis of infectious diseases caused by Salmonella 

enteritidis. A remarkable large number of fimbrial and non-

fimbrial adhesins are present in Salmonella, and mediate biofilm 

formation and contact to host cells. Secreted proteins are also 

involved in host cell invasion and intracellular proliferation, two 

hallmarks of Salmonella pathogenesis (Gerlach et al., 2009). 
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4. 

 

 

 

Shigella 

flexneri 

In humans and other primates, Shigella flexneri is responsible 

for causing an acute bloody diarrhea known as shigellosis or 

bacillary dysentery (Jin et al. 2002). Aside from bloody 

diarrhea, other symptoms include fever and stomach cramps. 

The bleeding is due to destruction of the intestines. The 

bacteria destroy the intestinal epithelium, then continue to 

break down the intestinal mucosa in the cecum and rectum 

(Clark and Maurelli, 2007). 

5. Shigella 

sonnei 

Shigella sonnei is a species of Shigella. Together with Shigella 

flexneri, it is responsible for 90% of shigellosis (Mims et al., 

1993). 

Gram-positive Bacteria 

6. Bacillus 

subtilis 

B. subtilis is only known to cause disease in severely 

immunocompromised patients, and can conversely be used as a 

probiotic in healthy individuals. It rarely causes food poisoning 

(Ryan et al., 2004).  

7. Staphylococcus 

aureus 

Wound infection, abscesses, endocarditis, septicaemia, 

osteomyelitis and food poisoning. 

1.3. Aims and objectives of the research work 
Quite a good number of plants have been identified and utilized for insecticidal and 

medicinal purpose till to date. But it is true that a large number of plants have still been 

untouched or less investigated from which significant results can be obtained to control 

the pest of crops and disease problems of human beings. C. papaya, M. oleifera and     

Mu. sapientum are such plants that have been studied phytochemically and studies have 

been done only on its medicinal properties, but in details works done till to date on its use 
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After development of multimedia techniques natural resources have been used to be 

the potential source for safe, biodegradable and more beneficial drugs, remedies or 

pesticides for a sustainable environment on the planet. Insects, mites, algae, or even 

micro-organisms have also been subjected to yield active compound in this regard. 

But plants are the most suitable source for such an interesting propagation in the field 

of pesticide technology while some plants in different parts of the world are 

considered toxic and some are used in the traditional medicine. Literature search on 

the title plants offered some essential openings on these species bears repellent, and 

toxicological properties which were subjected  by different researchers to go thorough 

screening with a view to develop natural non-hazardous biodegradable pesticides, 

bionormalizers, etc.  

2.1. Selection of plant materials 
In order to arrive at useful compounds in the shortest possible time, careful selection 

of plant material is obviously very important. Random collection is one method but it 

is more judicious to base the selection on certain criteria. By way of illustration, 

plants used in traditional medicine are more likely to provide pharmacologically 

active compounds (Huxtable, 1992). Similarly, folk use of toxic plants could be taken 

with desirable output. In case of very small plants, such as herbs, shrubs, grass, etc. 

normally the whole plant is subjected for extraction, because the distribution of 

constituents generally not vary too much. Being a large timber plant, the distribution 

of compounds in different parts of this plant is obviously different. The presence of 

constituents in the heart-wood may disappear in the leaves; similarly constituents in 

the roots may not be the same that present there in the fruits. 

In this proposition different parts of the test plants, (i) C. papaya leaves, stems and 

roots; (ii) M. oleifera  leaves, fruits, stem bark, stem wood, root bark, root wood, and 

(iii) Mu. sapientum leaves, stem and root have been collected for the detection of 
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toxic properties and bio-active constituents since the plants are well known as 

medicinal plants.  

2.1.1. Preparation of plant materials for extraction  
The fresh materials of C. papaya, M. oleifera and Mu. sapientum were collected from 

the campus of the University of Rajshahi and adjacent areas in the following way: 

C. papaya: After collection leaves and stem were cut into small pieces; roots were 

collected by digging up without damaging them and excess soil were removed 

without washing and cut into small pieces as thin as possible and spread out to dry 

without heaping the material together. It was done under the shade avoiding direct 

sunshine. 

 

 

M. oleifera: After collection the leaves were spread out to dry without heaping; fruits 

were picked up and cut into small pieces; after collection the stem bark and stem 

wood were separated from the stem and cut into small pieces as thin as possible. 

Roots were collected by digging up without damaging them and shake and brush 

away excess soil without washing. The root bark was collected by stripping out from 

Plate 2.1: Chopped parts of M. oliefera 

Root bark Root wood 

Stem bark Fruit 
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Plate 2.2: Shaking on the shaker 

Plate 2.4: Extracts in vials with proper labeling 

Plate 2.3: Filtration of extracts 



 
 
 
 
 
 
 

 
 
 

                                        

 

C. papaya 
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Pet.E.  
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CHCl3 CH3OH 

CLC CLM CRP 
 

Pet.E.  CHCl3 CH3OH 
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Fig. 2.1: Schematic diagram of extracts collection of C. papaya (leaves, stems 
and roots) by different solvents 
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Fig. 2.2: Schematic diagram of extracts collection of M. oleifera (leaves, fruits, stem bark, stem wood, root bark and root wood) by 
different solvents 
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Mu. sapientum 

Leaves Stems Roots 

MsSP 

 

Pet.E.  
 

CHCl3 
 

CH3OH 
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Pet.E
.  

CHCl3 CH3OH 
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Pet.E.  CHCl3 CH3OH 
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Fig. 2.3: Schematic diagram of extracts collection of Mu. sapientum (leaves, 
stems and roots) by different solvents 
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2.2. Bioassays for activity of the collected extracts 
Bioassays are typically conducted to measure the effects of a substance on a living 

organism and are essential in the development of new drugs. It involves a procedure by 

which the potency or the nature of a substance is estimated by studying its effects on 

living matter. Bioassays could involve the use of In Vivo systems, ex vivo systems or In 

Vitro systems.  

For the selection of bioassays to employ in research on plant constituents, the first step 

was to choose suitable target organisms. The complexity of the bioassay has to be 

designed as a function of the facilities and resources available. A list of bioassays taken 

in this investigation is shown in Table-2.1.  

Table 2.1:  A list of test agents used in different bioassays 

Types of tests Test agents 

1. Insecticidal 1. Tribolium castaneum (Hbst.) 

2. Cytotoxicity 2.  Artemia salina (L.) 

3. Antimicrobial (Antibacterial) 
3.  Seven pathogenic bacteria* 

4.  Nine isolates from industrial effluent* 

*Names given in Table 2.2 

2.2.1. Selection of test organisms 
T. castaneum was selected to carry on bioassay for insecticidal potentials of the 

extractives of C. papaya, M. oleifera and Mu. Sapientum. It was chosen only because it 

is an easy cultivable and noble laboratory insect. The life histories made this insect as 

popular choice as test insects for biological studies. For brine shrimp lethality test A. 

salina nauplii was selected, since it is being used in such cases as a model test agent. A 

number of bacteria were selected to carry out further efficiency tests of the extractives. 

2.2.1.1. Collection of test organisms 
Adult beetles of T. castaneum, used in the present investigation were taken from the 

stock cultures of the Crop Protection and Toxicology Laboratory, University of 
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Plate 2.6: Bioassay with plant extracts on A. salina nauplii by brine 
shrimp lethality test 

Nauplii hatching beaker  

Nauplius  
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observed. The number of survived nauplii in each test tube was counted and the results 

were noted. From this, percentages of mortality of brine shrimp nauplii were calculated. 

2.4.8. Analysis of data  
Data were analyzed statistically by Probit analysis as done previously in surface film 

test and here the dose-mortality relationship was expressed as the median lethal 

concentration (LC50).  

2.5. Selection of microorganisms for antibacterial test 
agents 

Antimicrobial activity can be detected by observing the growth response of various 

microorganisms to the different plant extracts or isolated compounds from them, which 

are placed in contact with them. Seven pathogenic bacteria were selected for the 

antibacterial activity test, two of which were gram positive and the remaining were 

gram negative. The bacterial strains used for this investigation are listed in the 

following Table 2.2. 

Sl. No. Gram negative Sl. No. Gram positive 

1 Escherichia coli 1 Bacillus subtilis 

2 Klebsiella pneumoniae  2 Staphylococcus aureus 

3 Salmonella enteritidis   

4 Shigella flexneri   

5 Shigella sonnei   

Nine isolates from the industrial effluents 

1 Escherichia coli I (Isolate 4) 1 Bacillus cereus (Isolate 1) 

2 Escherichia coli II (Isolate 5) 2 Bacillus subtilis (Isolate 8) 

3 Klebsiella oxytoca (Isolate 2) 3 Staphylococcus aureus (Isolate 3) 

4 Cytrobacter freundii (Isolate 6)   

5 Proteus vulgaris (Isolate 7)   

6 Salmonella typhimurium (Isolate 9)  
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2.6. Isolation and Identification of bacteria from 
industrial effluent  

2.6.1. Collection of effluent 
The tannery effluent samples were collected from Rayerbazar sluice gate area under 

Dhaka City Corporation (South) adjacent to Hazaribagh tannery during March, 2014. 

The samples were collected in bags for bacteriological analysis and sterile plastic 

container for waste water analysis and transported to the laboratory. We collected three 

samples viz. sample 1: behind the sluice gate point of 500m far (waste water), sample 2: 

sludge of adjacent sluice gate point and sample 3: sludge with water of adjacent sluice 

gate point.   

2.6.2. Physico-chemical analysis of effluent 
Physico-chemical analysis of water is the analysis of the physical and chemical 

properties of a sample of water, often to determine if the water is suitable for drinking 

or supporting aquatic life. 

The remaining physico-chemical parameters (pH; Electrical Conductivity, EC; Total 

Dissolved Solids, TDS; Biological Oxygen Demand, BOD; Chemical Oxygen Demand, 

COD; heavy metal ions) were determined as soon as the sample was brought to the 

laboratory. Analysis of different metal ions in the effluent sample was determined by 

Atomic Absorprion Spectrophotometer (AAS) as per the standard methods (APHA, 

2005). 

2.6.2.1. pH 
Measuring the pH for water analysis is an important physical parameter. The pH scale 

ranges from 0 to 14, with pure water at seven for neutral. If the water is under seven, 

that means there is acidic compound present. If it is above seven, there are alkalis 

present. 

2.6.2.2. Electrical Conductivity (EC) 
Electrical conductivity is used to measure water's ability to conduct an electrical 

current. Nutrients, minerals, metals and pollutants can affect this ability.  
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2.6.2.3. Total Dissolved Solids (TDS) 
Total dissolved solids (TDS) comprise inorganic salts and small amounts of organic 

matter that are dissolved in water. Many dissolved substances are undesirable in water. 

Dissolved minerals, gases and organic constituents may produce aesthetically 

displeasing colour, taste and odor. Some dissolved organic chemicals may deplete the 

dissolved oxygen in the receiving waters and some may be inert to biological oxidation, 

yet others have been identified as carcinogens.  

2.6.2.4. Biological Oxygen Demand (BOD) 
The biological oxygen demand determination is a chemical procedure for determining 

the amount of dissolved oxygen needed by aerobic organisms in a water body to break 

the organic materials present in the given water sample at certain temperature over 

specific period of time. 

2.6.2.5. Chemical Oxygen Demand (COD) 
The chemical oxygen demand (COD) test is commonly used to indirectly measure the 

amount of organic compounds in water. Most applications of COD determine the 

amount of organic pollutants found in surface water (e.g. lakes and rivers) or 

wastewater, making COD a useful measure of water quality. It is expressed in 

milligrams per liter (mg L-1) also referred to as ppm (parts per million), which indicates 

the mass of oxygen consumed per liter of solution. 

2.6.2.6. Fluoride 
Fluoride is considered to be one of the major ions of seawater. Fluoride is used in 

certain industrial processes and consequently occurs in the resulting wastewaters.  

2.6.2.7. Chloride 
Chloride anions are usually present in natural waters. A high concentration occurs in 

waters that have been in contact with chloride-containing geological formations. 

Otherwise, a high chloride content may indicate pollution by sewage or industrial 

wastes or by the intrusion of seawater or saline water into a freshwater body or aquifer.  

2.6.2.8. Nitrite 
Nitrite is an unstable, intermediate stage in the nitrogen cycle and is formed in water 

either by the oxidation of ammonia or by the reduction of nitrate. Thus, biochemical 
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processes can cause a rapid change in the nitrite concentration in a water sample. In 

natural waters nitrite is normally present only in low concentrations (a few tenths of a 

milligram per litre). Higher concentrations may be present in sewage and industrial 

wastes, in treated sewage effluents and in polluted waters. 

2.6.2.9. Nitrate 
Nitrates generally occur in trace quantities in surface waters but may attain high levels 

in some ground waters. Nitrite in water is either due to oxidation of ammonium 

compounds or due to reduction of nitrate. It can be toxic to certain aquatic organisms 

even at concentration of 1mg L-1. In excessive limits, it contributes to the illness known 

as methenoglobinemia in infants. 

2.6.2.10. Bromide 
Inorganic bromide is widely distributed in nature. Its natural physiological role in 

animal life is unknown. It was once used in sedatives and headache remedies like 

Bromo-Seltzer until it was withdrawn because of concerns about toxicity. When it 

shows up at elevated levels in freshwater, it is due to human activities.  

2.6.2.11. Phosphate 
Phosphate occurs in traces in many natural waters, and often in appreciable amounts 

during periods of low biologic productivity. Traces of phosphate increase the tendency 

of trouble some algae to grow in reservoirs. Waters receiving raw or treated sewage, 

agricultural drainage, and certain industrial waters normally contain significant 

concentrations of phosphate. Also phosphate is frequently added to domestic and 

industrial waters in various forms. Phosphate analyses are made primarily to control 

chemical dosage, or as a means of tracing flow of contamination. 

2.6.2.12. Sulphate 
Sulphate is an abundant ion in the earth’s crust and its concentration in water can range 

from a few milligrams to several thousand milligrams per litre. Industrial wastes and 

mine drainage may contain high concentrations of sulphate. Sulphate also results from 

the breakdown of sulphur-containing organic compounds. Sulphate is one of the least 

toxic anions. 
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2.6.2.13. Concentration of metal ions in effluent 
The presence of various heavy metals in industrial wastewaters is of serious concern 

because they are highly toxic, non-biodegradable, carcinogenic, and continuous 

deposition into receiving lakes, streams and other water sources within the vicinity 

causes bioaccumulation in the living organisms.  

Arsenic (As): Arsenic is an element used for several human activities. It is a very 

poisonous element; prolonged exposure to it or ingestion of small amounts can cause 

long term effects, such as cancer. In nature, as is present in the form of various 

minerals, such as arsenpyirite (FeAsS) and lollyngite (FeAs2). Leaks of these minerals 

into ground water can cause contamination. 

Chromium (Cr): Chromium is the most abundant element in Earth's crust. Chromium 

compounds are found in the environment, due to erosion of chromium-containing rocks 

and can be distributed by volcanic eruptions. In larger amounts and in different forms, 

chromium can be toxic and carcinogenic. The most prominent example of toxic 

chromium is hexavalent chromium (Cr(VI)). Abandoned chromium production sites 

often require environmental cleanup. 

Cadmium (Cd): Cadmium can mainly be found in the earth's crust. It always occurs in 

combination with zinc. Cadmium is an extremely toxic metal commonly found in 

industrial workplaces. Due to its low permissible exposure limit, overexposures may 

occur even in situations where trace quantities of cadmium are found. Cadmium is used 

extensively in electroplating, although the nature of the operation does not generally 

lead to overexposures. Cadmium is also found in some industrial paints and may 

represent a hazard when sprayed. Operations involving removal of cadmium paints by 

scraping or blasting may pose a significant hazard.  

Cobalt (Co): In nature, cobalt is frequently associated with nickel and both are 

characteristic components of meteoric iron. Free cobalt is not found in on Earth due to 

the amount of oxygen in the atmosphere and chlorine in the ocean. Oxygen and 

chlorine are abundant enough in the upper layers of the Earth's crust so as to make 

native metal cobalt formation extremely rare. It is one of the first transition metals. 

Small amounts of cobalt compounds are found in most rocks, soil, plants, and animals. 

Cobalt is the active center of coenzymes called cobalamins, the most common example 
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of which is vitamin B12. As such it is an essential trace dietary mineral for all animals. 

Cobalt in inorganic form is also an active nutrient for bacteria, algae and fungi.  

Copper (Cu): Copper is essential to all living organisms as a trace dietary mineral. 

Copper compounds are used as bacteriostatic substances, fungicides, and wood 

preservatives. Hazards and risks associated with copper: copper metal powder is a fire 

hazard. Unless known otherwise, all copper compounds should be regarded as toxic. 

Pollution from industrial smoke is a problem. 

Iron (Fe): Iron is an abundant element in the earth’s crust, but exists generally in minor 

concentrations in natural water systems. The form and solubility of iron in natural 

waters are strongly dependent upon the pH and the oxidation- reduction potential of the 

water. Iron is found in the +2 and +3 oxidation states. In a reducing environment, 

ferrous (+2) iron is relatively soluble. An increase in the oxidation-reduction potential 

of the water readily converts ferrous ions to ferric (+3) and allows ferric iron to 

hydrolyse and precipitate as hydrated ferric oxide. The precipitate is highly insoluble. 

Lead (Pb): Lead is also a hazardous element employed in many processes. Exposure or 

ingestion of lead can cause serious harm to the nervous system; young children seem 

particularly affected, as they may experience long-term effects, such as learning 

disabilities. In nature, lead is found in ores, such as galena (PbS), anglesite (PbSO4) and 

cerussite (PbCO3). Today, its main industrial application is in the production of 

batteries, especially for cars. Lead is also used in construction, due to its resistance to 

corrosion; some lead-based compounds are employed in the manufacturing of paints, 

and in many electronic devices. 

Manganese (Mn): Manganese also functions in the oxygen-evolving complex of 

photosynthetic plants. The element is a required trace mineral for all known living 

organisms. In larger amounts, and apparently with far greater activity by inhalation, it 

can cause a poisoning syndrome in mammals, with neurological damage which is 

sometimes irreversible. Manganese compounds are less toxic than those of other 

widespread metals. 

Nickel (Ni): Nickel is one of four elements that are ferromagnetic around room 

temperature. The metal is chiefly valuable in the modern world for the alloys it forms; 
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xi) Autoclave (HIRAYAMA) 

xii) Incubator (JEIO TECH, Model: IB- 01E, Korea) 

xiii) Refrigerator (SHARP, Ag+   Nano Deodoriger)  

xiv) Microwave oven 

xv) Mikrobiologie (Nutrient agar) Merck, Germany 

xvi) Different kinds of media and reagents 

xvii) Rectified spirit  

xviii) Ethanol (95%)  

xix) Vortex mixture 

xx) Nose mask and hand gloves 

xxi) Markers for labeling 

xxii) Racks and ice buckets 

xxiii) Waste containers 

 
Plate 2.7: Biological safety cabinet in BCSIR microbiology laboratory, Rajshahi 
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Chapter 3 

Results 

3.1. Bioassay on T. castaneum adults 
3.1.1. Effect of C. papaya extracts against T. castaneum adults by 

residual film assay 

The Pet.E., CHCl3 and CH3OH extracts of C. papaya leaf, stem and roots were tested 

against the adult beetles of T. castaneum through residual film assay. For the final 

application the doses were ranged between 4.076 to 0.127mg cm-2 where the test 

insects were released to observe mortality or any sort of behavioral changes due to the 

action of the extracts compared to their controls. To trace acute toxicity an 

observation of mortality was made after ½h of application of doses, followed by 12h 

of intervals up to 48h. The data was subjected to probit analysis and the results have 

been presented in Tables 3.1 to 3.2 and Appendix Tables I-XXXIV.  

The Pet.E. extract of C. papaya leaf, stem and roots showed mortality to the adult 

beetles of T. castaneum by giving the LD50 values 1.202, 0.956, 0.891, 0.750 and 

0.559mg cm-2; 1.636, 1.279, 0.980, 0.856 and 0.725mg cm-2; 2.336, 1.422, 0.853, 

0.634 and 0.532mg cm-2 for 6, 12, 24, 36 and 48h of exposure respectively. For the 

CHCl3 extracts of stem the LD50 values were 0.105, 4.745, 3.719, 2.759 and 2.053 mg 

cm-2 for 6, 12, 24, 36 and 48h of exposure respectively while, the CHCl3 extracts of 

leaf and root didn’t offer any mortality to the beetles. For the CH3OH extracts of leaf 

the LD50 values were 3.640, 1.562, 0.861, 0.607 and 0.419mg cm-2 for 6, 12, 24, 36 

and 48h of exposure respectively; followed by the stem and root extract with the LD50 

values 2.026, 0.945, 0.573, 0.343 and 0.274mg cm-2; 0.878, 0.414, 0.188, 0.129 and 

0.114mg cm-2 for the same exposure respectively.  

The highest and the lowest mortality have been observed for the CH3OH extract of 

root (LD50 0.114mg cm-2) and CHCl3 extracts of stem (LD50 2.053mg cm-2) after 48h 

of exposure respectively. Observation after ½h assured acute toxicity positively, 

however, the LD50 values was simply larger. 
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3.1.2. Effect of M. oliefera extracts against T. castaneum adults by 
residual film assay 

The Pet.E., CHCl3 and CH3OH extracts of M. oliefera fruit, leaf, stem bark, stem 

wood, root bark and root wood were tested against the adult beetles of T. castaneum 

through residual film assay. For the final application doses were ranged between 

2.038 to 0.764mg cm-2 where the test insects were released to observe mortality or 

any sort of behavioral changes due to the action of the extracts compared to their 

controls. To trace acute toxicity an observation of mortality was made after ½h of 

application of doses and followed by 12h intervals up to 48h. The data was subjected 

to probit analysis and the results have been presented in Tables 3.3 to 3.4 and 

Appendix Tables XXXV-LXXVII.  

The Pet.E. extract of M. oliefera stem bark, root bark and root woods showed 

mortality to the adult beetles of T. castaneum by giving the LD50 values 2.022, 1.055, 

0.812, 0.628 and 0.466mg cm-2; 0.812, 0.610, 0.536, 0.427 and 0.365mg cm-2; 3.142, 

2.041, 1.489, 0.983 and 0.629mg cm-2 for 6, 12, 24, 36 and 48h of exposure 

respectively. Root bark Pet.E. extract showed acute toxicity by giving LD50 1.888mg 

cm-2 after ½h of exposure. For the CH3OH extract of fruit, stem bark, stem wood, root 

bark and root wood the LD50 values were 0.859, 0.606, 0.436, 0.420 and 0.382mg cm-

2; 1.379, 0.786, 0.519, 0.392 and 0.308mg cm-2; 1.568, 1.350, 1.005, 0.691 and 

0.535mg cm-2; 0.757, 0.552, 0.403, 0.312 and 0.276mg cm-2; 1.017, 0.847, 0.617, 

0.474 and 0.393mg cm-2 for 6, 12, 24, 36 and 48h of exposure respectively. Fruit and 

stem wood CH3OH extract showed acute toxicity by giving LD50 2.754 and 5.044mg 

cm-2 after ½h of exposure respectively. The highest and the lowest mortality have been 

observed for the CH3OH extract of root bark (LD50 0.276mg cm-2) and Pet.E. extracts 

of root wood (LD50 0.629mg cm-2) after 48h of exposure respectively.  

To consider acute toxicity of the extracts a reading of data is made after ½h of 

exposure, and in this case the result was positive, while the LD50 values were 

comparatively larger. It is of course mentionable that the other test materials, viz. the 

Pet.E. extracts of fruit, leaf, stem wood; CHCl3 extracts of fruit, leaf, stem bark, stem 

wood, root bark, root wood and CH3OH extracts of the leaf of M. oliefera didn’t show 

any mortality against the adult beetles of T. castaneum.  
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3.1.3. Effect of Mu. sapientum extracts against T. castaneum adults by 
residual film assay 

The Pet.E., CHCl3 and CH3OH extracts of Mu. sapientum leaf, stem and roots were 

tested against the adult beetles of T. castaneum through residual film assay. For the 

final application doses were ranged between 2.038 to 0.127mg cm-2 where the test 

insects were released to observe mortality or any sort of behavioral changes due to the 

action of the extracts compared to their controls. To trace acute toxicity an 

observation of mortality was made after ½h of application of doses and followed by 

12h of intervals up to 48 hours. The data was subjected to probit analysis and the 

results have been presented in Tables 3.5 to 3.6 and Appendix Tables LXXVIII-CV.  

The Pet.E. extract of Mu. sapientum leaf, stem and roots showed mortality to the adult 

beetles of T. castaneum by giving the LD50 values 4.134, 2.865, 1.899, 1.489 and 

1.195mg cm-2; 1.282, 1.009, 0.814, 0.751 and 0.582mg cm-2; 2.359, 1.568, 1.177, 

0.849 and 0.718mg cm-2 for 6, 12, 24, 36 and 48h of exposure respectively. Pet.E. 

stem extracts showed acute toxicity by giving LD50 9.289mg cm-2 after ½h of 

exposure. For the CH3OH extract of leaf, stem and root the LD50 values were 3.018, 

1.804, 0.627 and 0.213 mg cm-2; 0.646, 0.318, 0.204 and 0.163mg cm-2; 1.935, 0.413, 

0.073 and 0.205mg cm-2 for 12, 24, 36 and 48h of exposure respectively. The highest 

and the lowest mortality have been observed for the CH3OH extract of stem (LD50 

0.163mg cm-2) and Pet.E. extracts of leaf (LD50 1.195mg cm-2) after 48h of exposure 

respectively.  

To consider acute toxicity of the extracts a reading of data was made after ½h of 

exposure, and in this case the result was positive, while the LD50 values were 

comparatively larger. It is of course mentionable that the other test materials, viz. the 

CHCl3 extracts of leaf, stem and roots of Mu. sapientum didn’t show any mortality 

against the adult beetles of T. castaneum.  

According to the intensity of activity observed through mortality of the adult beetles 

the potentiality of the extracts could be arranged in a descending order: stem 

(CH3OH) > root (CH3OH) > leaf (CH3OH) > stem (Pet.E.) > root (Pet.E.) > leaf 

(Pet.E.) extract. 
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3.2. Bioassay on A. salina nauplii 
3.2.1. Lethal effect of C. papaya extracts against A. salina 

nauplii 

The Pet.E., CHCl3 and CH3OH extracts of C. papaya leaf, stem and roots were tested 

against the one day aged A. salina nauplii through lethality assay. For the final 

application selected doses were ranged between 250 to 6.25ppm where the nauplii were 

released to observe lethality or any sort of behavioral changes due to the action of the 

extracts compared to their controls. Observation of mortality was made after 6h of 

application of the doses followed by 6h intervals up to 24h. The data was subjected to 

probit analysis and the results have been presented in Tables 3.7 to 3.8 and Appendix 

Tables CVI-CXXXIX.  

The Pet.E. extract of C. papaya leaf, stem and roots showed lethality to the A. salina 

nauplii by giving the LC50 values 4180.528, 1032.428, 363.954 and 102.701ppm; 

3173.579, 115.180, 44.033 and 17.230ppm; 472.900, 187.898, 78.891 and 52.268ppm  for 

6, 12, 18 and 24h of exposure respectively. For the CHCl3 extracts of leaf the LC50 values 

were 372.025, 98.248 and 1.326ppm for 12, 18 and 24h of exposure respectively; 

followed by the stem extract 129.233, 76.026, 37.335 and 14.689ppm for 6, 12, 18 and 

24h of exposure respectively; and also followed by the root extract 257.124, 156.739 and 

40.072ppm for 12, 18 and 24h of exposure respectively. For the CH3OH extract of leaf, 

stem and roots the LC50 values were 1370.555, 2665.86, 467.792 and 183.443ppm; 

72.337, 45.542, 31.059 and 29.593ppm; 33.176, 22.699, 20.559 and 14.402ppm for 6, 12, 

18 and 24h of exposures respectively. The highest and the lowest mortality have been 

observed for the CHCl3 extract of leaf (LC50 1.326ppm) and CH3OH extracts of leaf 

(LC50 183.443ppm) after 24h of exposure respectively.  

According to the intensity of activity observed through dose mortality test against the 

adult beetles the potentiality of the Pet.E., CHCl3 and CH3OH extracts could be arranged 

in a descending order: leaf (CHCl3) > root (CH3OH) > stem (CHCl3) > stem (Pet.E.) > 

stem (CH3OH) > root (CHCl3) > root (Pet.E.) > leaf (Pet.E.)  > leaf (CH3OH) extract. 
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3.2.2. Lethal effect of M. oliefera extracts against A. salina nauplii 

The Pet.E., CHCl3 and CH3OH extracts of M. oleifera fruit, leaf, stem bark, stem wood, 

root bark and root wood were tested against the one day aged A. salina nauplii through 

lethality assay. For the final application doses were ranged between 300 to 1.563ppm 

where the nauplii were released to observe lethality or any sort of behavioral changes due 

to action of the extracts compared to their controls. Observation of mortality was made 

after 6h of application of doses followed by 6h intervals up to 24h. The data was 

subjected to probit analysis and the results have been presented in Tables 3.9 to 3.11 and 

Appendix Tables CXL -CCI.  

The Pet.E. extract of M. oliefera fruit, leaf and root woods showed lethality to the A. 

salina nauplii by giving the LC50 values 81.213, 64.503, 61.055 and 58.228ppm; 562.916, 

264.065, 228.101 and 123.482ppm and 103.841, 101.871, 90.784 and 78.393ppm for 6, 

12, 18 and 24h of exposures respectively; followed by the stem wood and root bark 

extracts 72.589, 66.061 and 52.857ppm; 87.223, 76.028 and 68.485ppm for 12, 18 and 

24h of exposure respectively. For the CHCl3 extracts of fruit, stem bark, stem wood, root 

bark and root wood the LC50 values were 237.446, 128.977, 87.433 and 70.318ppm; 

83.813, 84.075, 65.847 and 54.301ppm; 55.125, 35.967, 31.297 and 24.774ppm; 131.175, 

85.637, 13.549 and 4.197ppm; 1075.790, 5437.378, 131.251 and 42.595ppm for 6, 12, 18 

and 24h of exposure respectively. For the CH3OH extract of fruit, leaf, stem bark, stem 

wood, root bark and root wood the LC50 values were 1871.084, 442.596, 174.437 and 

98.856ppm; 832.692, 491.176, 323.301 and 234.246ppm; 629.882, 351.887, 182.040 and 

110.484ppm; 1368.165, 644.586, 51.143 and 35.876ppm; 139.280, 87.429, 44.824 and 

24.119ppm; 3906.864, 941.192, 326.569 and 178.993ppm for 6, 12, 18 and 24h of 

exposure respectively. The highest and the lowest mortality have been observed for the 

CHCl3 extract of root bark (LC50 4.197ppm) and CH3OH extracts of leaf (LC50 

234.246ppm) after 24h of exposure respectively. 
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It is of course mentionable that the other test materials, viz. the Pet.E. extracts of stem 

bark didn’t show proper activity and CHCl3 extracts of M. oliefera leaf didn’t show any 

activity against the nauplii of A. salina. The Pet.E. extracts of M. oliefera stem bark was 

sticky and it could not dissolve in water properly.  

According to the intensity of activity observed through dose mortality test against the 

adult beetles the potentiality of the Pet.E., CHCl3 and CH3OH extracts could be arranged 

in a descending order: root bark (CHCl3) > root bark (CH3OH) > stem wood (CHCl3) > 

stem wood (CH3OH) > root wood (CHCl3) >  stem wood (Pet.E.) > stem bark (CHCl3) > 

fruit (Pet.E.) > root bark (Pet.E.) > fruit (CHCl3) > root wood (Pet.E.) > fruit (CH3OH) > 

stem bark (CH3OH) > leaf (Pet.E.) > root wood (CH3OH) > leaf (CH3OH) extract. 

. 
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3.2.3. Lethal effect of Mu. sapientum of extracts against A. 
salina nauplii 

The Pet.E., CHCl3 and CH3OH extracts of Mu. sapientum leaf, stem and roots were tested 

against the one day aged A. salina nauplii through lethality assay. For the final 

application doses were ranged between 200 to 6.25ppm where the nauplii were released 

to observe lethality or any sort of behavioral change due to the action of the extracts 

compared to their controls. Observation of mortality was made after 6h of application of 

the doses and followed by 12h of intervals up to 24h. The data was subjected to probit 

analysis and the results have been presented in Table 3.12 to 3.13 and Appendix Table 

CCII-CCXXXVII.  

The Pet.E. extract of Mu. sapientum leaf, stem and roots showed lethality to the A. salina 

nauplii by giving the LC50 values 451.924, 228.629, 186.776 and 127.604ppm; 156.611, 

82.246, 75.313 and 53.893ppm; 101.402, 72.270, 60.274 and 50.018ppm for 6, 12, 18 and 

24h of exposure respectively. For the CHCl3 extracts of leaf, stem and root the LC50 

values were 178.457, 69.203, 42.582 and 29.951ppm; 508.222, 177.202, 75.989 and 

37.456ppm; 85.551, 76.793, 63.219 and 55.624ppm for 6, 12, 18 and 24h of exposure 

respectively. For the CH3OH extract of leaf, stem and roots the LC50 values were 159.309, 

71.492, 36.238 and 22.991ppm; 218.929, 496.210, 444.961 and 117.196ppm; 136.148, 

121.240, 111.449 and 101.977ppm for 6, 12, 18 and 24h of exposure respectively. 

The highest and the lowest mortality have been observed for the CH3OH extract of leaf 

bark (LC50 22.991ppm) and Pet.E. extracts of leaf (LC50 127.604ppm) after 24h of 

exposure respectively. 

According to the intensity of activity observed through dose mortality test against the 

adult beetles the potentiality of the Pet.E., CHCl3 and CH3OH extracts could be arranged 

in a descending order: leaf (CH3OH) > leaf (CHCl3) > stem (CHCl3) > root (Pet.E.)  > 

stem (Pet.E.) > root (CHCl3) > root (CH3OH) > stem (CH3OH) > leaf (Pet.E.) extract. 
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3.3. Isolation of bacteria from industrial effluent  
Bacterial strains were isolated from industrial (tannery) effluent. Fifteen colonies were 

screened from initial level of effluent on nutrient agar media. Out of fifteen colonies, nine 

isolates were selected for biochemical test and other studies (Table 3.14a to 3.14b). From the 

selected isolates two isolates were from sample 1 (Isolate 1 and 2), four from sample 2 

(Isolate 3, 4, 5 and 6) and three from sample 3 (Isolate 7, 8 and 9). The rest of the isolates 

were rejected for their same colony characteristics. 

 

 
 
  

Isolate 1 Isolate 2 

Isolate 3 Isolate 4 

Plate 3.1a: Bacterial isolates found in the industrial effluent 



Chapter 3: RESULTS  86 
 

 
IES, RU 

 
 

 
 
 
 
 
 
 
 
  

Plate 3.1b: Bacterial isolates found in the industrial effluent 

Isolate 5 Isolate 6 

Isolate 7 

Isolate 9 

Isolate 8 
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Table 3.14a: Identification of bacterial isolates from industrial effluents  

Physiological and Biochemical Characteristics of bacterial isolates 

Name of test 
Sample 1 Sample 2 Sample 3 

Isolate 
1 

Isolate 
2 

Isolate 
3 

Isolate 
4 

Isolate 
5 

Isolate 
6 

Isolate 
7 

Isolate 
8 

Isolate 
9 

Physiological characters 
Gram strain +ve -ve +ve -ve -ve -ve -ve +ve -ve 

Morphology B B Co B B B B B B 

Arrangement  C S I/C S S S S C S 

Motility + - - + + + + + + 

Biochemical characters 

McConkey agar  -/- +/+ -/- +/+ +/+ +/+ +/- -/- +/- 

H2S production - - - - - - + - - 
Gelatin 
liquefaction + - + - - - - + - 

Citrate test + + - - - + - + - 

Urease test - - - - - - + - + 

Indole test - + - + + - + - - 

Methyl Red test - + + + + + + - + 
Voges-Proskauer 
test + + - - - - - + - 

Mannitol agar +/+ -/- +/- -/- -/- -/- -/- +/+ -/- 

Catalase test + + + - - + + + + 

Amaylase test + - - - - - - + - 

TSI Al/Al A/AG A/A A/AG A/AG A/AG 
A/A/ 
H2S 

A/Al Al/A/
H2S 

Type strain 
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ci
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s  
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ii 
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s  
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s 
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[Reading chart: +ve: Positive; -ve: Negative; A: Acid; AG: Acid/gas; Al: Alkaline; B: Bacilli; C: Chain;       
Co: Cocci; S: Single; On plates: +/+ Growth and fermentation; +/- Growth and no fermentation; -/- No growth; 
TSI: (Slant/Butt of tube); H2S: Hydrogen sulfide]  



Chapter 3: RESULTS  88 
 

 
IES, RU 

 

Table 3.14b: Identification of bacterial isolates from industrial effluents  

Acid production from carbohydrates by bacterial isolates 

Name of test 

Sample 1 Sample 2 Sample 3 

Isolate 
1 

Isolate 
2 

Isolate 
3 

Isolate 
4 

Isolate 
5 

Isolate 
6 

Isolate 
7 

Isolate 
8 

Isolate 
9 

Glucose + + + + + + + + + 

Lactose - + + + + + + - - 

Sucrose + + + + + - + + - 

Dextrose + + + + + + + + + 

Mannitol - + + + + + + - + 

Fructose + + + + + + + + + 

Arabinose + + - + + + - - + 

Cellobiose + + + + + + + + + 

Maltose - + + + + + + - + 

Xylose - + + + + + + - + 

Type strain 

Ba
ci

llu
s c
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eu

s 

K
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ca
 

St
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cc
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ur
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s 

E.
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I)
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[ + Acid produce; - No acid production ]

 
  



 

Plate 3.2: Gram staining (+ve)            Plate 3.3: Gram staining (-ve) 

 

              Plate 3.4: McConkey agar test                      Plate 3.5: Manitol salt agar test 

 
 
              Plate 3.6: Catalase test (-ve)                           Plate 3.7: Catalase test (+ve) 

Mc Conkey agar test 

No growth 

Grow 

Grow 

 + ve  (for bubbling)  - ve (for no bubble ) 

No growth 

Grow 

Manitol salt agar test 



 

 

Plate 3.8: Citrate test     Plate 3.9: Motility test 
 

 
 

 

Plate 3.10: Methyl-Red test        Plate 3.11: Voges-Proskauer test 
 

                     Citrate Test 

     -ve                   +ve 

Motility test 

-ve                      
     +ve 

Methyl-Red test 

        + ve              

            Control        

     -ve 

Voges-Proskauer test 

  Control      +ve         -ve 



 

 

 

Plate 3.12: Indole test         Plate 3.13: Urease test 

 

 

 

Plate 3.14: Gelatin lequification test            Plate 3.15: H2S production test 

 

 

 

  Uninoculated              

 

     +ve           -ve 

Urease test 

                 -ve      +ve  

          -ve      
                 

          +ve 

Gelatin lequification test 



 

 
 

Plate 3.16: Triple sugar iron test 

 
 

Plate 3.17: Carbohydrate fermentation test                                                              

                                                                                                                                                           
















































































































































































































































































