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ABSTRACT 

Mangroves are different kinds of trees and shrubs grow in saline coastal 

sediment habitats in the tropical and subtropical regions spanning to 118 

countries and territories. Mangrove forests are among the most productive and 

biologically important ecosystems of the world as they provide important and 

unique ecosystem goods and services to human society, coastal and marine 

systems. The forests help to stabilize shorelines and reduce the devastating 

impact of natural disasters such as tsunamis. The mangroves also provide 

breeding and nursing grounds for marine and pelagic species, food, medicine, 

fuel and building materials for local communities. In Pakistan, Indus delta 

constitute about 0.6 million hectares with a coastline of 250 km, about 129,000 

hectares comprise mangrove forests, mostly located in various pockets created 

by major and minor creeks. Presently four mangroves species Avicennia marina, 

Aegiceras corniculatum, Ceriops tagal and Rhizophora mucronata are growing 

in this area. Among these, A. marina occupies about 95-97% of mangrove trees 

of Indus delta.  

Mangroves are biochemically unique, producing a wide array of natural products 

which are biologically active antiviral, antibacterial and antifungal compounds. 

Mangrove plant extracts have been used for centuries for treating several health 

disorders like reducing blood pressures, treatment of leprosy and epilepsy. 

Antimicrobial, antioxidant and tissue culture studies have been conducted on 

different mangrove species in the world. A very little work has been reported on 

mangroves of Indus Delta but no any detailed report is published yet about tissue 

culture, antioxidants, phenolic acid and antimicrobial studies.  

The present study was proposed with defined objectives related to 

micropropagation, biochemical, phenolics, flavonoids, antioxidants and 

antimicrobial studies of local mangrove species growing in Indus Delta. Plant 

samples of four mangrove species were collected from Kati Bander and Shah 

Bander, district Thatta. Nodal stem sections were sterilized with bleach and 

inoculated on MS media containing various concentrations and combinations of 

ascorbic acid, activated charcoal, BAP, Kin and IAA. A. marina showed the 

highest shoot formation response (86%) with 2.40.1 shoots per nodal explant on 

MS medium supplemented with 3.0% sucrose, 100mg/L ascorbic acid, 6.0 g/L 
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activated charcoal, 0.5mg/L BAP, 1.0mg/L Kin and 0.25mg/L IAA while 82% 

microshoots were rooted with 2.160.1 average roots per microshoot, 27.55mm 

average root length in 23 days on MS medium supplemented with 1.0mg/L IBA. 

Micropropagated plantlets were successfully established in field at Jamshoro.  

Biochemical results revealed that protein and carbohydrate contents were higher 

in different parts in region II as compared to region I. The highest amounts of 

proteins (84.341.9mg/ml) in A. corniculatum leaf total sugars 

(118.654.5mg/ml) and reducing sugars (62.861.9mg/ml) were accumulated in 

leaves of A. marina of region II. Qualitative analysis confirmed that alkaloids, 

flavonoids, tannins, terpenoids, saponins and sterols are present in various parts 

of all mangrove species. Quantitative analysis showed that salt stressed 

mangrove plants of region I contained the increased amounts of phenolic acids, 

flavonoids and antioxidants as the highest amount of total phenolic acids 

(48.351.2 mg/ml), flavonoids (29.491.4 mg/ml) and total antioxidants 

(16.190.4 mg/ml) were accumulated from leaves of A. corniculatum of region I. 

Total chlorophyll and carotenoids in leaves of mangroves were affected with 

higher and lower temperatures in Jamshoro (region II). The highest amount of 

total chlorophyll contents (3.96  0.12 mg/g FW) was detected in A. marina of 

region II during the month of October. Chlorophyll a/b ratio was also decreased 

during October while increased during January and July. Carotenoids were 

significantly reduced during January while increased during October. The 

ethanol extracts of various parts of mangroves from both regions showed 

antibacterial response against S. aureus, E. coli and K. pneumoniae. All extracts 

of T1 (10% extracts) preparations showed a wide range of zones of inhibitions 

(3.00.65 to 16.50.2 mm) against tested bacterial species. 

In conclusion, four mangrove species were successfully micropropagated and 

established in the field in Jamshoro. Protein and carbohydrate contents were 

accumulated higher in mangroves of region I while phenolic acids, flavonoids 

and antioxidants were accumulated in higher amount in mangroves of Indus 

delta. Chlorophyll contents in leaves were affected due to low and higher 

temperatures. All mangrove species from both regions showed antibacterial 

response against S. aureus, E. coli and K. pneumoniae.   
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CHAPTER 1  

INTRODUCTION 

1.1 INTRODUCTION 

The coastline of Pakistan is about 1050 km long, with 350 km of Sindh and 700 

km of Baluchistan province. Indus delta is a typical fan shaped located in Sindh 

Province covers about 300 km long and 50 km wide area along the Arabian Sea 

from Pitiani Creek in the West to Sir Creek in the East on 67° 12′15″ to 68° 

13′00″ E and 23° 39′00″ to 24° 33′0.33″ N (Appendix – I). The delta built up by 

the discharge of large quantities of silt washed down the Indus River and 

experiences the highest wave energy among all river deltas in the world [1]. The 

Indus delta is ranked the 6th largest in the world, covers an area of 600,000 

hectares [2] and is characterized by 17 major and minor creeks covering an area 

of 160 thousand hectares and a large number of minor sandbars and mudflats [3-

6]. The Indus delta not only supports unique type of vegetation such as 

freshwater lagoons, creeks, marshes, mud, sand and salt flats but also rich in 

micro invertebrates, shrimp juveniles, birds, fishes, reptiles, mammals etc. 

Among vegetation, Mangroves are the most prominent flora of Indus delta. More 

than 135 thousand people depend on mangrove resources for their livelihoods  

[7]. 

Mangroves are a diverse group of trees that grow in intertidal tropical forests 

growing in 118 countries and territories in the world [8] and covers an area of 

over 18 million hectares [9]. About 42 % mangroves are found in Asia, 20% in 

Africa, 15% in North and Central America, 12% Oceania and 11% in South 

America [9]. Approximately 84 species in 39 genera of 26 families have been 

recognized as mangroves [10]. Pakistan is ranked to have 24th largest mangrove 

forest of the world and only Indus delta contains 97% of mangroves forests. In 

Pakistan eight species of mangrove species of five families have been reported 

[11, 12] but only four species are surviving [9].  

Mangroves are described as ‘tidal forests’ ‘mangals’ ‘Coastal woodlands’ and 

‘mangrove forests’ which are the characteristics breaker zone plants makings of 



 

 

2 

 

protection tropical and sub-tropical shorelines [10, 13, 14]. The word ‘mangrove’ 

is mixture of two different words; ‘mangue’ (Portuguese word) and ‘grove’ 

(English word). It is also supposed to be originated from the Malaysian word 

‘manggi-manggi’ meaning ‘above the soil’ [15]. The word mangrove is also 

referred to a distinct habitat of saline woodland characterized by 

depositional coastal environments and protected from high energy wave action. 

The mangroves grow in river deltas, estuarine complexes and lagoons [16] as 

well as on shorelines and islands with locally variable geographical locations and 

hydrology [17]. These forests prefer humid environment and freshwater inflow 

rich nutrients and silt [18].  

In Pakistan, mangrove forests mainly growing in five distinct locations; Indus 

Delta, Jiwani, Kalmat Khor, Sandspit and Sonmiani [3]. Currently four 

Mangrove species are found in Indus delta including Aegiceras corniculatum 

Avicennia marina, Ceriops tagal and Rhizophora mucronata [4, 19, 20]. A. 

marina is the most dominant species covering 95-97% of the mangrove forest 

[20-22] while other species C. tagal and A. corniculatum are limited to small 

area patches, which indicate ecological stress [23]. 

Mangrove forests are biologically important ecosystems of the world as they 

provide unique ecosystem goods and services to human society, coastal and 

marine systems. The forests not only stabilize the shorelines but also minimize 

the distressing impact of natural disasters like storms and tsunamis [24-26]. 

Mangrove forests are an important source of firewood and small timber for 

coastal populations all over the world [6, 27]. Mangrove timber is used for house 

construction in Bangladesh, India, Indonesia and Pakistan [28] production of 

chip board in Indonesia [29], production of pulp wood production in Bangladesh 

and Indonesia [9, 30].  

Mangroves are also used in folk medicine. In poor countries especially rural 

sector in Pakistan collect mangroves to treat primary health diseases [31]. 

Mangrove plants are a rich source of phytoconstituents such as alkaloids, 

flavonoids, saponins, steroids, tannins and triterpenes [32-34]. These compounds 

are reported to have various bioactivities such as antibacterial, antifungal, 

antiviral antioxidant, anthelmintic, anticancer etc. [35-40]. Many mangroves 
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species are used to treat various diseases such as asthma, hepatitis, leprosy, 

toothache, rheumatism, small pox, ulcers, snake bites, etc. [34, 41, 42].  

Mangrove plant extracts have been used for centuries for treating several health 

disorders; for example Bruguiera species are used for reducing blood pressures 

and Excoecaria agallocha for the treatment of leprosy and epilepsy. The 

antimicrobial effects of mangrove plants extracts have been reported against 

some microorganisms including Shigella sp., Staphylococcus sp., Pseudomonas 

sp. [43, 44]. Avicennia marina is used for the treatment of rheumatism, small 

pox, ulcers, tested for analgesic and antiviral activity. A. marina contain 

chemicals such as alcohols, amino acids, carbohydrates, fatty acids, 

hydrocarbons, inorganic salts, minerals, phytoalexins, carboxylic acids, steroids, 

tannins, triterpenes, vitamins [34, 45]. 

Rhizophora mucronata contain alkaloids, anthocyanidins, carbohydrates, 

carotenoids, chlorophyll a & b, condensed and hydrolysable tannins, 

gibberellins, flavonoids, inositols, lipids, minerals, polysaccharides, 

polyphenols, procyanidins, proteins, saponins, steroid and triterpenes [46]. The 

ethanol extract of R. mucronata revealed the presence of saponins, tannins, 

flavonoids, phenols and volatile oils, whereas the aqueous extract showed tannin 

and phenol [47].  

The plant extracts are traditionally used for the treatment of elephantiasis, 

haematoma, hepatitis, ulcers, and a febrifuge. The extracts are also t ested for 

antiviral and anti-HIV activity. Rhizophora mucronata do not grow naturally in 

Indus delta. R. mucronata has been planted at Hajamiro creek, Keti Bander 

successfully with the efforts of Sindh Forest Department and [7, 48-50]. Ceriops 

tagal plants naturally grow in Indus delta. Plants contain condensed and 

hydrolysable tannins, fatty acids, hydrocarbons, inorganic salts, inositols, 

aliphatic carboxylic acids, steroids, carotenoids, chlorophyll a, b, indole 

alkaloids, polyphenols, proteins, tannins. The bark of C. tagal is used for 

treatment of haemorrhages [51]. Aegiceras corniculatum is used for the 

treatment of asthma, diabetes, rheumatism and influence on the growth of fungi 

[52]. Aegiceras corniculatum and Ceriops tagal have been reported at specific 

places Sakaro (Patiani Creek) and Shah Bunder area [22, 24, 48, 49, 53].  
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Mangroves forests are threatened seriously by human activities as well as under 

constant flux e.g. erosion, aggradations and anthropogenic activities [54-56]. 

From 1980 to 2000, about 35% of mangroves were extinct [57]. Mangrove 

forests are decreasing rapidly than other coral reefs and inland tropical forests 

[58]. The rise of sea level may be one the greatest threat to mangrove forests 

[59]. Similarly mangrove forests are also under huge stress from land use change 

and clear cutting by humans as well as by climate change and hydrological 

alterations [60]. If the present rate of loss continues, than 100% mangrove 

forests would be lost [58]. Five mangrove species has been lost from Indus delta 

during last forty years. The stunted growth of mangroves in Indus delta may be 

due to shortage of freshwater supplies which may also reduce the genetic 

diversity of mangroves and ultimately mangrove forests will be lost [58]. Land 

reclamation and industrial effluents are also important cause of the destruction of 

mangrove habitat [61] resulting the loss of one million hectares of mangrove 

forests annually [62]. These problems have raised the concerns about 

conservation of genetic diversity of mangrove habitat.  

Traditional breeding methods of these mangrove trees for their genetic 

improvement are challenging because of the large sized and long life cycles of 

these trees. The biotechnological technique for example, tissue culture systems 

can be used for in vitro culture and regeneration of endangered species [63, 64]. 

Tissue culture technology can be used as alternative to classical breeding for the 

propagation of mangrove trees to improve the conservation of unique species for 

commercial purposes. The technology seems to be very encouraging for the mass 

production of genetically identical plants within a short time duration occupying 

little space [65]. The technique can be used as a cost effective tool for mass 

production plants with no seasonal restrictions throughout the year. The 

technique also plays a key role in clonal reproduction, reproduction and in situ 

conservation of plants which are on the edge of extinction. The technology can 

also be useful for the production of valued antibacterial and antiviral substances 

which are commonly produced in some mangroves [66].  

Tissue culture studies of mangrove plants is difficult because explants often ooze 

phenolic compounds, which turns explant brown and eventually die during in 
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vitro culture. Another drawback of tissue culture is production of somaclonal 

variations which are genetically variable compared to parent plant. Only few 

researchers reported the tissue culture of mangroves [65, 67]. Addition of double 

strength vitamins successfully produced callus cultures in Xylocarpus granatum 

and Sonneratia apetala [68]. Currently researchers are working on 

micropropagation of unique plant genotypes for commercial purpose. In vitro 

clonal propagation of S. portulacastrum has been done successfully using the 

axillary buds that results the synthesis of higher quantities of antibacterial agents 

than do the intact plants [68, 69]. Many mangrove species have been reported to 

be micropropagated successfully such as Acanthus ilicifolius and Avicennia 

officinalis [70], E. agallocha [71], Sesuvium portulacastrum [69].  

Most of antimicrobial, antioxidant and tissue culture studies have been 

conducted on different mangrove species in the world. A very little work 

published about antioxidant and antimicrobial activities of mangrove species 

growing in Indus Delta but no any detailed report is published about tissue 

culture, antimicrobial, antioxidants and phenolic acid studies of all mangrove 

species growing in Indus Delta. Similarly, different genotypes of same species 

growing on different areas show different response of tissue culture. So this is 

the first study to be proposed with defined objectives related to biochemicals, 

antimicrobial, antioxidants and tissue culture of local mangrove species growing 

in Indus Delta. 

1.2 ORGANIZATION OF THESIS 

This dissertation shows importance of mangrove ecosystem and its services to 

human society, coastal and marine systems.  Chapter 1 shows the background 

and importance of mangroves of Indus delta, problem statement and objectives 

addressed on the basis of problem statement. Chapter 2 is focusing on review of 

literature and relevant research associated with the mangroves biodiversity and 

conservation, use of mangroves of Indus delta in folk medicine to cure diseases 

and bioactivity of the extracts. The description shows how our work is 

distinguished from other works as mangroves of Indus delta were used in study. 

Chapter 3 provides description of various methods and procedures used for 

micropropagation and field establishment of mangrove plants, isolation of 
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metabolites, analysis of biochemicals (proteins, carbohydrates), secondary 

metabolites (alkaloids, phenolic acids, flavonoids, antioxidants, etc.) and 

bioactivity of extracts against pathogenic bacterial species. Chapter 4 describes 

the results of metabolites from two different regions, their analysis and 

bioactivity, presentation of the results and discussion of the researcher's findings 

and conclusion. 

1.3 AIMS AND OBJECTIVES 

Present study was planned to investigate the important phytoconstituents of 

mangrove plants as well as in vitro propagation and establishment of in vitro 

raised plants in new environment at Jamshoro. Following objectives were 

addressed. 

o To optimize an efficient protocol for in vitro propagation of mangrove 

plants in the lab using MS medium with different concentrations of plant 

growth regulators separately or in combinations.  

o To establish in vitro micropropagated plantlets in the new environment of 

Jamshoro.  

o To isolate and quantify various biochemicals (Proteins and sugars), and 

secondary compounds (alkaloids, phenolic acids, flavonoids, antioxidants, 

etc). from different parts of mangrove plants (Aegiceras corniculatum 

Avicennia marina, Ceriops tagal and Rhizophora mucronata) growing 

Indus delta and micropropagated plants established in Jamshoro.  

o To estimate the chlorophyll and carotenoids in leaves of mangroves of 

Indus delta and micropropagated mangrove plants established in Jamshoro.  

o To study the bioactivity of extracts of mangrove plants against some 

pathogenic bacterial species from Indus delta and field established 

micropropagated plants from Jamshoro. 
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CHAPTER 2  

LITERATURE REVIEW 

2.1 SECONDARY METABOLITES 

Plants produce a vast variety of organic compounds, the most of which do not 

involve in growth and development of plants are traditionally known as 

secondary metabolites. The distribution of these compounds is often 

differentially among limited plant groups. These compounds are used as 

agrochemicals, biopesticides, colours, flavours, food additives, fragrances and 

pharmaceuticals, etc. From these known natural products more than 80% are 

plant origin [72, 73]. Thousands of such compounds have been identified in 

several classes. Each plant family and their species produce a characteristic 

mixture of chemicals which sometimes can be used as taxonomic character in 

plants identification [74]. These natural products have complex chemical 

structures and biosynthetic pathways; have received attention from most of the 

plant biologists. Organic chemists, however, were interested to investigate the 

chemical properties of new phytochemicals since the 1850s which stimulated the 

development of analytical techniques such as the separation, spectroscopic 

techniques and structure elucidation etc. Recognition of the biological properties 

of these natural compounds has stimulated the current research of this field, 

especially in the search of new antibiotics, drugs, herbicides and insecticides.  

2.2 BIOSYNTHESIS 

The biosynthetic pathways are responsible for the synthesis of both primary and 

secondary metabolites [75, 76]. These reactions require energy, which is released 

through carbohydrate metabolism i.e. glycolysis and citric acid cycle. The 

oxidation of amino acids, fatty acids and glucose results the formation of ATP 

which is recycled during fuel anabolic reactions that involve many intermediate 

molecules. During catabolism, starting molecules are oxidized followed by 

biosynthesis or anabolism involving reduction reactions which require a 

hydrogen donor as reducing agent which is usually the NADP [77]. The 

biosynthesis of secondary compounds for the most common pathways is 
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performed through the pentose for glycosides and polysaccharides; mevalonic 

acid for terpenes, steroids and alkaloids; acetate-malonate for phenols and 

alkaloids; and shikimic acid for phenols, tannins and aromatic alkaloids [78]. 

The important core material utilized in the biosynthesis of secondary substances 

are derived from acetyl-CoA, 1-deoxylulose 5-phosphate and shikimic acid, 

mevalonic acid [79]. 

2.3 CLASSIFICATION OF SECONDARY METABOLITES 

On the basis of their biosynthesis origin, plant natural substances consist of three 

classes; alkaloids, terpenoids and phenolics [80]. According to their specific 

structure, glycosides, saponins and tannins are part of these classes.  

2.3.1 TERPENOIDS 

Terpenoids constitute a large family of phytochemicals which are the most 

structurally varied class of plant natural compounds. Terpenoids or terpene was 

first isolated from turpentine. Carotenoids, gibberellic acids, Steroids, etc. are 

some members of this class which comprises over 23,000 known structures. All 

terpenoids are formed by monomer units because thermal decomposition of many 

terpenoid compounds yields isoprene (alkene gas) as a product. The polymeric 

isoprene derivatives are synthesized from acetate through the mevalonic acid 

pathway. During the terpenoids synthesis, the isoprene units are joined together 

in head and tail fashion. Many terpenoids have pharmacological activity such as 

diterpene isolated abundant in Lamiaceae family have antiviral and antimicrobial 

properties [81]. Some compounds are interesting and are commonly used in the 

industry as fragrance, flavors and spices [82, 83]. Plant volatiles (terpenoids) are 

involved in three functions such as the signaling between symbiotic organisms, 

plant – plant interaction, and the attraction of pollinating insects. Their role 

underlines multiple applications such as methods for pest control and the 

production of fragrances and flavors [84]. Many terpenoids gaining medical 

applications [85], certain nitrogenous derived terpenoids possess potent anti-

hypertensive activity. The antimicrobial and insecticidal act ivities of other 

terpenoids have led the utilization of these substances as fungicide and pesticide 

in agriculture [86, 87]. 
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2.3.2 ALKALOIDS 

The alkaloids are the most diverse group of nitrogen containing diverse 

secondary compounds. Along with carbon, hydrogen and nitrogen, the 

compounds of this group may also contain oxygen, sulfur and rarely other 

element such as phosphorus, chlorine and bromine. The compounds have neutral 

to weakly acid properties [76]. Most of the alkaloids are toxic to other organism, 

produced by different organisms such as bacteria, fungi, plants and animals. 

They have diverse medical applications [88]. Many compounds such as amino 

acids, amines, nucleic acids, peptides and proteins are not alkaloids. There is no 

uniform classification of alkaloids due to their structural diversity [80]. Current 

classification of alkaloids is based on similarity of carbon skeleton [89]. Usually 

alkaloids are synthesized from amino acids like tyrosine [90]. In typical 

example, morphine synthesis includes a phenol coupling reaction involving a 

benzylisoquinoline alkaloid. Since the discovery of morphine, more than 12,000 

alkaloids have been isolated. Various pharmacological effects have been reported 

from alkaloids isolated from plants, such as atropine isolated from Atropa 

belladoma and Mandragora officinarum plants have anti cholinergic, anti-

myopia activities [91, 92]; codeine isolated from Papaver somniferum showed 

analgesic, anti-diarrheal, antidepressant and sedative properties [93, 94]; 

morphine isolated from Papaver somniferum and poppy derivatives act on 

central nervous system (CNS), on myenteric plexus, etc [95, 96]; nicotine 

isolated from Solanaceae plants work as stimulant, anti-inflammatory, anti-

herbivore [97, 98]. 

2.3.3 PHENOLICS 

Phenolic compounds are one of the largest groups of secondary compounds 

synthesized by plants. These compounds exhibit certain health benefits as 

characterized by the anti-inflammatory, antioxidant, anti-carcinogenic and other 

biological properties, and may protect the humans from oxidative stress and 

some diseases [99]. Phenolic compounds also showed antiseptic, anthelmintic 

and bactericidal activity. Phenolic compounds are diverse in structure with 

common the hydroxylated aromatic rings. The polymerization of phenolic 

compounds in to large molecules form complex structures proanthocyanidins 

(PA) i.e. condensed tannins and lignans. Phenolic acids also occur in food plants 
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as esters or glycosides conjugated with other natural substances such as alcohol, 

hydroxyfatty acids, flavonoids, glucosides and sterols [100]. Hydroxybenzoic 

and hydroxycinnamic acids are two main phenolic acids in plants [101]. Phenolic 

acids are classified on the basis of i)  number of hydroxylic groups in aromatic 

rings, ii) chemical composition i.e. mono-,di- and polyphenols, iii) substitutes in 

carbon skeleton. Phenolic compounds are divided in to four main groups; i) 

phenolics with one aromatic ring, ii) with two aromatic rings, iii) quinines, and 

iv) polymers. With some distinctive differences, polyphenols have similar 

chemical structures and subdivided in to two classes; flavoinoids and non-

flavonoids, like tannins [102].  

2.3.4 FLAVONOIDS:  

Flavonoids are water soluble pigments found in vacuoles of plant cells. 

Flavonoids can be divided in to three groups; i) anthocyanins, ii) flavones and 

iii) flavonols. These compounds are widely distributed in plants exhibiting many 

functions flower colouration to attract animal pollinators. Along with floral 

pigmentation, flavonoids have a role in symbiotic nitrogen fixation, ultraviolet 

filtration, may act as chemical messengers and cell cycle regulators. Some 

flavonoids have inhibitory activities against plant diseases such as Fusarium 

oxysporum [103]. Flavonoids also have many health benefits such as used as 

antioxidant, anticancer, anti-inflammatory, anti-allergic and anti-viral [104, 105]. 

Flavonoids also prevent the oxidation of low density lipoprotein which reduces 

the risk for the development of [106, 107].  

2.3.5 TANNINS 

Tannins are the natural polyphenols that are composed of a diverse group of 

oligomers and polymers responsible to precipitate proteins. Tannins can form 

conjugate with cellulose, starch, proteins and minerals. Tannins are mostly water 

soluble usually subdivided in to two groups; i) HT (hydrolysable tannins) known 

as complex tannins and ii) PA, also known as condensed tannins [108]. 

2.3.6 GLYCOSIDES 

Glycosides may be alcohol, phenol, or sulfur compounds. They are characterized 

by a sugar portion attached by a special bond to non-sugar portions. Many plants 

synthesize and store inactive glycosides, activated by enzyme hydrolysis [109]. 

The inactive glycosides are classified as prodrugs, when hydrolyzed release 
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aglycone, an active constituent. The glycosides have therapeutic applications 

such as; anticancer [110] expectorant [111], digestive and sedative properties 

[112, 113]. 

2.3.7 SAPONINS 

These compounds are widely distributed in plants. The active part of saponins 

forms colloidal solution in water. They are found as glycosides whose aglycone 

is tripenoids or steroidal structure. Saponins have various phytochemical and 

biological properties. These compounds are used in cosmetics, food and 

pharmaceutical industries and bioremediation. 

2.4 MANGROVE PLANTS 

Mangrove plants consist of intertidal vegetation at the interface between sea and 

land of the tropical and subtropical regions of the world [114] approximately in 

112 countries and territories [61]. These plants are characterized with viviparous 

seed germination, stilt roots or pneumatophores and broad leaves [115]. From 

about 80 species of mangroves, 50 – 60 species are more common in making 

structure of mangrove forests. Mangrove plants easily grow under stressful 

environment such as high moisture concentrations, low and high tides of water 

and abundant insects and microorganisms.   

Many mangrove plants are being used in folk medicine against animal, plant and 

human pathogens. Mangrove plants contain a vast array of substances including 

carbohydrates, proteins, amino acids, lipids, fatty acids, alkaloids, saponins, 

pheromones, phenolic acids, flavonoids, tannins, terpenoids, steroids, etc. These 

compounds have pharmacological, toxicological and ecological importance. 

However limited bioactive compounds have been isolated purified and 

investigated for their bioactivities.  

In Pakistan, four mangrove species exist, mostly confined to Indus delta along 

coastal belt of Sindh and some distinctive patches in Baluchistan are Avicennia 

marina, Aegiceras corniculatum, Ceriops tagal and Rhizophora mucronata. 

Various parts of these plants are being used as folk medicine.  
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2.4.1 AVICENNIA MARINA 

Mangrove plants are rich source of important classes of compounds such as 

carbohydrates, proteins, amino acids, lipids, alkaloids, benzofurans flavonoids, 

anthocyanides, carotenoids, organic acids, glycoside, steroids, benzoquinones, 

tannins, triterpenes, procyanides, and nitrogen containing salts [33].  

Feng et al. [116] worked on the chemical constituents of the aerial parts of 

Avicennia marina using combination of silica gel, column chromatography and 

semi-preparative HPLC separation techniques. Ten compounds were isolated and 

identified first time from A. marina including acteoside, avicequinone C, 

betulinic acid, betullin, indolyl-3-carboxylic acid, isoacteoside, syringaresinol, 

lupeol, and kaempferol and 5, 7-dihydroxy-3′, 4′, 5′-trimethoxyflavone.  

Ramadan et al. [117] investigated the fatty acids, sterols and tocopherols in 

Avicennia marina, Diplotaxis harra and Pulicaria incise. They reported palmitic 

and oleic acids as major fatty acids, campesterol, β-sitosterol and ∆7-avensterol 

as main sterols in A. marina.  

Zhu et al. [118] isolated and characterized 123 bioactive compounds from 

leaves, barks, twigs, etc. of Avicennia marina and its endophytes. They 

suggested that there may be some biogenetic relationships between A. marina 

and its endophytes. Mahera et al. [119] worked on the phytochemical studies of 

Avicennia marina and isolated the stigmasterol-3-O-β-D glucopyranoside, two 

triterpenoids, ursolic acid and α-amyrin from the pneumatophores (aerial roots) 

of A. marina. The extracts of mangrove plants possess diverse medicinal 

properties like antibacterial and anti-helminthics [43]. 

Ahmed et al. [120] studied on the antimicrobial activity of ethanol extracts of 

fruits and seedling of Avicennia marina against eight Gram positive and sixteen 

Gram negative strains. The ethanol extracts of aerial parts of plants were more 

active against Gram negative than Gram positive strains. 

Khafagi et al. [121] investigated the biological activity of aqueous and ethanol 

extracts of roots, cotyledons, leaves and stem of A. marina against 

bacteriophage, bacteria and candida species. In vitro assessed results confirmed 

that aqueous and ethanol extracts have antiviral activity when used coliphage 
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against E. coli. Aqueous extracts also showed antiplasmodial and antimalarial 

activities against the larvae of the brine shrimp Artemia salina. Phytochemical 

analysis of extracts showed the presence of some bioactive compounds such as 

flavonoids, tannins, steroids and organic acids.  

Abeysinghe et al. [44] evaluated antibacterial activity of different Avicennia 

marina plant extracts against selected bacteria and fungi using various solvents 

such as ethyl alcohol, ethyl acetate, ethyl methyl ketone and chloroform. The 

results revealed that bioactive compounds present in leaves of A. marina have 

inhibitory effect against Bacillus subtilis, Staphylococcus aureus, Pseudomonas 

aeruginosa, Proteus vulgaris, Candida albicans, Rhizoctonia solani, 

Colletotrichum gloeosporioides, Curvularia lunata and Fusarium oxysporum.  

Md and Rao [122] used various solvents such as acetone, benzene, ethyl acetate, 

ethanol, hexane and methanol to isolate root and stem extracts of Avicennia 

officinalis. The extracts were tested for antibacterial activity against Bacillus 

subtilis, Enterobacter aerogenes, Escherichia coli, Klebsiella pneumoniae, 

Lactobacillus delbrueckii, Pseudomonas aeruginosa, Staphylococcus aureus and 

Streptococcus pyogenes by using agar well diffusion method. The obtained 

results revealed that root and stem extracts of Avicennia officinalis have 

antibacterial activity. 

Ravikumar et al. [123] studied the in vitro antiplasmodial activity of mangrove plants 

parts (Acanthus ilicifolius, Avicennia marina, Bruguiera cylindrica, Excoecaria 

agallocha, Rhizophora apiculata, and Rhizophora mucronata) against 

Plasmodium falciparum. The results revealed that presence of alkaloids, 

carbohydrates, carboxylic acids, coumarins, flavonoids, phenols, proteins, resins, 

saponins, steroids, and tannins may be the reason of antiplasmodial activity. The 

presence of these bioactive compounds in extracts of parts of A. marina may lead to 

the development of antiplasmodial drugs. 

Abeysinghe et al. [124] studied the antibacterial activity of leaves, tender leaves 

and bark of mangrove spp. Avicennia marina, Avicennia officinalis and 

Bruguiera sexangula by using chloroform, ethyl acetate, ethanol and petroleum 

ether as solvents. In agar diffusion plate method, extracts were tested against 

pathogenic bacteria species Escherichia coli, Proteus sp., Pseudomonas sp., 
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Shigella sp. and Staphylococcus sp. The zones of inhibitions were observed in 

the mature leaf extracts of A. marina and tender leaf extracts of A. officinalis in 

ethyl acetate solvent. Antibacterial activity in mature leaves extracts of A. 

marina may be due to presence of alkaloids, flavonoids, steroids and 

triterpenoids.  

Alizadeh et al. [125] studied the antimicrobial activity of ethanol, methanol and 

glycerin extracts of Avicennia marina leaves against Penicillium digitatum using 

disc agar diffusion method. They reported that 20, 40, 60 and 80% 

concentrations showed inhibitions of Penicillium digitatum growth. The results 

revealed that 20% ethanol extract was more effective than methanol and glycerin 

extract as antimicrobial agent against Penicillium digitatum. The extracts of 

mangrove can be used as natural antimicrobial in food products. 

Gnanadesigan et al. [126] studied that the antibacterial potential of biosynthesised 

silver nanoparticles using selected parts of Avicennia marina (roots, bark and leaves) 

The in vitro antibacterial assay showed the maximum zones of inhibition with E. coli, 

and minimum zone of inhibition with S. aureus, while the concentrations of MIC and 

MBC values were between 6.25 and 50.0 μg ml−1. The results revealed that 

biosynthesized silver nanoparticles from the leaf extract of A. marina can be used as 

potential antibacterial agents. 

Karami et al. [127] investigated on anti-mutagenic and anticancer effects of 

Avicennia marina leaf extract on bacterium Salmonella typhimurium TA100 and 

human promyelocytic leukaemia HL-60 cells. In Ames test, with (+S9) and 

without (-S9) metabolic activation, activity of ethanol and water extracts of 

leaves of A. marina were evaluated using the Salmonella typhimurium TA100 

strain and in MTT assay, its anticancer effect was evaluated through application 

of 200, 400, 450, 500, 600, and 800 μg/ml of ethanol extract for 24, 48, and 72 h 

on human leukaemic cell line HL-60 was evaluated. The results revealed that 

ethanol extract showed higher anti-mutagenic activity than the water extract with 

71% inhibition rate on the mutated bacterium and concluded that leaf extracts of 

A. marina can be used for anti-mutagenic and anti-leukaemic studies. 

Renugadevi et al. [128] studied the combined effect of four mangrove plants 

extracts against three dangerous mosquitoes. Various concentrations of acetone, 
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ether and petroleum extracts of four mangrove species Avicennia officinalis, 

Avicennia marina, Rhizophora apiculata and Rhizophora mucronata were tested 

against the larvae of A. aegypti, A. stephensi and C. quinquefasciatus for 24 h. 

The results showed that the highest mortalities recorded at 250ppm of the leaves 

of A. marina and A. officinalis. The concentrations were more effective against 

A. aegypti, C. quinquefasciatus and A. stephensi respectively. 

Prakash et al. [129] worked on the biological screening of leaf extracts of A. 

marina for anticancer activity against various cell lines HepG2, HL-60, HEK-

293T and NCI-H23 by MTT bioassay. Data obtained revealed that methanolic 

and aqueous extract of A. marina showed cytotoxicity against HL-60 and NCI-

H23 cell line with efficient IC50 values while showed negligible toxicity against 

normal cell line HEK-293T. 

Al Maqtari and Nagi [130] worked on antimicrobial activity, screening of salt 

stress and antioxidant enzymes of leave extracts of Avicennia marina. The 

results revealed that the intensities of protein bands with different molecular 

weights were decreased in salt treated samples as compared to untreated plants 

while with enhanced activities of CAT, POX and GPX. The A. marina extract 

possessed antibacterial activity against E. coli, S. aureus, and B. subtilis (12, 6, 

and 7 mm zones of inhibitions respectively), with antifungal activity against C. 

albicans and A. niger (9 and 10 mm zones of inhibitions respectively).  

Nayak et al. [131] also studied the antimicrobial activity of A. marina against 

selected bacteria and fungi. Various solvents like ethyl alcohol, chloroform, 

ethyl acetate and ethyl methyl ketone were used for extraction of leaves of A. 

marina (5g/25ml solvent) overnight. The inhibitory effect observed against P. 

aeruginosa, P. vulgaris, B. subtilis, S. aureus, C. albicans, R. solani, C. 

gloeosporioides, C. lunata and F. oxysporum. The inhibitory effect may be due 

to inhibitory compounds present in the leaf extracts. 

2.4.2 AEGICERAS CORNICULATUM 

Julayha et al. [132] studied composition and diversity of triterpenoid and 

phytosterol in A. corniculatum. Various phytosterols were isolated in the roots 

and leaves were campesterol, β-sitosterol, stigmasterol and triterpenoids 
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identified as cycloartenol, germanicol, betulin, α-amyrin, taraxerol, β-amyrin, 

lopenone and lupeol. 

Li and Li [133] isolated the chemical constituents by using petroleum ether 

extracts of the stem bark of Aegiceras corniculatum. The compounds were 

isolated by column chromatography over silica gel, sephandex LH-20, and 

purified by RP-HPLC followed by the elucidation of structures of isolated 

compounds. Five compounds were isolated and identified from the stem bark of 

A. corniculatum were (I) 2-hydroxy-5-methoxy-3-nonyl-1,4-benzoquinone, (II) 

5-O-methyl-embelin, (III) 5-O-methyl-rapanone, (IV) 5-O-ethyl-embelin and (V) 

3,7-dihydroxy-2,5-diundecylnaphthoquinone.  

Youssef and Saenger [134] studied photosynthetic gas exchange, stomatal 

behaviour and water use in tropical and subtropical populations of A. 

corniculatum. The study showed that at the lower end of the tested aridity range, 

the tropical population followed more conservative water usage than the 

subtropical population. Stomatal conductance was reduced as aridity was 

increased but the transpiration was remained higher in tropical periods. Similarly 

aridity tolerance in plants of tropical site was higher than subtropical site.  

Roome et al. [135] investigated the antioxidant, free radical scavenging, anti-

inflammatory and hepatoprotective actions in stem extracts of Aegiceras 

corniculatum. They reported that the therapeutic applications of A. corniculatum 

has traditionally used for the treatment of rheumatism, antioxidant, free radical 

scavenging, anti-inflammatory, antinociceptive, and hepatoprotective actions. 

Mishra and Das [136] investigated the secretion of antioxidant enzyme in the 

presence of NaCl. It was observed that short term treatment of NaCl have no 

effect on fresh and dry mass of roots, leaf area, proteins and photosynthetic 

pigments of leaves but the ascorbate peroxidase catalase and guaiacol peroxidase 

were significantly reduced in roots by means of 72, 58 and 80% respectively 

after 96hr when treated with 300 mM of NaCl. 

Chaudhuri and Guha [137] investigated the antifungal effect of various parts of 

13 mangrove plants species against Fusarium oxysporum by using agar disc 

assay. From the tested species, 12 showed bioactivity against the pathogen. 
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Overall leaf extracts showed the highest antifungal response followed by bark, 

root and fruit. Aegiceras corniculatum, Bruguiera gymnorrhiza, Ceriops 

decandra, Heritiera fomes, Nypa fruticans, and Phoenix paludosa species 

showed maximum antifungal response against F. oxysporum. 

Parida et al. [138] studied on the effects of salinity on biochemical components 

of the Aegiceras corniculatum. They reported that total Chlorophyll content was 

reduced in 250 mM NaCl over the 30 days treatment period and starch contents 

were increased. The free amino acids and proline content were decreased by 24 

and 75% respectively in the leaves of treated plants. Protein content in laves 

were slightly decreased and SDS-PAGE showed nearly equal protein profile in 

salt treated and control samples.  

Ahmed et al. [139] worked on antidiarrhoeal, antinociceptive and cytotoxic 

activity of ethanol extract of leaves of A. corniculatum. The results on 

supplement of oral dose of extracts to mice showed that extracts possess 

antidiarrhoeal, antinociceptive and cytotoxic activities.  

Roome et al. [135] studied in vitro on anti-inflammatory response of stem 

extracts of A. corniculatum by using rat paw edema and peritonitis models. The 

results revealed that human platelets and rat neutrophils were stimulated with 

Ca2+ - ionophore A23187 resulting the production of various pro-inflammatory 

metabolites including 12-HETE, 12-HTT, 5-HETE and LTB4. They concluded 

that ethyl acetate, hexane and methanol extracts of A. corniculatum possess anti-

inflammatory activity and the extracts can be used against inflammation 

associated diseases. 

Song et al. [140] analyzed the amino acids and trace elements from the leaves of 

the Aegiceras corniculatum by HPLC and ICP-AES. The results showed that the 

leaves contained 15 trace elements and 17 different types of amino acids, 

including two semi-essential amino acids and seven important amino acids. 

Xiulian et al. [141] worked on the inhibitory activities of the methanol extracts 

from 6 mangrove species against the spores of three pathogens. The result 

showed that the extracts of Clerodendrum inerme and Myoporum bontioides had 

major inhibition against the spores of the three pathogens. The extracts of 



 

 

18 

 

Aegiceras corniculatum, Excoecaria agallocha, Lumnitzera racemosa  and 

Heritiera littoralis had significant inhibition against the spores of T. paradoxa, 

but only low inhibitory activities against the spores of the other two pathogens.  

Vadlapudi and Bobbarala [36] studied on in vitro antimicrobial activity of 

Aegiceras corniculatum and Hibiscus tiliaceous using crude methanolic extracts 

by agar well diffusion method. The test results showed the crude methanol 

extract (100 mg/ml) possessed maximum antimicrobial activity against 

Cladosporium herbarum, Erwinia carotovoraand Streptococcus salivarius while 

no activity was noted against Ustilago maydis and Candida albicans.  

Ravikumar et al. [123] worked on the antiplasmodial activity of polyherbal 

marine preparations of eight seaweed species and 13 mangrove species against 

Plasmodium falciparum. Among all tested species, preparations of Aegiceras 

corniculatum and Chaetomorpha antennina showed the maximum antiplasmodial 

activity. The study suggested that the combinations of mangrove plants and 

seaweeds extracts may be source compounds that may lead for the development 

of new drugs for the treatment of malaria.  

Diao and Chen [142] studied the eco physiological responses of one year old pot 

planted Aegiceras corniculatum plants under various growth conditions such as 

to different shade levels under three light intensities, i.e. full sunlight, 45% 

sunlight and 25% sunlight, irrigated with fresh water and artificial seawater. 

After one year treatment, yearly increase of plant height at same water salinities 

was increased significantly by increasing light intensity. Similarly significant 

changes were noted among the three light intensity treatments. The results 

revealed that shading environment had significant effects on ecophysiology of 

pot planted A. corniculatum. 

Diao et al. [143] investigated the effects of photosynthetic characters and 

Chlorophyll contents of A. corniculatum under three shading treatments i.e. full 

natural light, 48% of full natural light and 20% of full natural light. The net 

photosynthetic rate and Photosynthetic radiation and stomatal conductance and 

transpiration rat had noteworthy effects under different shading treatments in 

different months. Plants beneath shadow treatment ensured meaningfully lower 

maximum net photosynthetic rat, light saturation point, light compensation point 
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and dark respiration rate, but advanced chlorophyll content and leaf area, and the 

chlorophyll a/b reduced. 

Gurudeeban et al. [144] evaluated the antidiabetic effect of A. corniculatum in 

alloxan-induced diabetic rats. After 60 days treatment of leaf suspension of A. 

corniculatum orally using an intragastric tube, various biochemical attributes 

were tested. The obtained result revealed that leaf suspension of A. 

corniculatum moderately reduced the glucose in blood from 382 ± 34 to 105 ± 

35, reduced the activities of glucose-6 phosphatase and fructose 1, 6-

bisphosphatase while liver hexokinase activity was increased with oral 

administration of extract on 100 mg/kg.  

Wei et al. [145] studied on the characterization and antioxidative properties of 

condensed tannins from freeze-dried leaf, bark and root powders of A. 

corniculatum extracts by using three solvents methanol, ethyl acetate and water. 

They reported that methanol extracts had the highest concentrations in total 

phenolic and extractable condensed tannins, followed in water and ethyl acetate 

extracts.  

Peng et al. [146] reported that Aegiceras corniculatum is the best mangrove 

species for planting in aquaculture ponds for its high tolerance of long term flood 

and its usefulness in cleansing the aquaculture water body in both laboratory 

and in situ experiments.  

2.4.3 CERIOPS TAGAL 

Tsai et al. [147] worked on the molecular phylogeny, natural hybridization and 

historical introgression among the genus Ceriops. They reported that the genus 

Ceriops comprises five species C. tagal, C. australis, C. decandra, C. 

pseudodecandra and C. zippeliana, each forming a distinct clade. 

Ouyang et al. [148] isolated two novel bisdolabrane backbone tetraditerpenoids, 

tagalsins I (1) and J (2), from the mangrove plant Ceriops tagal and their 

structures were clarified by means of general two-dimensional NMR, IR, and MS 

analysis. 

Pakhathirathien et al. [149] isolated dammarane triterpenes from the hypocotyls 

and fruits of Ceriops tagal. They reported three novel dammarane triterpenes, 
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cereotagaloperoxide (1), cereotagalol A (2), cereotagalol B (3), four identified 

dammarane triterpenes, an oleanane triterpene, and 13 known lupane triterpenes 

in the hypocotyls and fruits of Ceriops tagal.  

Zhang et al. [150] studied the terpenoids in mangrove plants. They isolated two novel 

tetraterpenoids i.e. tagalsins I (1) and J (2) from Ceriops tagal Mangrove Plant. He et 

al. [151] isolated triterpenes (1–4) from Ceriops tagal first time and tested in vitro for 

antitumor activity against three cell lines (human liver cancer cells, human cervical 

carcinoma cells and human B-lymphoblastoid cells). They reported that triterpenes 

1 and 3 were effective to inhibit cell proliferation and growth of H-7402 and Hela.  

Chen et al. [152] worked on the antifouling activities of diterpene methoxy-ent-

8(14)-pimarenely-15-one (1), ent-8(14)-pimarene-15R, 16-diol (2), stigmasterol 

(3) and β-sitosterol (4) isolated from the roots of Ceriops tagal plant. All four 

compounds exhibited significant antifouling activities against cyprid larvae of 

the barnacle Balanus albicostatus Pilsbry with EC50 values of 0.32 ± 0.01, 0.04 ± 

0.00, 4.05 ± 0.15 and 18.47 ± 0.40 µg/cm2 respectively, whereas their toxicities 

towards cyprids were very low with LC50 values all above 10 µg/cm2. 

Aziz et al. [153] worked on the deltaic and coastal mangroves regions of 

Pakistan and the effect of salinity on biomass making, total phenols, damage 

markers and water relations. In the study, they highlighted the influence of 

seawater salinity on biomass, water and solute relationships and stress markers in 

three mangroves A. marina, R. mucronata and C. tagal. They reported that the 

seedlings of A. marina and R. mucronata were survived up to 1.5 times of the 

strength of seawater while C. tagal seedlings were survived till 1.25 times the 

concentration of seawater. The best growth was observed in half strength of 

seawater while 50% growth was reduced in 100% seawater. The rate of 

photosynthesis, chlorophyll contents and relative water content were decreased 

while lipid peroxidation, osmolality and total phenols were increased in higher 

salinities. The results conferred that A. marina is an osmoregulator and salt 

tolerant plant that may be planted in creeks with higher variations in salinity 

while R. mucronata plantation was suggested to be done near seafront where 

variations in salinity are rare. The study showed that C. tagal is the most 
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sensitive species which may be reestablished in saline regions with fresh water 

inputs. 

Khan and Aziz [13] studied the salinity tolerance of the mangrove species (A. 

marina, C. tagal and R. mucronata) growing in Pakistan and concluded that all 

species are highly salt tolerant and may survive in complete seawater, however 

the growth would be better in coastal regions if extra freshwater from the Indus 

river is allowed to stream through the Indus delta. 

Patel et al. [154] worked on the salt tolerance of C. tagal under greenhouse 

conditions where plants were established from propagules under soil water 

salinity 0.2, 2.5, 5.1, 7.7, 10.3, 12.6, 15.4, 17.9, 20.5 and 23.0 ppt. The results 

showed that C. tagal plant is remarkable salt tolerance that showed the best 

growth at 12.6 ppt soil salinity level. Salinity tolerance is linked to an adaptive 

regulation of hydration and ionic content thus modifications with Ca and K, and 

proline concentrations may help to defend against dangerous salinity.  

Du et al. [155] studied on the screening of antifeedant diterpenoids in ethanol 

extract stems and twigs of Chinese mangrove plants Ceriops tagal   against 

Tribolium castaneum. They isolated and identified three diterpenoids i.e. tagalsin 

A, B and H on the basis of their phytochemical and spectral data. All compounds 

tagalsin A, B, and H showed strong feeding deterrent action against T. 

castaneum grownups with EC50 values of 375.3 ppm, 277.3 ppm and 285.45 ppm 

respectively. 

Chen et al. [156] worked on the characterization of terpenoids in roots of 

Ceriops tagal with antifouling activity. They isolated one new dimeric 

diterpenoid 8(14)-enyl-pimar-2'(3')-en-4'(18')-en-15'(16')-endolabr-16,15,2',3'-

oxoan-16-one (1) and five known terpenoids: tagalsin C (2), tagalsin I (3), lup-

20(29)-ene-3β,28-diol (4), 3-oxolup-20(29)-en-28-oic acid (5) and 28-

hydroxylup20(29)-en-3-one (6) by NMR, IR and MS analysis. All these 

compounds exhibited antifouling activity against cyprid larvae of the barnacle 

without significant toxicity.  

Zhang et al. [150] worked on the effect of solvents on total phenolic compounds 

and antibacterial activity of C. tagal extracts using ethyl acetate, hexane and 
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methanol as solvents. The results showed that methanol extracts of barks 

exhibited the highest total phenolic contents (6.063 ± 0.205 mg/g extract). The 

methanol extracts of bark showed the best antibacterial activity against B. 

cereus, S. typhi and S. aureus while none of extracts showed antibacterial 

activity against E.coli. 

Rastogi and Mehrotra [157] reported that Ceriops tagal plant possesses bioactive 

compounds used as folk remedy in different parts of the world. The decoction of 

the bark is being used to treat hemorrhages and malignant ulcers in India.  

Zhang et al. [150] used HPLC for the separation and purification and 2D NMR 

for extensive spectral analysis and clarification of secondary metabolites in C. 

tagal.  They obtained nine compounds namely tagalsins A (1), ent-5alpha-

dolabr-4 (18) -ene-15S,16-diol (2), sequalene (3), betulinic acid (4), lup-20 (29) -

en-3-on-28-oic acid (5), botulin (6), lup-20 (29) -en-3-on-28-ol (7), beta-

sitosterol (8), n-hexacosanylferulate (9) and concluded that compound 1 is a new 

compound and 2 to 9 are isolated from this species for the first time.  

Tiwari et al. [158] evaluated the anti-hyperglycaemic effect of the crude extract 

of C. tagal in the normal healthy sucrose loaded and STZ-induced diabetic rats. 

They reported that crude extract improved the glucose tolerance of the sucrose 

loaded rats significantly (p < 0.05) with 33.2% activity, while in case of STZ-

induced diabetic rats the extract caused a fall of 10.9% in hyperglycaemia.  

Arivuselvan et al. [159] reported that acetone, ethanol, methanol and water 

extracts of bark and leaves of P. acidula and C. tagal   have antibacterial activity 

against human pathogens K. pneumonia, P. aeruginosa, S. aureus, V. cholera and 

V. parahaemolyticus. 

2.4.4 RHIZOPHORA MUCRONATA 

Bamroongrugsa [160] reviewed the nutritive values and bioactive substances of 

the mangroves Avicennia marina, Ceriops decandra, Rhizophora mucronata and 

S. portulacastrum and found that these species are alternative sources of food 

and fodder for animals in coastal areas.  

Manilal et al. [161] studied the in vitro antimicrobial efficacy of R. mucronata 

against six human and seven shrimp pathogens by using agar diffusion assay. 
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They reported that methanol was the best solvent for extraction of the 

antimicrobial principles from R. mucronata and the antimicrobial assay 

confirmed that R. mucronata might be a potential source of antibiotics for the 

controlling bacterial in human and shrimp pathogens. Furthermore, GC-MS 

analysis of the phytoconstituents of the crude extract revealed that Ethanone, 1-

(2-hydroxy-5-methylphenyl is the main constituent which might have a 

functional role in the antibiotic activity. 

Kabaru and Gichia [162] worked on insecticidal and antifeedant activity of 

ethanol extracts of bark, leaves, stem and pith of R. mucronata plant against 

three arthropods. The results of various extracts revealed that R. mucronata had a 

potential source of botanical insecticides. 

Premanathan et al. [40] worked on the screening of Indian marine plants for 

antiviral activity against Newcastle disease, Vaccinia, Semliki Forest, 

encephalomyocarditis and hepatitis B. They reported that out of 73 extracts, 43 

exhibited antiviral activity against at least any one of the tested viruses. Only the 

leaf of Bruguiera cylindrica and bark of Rhizophora mucronata showed activity 

against all the tested viruses. 

Kathiresan and Chinnappan [163] established an efficient protocol for in vitro 

clonal propagation for Rhizophora annamalayana Kathir. The explants were 

initially surface sterilized with 0.1% mercuric chloride and then treated with 

three different antioxidants for reduction of phenol browning of the explants. 

Among the antioxidants, 10 mg/L ascorbic acid was found to be the best. Among 

the five tested media MS medium showed good results for meristem culture. The 

shoot growth was observed after 20 days on MS medium supplemented with 3.0 

mg/L of benzyl amino purine (BAP) and 3.0 mg/L of kinetin (Kin) with coconut 

milk.  

Chandrasekaran et al. [164] worked on the antibacterial activity three mangrove 

plants (R. mucronata, R. lamarkii and B. cylindrical) against 10 isolates of 

methicillin resistant S. aureus by using aqueous and methanol extracts by using 

disc diffusion method. They reported that the mean zone of inhibition produced 

was ranged from 8.4 to 22.7 mm and MIC between 0.125 and 4 mg/ml, while the 

minimum bactericidal concentrations were between 0.25 and 8 mg/ml.  
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Suganthy et al. [165] studied the eight Mangrove plant extracts for radical 

scavenging activity against the food borne pathogens. They concluded that 

among eight mangrove plants screened, R. mucronata showed significantly 

higher (p <0.05) activities for all antioxidant assays and hydroxyl radical 

scavenging activity. 

Joel and Bhimba [166] reported the antibacterial activity of foliar extracts of R. 

mucronata against human origin pathogens by using Soxhlet extraction method 

in various solvents i.e. ethanol, petroleum ether, acetone, methanol and ethyl 

acetate. They concluded that good response of antibacterial potential may be 

used in drug development and support for drug hypothesis.  

Ravikumar et al. [43] worked on the antibacterial potential of five mangrove 

plants R. apiculata, R. mucronata, B. cylindrica, C. decandra, A. marina against 

isolated urinary tract infectious bacterial pathogens by using parts hypocotyls, 

bark, collar and flower. They reported that hypocotyls extracts showed the 

highest antibacterial activity (38%) against the pathogens and concluded that the 

activity may be due to the presence of active compounds such as alkaloids, 

anthroquinone, flavonoids, phenolic group and triterpenoids.  

Ferreira et al.[167] used disc diffusion method to study the antibacterial activity 

of R. mangle L. extracts against Gram positive (S. aureus and M. luteus) and 

Gram-negative (E. coli, S. cholereasuis, K. pneumonia and P. aeruginosa) 

bacteria. They reported that R. mangle showed antibacterial properties against 

both Gram positive and Gram negative bacteria and concluded that the extracts 

can be used for the pharmaceutical industry.  

Hicks et al. [168] worked on the antibacterial and cytotoxic effects of the crude 

extracts of fruits of Rhizophora mangle L. The results showed that ethanol 

extracts of R. mangle had antibacterial activity against S. aureus and the aqueous 

extract showed cytotoxic activity against the cells of human fibrosarcoma. It was 

concluded that two different activities of two extracts were due to separate 

chemical groups responsible for its respective effect.  

Baskaran and Mohan [169] worked on the antibacterial activity of leaf extracts 

of R. mucronata L. against multi drug resistant Vibrio spp. The antibiotic 
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resistance and sensitivity were tested with Hi Media antibiotic disc using eight 

antibiotics discs. Chloroform leaf extract of R. mucronata was found to be the 

most active against both Vibrio spp., while ethyl acetate, hexane and methanol 

extract showed moderate activity against both Vibrio spp. They concluded that 

Chloromphenicol from the Hi Media antibiotic and chloroform extract from R. 

mucronata leaves may be used as a source of alternative compound to control the 

Vibrio spp.  

Pimpliskar et al. [170] investigated the antimicrobial principles in Rhizophora 

Species R. mucronata and R. apiculate growing along Mumbai Coastal area. 

They suggested results that R. apiculata contain both thermolabile and 

thermostable bioactive principles of broad spectrum activity while R. mucronata 

contains only antibacterial compounds of moderate to mild potency and Very 

powerful antimicrobial were observed in cold stem extracts of R. mucronata 

against E. coli, S. aureus and S. typhi.  

Renugadevi et al. [128] studied the combined effect of mangrove plants A. 

marina, A. officinalis, R. apiculata and R. mucronata against dangerous 

mosquitoes larvae of A. aegypti, C. quinquefasciatus and A. stephensi with 

increasingly concentration i.e. 50 to 250 ppm of solvent extracts and examined 

their activity in combination with each other. They obtained the combination 

effects of ecofriendly responsible for better larvicidal activity compared to 

individual extracts.  

Umashankari et al. [171] synthesized the silver nanoparticles by means of the 

leaf bud extract of R. mucronata and evaluated their antimicrobial activities 

against aquatic pathogens. They reported that the biosynthesized AgNPs (Silver 

nanoparticals) using the leaf bud extract R. mucronata have similar effect as that 

of synthetic antibiotics and the size of the inhibition zone increased with the 

concentration of the AgNPs. 

Shamsuddin et al. [172] worked on screening of antibacterial properties and of 

10 mangrove plants (B. cyclindrica, S. caseolaris, L. racemosa, R. apiculata, A. 

alba, A. aureum, N. fruticans, P. odoratissimus, H. tiliaceous and D. trifoliate) 

against Vibrio species and its cytotoxicity against Artemia salina by using  

methanol and aqueous extracts of leaves. They concluded that the overall study 
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provided the active antimicrobial compounds in methanol extract of S. caesolaris 

which could be used against Vibrio pathogens in aquaculture. 

Thirunavukkarasu et al. [173] studied the antioxidant status from particular 

mangrove spp., which have been used as traditional folk medicine to treat many 

diseases by the coastal communities. The maximum total phenolic contents were 

found in R. mucronata extract while low in A. marina. Similarly high SOD and 

radical scavenging value was observed in E. agallocha and low in A. marina. 

The results revealed that no positive correlation was observed among estimated 

antioxidant activities and the phenolic contents of studied mangrove plants.  

Suprayitno et al. [174] worked on the potency of ripe R. mucronata fruit flour as 

functional food for antidiabetic in Alloxan-induced diabetic rats and reported 

that blood glucose level of positive control group and investigational rats group 

fed flour of mangrove fruit significantly dropped whereas negative control 

groups increased. The effectiveness of ripe R. mucronata fruit flour as 

antidiabetic interrelated to the phytochemical compounds, such as tannins, 

saponins, flavonoids, and steroid present in the fruit. They concluded that ripe 

fruit flour of R. mucronata is a candidate as functional food source especially 

antidiabetic. 

2.5 MICROPROPAGATION OF MANGROVE PLANTS 

Plant tissue culture technique is used to produce the isolated plant cells, tissues 

and organs under aseptic conditions. Micropropagation is in vitro technique used 

to propagate entire original plant. The technique is used for clonal propagation 

genetically superior genotypes of essential plant and plays a key role 

propagation of plants on commercial scale [175, 176] due to its advantages as 

multiplication system [177, 178].  

Most of the mangrove plants are mostly woody in nature and having long life 

cycles so genetic improvement through classical breeding program is limited. 

Micropropagtaion is an alternative technique that helps in the in vitro production 

of large number of plants within a laboratory in short time duration. However 

tissue culture media need revisions because of contaminations and explants often 

turn black or brown due to exudation of phenolic acids that results ultimately 



 

 

27 

 

death of explants after in vitro culturing Kathiresan and Bingham [61]. Some 

mangrove species have been successfully micropropagated such as S. 

portulacastrum, E. agallocha, A. officinalis and A. ilicifolius [61, 68, 70, 71].  

Basak et al. [179] worked on vegetative propagation through rooting of stem 

cuttings of five mangrove plants namely Bruguiera parviflora, Cynometra iripa, 

Excoecaria agallocha, Heritiera fomes and Thespesia populnea  by using 

different concentrations of IAA, IBA and NAA. They reported that the highest 

numbers of roots were found on IBA (2500 ppm) and NAA (500 ppm) in E. 

agallocha. B. parviflora and better responded in IAA and IBA treatment species 

T. populnea. They noted that in species specific variations of the rooting 

response to exogenous application of auxins were reflected in the metabolic 

changes during beginning and increase roots in cuttings. 

Akatsu et al. [180] worked on tissue culture of mangrove plant species 

Sonneratia alba under salt stress. They reported that MS medium supplemented 

with 50 mM NaCl showed the best callusing response.  

Rao et al. [71] worked on the development of a protocol for in vitro propagation 

of Excoecaria agallocha mangrove plant species and used nodal segments for 

axillary shoot propagation. They observed that the best axillary sprouting were 

noted on the newly formulated medium comprising BA, Zeatin and IBA in 

concentrated medium as13.3, 4.65 and 1.23µM respectively. Regenerated plants  

were successfully acclimatized to the natural environment and about 85% of 

plantlets survived under ex vitro conditions.  

Yasumoto et al. [66] worked on the callus culture from the pistil of flower bud 

of mangrove species Sonneratia alba on solid MS medium with various 

concentrations of NaCl. The reported that the highest growth was obtained on 

medium containing 50 mM NaCl. The callus proliferation was occurred in 

medium containing up to 200 mM NaCl concentrations while in medium with 

500 mM NaCl concentrations, callus growth was completely inhibited but tissue 

part alive for 30 days. 

Kura‐Hotta et al. [181] worked on high salt treatment induced Na+ extrusion and 

low salt treatment induced Na+ accumulation in suspension cultured cells of the 
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mangrove plant species Bruguiera sexangula. They established suspension 

cultured cell strain from a proliferating callus culture and initially maintained in 

an amino acid medium in the absence of NaCl. The NaCl non-adapted cells were 

transferred to media containing 0 – 200 mM NaCl. They reported that the early 

growing level reduced slowly by increasing salt concentrations but on 150 mM 

NaCl number of cell growth on the maximum point was nearly the identical as 

that on lower salt concentrations. 

Al-Bahrany and Al-Khayri [182] worked on the development of protocol for the 

micropropagation of a marine halophytic woody mangrove plant  Avicennia 

marina (Forsk) Vierh. They inoculated sterilized nodular stem sections on MS 

medium with kinetin and benzyl adenine (BA) at 0, 0.5, 1.0, or 2.0 mg/L each 

with 0, 0.01, 21 0.1, or 1 mg/L IBA. Plantlets were successfully 

micropropagated. 

Kawana et al. [183] worked on the generation and maintenance of suspension 

cultures from cotyledons and their organogenic potential of two mangrove 

species S. alba and S. caseolaris. They successfully developed the liquid 

cultures of two species on MS medium containing 0.1 μmol L−1 2,4-D. The 

results showed that all the cytokinins tested inhibited cell proliferation.  

Vartak and Shindikar [184] worked on the micropropagation of a rare mangrove 

Bruguiera cylindrica L. using hypocotyl segments of propagules. They 

developed an efficient protocol for in vitro propagation of mangrove tree species 

Bruguiera cylindrica L using MS medium. The efficient starting of shoot and 

root on modified MS medium (MMS) and then MS medium was observed from 

the cut surface simultaneously in 74% explants lacked growth regulators on 

MSM where 70% explants produced multiple shoots. 

Hayashi-Nishino et al. [185] worked on the stimulatory effects of sea salts on 

cell growth in liquid cultures of two Avicennia species including A. marina and 

A. alba from leaf explants. During the growth the effects of the seawater 

components, NaCl, KCl, CaCl2, MgCl2, and MgSO4 were examined separately. 

In both Avicennia species, the cell growth increased in low concentration of 

10mM MgCl2. The growth of A. marina was also stimulated even in the presence 
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of 100mM NaCl and there was no inhibition of growth in A. alba. CaCl2 showed 

inhibitory effects on growth with complete inhibition 100mM in both species.  

Arumugam and Panneerselvam [186] worked on the development of standard 

micropropagation protocol for the mangrove Excoecaria agallocha by using 

modified MS medium supplemented with various growth regulators such as 

BAP, Kinetin, Zeatin, IAA, 2ip, NAA, and IBA for Shoot induction, shoot 

multiplication and rooting. They showed that the best phenolic exudation 

removal was observed in 4 g/L activated charcoal. The highest shoot orientation 

response was observed in MMS medium while well shoot induction was 

achieved in 3.9 µM BAP and 1.34 µM NAA. The highest rooting efficiency was 

observed on medium with 5.02 µM of IAA.  

Manickam et al. [187] also worked on the micropropagation of Excoecaria 

agallocha using nodular stem sections. They reported a protocol modifying from 

Murashige and Skoog [188] (MMS) medium with different concentrations of 

BAP and NAA for shoot multiplication. They obtained the best result with 89% 

rooting on 5.41 μM of NAA and 86 and 86.5% rooting was observed in medium 

supplemented with 2.85 and 5.71μM IBA respectively.  

Tsuchiya et al. [188] worked on the relation between amino acids profiles and 

recalcitrance of cell growth and salt tolerance in tissue and protoplast cultures of 

Avicennia alba, Bruguiera sexangula and Sonneratia alba originated from 

tissues of cultured cells of cotyledons and hypocotyls, leaves and cotyledons.  

Kathiresan and Chinnappan [163] established an efficient protocol for in vitro 

clonal propagation for Rhizophora annamalayana Kathir. After sterilization, 

explants were treated with three antioxidants to reduce the phenol browning of 

the explants. As an ascorbic acid (10mg/L) showed the best results. Among the 

five tissue culture media tested B5, MS, SH, WPM, and Y3, MS medium showed 

the best response for meristem culture. The best shoot growth was observed after 

20 days when shoot segments were inoculated on MS medium added with 3.0 

mg/L of benzyl adinine and 3.0 mg/L of kinetin with coconut milk.  

Chinnappan et al. [189] evaluated the antimicrobial activity and antioxidants of 

callus cultures of Acanthus ilicifolius, Calophyllum inophyllum and Excoecaria 
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agallocha using growth hormones in MS medium.  They reported that the 

maximum root callus biomass was obtained from A. ilicifolius on MS medium 

with Kinetin and 0.5mg/L BAP in combinations showed the maximum callus 

proliferation with 81% in C. inophyllum and 58% E. agallocha. 

Alatar et al. [64] studied the proliferation of A. marina through in vitro culture of 

nodal sections of growing plant. They reported that MS medium supplemented 

by concentration of BA, and NAA induced multiple shoots from the nodal 

explants. It was noted that the highest response in regeneration (73%) with (5.2 

cm) shoot length were on MS medium supplemented with 5.0 mM BAP, 1.0 mM 

NAA and activated charcoal 3 g/L in 8 weeks and (2.9 roots/microshoot) rooted 

shoots in MS medium supplemented with 1.0 mM IBA. The rooted plantlets 

showed 70% survival transferred in to the soil.  

Kader et al. [190] reported that destruction of the important mangroves species 

have been seemed in the recent surveys. Tissue culture may be used as an 

alternative source for their restoration. They reported the proliferation of callus 

in Heritiera fomes Buch Ham and Bruguiera gymnorhiza (L) Lam on modified 

MS medium.  
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CHAPTER 3 

RESEARCH METHODOLOGY 

3.1 COLLECTION OF PLANT SAMPLES 

In present study, nodular stem sections were used for micropropagation of four 

mangrove species of Indus delta including A. marina, A. Corniculatus, C. Tagal 

and R. Mucronata (Appendix-II and III). Four in vitro culture studies, fresh 

shoots containing nodular stem sections, and for phytochemical studies five plant 

parts including roots, shoots, leaves, flowers and propagules of four mangrove 

species were collected during 2012 – 2015 from different creeks of Indus delta 

such as Sakro, Keti Bander and Shah Bander, district Thatta, Sindh Pakistan 

(Appendix-V) and prepared the Voucher specimens (Appendix-V).  

3.2 PREPARATION OF STOCK SOLUTIONS OF TISSUE CULTURE 

MEDIUM 

Researchers have formulated number of tissue culture media used to for callus 

induction, cell suspensions, organogenesis, regeneration, multiple shoot 

formation such as B5 [191], medium MS [188], medium N6 [192] and White 

medium [193]. In the plant tissue culture studies, MS medium is the most 

popular medium used, among these media. Medium consists of macro and micro 

nutrients, carbon source, vitamins and plant growth regulators as micronutrients. 

Macronutrients include nitrogen (N), Potassium (K), Phosphorus (P), Magnesium 

(Mg), Calcium (Ca) and Sulphur (S) containing compounds. These are used in 

excess in tissue culture medium. Micronutrients are enough in trace amount and 

include Iron (Fe), Manganese (Mn), Copper (Cu), Zinc (Zn), Iodine (I), Boron 

(B), Cobalt (Co), Molybdenum (Mo), etc. (Table 3.1). Vitamins are added in 

medium to stimulate the growth of plant tissues, Sucrose is usually used as 

carbon source and agar or phytagel as solidifying agent.    

For the preparation of stock solutions for tissue culture, nutrients were classified in six 

groups of stocks based their reactivity towards other ingredients and working 

concentrations. 100X concentrated stock solutions of MS medium separately in six 
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bottles as presented in Table 3.1. The stock solutions of plant growth regulators were 

also prepared (table 3.2).  

 

Table 3.1: Stock solutions of MS medium 

Ingredients Stock 

Conc 

(mg) 

Working 

Conc 

(mg/L) 

Ingredients Stock 

Conc 

(mg) 

Working 

Conc 

(mg/L) 

Stock A {(100X) mg/250ml} Stock C {(100X) mg/250ml} 

NH4NO3 165,000 1650 Nicotinic acid 50 0.5 

KNO3 190,000 1900 Pyridoxine-HCl 50 0.5 

KH2PO4 17,000 170 Thiamine-HCl 100 1.0 

MgSO4 7H2O 37,000 370 Glycine 200 2.0 

Stock B {(100X) mg/250ml} Stock D {(100X) mg/250ml} 

MnSO4 4H2O 2230 22.3 KI 83 0.83 

ZnSO4 7H2O 860 8.6 Stock E {(100X) mg/250ml} 

CuSO4 5H2O 2.5 0.025 CaCl2.2H2O 44,000 440 

CoCl2 6H2O 2.5 0.025 Stock F {(100X) mg/250ml} 

H3BO3 620 6.2 FeSO4.7H2O 27,800 27.8 

Na2MoO42H2O 25 0.25 Na2EDTA 37,800 37.8 

MS medium Murashige and Skooge [188]  
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Table 3.2: Stock Solutions of Plant Growth Regulators 

Plant Growth 

Regulator (PGRs) 

Working 

Conc. 

Stock Preparation 

Kin (Kinetin) 01mg/ml Dissolved 100 mg weighted Kin in 5ml of 

1N NaOH and upraised volume to 100ml 

with distilled water and store at 40°C. 

NAA (Nephthyl 

acetic acid) 

01mg/ml 0.1 g of NAA was dissolved well in 5ml of 

1N NaOH and raised volume up to 100ml 

with D. H2O. Stored at 4C 

BAP (Benzyl 

amino purine) 

01mg/ml Weighted 100 mg BAP, dissolved in 5ml of 

1N NaOH and upraised volume to 100ml 

with distilled water and store at 40°C. 

IAA (Indole 3-

acetic acid) 

01mg/ml 100mg of IAA was dissolved in few 5ml of 

alcohol and raised volume up to 100ml with 

distilled water. Stored at 4C 

IBA (Indole 3-

butyric acid) 

01mg/ml 200mg of IBA was dissolved in 5ml of 

alcohol and upraised volume 200ml distilled 

water. Stored at 4C 

 

3.3 PREPARATION TISSUE CULTURE MEDIUM   

One litre MS medium was prepared adding 2.5ml of each stock A, B, C, D, E and F in 

900ml of distilled water in a 2 litre beaker followed by addition of 2.0mg glycine, 

100mg myo-inositol and 30gram of sucrose. The pH of medium was adjusted to 5.8 

by using 0.5N HCl or NaOH and added 12 gram technical agar (sigma) as solidifying 

agent and in the last volume was adjusted as 1000ml. The medium was boiled in 

microwave for the melt agar and dispensed in glass bottles (30ml/bottle), capped 

bottles were autoclaved for 20 minutes at 121°C at 15 lbs psi. 

Mangrove species A. marina, A. corniculatus, C. tagal and R. mucronata were used 

for micropropagation, various concentration of different plant growth regulators BAP, 

NAA, IAA and IBA were added in the medium separately or in combinations. 
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Similarly charcoal and ascorbic acid were also added separately for the removal of 

phenolic acids. 

3.4 STERILIZATION AND INOCULATION OF EXPLANTS 

For the experiment, 1 – 2 years old shoots of mangroves plants A. marina, A. 

corniculatus, C. tagal and R. mucronata were collected from Indus delta (Sakro, 

Keti Bander and Shah Bander) district Thatta, Sindh. The shoots were brought in 

the laboratory leaves were removed and nodular stem sections were cut in to 6 – 

8 cm sections. The nodular stem sections (explants) were first washed in running 

tap water for 15 min, then in ethanol (70%) for 1.0 min and then with 25-75% 

bleach (commercially available 5.25% NaOCl) for 5 – 20 min with continuous 

shaking. After discarding bleach, stem sections were washed three times with 

distilled H2O (five minutes each wash). After sterilization, then stem sections put 

into petri dishes and cut into smaller pieces (2 to 3cm) containing a node with 

the sterile scalped blade. The excised nodular stem sections were inoculated on 

medium and incubated in growth room at 25± 2C with 2000 lux light intensity 

and 14/10 hours light/dark photoperiod. The explants were sub-cultured after 

every 10 – 12 days interval. The shoots were emerged after 30 – 40 days of 

inoculation. 

For root formation microshoots of about 4 – 5 cm size were excised from the 

explants and inoculated on rooting medium. The rooting medium was consisted 

of MS medium supplemented with 3.0% sucrose, 2.0mg/L glycine, 100mg/L 

myoinositol, 1.2% agar and various concentrations of plant growth regulators 

(BAP, Kin, IAA, IBA) separately or in combination. The rooted plantlets were 

removed from media and transplanted in pots containing mixture of peat mass 

and garden soil (1:3). The pots were covered with polythene bags and placed in 

growth room at 25± 2C with 2000 lux light intensity and 14 hours photoperiod. 

After one month, polythene bags were removed and pots were shifted in 

greenhouse and then in the field in direct sunlight. 

  



 

 

35 

 

 

 

 

Figure: Experimental scheme for micropropagation. 
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3.5  DETERMINATION OF CHLOROPHYLL AND CAROTENOIDS 

Chlorophyll and carotenoids in all four mangrove species growing at Indus delta 

(region I) and micropropagated plants growing at Jamshoro (region II) were 

quantified and compared. For chlorophyll extraction, 100 mg of fresh newly 

emerging leaves of A. marina, A. corniculatus, C. tagal  and R. mucronata 

growing in both regions were added 10 ml acetone (95%) containing test tubes 

separately, crushed with glass rod and to prevent evaporation, airtight with 

parafilm tape immediately and the test tubes were placed in refrigerator, for 48 

hours at 4°C, then took absorbance by using UV- visible spectrophotometer, For 

chl a, chl b and carotenoids were read at 662nm, 643nm and 470nm respectively 

and blank (95%) acetone solution were used Kumar et al., [194]. The experiment 

was conducted two times. The quantity of chlorophyll a, chlorophyll b pigments 

and total carotenoids were calculated according to formula reported by 

Lichtenthaler and Wellburn [195]. 

Chlorophyll a (Ca) =11.75A662 ̶ 2.35A645. 

Chlorophyll b (Cb) =18.61A645 ̶ 3.960A662. 

Chlorophyll a (Ca) =11.75A662 ̶ 2.35A645. 

Carotenoids (Cc) =1000A470 ̶ 2.270Ca ̶  81.4Cb/230. 

Total Chlorophyll a = Chlorophyll b+ Chlorophyll b. 
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3.6 EXTRACTION OF PHYTOCHEMICALS  

For the study of phytochemicals in mangrove species of Indus delta (A. marina, 

A. corniculatus, C. tagal and R. mucronata), various parts of mangrove plants 

such as roots, leaves, shoots, flowers and propagules were collected from Keti 

Bander and Shah Bander, district Thatta, Sindh. The plants were brought in the 

laboratory and roots, shoots and leaves were separated and the bark was removed 

from the shoots. All plant material was dried at 40ºC for one week. The 

phytochemicals of  A. marina, A. corniculatus, C. tagal and R. mucronata from 

the dry parts as leaves, bark, roots,  flowers and propagules of mangrove trees 

exerted by grinding parts in pestle and mortar within 8-10 ml methanol (70%), 

ethanol (70%), acetone (70%) and water (sterilized distilled). Then centrifuged 

the extracts for 15 minutes at 7000 rpm at 4°C and collected supernatant. 

Extraction process was respited two times to ensure maximum extraction. For 

10% extracts (i.e 2.0 g dry sample and 18ml solvent) final raised total volume 

20ml by adding acetone, ethanol, methanol and water (distilled water) 

respectively and stored at -40°C in the air tight glass bottles for further chemical 

analysis. The qualitative and quantitative tests were performed to analyze the 

extracts.  

3.7 QUANTIFICATION OF BIOCHEMICALS 

All the extracts (leaves, bark, roots, flowers and propagules) of four species (A. 

corniculatum, A. marina, C. tagal and R. mucronata) from region I (Indus delta) 

and region II (micropropagated plants at Institute of Biotechnology and Genetic 

Engineering, University of Sindh, Jamshoro) three parts (leaf, bark and root) 

extracts were subjected to quantification of total proteins, total sugars and 

reducing sugars.  

3.7.1 TOTAL PROTEINS 

Total proteins in different parts of mangrove plants, from region I and region II 

were determined by Lowry method [196]. Reagents and protocol is mentioned in 

Appendix-IV.I. Bovine albumin was used as standard protein; in different 

concentrations (0, 0.1, 0.2, 0.3, 0.4, 0.5 and 0.6 mg/ml) of standard protein 

solutions were prepared for calibration curve. The graph of absorption vs. 
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concentration was plotted and the concentration of test solutions was calculated 

from protein calibration curve. 

 

Figure 3.1. Standard graph for total proteins determinations using 

different concentrations of Bovine Albumin as standard 

protein. 

3.7.2 TOTAL CARBOHYDRATES 

Total carbohydrates of each sample extract were determined through Phenol-

Sulphuric acid method reported by Montogomery [197] (Appendix-IV.II.). For 

the quantification of total carbohydrates standard graph was prepared by using 

0.05, 0.1, 0.15, 0.2, 0.25 and 0.3 mg/ml concentrations of glucose as standard 

sugar. The absorbance of samples was interpreted in sugar (mg/ml) from the 

standard graph. 

 

Figure 3.2. Standard graph for total sugars using different 

concentrations of glucose as standard. 

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

0.1 0.2 0.3 0.4 0.5 0.6

A
b
so

rb
an

ce
 a

t 
7
5
0
 n

m

Serum Albumin (mg/ml)

0

0.2

0.4

0.6

0.8

1

1.2

1.4

1.6

0.05 0.1 0.15 0.2 0.25 0.3

A
b
so

rb
an

ce
 a

t 
4

8
5

 n
m

Glucose (mg/ml)



 

 

39 

 

3.7.3 REDUCING SUGARS 

Reducing sugars of sample extracts was determined by Miller [198] method 

(Appendix-IV.III) and  the standard graph was prepared by the values obtained 

from 0.05, 0.1, 0.15, 0.2, .25 and 0.3 mg/ml concentrations of glucose as 

standard reducing sugar. The values obtained were plotted and the concentrations 

of tested samples were calculated.  

 

Figure 3.3.Standard graph for reducing sugars using different 

concentrations of glucose as standard reducing sugar. 

3.8 QUALITATIVE SCREENING OF PHYTOCHEMICALS 

The extracts of dried roots, leaves, bark, flowers and propagules of mangrove 

plants A. marina, A. corniculatus, C. tagal and R. mucronata were subjected to 

different phytochemical analysis by using standard protocols.  For the test of 
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IV). For screening test of flavonoids Njoku and Obi method [200] (Appendix-

IV.V). While for the test of terpenoids, Edeoga, Okwu et al. [201] method was 
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the mangrove plants growing in two regions. The extracts of dried roots, leaves, 

bark, flowers and propagules of mangrove plants A. marina, A. corniculatus, C. 

tagal and R. mucronata collected from region I (Indus delta; Sakro, Keti Bander 

and Shah Bander) and region II (micropropagated plants established in 

Jamshoro) were tested for phytochemicals using reported procedures.  

3.9.1 QUANTIFICATION OF PHENOLIC COMPOUNDS 

Total Phenolic contents in solvent extracts of various parts of mangrove plants 

(A. mrina, A. corniculatus, C. tagal and R. mucronata) were determined by 

Folin-Ciocalteu method reported by Yasoubi et al.[202] (Appendix-IV.IX). For 

preparation of standard graph, different concentrations of Galic acid (0.1, 0.2, 

0.3, 0.4, and 0.5mg/ml) were used.  

 

Figure 3.4.Standard graph for total phenolic acids using different 

concentrations of Galic acid as standard phenolic acid. 
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Total flavonoid contents were determined through spectrophotometrically by the 

aluminum chloride method which is based on the formation of complex 

flavonoid- aluminum [203] (Appendix-IV.XI). The contents of total flavonoids 
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standard graph of Quercetin. 
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Figure 3.5.Standard graph of total flavonoids prepared by using 

different concentrations of Quercetin as standard flavonoid. 

3.9.3 QUANTITATION OF ANTIOXIDANT ACTIVITY 

The antioxidant activity from solvent extracts of mangrove plants was 

determined by Prieto et al. [204] method (Appendix-IV.XII). Standard graph was 

prepared by using various concentrations (0.1, 0.2, 0.3, 0.4, and 0.5 mg/ml) of 

tocoferol. 

 

Figure 3.6.Standard graph for Antioxidants prepared using different 

concentrations of Tocoferol as standard antioxidant. 
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3.10 ANTIBACTERIAL ACTIVITY OF MANGROVE PLANTS OF INDUS 

DELTA 

Mangrove plant species A. marina, A. corniculatus, C. tagal  and R. mucronata 

naturally growing in Indus delta (region I) and micropropagated plants 

established in Jamshoro (region II) environment showed variable quantities of 

phytochemicals in. The extracts were subjected to antibacterial activity against 

four human pathogens i.e.  

Preparation of LB Medium: 5.0g of yeast extract, 5.0 g sodium chloride 

(NaCl), 10 g tryptone were dissolved one by one in 900 ml distilled water and 

then 12.0 g technical agar was added. Medium was boiled in microwave oven to 

melt the agar and raised the volume to one liter. Media and washed Petri dishes 

were autoclaved for 20 min at 121°C and 15 Ib/cm². 

Procedure: For the bioactivity mangrove plants extracts, different pathogenic 

bacterial species including Escherichia coli (Gram negative), Staphylococcus 

aureus (Gram positive), and Klebsiella pneumoniae (Gram negative) were 

evaluated. All the pathogenic species were collected from microbial diagnostic 

laboratory, ISRA University, Hyderabad. All pathogenic species were carefully 

streaked on sterilized LB medium in petri dishes and incubated at 37°C for 24 

hours. The cultures were first identified through microscopy, inoculated in LB 

broth at 37°C for 24 hours and then used for testing the antibacterial activity of 

extracts.  

For bioassay, about 0.1 ml of each respective activated species was inoculated on 

to petri plates containing media and lawned immediately by sterile spreader. 

About 2.5 mm sized wells were bored / prepared in Petri dishes. 10% ethanol 

extracts of different parts of mangroves of both regions were prepared in two 

dilutions i.e. T1 (10% extracts) and T2 (5% extracts) and used in study. 20μl of 

each sample preparation was added in each labelled well separately. Petri dishes 

were sealed with parafilm and incubated over night at 37°C. For negative 

control, well was filled with 20μl of sterile distilled water and or other solvent. 

The efficacy of each sample extract was observed after 24 hours. The zone 

inhibitions produced by the extracts were measured (in mm) and compared with 

zones of inhibitions produced by the positive control (antibiotics strips discs).  
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CHAPTER 4  

RESULTS AND DISSCUSSION 

4.1 MICROPROPAGATION OF MANGROVES PLANTS OF INDUS 

DELTA  

Micropropagation technique is routinely used to produce the health and disease 

free plants. In present study four mangrove plants species Avicennia marina 

(Forssk.) Vierh, Aegiceras corniculatum (Linn.) Blanco, Ceriops tagal (Perr.) 

Robins and Rhizophora mucronata (Poir.) were used and successfully 

micropropagated and established in the field at Jamshoro. In in vitro 

experiments, nodular stem sections containing axillary buds were collected from 

various creeks of Keti and Shah Bander, district Thatta, Sindh, Pakistan.  

4.1.1 STERILIZATION OF NODULAR STEM SECTIONS WITH NaOCl  

The efficacy of sterilization of explants and inhibition of browning by phenolic 

compounds are crucial parameters in mangroves and other woody plants. In 

present study, nodular stem sections of all four mangrove species of Indus delta 

A. marina, A. corniculatus, C. tagal and R. mucronata were sterilized in two 

different concentrations (50/50 V/V and 75/25 V/V Bleach: water) of bleach 

(5.25% NaOCl) commercially available in  the market. The explants were 

sterilized for 5, 10, 15 and 20 minutes time duration and then washed with 

sterilized distilled water before inoculation. The inoculated explants were 

incubated in growth room at 252C and observed on daily basis (Figure 4.1).  

For optimization of sterilization, about 100 nodular stem sections were used for 

each concentration and time duration. In A. marina, nodular stem sections 

sterilized in 75% (V/V) bleach for 20 minutes showed the best results as 65% 

alive, 32% dead and 03% contaminated explants were observed. The explants 

sterilized in 50% (V/V) bleach showed 54% survival rate after 15 days of 

inoculation (Table 4.1).  

In A. corniculatum, 61% explants were survived after 15 days of inoculation 

when the explants were sterilized with 75% (V/V) bleach for 20 minutes. 

Similarly in case of C. tagal and R. mucronata 59 and 58% explants were 

survived respectively after 15 days of inoculation when nodular stem sections 
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were sterilized with 75% (V/V) bleach (Table 4.1). It was further observed that 

between 12 – 39% explants were found dead when inoculated on media after 

sterilization. This may be due to presence of phenolic compounds in the nodular 

stem sections of all mangrove species. The results also revealed that as the 

sterilization time duration was increased the percentage of contaminated explants 

were decreased. Similarly increase of bleach concentration also increased the 

survival of explants.  

 

 

 

Figure 4.1. A, B, C showing browning due to exudation of phenolic 

acids in media during micropropagation of the mangrove 

species. 
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Table 4.1: Optimization of Sterilization conditions of nodular stem sections 

of mangrove species 

Mangrove 

species 

Bleach 

Conc. 

Explants Survival (%) 

Explant 

Status 

Sterilization Time Duration 

05 min 10 min 15 min 20 min 

Avicennia 

marina 

 

50% 

A* 08 12 34 54 

C* 76 68 45 22 

D* 16 20 21 24 

 

75% 

A 10 18 46 65 

C 76 62 32 03 

D 14 20 22 32 

Aegiceras 

corniculatum 

 

50% 

A 05 14 32 55 

C 78 70 46 20 

D 17 16 22 25 

 

75% 

A 08 20 42 61 

C 76 56 29 05 

D 16 24 29 34 

Ceriops tagal 

 

50% 

A 05 15 35 47 

C 79 67 43 21 

D 16 18 22 32 

 

75% 

A 07 12 36 59 

C 77 71 38 02 

D 16 17 26 39 

Rhizophora 

mucronata 

 

50% 

A 06 12 23 44 

C 79 69 53 30 

D 15 19 24 26 

 

75% 

A 08 14 44 58 

C 80 81 45 10 

D 12 16 24 32 

   A* = Alive D* = Dead C*=Contaminated  
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4.1.2 ADDITION OF ACTIVATED CHARCOAL AND ASCORBIC ACID IN MEDIUM 

Mangrove plants under study are rich in phenolic acids and other secondary 

compounds. The exudation of phenolic compounds in media during the excision 

of plants result browning of explants, discoloration of media and the death of the 

nodal explants are the major problems during initial phase of mangrove cultures. 

As the sterilized explants inoculated on medium, the nodular stem sections from 

their injured site exudes phenolic acids in the medium resulting the decrease of 

pH of the medium thus explants fail to grow on medium. Higher concentration of 

phenolic acids in medium causes the death of explants. 

In present study, different concentrations of activated charcoal (2.0 – 8.0 g/L) 

and ascorbic acid (50 – 250 mg/L) were added in the medium separately and in 

combinations which significantly minimized the browning problem by reducing 

the oxidation of phenols thus increased 30 – 50% survival rate of nodal explants 

of four mangrove species (Table 4.2). It was observed that addition of 100 – 

150mg/L charcoal increased the survival of nodal segments as compared to other 

concentrations of ascorbic acid. Similarly addition of 2 – 8 g/L activated 

charcoal also adsorbed the phenolic acids from media and increased the survival 

rate of explants. On the other hand addition of ascorbic acid (100 – 150mg/L) in 

combination with activated charcoal (6.0 g/L) significantly increased survival of 

nodal explants (51 – 65% survival) as presented in table 4.2.  
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Table 4.2: Effect of ascorbic acid and activated charcoal on survival of 

explants   

Ascorbi

c acid 

(mg/L) 

Activated 

Charcoal 

(g/L) 

Survived Explants (%)  

A. marina 
A. 

corniculatu

m 

C. tagal 
R. 

mucronata 

0 0 04 05 08 00 

50 0 21 25 35 20 

100 0 38 48 46 35 

150 0 56 52 41 44 

200 0 54 45 32 42 

250 0 48 28 18 31 

0 2 10 8 23 29 

0 4 31 32 36 37 

0 6 43 36 48 43 

0 8 35 21 33 34 

0 10 11 8 16 28 

100 4 23 17 52 39 

100 6 64 56 64 51 

100 8 18 11 27 25 

150 4 46 38 35 43 

150 6 65 61 47 58 

150 8 37 20 34 36 
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4.1.3 MICROPROPAGATION AND FIELD ESTABLISHMENT OF AVICENNIA 

MARINA 

In vitro micropropagation of A. marina was successfully achieved. For in vitro 

shoot proliferation, nodular stem sections were inoculated on MS medium 

supplemented with various concentrations and combinations of BAP, Kin and 

IAA. Different hormonal concentrations and combinations showed variable 

response of shoot formation.  It was observed that MS medium supplemented 

with 0.5mg/L BAP, 1.0mg/L Kin and 0.25mg/L IAA showed the highest 

percentage of shoot formation as 86% explants formed shoots. Similarly 83% 

shoot formation was observed in explants inoculated on MS medium 

supplemented with 0.5mg/L BAP, 1.0mg/L Kin and 0.5mg/L IAA.  

The explants inoculated on MS medium supplemented with different 

concentrations of BAP (0.5 – 2.0 mg/L) and Kin (0.5 – 2.0 mg/L) separately also 

formed shoots (08% to 76%). This percentage is less than explants inoculated on 

medium containing combination, of two or three hormones (Table 4.3). Similarly 

the higher number of shoots per explant was also observed in media containing 

combined concentration of BAP, Kin and IAA. MS medium with 0.5mg/L BAP, 

1.0mg/L Kin and 0.25mg/L IAA showed the highest number of formed shoots 

(2.40.1) per explant while other media showed between 1.2 – 2.1 shoots per 

explant. The shoot length was also determined after 45 days of inoculation which 

was observed in between 08 – 25 mm shoot length. MS media 0.5mg/L BAP, 

1.0mg/L Kin and 0.5mg/L IAA showed the highest shoot length (25mm) after 45 

days of inoculation (Table 4.3).      

For root formation, micropropagated shoots of A. marina were shifted on rooting 

media supplemented with IBA, NAA and IAA separately and in combinations. It 

was observed that no root was formed when shoots were shifted on simple MS 

medium without any plant growth regulator. It was observed that 82% 

microshoots were rooted on MS medium supplemented with 1.0mg/L IBA after 

23 days of shifting with 2.160.1 roots per shoots and 27.50.5 mm of average 

length of root (Table 4.4). Further increase of IBA concentration from 1.0 to 

2.0mg/L in the medium decreased the percentage of rooting from microshoots. 

Similarly addition of NAA and IAA in rooting media also showed root formation 
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in the microshoots but with decreased percentage comparing with IBA 

containing media.  

The average number of roots per microshoots and root length were also higher in 

IBA containing medium, such as 71 to 82% microshoots were rooted on MS 

medium containing 0.5 – 1.5mg/L IBA with average 2.160.1 – 2.25 0.2 roots 

per microshoot and average size of roots between 22.30.3 – 27.50.5 mm 

(Table 4.4). 

The microshoots rooted on various time durations on different media ranging 

from 20 – 40 days. The fastest rooting response was observed on MS medium 

supplemented with 0.5mg/L IBA where microshoots were rooted after 20 days of 

microshoots shifting, while MS medium supplemented with 1.5mg/L NAA 

showed the poor response of rooting as only 16% microshoots were rooted after 

40 days of shifting of microshoots on rooting media (Table 4.4)  

 

Figure 4.2. Micropropagation and establishment of A. marina 
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 Table 4.3: Effect of different concentrations of BAP, Kinetin (Kin) and IAA 

on microshoot formation in A. marina   

MS Medium with PGRs 

(mg/L) % of explants 

formed shoots 

No of shoots      

per Explant 

(Mean+SD) 

Average shoot 

length in mm 

after 45 days 

(Mean+SD) 
BAP IAA Kin 

0 0 0 0 0 0 

0.5 0 0 56 1.20.05 14.51.1 

1.0 0 0 72 1.60.09 19.00.5 

1.5 0 0 52 1.40.1 14.40.4 

2.0 0 0 27 1.20.05 12.51.1 

0 0 0.5 58 1.20.05 16.21.2 

0 0 1.0 76 2.00.1 19.50.5 

0 0 1.5 71 1.60.09 20.61.2 

0 0 2.0 45 1.20.05 11.41.5 

0.5 0.25 0.5 73 1.50.2 22.81.0 

0.5 0.5 0.5 63 1.40.08 18.01.2 

0.5 1.0 0.5 38 1.20.05 16.50.5 

0.5 0.25 1.0 86 2.40.1 22.51.2 

0.5 0.5 1.0 83 2.10.05 25.01.1 

0.5 1.0 1.0 56 1.60.09 21.20.5 

1.0 0.25 0.5 78 1.80.2 18.00.5 

1.0 0.5 0.5 72 1.60.1 21.51.1 

1.0 1.0 0.5 43 1.20.05 14.50.4 

1.0 0.25 1.0 78 2.00.1 18.60.5 

1.0 0.5 1.0 76 1.80.15 19.51.5 

1.0 1.0 1.0 24 1.20.05 12.80.5 
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Table 4.4: Effect of different concentrations of IBA, NAA and IAA on root 

formation, root length and days to rooting in A. marina 

MS Medium with 

PGRs (mg/L) 

Percentage 

of 

microshoots 

rooted 

No of roots 

per 

microshoot 

(Mean±SD) 

Average 

root length 

in mm 
(Mean±SD) 

Days to 

rooting 

(Mean) 
IBA NA

A 

IAA 

0 0 0 0 0 0 0 

0.12 0.0 0.0 09 1.140.1 12.60.5 36 

0.25 0.0 0.0 29 1.330.1 15.60.4 31 

0.5 0.0 0.0 71 2.250.2 22.30.3 20 

1.0 0.0 0.0 82 2.160.1 27.50.5 23 

1.5 0.0 0.0 64 2.160.1 25.20.5 24 

2.0 0.0 0.0 31 1.330.1 12.60.6 34 

0.0 0.25 0.0 43 1.330.1 14.20.7 31 

0.0 0.5 0.0 61 1.670.2 18.50.5 30 

0.0 1.0 0.0 42 1.50.1 18.40.8 32 

0.0 1.5 0.0 16 1.30.1 10.50.5 40 

0.0 0.0 0.25 0 0 0 0 

0.0 0.0 0.5 0 0 0 0 

0.0 0.0 1.0 13 1.250.2 10.60.6 38 

0.0 0.0 1.5 11 1.30.1 11.50.5 35 

0.25 0.5 0.0 31 1.670.2 12.50.6 32 

0.5 0.5 0.0 52 1.80.3 15.60.8 28 

1.0 0.5 0.0 73 1.80.2 23.20.5 28 

0.25 0.0 1.0 22 1.670.2 11.60.1 32 

0.5 0.0 1.0 46 1.80.2 14.40.5 32 

1.0 0.0 1.0 61 1.80.1 18.50.5 31 

1.0 0.5 1.0 43 1.330.1 11.20.6 31 
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4.1.4 MICROPROPAGATION AND FIELD ESTABLISHMENT OF A. CORNICULATUM  

The nodular stem sections of A. corniculatum were successfully 

micropropagated. For in vitro shoot proliferation, explants were inoculated on 

MS medium supplemented with fifteen different concentrations and 

combinations of BAP, Kin and IAA. It was observed that 5 – 22 % nodular stem 

sections of A. corniculatum were proliferated in to microshoots on medium 

containing 1.0 – 2.0 mg/L of each BAP and Kin separately and in combinations. 

MS medium supplemented with 1.5mg/L BAP showed the highest percentage of 

shoot formation as 22 % stem sections formed shoots followed by 15% and 14% 

shoots formation on MS media supplemented with 1.5mg/L and 2.0mg/L Kin 

respectively (Table 4.5). Further change of concentrations failed to show good 

response of shoot proliferation. It was also observed that MS medium 

supplemented with 1.5mg/L BAP showed the highest number of microshoots per 

explant as 2.10.2 shoots/explant (Table 4.5). The increase in shoot length was 

slow in all proliferating shoots as the highest shoot length 19mm was noted in 

MS medium containing 1.5 mg/L BAP after 45 days of explant inoculation. 

(Table 4.5). For root induction in microshoots of A. corniculatum, MS media 

supplemented with fifteen different combinat ions IBA, NAA and IAA was used. 

The microshoots were rooted after 28 – 39 days of inoculation on rooting media 

in overall MS medium supplemented 1.5mg/L IBA showed the best response of 

root formation as 30% microshoots were rooted followed by MS medium 

supplemented 1.0mg/L IBA where 28% microshoots were rooted. The 

microshoots formed roots in the range of between 1.1 to 2.2 roots/ microshoot. 

The highest number of roots per microshoots (2.20.1) was observed on MS 

medium supplemented 1.0mg/L IBA with 18.51.6 mm average root length 

(Table 4.6). Similarly the microshoots inoculated on MS medium supplemented 

with various concentrations of NAA failed to form roots.  
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Figure 4.3. Micropropagation and establishment of A. corniculatum. 

 

Table 4.5: Effect of different concentrations of BAP, Kinetin and IAA on 

microshoot formation in A. corniculatum 

MS Medium with 

PGRs (mg/L) 

% explants 

formed shoots 

No of shoots per 

Explant (Mean±SD) 

Average shoot length 

in mm (Mean±SD) 

BAP IAA Kin 

0 0 0 0 0 0 

0.5 0 0 0 0 0 

1.0 0 0 12 1.6+0.1 14+0.6 

1.5 0 0 22 2.1+0.2 19+0.5 

2.0 0 0 06 1.4+0.08 12+0.8 

0 0 0.5 0 0 0 

0 0 1.0 08 1.5+0.1 10+0.8 

0 0 1.5 15 1.6+0.1 19+0.5 

0 0 2.0 14 1.2+0.08 12+0.8 

0.5 0.25 0.5 0 0 0 

0.5 0.5 0.5 0 0 0 

0.5 0.25 1.0 05 1.0+0.0 12+0.8 

0.5 0.5 1.0 08 1.1+0.05 18+1.1 

1.0 0.25 0.5 0 0 0 

1.0 0.5 0.5 0 0 0 
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Table 4.6: Effect of different concentrations of IBA, NAA and IAA on root 

formation, root length and days to rooting in A. corniculatum 

MS Medium with 

PGRs (mg/L) 

% of 

microshoots 

rooted 

No of roots per 

microshoot 

(Mean±SD) 

Average root 

length in mm 

(Mean±SD) 

Days to 

rooting 

(Mean) 
IBA NAA IAA 

0 0 0 0 0 0 0 

0.25 0.0 0.0 0 0 0 0 

0.5 0.0 0.0 16 2.1±0.05 16.2±1.2 39±01.5 

1.0 0.0 0.0 28 2.2±0.1 18.5±1.6 34±1.8 

1.5 0.0 0.0 30 2.1±0.1 16.2±1.2 28±2.1 

0.0 0.25 0.0 06 1.1±0.05 23.2±0.9 31±1.5 

0.0 0.5 0.0 0 0 0 0 

0.0 1.0 0.0 0 0 0 0 

0.0 1.5 0.0 0 0 0 0 

0.0 0.0 1.5 0 0 0 0 

0.5 0.5 0.0 12 2.1+0.1 18.5±1.1 29±1.5 

1.0 0.5 0.0 06 2.0+0.1 12.0±0.8 31±1.5 

0.5 0.0 1.0 18 1.2+0.05 14.2±1.1 28±2.1 

1.0 0.0 1.0 0 0 0 0 

1.0 0.5 1.0 0 0 0 0 
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4.1.5 MICROPROPAGATION AND FIELD ESTABLISHMENT OF C. TAGAL  

Ceriops tagal is an important mangrove plant growing on Indus delta but with 

less than 0.5% occurrence among four mangrove species of Indus delta. 

Micropropagation of C. tagal was difficult due to release of higher quantity of 

phenolic acids in medium (Figure 4.1). Additional supplement of activated 

charcoal in shoot forming medium increased the survival of nodular stem 

sections. For in vitro shoot multiplication, MS medium was supplemented with 

fifteen concentrations of plant growth regulators (PGRs) BAP, Kin and IAA 

separately or in combinations. From the tested media, eight media gave positive 

response of shoot formation. In overall 5 – 15% explants formed the shoots on 

MS media containing various concentrations of BAP and Kin individually and in 

combination with IAA. It was observed that MS medium supplemented with 

2.0mg/L BAP showed the highest percentage of shoot formation as 15% explants 

formed shoots. Similarly 12% shoot formation was observed in explants 

inoculated on MS medium supplemented with 1.5mg/L BAP individually and 

1.0mg/L BAP, 0.5mg/L Kin and 0.5mg/L IAA in combination. The overall 

percentage of shoot proliferation is less in all supplemented media (Table 4.7).  

The number of shoots per explant was also observed in media and found 1.30.2 

microshoots/ explant on MS medium supplemented with 2.0mg/L BAP while 

other explants showed poor response of shoot proliferation on different media. 

The growth of shoot was observed to be slow and was observed after 60 days of 

inoculation. The highest shoot length (231.5 mm) was observed in microshoots 

inoculated on MS medium supplemented with 2.0mg/L BAP while all other 

proliferated microshoots showed slow growth ranged between 9.01.3 to 211.1 

mm in length (Table 4.7).  

The microshoots of C. tagal were shifted on rooting media containing MS 

medium supplemented with various concentrations and combinations of IBA, 

NAA and IAA. Out of fourteen tested hormonal combinations, six media showed 

positive response as 10 – 39% microshoots were proliferated the roots after 29 – 

36 days of shifting on media. MS medium supplemented with 1.5mg/L IBA 

showed the highest 39% rooting response with the highest number of roots 
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(2.90.1 roots/ microshoot) while MS medium supplemented with 0.5mg/L IBA 

showed 1.30.1 roots per microshoot (Table 4.8).  

The microshoots rooted on various time durations on different media ranged 

from 29.51.5 – 36.02.5 days. The fastest rooting response was observed on 

MS medium supplemented with 1.5mg/L IBA when microshoots were rooted 

after 29.51.5 days of microshoots shifting while MS medium supplemented 

with 0.5mg/L IBA and 0.5mg/L NAA showed the delayed rooting response as 

only 18% microshoots were rooted after 36.02.5 days of shifting of microshoots 

on rooting media (Table 4.8). 

 

 

Figure 4.4. Micropropagation and field establishment of C. tagal. 
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Table 4.7: Effect of different concentrations of BAP, Kinetin and IAA on 

microshoot formation in C. tagal 

MS Medium with 

PGRs (mg/L) 

% of explants 

formed shoots 

 

No of shoots per 

Explant (Mean±SD) 

Average shoot 

length in mm 

(Mean±SD) 
BAP IAA Kin 

0 0 0 0 0 0 

0.5 0 0 0 0 0 

1.0 0 0 05 1.0±0.0 16±0.1 

1.5 0 0 12 1.1±0.1 19±1.2 

2.0 0 0 15 1.3±0.2 23±1.5 

0 0 0.5 0 0 0 

0 0 1.0 08 1.2±0.05 13.0±1.1 

0 0 1.5 10 1.1±0.1 09±1.3 

0 0 2.0 08 1.2±0.2 12±1.1 

0.5 0.25 0.5 0 0 0 

0.5 0.5 0.5 0 0 0 

0.5 0.25 1.0 0 0 0 

0.5 0.5 1.0 0 0 0 

1.0 0.25 0.5 08 1.1±0.2 16±1.2 

1.0 0.5 0.5 12 1.2±0.2 21±1.1 
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Table 4.8: Effect of different concentrations of IBA, NAA and IAA on root 

formation, root length and days to rooting in C. tagal 

MS Medium with 

PGRs (mg/L) 

% of 

microshoots 

rooted 

No of roots 

per 

microshoot 

(Mean±SD) 

Average 

root length 

in mm 

(Mean±SD) 

Days to 

rooting 

(Mean) 
IBA NAA IAA 

0 0 0 0 0 0 0 

0.25 0.0 0.0 0 0 0 0 

0.5 0.0 0.0 22 1.3±0.1 18.5±1.2 32.5±1.8 

1.0 0.0 0.0 38 1.9±0.08 17.0±0.8 30±1.5 

1.5 0.0 0.0 39 2.9±0.1 16.2±1.1 29.5±1.5 

0.0 0.25 0.0 0 0 0 0 

0.0 0.5 0.0 0 0 0 0 

0.0 1.0 0.0 0 0 0 0 

0.0 1.5 0.0 0 0 0 0 

0.5 0.5 0.0 18 2.5±0.2 15.0±0.4 36±2.5 

1.0 0.5 0.0 22 2.1±0.15 16.4±1.0 34±1.6 

0.5 0.0 1.0 10 1.6±0.08 12.2±0.6 32±1.8 

1.0 0.0 1.0 0 0 0 0 

1.0 0.5 1.0 0 0 0 0 
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4.1.6 MICROPROPAGATION AND FIELD ESTABLISHMENT OF R. MUCRONATA 

Rhizophora mucronata is an important mangrove species growing in limited 

areas of Indus delta with less than 1.0% occurrence among all four mangrove 

species. R. mucronata also contained a huge amount of phenolic acids that are 

released in media during micropropagation thus inhibit the growth of inoculated 

explants (Figure 4.5). Through using activated charcoal and ascorbic acid in the 

medium, released phenolic compounds are adsorbed thus improved the efficiency 

of microshoot formation. The nodular stem sect ions of R. mucronata were 

successfully micropropagated in to microshoots on MS medium supplemented 

with 3.0% sucrose, 100mg/L myoinositol, 5.0g/L activated charcoal and fifteen 

different concentrations and combinations of BAP, Kin and IAA. Among all 

tested media, twelve media combinations showed positive response of 

microshoots proliferation from nodular stem sections. The highest shoot 

proliferation (42%) was observed on MS medium supplemented with 1.5mg/L 

BAP followed by 41% microshoots formation on MS medium supplemented with 

1.0mg/L BAP, 0.5mg/L of each Kin and IAA (Table 4.9). Similarly explants 

proliferated on MS medium supplemented with 1.0mg/L BAP, 0.5mg/L of each 

Kin and IAA showed the highest number of shoots formation as 2.10.05 

microshoots per explant was observed while other media combinations showed 

lesser number of microshoots formation (1.10.1 – 1.90.2 shoots/explant).   

The microshoot length was measured after 50 days of inoculation which was 

ranged between 120.8 to 290.6 mm of microshoot length.  Microshoots 

proliferated on MS medium supplemented with 1.5mg/L BAP showed 290.6 

mm length of the shoot followed by MS medium supplemented with 1.0mg/L 

BAP, 0.5mg/L of each Kin and IAA with 260.8 mm size of the microshoot 

(Table 4.9). 

 For root formation, 14 combinations of plant growth regulators were added in 

media, out of which 11 media showed positive response of rooting. The highest 

response of rooting was observed on MS medium supplemented with 0.5mg/L 

IBA and 0.5mg/L NAA as 58% microshoots were rooted followed by 54% 

microshoots rooted on MS medium supplemented with 1.0mg/L IBA and 

0.5mg/L NAA. Average number of roots per microshoot was higher (3.10.1) on 
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MS medium supplemented with 0.5mg/L IBA with the highest average root 

length (28.51.3mm) after 50 days of shifting on microshoots on rooting media.  

The days to rooting were variable on different medium. MS medium 

supplemented with 1.0mg/L showed fastest response of rooting as the 

microshoots were started rooting on 24 th day of shifting on rooting media. 

Similarly MS medium supplemented with 1.0mg/L NAA showed poor response 

of rooting as the microshoots were rooted after 40 th day of shifting on rooting 

media (Table 4.10). 

 

 

Figure 4.5. Micropropagation and establishment of R. mucronata in 

soil  
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Table 4.9: Effect of different concentrations of BAP, Kin and IAA on 

microshoot formation in R. mucronata   

MS Medium with 

PGRs (mg/L) 

% of explants 

formed shoots 

No of shoots      per 

Explant (Mean±SD) 

Average shoot 

length in mm 

(Mean±SD) 
BAP IAA Kin 

0 0 0 0 0 0 

0.5 0 0 0 0 0 

1.0 0 0 13 1.2±0.05 24±0.8 

1.5 0 0 42 1.8±0.01 29±0.8 

2.0 0 0 25 1.1±0.1 19±1.0 

0 0 0.5 0 0 0 

0 0 1.0 12 1.6±0.2 12±0.8 

0 0 1.5 32 1.8±0.05 22±09 

0 0 2.0 35 1.3±0.04 14±1.2 

0.5 0.25 0.5 20 1.2±0.08 18±1.1 

0.5 0.5 0.5 18 1.1±0.1 23±0.8 

0.5 0.25 1.0 26 1.4±0.05 21±0.9 

0.5 0.5 1.0 35 1.8±0.08 23±1.2 

1.0 0.25 0.5 35 1.9±0.2 18±1.2 

1.0 0.5 0.5 41 2.1±0.05 26±0.8 
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Table 4.10: Effect of different concentrations of IBA, NAA and IAA on root 

formation, root length and days to rooting in R. mucronata 

MS Medium with 

PGRs (mg/L) 

Percentage 

of 

microshoot

s rooted 

No of roots per 

microshoot 

(Mean±SD) 

Average root 

length in mm 

(Mean±SD) 

Days to 

rooting 

(Mean) 
IBA NAA IAA 

0 0 0 0 0 0 0 

0.25 0.0 0.0 19 1.13±0.05 14.5±0.3 34±2.5 

0.5 0.0 0.0 48 3.1±0.1 28.5±1.3 25±1.8 

1.0 0.0 0.0 52 2.8±0.05 27.5±1.5 24±1.6 

1.5 0.0 0.0 34 1.9±0.2 21.4±0.8 28±2.5 

0.0 0.25 0.0 05 1.3±0.2 16.4±0.75 27±0.3 

0.0 0.5 0.0 16 1.7±0.1 16.0±0.5 28±3.1 

0.0 1.0 0.0 15 1.3±0.08 12.5±0.83 36±2.5 

0.0 1.5 0.0 0 0 0 0 

0.5 0.5 0.0 58 2.5±0.2 25.6±0.94 25±3.5 

1.0 0.5 0.0 54 2.1±0.15 26.5±1.2 27±2.6 

0.5 0.0 1.0 45 1.6±0.08 22.4±0.82 29±2.8 

1.0 0.0 1.0 32 1.6±0.3 19.5±0.4 34±1.5 

1.0 0.5 1.0 0 0 0 0 

 



 

 

63 

 

4.2 QUANTIFICATION OF BIOCHEMICALS IN MANGROVES PLANTS 

The quantification and comparison of biochemicals (such as total proteins, total 

carbohydrates and reducing sugars) was done among mangrove plants growing 

naturally at Indus delta (Keti Bander and Shah Bander named Region I) and 

micropropagated plants established in the field at Institute of Biotechnology and 

genetic Engineering, University of Sindh, Jamshoro (Region II). 10% solvents 

extracts were prepared from various parts of mangrove plant species including 

roots, bark, leaf, flower and propagules of region I and roots, bark and leaves of 

plants of Region II.   

4.2.1 TOTAL PROTEINS IN A. MARINA 

Total protein contents in different parts of A. marina from region I and region II 

were quantified. According to quantitation of proteins in different parts of plant 

collected from region –II, the highest amount of total proteins were found from 

leaf extracts while the lowest quantity of proteins were detected in root extracts. 

The total protein contents detected in leaf extracts were in the range of 

36.981.12mg/ml in ethanol extracts to 42.042.0mg/ml in acetone extracts 

while in roots, total proteins contents were in the range of 5.41.2 in methanol 

extracts to 7.440.6mg/ml in water extracts (Figure 4.6). Other parts of plant 

extracts also showed varied range of protein contents such as flower extracts 

showed 10.650.9mg/ml to 29.111.5mg/ml protein contents; bark extracts 

showed between 15.443.5mg/ml to 20.232.12mg/ml; and propagule extracts 

15.310.8mg/ml to 34.231.4mg/ml of total proteins (Figure 4.6). 

Protein contents of leaves, roots and bark extracts of A. marina collected from 

region II were also quantified. Region II plants were the micropropagated plants 

which are established in the field in Jamshoro. The field established two years 

old plants of region II did not produce flowers and propagules yet. It was 

observed that protein contents were overall higher in plant extracts of region II 

as compared to region I. According to quantitation of proteins results obtained, 

leaf extracts showed the highest amount of protein contents as 55.492.5mg/ml 

was found in ethanol extracts of leaves of A. marina plant. Similarly roots 

extracts showed the lowest amount of proteins as 8.750.3mg/ml to 

10.80.8mg/l was determined in various solvents. The bark extracts showed 
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18.971.12 to 23.632.12mg/ml proteins contents in various solvents (Figure 

4.7). In overall region II plants showed the highest amount of total protein 

contents as compared to region I plants (Figure 4.7).  

 

 

 

Figure 4.6.Total Protein contents in different parts of A. marina plants 

collected from Indus delta (Region –I) 

 

 

Figure 4.7. Total Protein contents in different parts of micropropagated 

A. marina plants established at Jamshoro (Region –II) 
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4.2.2 TOTAL PROTEINS IN A. CORNICULATUM 

Protein contents in various parts of mangrove plant A. corniculatum were 

quantified. In case region I, roots, bark, leaves, flowers and propagules were 

collected from Kati bander and Shah Bander while in region II, roots, leaves and 

bark were collected from micropropagated plants established in pots in 

University of Sindh University of Sindh Jamshoro.  

Total protein quantification results obtained from samples from both regions 

presented in figure 4.8 and 4.9, it was observed that various parts of A. 

corniculatum plants growing in region II contained overall higher amount of 

proteins. Water extracts of leaves from region II showed the highest amount of 

total proteins (84.341.9mg/ml) as compared to other extracts of plant. Protein 

contents in leaves extracts were found higher in the range of between 

30.950.33mg/ml to 84.341.9mg/ml followed by bark and roots extracts as 

25.861.3 to 54.152.2 and 14.120.8 to 16.91.2mg/ml respectively (Figure 

4.9). 

In region I, water extracts of leaves showed the highest amount of total proteins 

(45.141.2mg/ml) while the lowest amount of proteins (10.730.27mg/ml) were 

detected in water extracts of roots. Various parts of plants showed a wide range 

of total proteins when different solvents were used such as leaf extracts showed 

16.950.14 to 45.141.2mg/ml followed by bark extracts (14.710.27 to 

35.511.9mg/ml), propagule extracts (13.710.13 to 31.91.29mg/ml), flower 

extracts (14.630.9 to 24.420.21mg/ml) and root extracts (10.730.27 to 

16.370.27mg/ml) as presented in figure 4.8.  

4.2.3 TOTAL PROTEINS IN C. TAGAL 

Total protein contents in various parts of mangrove plant C. tagal collected from 

region I and region II were quantified. In case region I, roots, bark, leaves, 

flowers and propagules were collected from Keti Bander and Shah Bander while 

in region II, roots, leaves and bark were collected from micropropagated plants 

established in pots at University of Sindh Jamshoro.  

From the results of total protein obtained from samples from both regions 

presented in figure 4.10 and 4.11, it was observed that various parts of C. tagal 

plants growing in region II contained overall higher amount of proteins. Water 
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extracts of leaves from region II showed the highest amount of total proteins 

(69.562.3mg/ml) as compared to other extracts of plant. In region II, total 

protein contents in leaves extracts were found higher which were ranged between 

34.851.5mg/ml to 69.152.3mg/ml followed by bark and roots extracts as 

26.281.1 to 51.462.2 and 13.521.2 to 26.51.2mg/ml respectively (Figure 

4.11). 

In the samples of region I, water extracts of leaves showed the highest amount of 

total proteins (41.681.3mg/ml) while the lowest amount of proteins 

(12.310.9mg/ml) were detected in water extracts of roots. Various parts of 

plants showed a wide range of total proteins when different solvents were used 

such as leaf extracts showed 29.081.2mg/ml to 41.681.3mg/ml followed by 

bark, propagule, flower and roots extracts as 26.11.5mg/ml to 36.211.5mg/ml, 

21.360.9mg/ml to 31141.6mg/ml, 22.151.2mg/ml to 29.911.8mg/ml and 

12.310.9mg/ml to 24.181.5mg/ml respectively as presented in figure 4.10. 

4.2.4 TOTAL PROTEINS IN R. MUCRONATA 

The protein contents in different parts of R. mucronata collected from region I 

(Kati Bander and Shah Bander) and region II (micropropagated plants 

established in Jamshoro) were quantified. In region II, micropropagated plants 

were established in field at Jamshoro. According to results obtained from 

different parts of plant collected from region–II, the highest amount of total 

proteins were found from leaf extracts while the lowest quantity of proteins were 

detected in root extracts. In region II, total protein contents detected in leaf 

extracts were in the range of 26.960.32mg/ml in water extracts to 

47.312.0mg/ml in ethanol extracts while in roots, total proteins contents were in 

the range of 5.750.2 in methanol extracts to 9.00.39mg/ml in ethanol extracts. 

Similarly bark extracts showed the protein contents in the range of 

17.830.6mg/ml to 32.110.25mg/ml protein contents (Figure 4.13).  

In region I, Protein contents of leaves, roots, bark, flower and propagule extracts 

of R. mucronata were quantified. It was observed that protein contents were 

overall lower in plant extracts of region I as compared to region II. According to 

quantitation of proteins results obtained, leaf extracts showed the highest amount 

of protein contents as 36.651.8mg/ml was found in ethanol extracts of leaves of 
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R. mucronata plant. Similarly roots extracts showed the lowest amount of 

proteins as 6.750.39mg/ml was detected in ethanol extracts. Protein contents in 

other explants were detected which were found in between the roots and leaves 

extracts. The bark extracts showed the second highest amount of proteins as 

15.422.1 to 24.541.4mg/ml proteins contents in various solvents followed by 

propagules (11.151.6 to 19.550.21mg/ml proteins contents) and flowers 

extracts (12.881.1 to 18.670.3mg/ml proteins contents) as presented in figure 

4.12. 

 

 

Figure 4.8. Total Proteins in different parts of A. corniculatum plants 

collected from Indus delta (Region –I). 

 
 

Figure 4.9.Total Proteins in different parts of micropropagated A. 

corniculatum plants established at Jamshoro (Region –II). 
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Figure 4.10. Total Proteins in different parts of C. tagal plants 

collected from Indus delta (Region–I). 

 

 

 
 

Figure 4.11. Total Proteins in different parts of micropropagated C. 

tagal plants established at Jamshoro (Region –II). 
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Figure 4.12.Total Proteins in different parts of R. mucronata plants 

collected from Indus delta (Region –I). 

 

 

 
 

 

Figure 4.13. Total Proteins in different parts of micropropagated R. 

mucronata plants established at Jamshoro (Region –II). 
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4.3 QUANTIFICATION OF TOTAL SUGARS  

The quantification and comparison of total carbohydrates was done among 

mangrove plants growing naturally at Indus delta (Keti Bander and Shah Bander 

named Region I) and micropropagated plants established in the field at Institute 

of Biotechnology and genetic Engineering, University of Sindh, Jamshoro 

(Region II). 10% solvents extracts were prepared from various parts of mangrove 

plant species including roots, bark, leaf, flower and propagules of region I and 

roots, bark and leaves of plants of Region II.  

4.3.1 TOTAL SUGARS IN A. MARINA  

Total carbohydrate contents of A. marina plants growing in region I and region II 

were determined. According to results obtained, total sugar contents were found 

higher in plant extracts of region II which were established in Jamshoro after 

micropropagation. The highest quantity of total sugars (118.654.5mg/ml) was 

found in ethanol extracts of leaves in region II while the lowest quantity of total 

sugar (11.981.2mg/ml) was determined in methanol extracts of roots of A. 

marina plants growing in region I (Figure 4.15). 

Leaves extracts of micropropagated plants established in region II showed the 

highest amount of total sugars in all solvents ranged between 72.633.0 to 

118.654.5mg/ml followed by bark extracts ranged from 44.53.0 to 

66.872.1mg/ml and then in root extracts ranged between 32.851.5 to 

38.651.1mg/ml of total sugars. Among the solvents, ethanol extracts 

accumulated the highest amount of total sugars as 38.651.3 to 118.654.5mg/ml 

was determined in three parts of plants while acetone accumulated the lowest 

amount of total sugars as 32.851.5 to 72.633.0mg/ml was accumulated (Figure 

4.15).  

According to results of total sugars in various parts of plants growing in region I 

as presented in figure 4.9, leaves extracts were found to have the highest amount 

of total sugars which was ranged between 46.722.5mg/ml to 85.283.1mg/ml in 

all solvents. The lowest amount of total sugars were found in roots of plants in 

region I ranged between 11.981.2mg/ml to 28.232.0mg/ml of total 

carbohydrates. Propagules contained total sugar between 14.750.7mg/ml to 
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48.682.5mg/ml; bark contained the total carbohydrates in the range from 

24.561.5mg/ml to 61.142.5mg/ml and total sugar accumulated from flowers 

was ranged between 19.210.9mg/ml to 31.922.1mg/ml (Figure 4.14).  

4.3.2 TOTAL SUGARS IN A. CORNICULATUM 

Total sugars were quantified in various extracts of different parts of mangrove A. 

corniculatum. According to results obtained, total sugars were found higher in 

plants of region II (Jamshoro region) as compared to plants growing in region I 

(Keti Bander and Shah Bander). The highest amounts of total sugars were 

detected in ethanol extracts of leaves (94.522.1mg/ml) followed by methanol 

(80.862.8mg/ml) and water extracts (76.262.7mg/ml) of leaves in A. 

corniculatum of region II. Total sugars detected in bark extracts of A. 

corniculatum of region II were ranged between 36.672.2 – 45.831.1mg/ml 

while roots extracts were ranged between 16.891.8 – 29.871.6mg/ml (Figure 

4.17).    

In region I, ethanol extracts of leaves and bark showed the higher amount of total 

sugars (80.011.8mg/ml and 55.621.5mg/ml respectively) as compared to other 

solvent extracts of various parts.  In overall the highest amount of total sugars 

were found in various solvents extracts of leaves in the range of 34.652.0–

80.011.8mg/ml followed by bark (31.381.5 – 55.621.5mg/ml), flower 

(17.711.0–42.21.1mg/ml), propagules (13.111.1–17.071.2mg/ml) and roots 

extracts (9.60.4 – 15.570.24mg/ml) respectively (Figure 4.16). 

4.3.3 TOTAL SUGAR IN C. TAGAL 

Sugars were quantified in various extracts of different parts of mangrove  C. 

tagal. According to results obtained, total sugars were found higher in plants of 

region II (Jamshoro region) as compared to plants growing in region I (Keti 

Bander and Shah Bander). The highest amounts of total sugars were detected in 

ethanol extracts of leaves (80.42.9mg/ml) followed by methanol extracts of 

leaves (65.252.3mg/ml) and ethanol extracts of bark (56.022.0mg/ml) in C. 

tagal of region II. Total sugars detected in bark extracts of C. tagal of region II 

were ranged between 27.551.9 – 56.022.0mg/ml while in roots extracts total 

sugars were ranged between 19.851.2 – 34.371.3mg/ml (Figure 4.19).    
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In region I, ethanol extracts of leaves showed the highest amount of total sugars 

(62.861.4mg/ml as compared to other solvent extracts of various parts.  In 

overall the highest amount of total sugars were found in various solvents extracts 

of leaves in the range of 39.382.6–62.861.4mg/ml followed by bark, flower, 

propagule and roots extracts as 32.581.2–46.111.5mg/ml, 29.371.2–

43.611.2mg/ml, 24.951.1 – 39.41.5mg/ml and 20.371.2–32.651.4mg/ml 

respectively (Figure 4.18). 

4.3.4 TOTAL SUGARS IN R. MUCRONATA 

Total sugars in R. mucronata plants growing in region I and region II were 

determined. According to analysis and results obtained, total sugar contents were 

found higher in plant extracts of region II which were established in Jamshoro 

after micropropagation. The highest quantity of total sugars (109.22.8mg/ml) 

was found in ethanol extracts of leaves in region II while the lowest quantity of 

total sugar (7.460.44mg/ml) was determined in water extracts of roots of R. 

mucronata plants growing in region I (Figure 4.21). 

The leaves extracts of micropropagated plants established in region II showed 

the highest amount of total sugars in all solvents that were ranged between 

49.851.9 to 109.22.8mg/ml followed by bark extracts ranged between 

33.231.8 to 58.952.4mg/ml and then in root extracts ranged between 

21.732.6 to 34.41.1mg/ml of total sugars. Among all four solvents used for 

extraction of biochemicals, ethanol accumulated the highest amount of total 

sugars as 34.41.1 in roots to 109.22.9mg/ml in leaves was determined while 

other solvents accumulated the lower quantity of sugars than ethanol (Figure 

4.21).  

From region I, total sugars was quantified from roots, bark, leaves, flowers and 

propagules of plants growing in region I (Keti Bander and Shah Bander). 

According to results presented in figure 4.15, leaves extracts were found to have 

the highest amount of total sugars which was ranged between 29.480.8mg/ml in 

acetone to 53.452.8mg/ml in ethanol. Similarly the lowest amount of total 

sugars were found in roots of plants in region I ranged between 7.460.44mg/ml 

in water extracts to 17.570.24mg/ml of total sugars in methanol extracts. Other 

parts of plants also showed varied quantity of total sugars such as propagules 
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contained total sugars between 11.560.27mg/ml to 25.452.0mg/ml; bark 

contained the total sugars in the range between 20.710.26mg/ml to 

48.393.1mg/ml and flowers was ranged between 15.40.4mg/ml to 

28.111.4mg/ml of total sugars (Figure 4.20).  

 

 

 

Figure 4.14.Total Sugar in different parts of A. marina plants collected 

from Indus delta (Region –I). 

 

 

 

 

Figure 4.15.Total Sugar in different parts of micropropagated A. 

marina plants established at Jamshoro (Region –II). 
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Figure 4.16.Total sugar in different parts of A. corniculatum plants 

collected from Indus delta (Region –I). 

 

 

 

 

Figure 4.17.Total sugar in different parts of micropropagated A. 

corniculatum plants established at Jamshoro (Region –II). 
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Figure 4.18.Total Sugar in different parts of C. tagal plants collected 

from Indus delta (Region –I). 

 

 

 

 

Figure 4.19.Total Sugar in different parts of micropropagated C. tagal 

plants established at Jamshoro (Region –II). 
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Figure 4.20.Total Sugar in different parts of R. mucronata plants 

collected from Indus delta (Region –I). 

 

 

 

 

Figure 4.21.Total Sugar in different parts of micropropagated R. 

mucronata plants established at Jamshoro (Region –II). 
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4.4 QUANTIFICATION OF REDUCING SUGARS 

The quantification and comparison of reducing sugars was done among 

mangrove plants growing naturally at Indus delta (Keti Bander and Shah Bander 

named Region I) and micropropagated plants established in the field at Institute 

of Biotechnology and genetic Engineering, University of Sindh, Jamshoro 

(Region II). 10% solvents extracts were prepared from various parts of mangrove 

plant species including roots, bark, leaf, flower and propagules of region I and 

roots, bark and leaves of plants of Region II.  

4.4.1 REDUCING SUGARS IN A. MARINA 

The reducing sugars in leaf, bark and root extracts of A. marina plants located at 

region II were found higher as compared to plants growing in region I. The 

reducing sugars in leaves extracts were higher than all other explants.  

In region II, reducing sugars was in the highest amount (62.413.12mg/ml) in 

methanol extracts of leaves. The lowest amount of reducing sugars were detected 

in roots extracts, as root extracts showed in the range of between 21.781.8 to 

27.571.52mg/ml of reducing sugars. Similarly in bark extracts, reducing sugars 

were found in the range of 23.111.66 to 44.432.94mg/ml in various solvent 

extracts (Figure 4.23). 

In region I, five explants extracts were analyzed for reducing sugars and overall 

found in lower amount as compared to the plants growing in region II. The 

leaves extracts were found to have the higher amount of reducing sugars in the 

range of 20.251.56 to 45.272.22mg/ml followed by bark, propagule and flower 

extracts contained reducing sugars in the range of between 16.461.94 – 

33.822.2, 12.411.25 – 28.851.25 and 9.250.7 – 13.340.5mg/ml 

respectively (Figure 4.22). Among the solvents, ethanol showed the best results 

as the highest amount of reducing sugars were detected in all explants of both 

regions while the lowest amount of sugars was detected in acetone in almost all 

parts of plants collected from both regions.  

4.4.2 REDUCING SUGARS IN A. CORNICULATUM 

According to reducing sugars analyzed, the higher amount was found in leaves 

extracts of region II plants. In region II, explants were collected from 

micropropagated plants established in pots at Jamshoro region and analyzed. 
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According to results obtained and presented in figure 4.25, various solvents 

extracts of leaves showed the higher amount of reducing sugars which was 

ranged between 20.121.5 – 48.562.5mg/ml followed by bark extracts as 

17.970.3 – 34.111.2mg/ml and roots extracts as 10.050.4 – 

18.320.25mg/ml.  

Various parts of mangrove A. corniculatum plants collected from region I 

growing at Keti Bander and Shah Bander were analyzed for reducing sugars. 

According to results obtained and presented in figure 4.24, ethanol extract of 

leaves showed the higher amount of reducing sugars (47.943.4mg/ml) while 

water extracts of roots showed the lowest quantity of reducing sugars 

(3.390.43mg/ml). In detailed analysis of reducing sugars, various solvent 

extracts of leaves showed the higher amount reducing sugars (26.11.2 – 

47.943.4mg/ml) followed by bark (18.10.5 – 37.771.8mg/ml), flowers 

(12.660.23 – 25.531.2mg/ml), propagules (8.60.3 – 12.570.9mg/ml) and 

roots extracts (3.390.43 – 9.650.38mg/ml) respectively.  

In overall, leaves showed the highest quantity of total and reducing sugars while 

roots contained the lowest quantity of total and reducing sugars (Figure 4.24).   

4.4.3 REDUCING SUGARS IN C. TAGAL  

According to results obtained, the higher amount of reducing sugars was found 

in leaves extracts of region II plants as compared to all explants of region I and 

region II under study. In region II, explants were collected from micropropagated 

plants established in pots at Jamshoro region and analyzed. According to results 

obtained and presented in figure 4.27, various solvents extracts of leaves showed 

the higher amount of reducing sugars which was ranged between 24.271.2 – 

47.121.8mg/ml. followed by bark extracts as 17.831.6  – 40.121.3mg/ml and 

roots extracts as 10.91.7 – 19.40.31mg/ml (Figure 4.27). 

Reducing sugars were also analyzed in various parts of mangrove C. tagal plants 

collected from region I growing at Keti Bander and Shah Bander. According to 

results obtained and presented in figure 4.21, ethanol extract of leaves showed 

the higher amount of reducing sugars (26.12.7mg/ml) while water extracts of 

roots showed the lowest quantity of reducing sugars (11.341.1mg/ml). Various 

parts of C. tagal plants showed variable range of reducing sugars in different 
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solvents. Various solvents extracts of leaves of C. tagal showed the higher 

amount of reducing sugars as 19.821.2 – 26.12.7mg/ml followed by flower, 

bark, propagules and roots extracts as 16.570.3 – 25.941.7mg/ml, 17.111.2 – 

24.32mg/ml, 14.111.8 – 21.480.4mg/ml and 9.341.1 – 19.011.2mg/ml 

respectively. In overall, leaves showed the highest quantity of total and reducing 

sugars while roots contained the lowest quantity of total and reducing sugars 

(Figure 4.29). 

4.4.4 REDUCING SUGARS IN R. MUCRONATA  

Like total sugars, reducing sugars were also higher in various parts of plants 

located at region II as compared to the plants growing in region I. The reduc ing 

sugars in leaves extracts were higher than all other explants.  

In the micropropagated plants of R. mucronata established in region II, reducing 

sugars was found in the highest amount (62.861.9mg/ml) in ethanol extracts of 

leaves while the lowest amount of reducing sugars were detected in roots 

extracts, as root extracts showed the reducing sugars in the range of between 

9.540.6 to 18.150.3mg/ml. Similarly in bark extracts, reducing sugars extracts 

were found in the range of 16.210.27 to 18.730.36mg/ml in various solvent 

extracts (Figure 4.29). 

In region I, five explants extracts were analyzed for reducing sugars and overall 

found in lower amount as compared to the plants growing in region II. Among 

five explants analyzed for reducing sugars, leaves extracts were found to have 

the higher amount of reducing sugars in the range of 16.051.8mg/ml to 

31.621.3mg/ml followed by bark, propagule, flower and roots extracts showed 

reducing sugars in the range of between 11.620.6 – 24.521.9mg/ml, 6.510.9 

– 8.860.26mg/ml, 9.260.27 – 10.730.43mg/ml and 3.010.3 – 8.90.3mg/ml 

respectively (Figure 4.28). Among the solvents, ethanol showed the best results 

as the highest amount of reducing sugars were detected in all explants of both 

regions while the lowest amount of sugars was detected in acetone in almost all 

parts of plants collected from both regions. 
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Figure 4.22. Reducing Sugar in different parts of A. marina plants 

collected from Indus delta (Region –I). 

 

 

 

 

Figure 4.23. Reducing Sugar in different parts of micropropagated A. 

marina plants established at Jamshoro (Region –II). 
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Figure 4.24. Reducing sugar in different parts of A. corniculatum 

plants collected from Indus delta (Region –I). 

 

 

 

 

Figure 4.25. Reducing sugar in different parts of micropropagated A. 

corniculatum plants established at Jamshoro (Region –II). 
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Figure 4-26. Reducing Sugar in different parts of C. tagal plants 

collected from Indus delta (Region –I). 

 

 

 

 

Figure. 4.27. Reducing Sugar in different parts of micropropagated C. 

tagal plants established at Jamshoro (Region –II). 
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Figure 4.28. Reducing Sugar in different parts of R. mucronata plants 

collected from Indus delta (Region –I). 

 

 

 

 

Figure 4.29. Reducing Sugar in different parts of micropropagated R. 

mucronata plants established at Jamshoro (Region –II). 
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4.5 QUALITATIVE SCREENING OF PHYTOCHEMICALS IN 

MANGROVE PLANTS OF INDUS DELTA 

All mangrove species of Indus delta A. marina, A. corniculatum, C. tagal and R. 

mucronata growing in the environment of region I (Indus delta: Keti Bander and 

Shah Bander) and region II (Micropropagated plants established in Jamshoro 

environment) were screened and compared for various phytochemicals such as 

alkaloids, flavonoids, tannins, terpenoids, saponins and sterols were tested. 

Ethanol extracts of five explants i.e. roots, bark, leaves, flowers, and propagules 

from region I plants and three explants i.e. roots, bark and leaves from region II 

plants were included in the study. The presence of phytochemicals is presented 

with positive (+) while absence by negative (-) symbols. The colour intensity of 

reaction mixture was measured as +, ++, +++, i.e. light colour, dark colour and 

darker colour respectively. 

4.5.1 TEST FOR ALKALOIDS   

The test was performed to screen the alkaloids in different parts of A. 

corniculatum, A. marina, C. tagal and R. mucronata. The appearance of reddish 

brown precipitates in sample extracts indicated the presence of alkaloids 

compared with control (without extracts) where no colour was developed. The 

colour intensity was variable in various parts of plants as well as in region I and 

region II.  

It was observed that colour was appeared in ethanol extracts of all five parts of 

A. marina plants from region I while in leaves and bark showed the development 

of colour from region II (Table 4-11). The colour intensity or development of 

reddish brown precipitates was variable in all tested sample. This showed that 

variable amount of alkaloids are present in each part of the plant. 

The alkaloids test performed on all five parts of C. tagal and R. mucronata from 

region I showed that alkaloids are present in all parts of the plants (Tables 4-13 

and 4-14). Similarly the roots of R. mucronata as well as shoots/bark and leaves 

of C. tagal and R. mucronata plants from region II also showed the reddish 

brown precipitates that confirmed the presence of alkaloids in these samples, 

although no change in colour was observed in roots extract of C. tagal plant as in 

blank which showed that there may be no alkaloids in roots of C. tagal (Table 4-
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13). The samples extracts of A. corniculatum plants collected from both regions I 

and II were tested and found that no change in colour or no reddish brown 

precipitate were observed after chemical reaction (Table 4.12).     

From the alkaloids tests, it was observed that mostly test samples of region I 

showed higher colour intensity as compared to positive test samples of region II. 

Similarly roots showed the poor colour intensity while leaves and bark showed 

the highest colour intensity in positive samples of tested plant species.    

4.5.2 TEST FOR FLAVONOIDS 

In qualitative test for flavonoids, sample extracts were mixed with lead acetate 

resulted the appearance of yellow precipitates considered as positive for 

flavonoids as compared to blank with no any change of colour or formation of 

precipitates. It was observed that flavonoids are present in almost all parts of 

tested plants collected from both regions. All parts of A. marina and R. 

mucronata plants of region I and II showed the change in colour which 

confirmed the presence of flavonoids (Tables 4-11 and 4.14), however flower 

extracts of A. corniculatum and C. tagal from regions I and II showed no change 

in colour which means that there may be no or negligible amount of flavonoids 

in flowers of these plants flavonoids (Tables 4.12 and 4.13).  Similarly roots 

extracts of A. corniculatum and C. tagal plant from region II also showed no 

colour change i.e. negative results in flavonoids test as presented in tables 4.12 

and 13.     

The test results revealed that leaves, bark, and propagules of all plants from 

region I showed the higher colour intensity and precipitates in the reaction while 

leaves and bark extracts of plants growing in region I showed low colour 

intensity. This difference in colour intensities may be due to variable amount of 

flavonoids in the plants growing two different regions.   

4.5.3 TEST FOR TANNINS 

Tannins test was performed by adding potassium ferric cyanide and acidic ferric 

chloride in test sample results in appearance of bluish or greenish black 

coloration in reaction mixture. Qualitative test for tannins was performed using 

ethanol extracts of samples from both regions I and II. According to results, all 

parts of A. corniculatum and C. tagal plants from both regions (I & II) showed 
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change in colour that indicated that tannins are present in these parts of the 

plants (Tables 4.12 and 4.13). Similarly leaves, bark, flower and propagules of A. 

marina and R. mucronata plants collected from both regions also showed 

positive indication about change of colour while no change in colour in reaction 

mixture was seen in the roots extracts of both A. marina and R. mucronata plants 

that indicated that tannins may not present in the roots of both plants as 

presented in tables 4.11 and 4.14. The colour intensity of leaves and bark 

extracts of A. marina and R. mucronata plants from region I was higher than 

other parts of all tested plants which show that tannins may be present in higher 

concentrations in A. marina and R. mucronata plants (Table 4.11 and 4.14). The 

negative results (no colour change) in roots of A. marina and R. mucronata 

plants of regions I and II showed that tannins are either not synthesized or 

transported to roots.    

4.5.4 TEST FOR TERPENOIDS 

The test was performed to screen the terpenoids present in samples of all plants 

under study. In terpenoids test, chloroform was mixed with sample extract. A 

reddish brown layer was appeared at interface by the addition of sulphuric acid 

in reaction mixture.  

 From the observations of reaction mixture, it was revealed that terpenoids were 

present in all tested plant species but some parts showed negative results. All 

tested parts of A. corniculatum and R. mucronata plants collected from both 

regions showed reddish brown layer as compared to blank which confirmed the 

presence of terpenoids in these plants (Tables 4.12 and 4.14). On the other hand 

leaves, bark, flowers and propagules of A. marina plant from region I while 

leaves and bark of A. marina plant from region II showed positive indication of 

terpenoids while roots of A. marina plant from both regions showed no change in 

colour. These results may be due to absence of terpenoids in roots of A. marina 

(Table 4.11). Similarly the results of leaves, bark and flowers of C. tagal plant 

from region I showed the presence of terpenoids while no change in colour was 

observed in reaction mixture of roots and propagules of C. tagal plants from 

region I. Leaves and bark of C. tagal from region II indicated the presence of 

terpenoids while roots indicated absence of terpenoids as shown in table 4.13.   
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In terpenoids tests variable colour intensities were observed that indicated 

variable amounts of terpenoids are present in different parts of plants.    

4.5.5 TEST FOR SAPONINS 

Saponins were screened in ethanol extracts of all tested samples of four plants 

under study. Test samples were mixed with olive oil and shaken well, formed 

stable foam that confirm the presence of saponins in samples. It was observed 

that all parts of A. corniculatum and R. mucronata plants collected from both 

regions formed stable foam thus confirmed the presence of saponins (Tables 4.12 

and 4.14).  On the other hand leaves and propagule extracts of A. marina plant 

from region I also showed positive indication of saponins while in bark, roots 

and flower extracts no foam formation was found thus no saponins were present. 

Similarly all tested parts of region II (roots, bark and leaves) of A. marina 

showed negative results thus saponins were absent in these parts (Table 4.11). In 

case of C. tagal plant, leaves and bark extracts from both regions showed the 

presence of saponins (Table 4.13).  

4.5.6 TEST FOR STEROIDS 

In detection of steroids, addition of acetic anhydride and then sulphuric acid in 

test sample changed the colour from violet to blue or green compared to blank. 

The change of colour is indication of presence of steroids in samples.  

In present study, various parts of four mangrove plant species growing in two 

regions were tested. It was observed that all parts of C. tagal collected from both 

regions showed the steroids (Table 4.13), although colour intensity of these 

samples was varied. In A. corniculatum plant parts collected from region I, bark, 

roots and propagules showed indications of steroids while ethanol extracts of 

flowers and leaves showed no colour change, thus indicated the absence of 

steroids (Table 4.12). Similarly bark extracts of A. corniculatum from region II 

showed the change of colour which no colour change was observed in their 

leaves and roots (Table 4.12).      

The test results confirmed that steroids are present in leaves, bark, flower and 

propagule extracts of A. marina plant of region I while leaves and bark extracts 

of A. marina from region II also showed positive results for steroids as shown in 

table 4.11. Similarly leaves, bark and roots extracts of R. mucronata collected 

from both regions also showed indications of steroids (Table 4.14). In all tested 
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samples, colour intensity of leaves and bark extracts were higher as compared to 

other extracts in all tested species. This may be due to presence of higher 

quantity of steroids in these parts of plants. 

 

Table 4.11: Qualitative screening of some phytochemicals in various parts of 

A. marina plant collected from two different regions 

Phytochemi-

cal test 

Region I Region II 

Flower Leaf Bark Root 
Propa-

gule 
Leaf Bark Root 

Alkaloids + ++ + + + + + + 

Flavonoids + ++ ++ + + ++ + + 

Tannins + ++ +++ - + ++ + - 

Terpenoids - + + - - + + - 

Saponins - + - - + - - - 

Sterols + + + - + + + - 

+ = Present  - = Absent 

 

Table 4.12: Qualitative screening of some phytochemicals in various parts 

of A. corniculatum plant collected from two different regions 

Phytochemic

al test 

Region I Region II 

Flower Leaf Bark Root 
Propa-

gule 
Leaf Bark Root 

Alkaloids - - - - - - - - 

Flavonoids - ++ + - + + + - 

Tannins + ++ ++ + + + + + 

Terpenoids + + + + + + + + 

Saponins + + + + + + + + 

Sterols - - + + + - + - 

+ = Present  - = Absent 
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Table 4.13: Qualitative screening of some phytochemicals in various parts of 

C. tagal plant collected from two different regions 

Phytochemi-

cal test 

Region I Region II 

Flower Leaf Bark Root 
Propa-

gule 
Leaf Bark Root 

Alkaloids + + + + + + + - 

Flavonoids - ++ ++ + + + + - 

Tannins + ++ ++ + + + + + 

Terpenoids + ++ + - - + + - 

Saponins - + + - - + + - 

Sterols + + + + + + + + 

+ = Present  - = Absent 

 

Table 4.14: Qualitative screening of some phytochemicals in various parts of 

R. mucronata plant collected from two different regions 

Phytochemi-

cal test 

Region I  Region II  

Flower Leaf Bark Root Propa-

gule 

Leaf Bark Root 

Alkaloids + ++ + + + + + + 

Flavonoids + +++ ++ + + ++ + + 

Tannins + ++ ++ - + + + - 

Terpenoids + ++ + + + + + + 

Saponins + ++ ++ + + + + + 

Sterols - ++ ++ + - ++ + + 

+ = Present  - = Absent 

Various phytochemicals such as phenolic acids, flavonoids and antioxidants in 

different solvent extracts of mangrove plants A. marina, A. corniculatum, C. 
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tagal and R. mucronata were quantified through reported spectrophotometric 

methods.  

4.6 QUANTITATION OF TOTAL PHENOLIC ACIDS 

Total phenolic acids in different parts of four mangrove plants collected from 

Indus delta and micropropagated plants established in Jamshoro were quant ified 

through standard spectrophotometric method.  

4.6.1 TOTAL PHENOLIC ACIDS IN A. MARINA  

Total phenolic acids in the extracts of different parts of A. marina collected from 

region I and region II were quantified. The highest amount of phenolic acids was 

found in leaves followed by bark, propagule, flowers and roots extracts 

respectively. According to phenolic results in different parts of plant collected 

from region I, the highest amount of phenolic acids were determined in leaves 

while the lowest quantity of phenolic acids were found in the roots of A. marina. 

The phenolic acids in leaves extracts were in the range of 22.292.6mg/ml in 

water extracts to 26.932.1mg/ml in ethanol extracts while in the roots extracts, 

total phenolic acids were in the range of 10.70.5 in water extracts to 

12.861.05mg/ml in methanol extracts (Figure 4.25). In overall the highest 

amount of total phenolic acids 26.932.1mg/ml were determined in ethanol 

extracts of leaves followed by 25.491.62, 24.851.94, 22.292.6 and 

20.132.6mg/ml in methanol, acetone, water extracts of leaves and methanol 

extracts of bark respectively (Figure 4.30). Other parts of plant extracts also 

showed varied range of phenolic acids such as bark extracts showed 

14.891.62mg/ml to 20.132.6mg/ml phenolic acids; propagules extracts showed 

between 15.870.8mg/ml to 18.711.2mg/ml and flower extracts 

11.711.5mg/ml to 16.270.8mg/ml of phenolic acids (Figure 4.30). 

Phenolic acids in leaves, roots and bark extracts of A. marina collected from 

region II were also quantified. It was observed that phenolic acids were overall 

higher in plant extracts of region I as compared to region II. According to results 

obtained leaf extracts showed the highest amount of phenolic acids 

21.621.3mg/ml was found in ethanol extracts of leaves of A. marina plant in 

region II. Similarly roots extracts showed the lowest amount of phenolic acids as 

5.320.8mg/ml to 8.450.9mg/l was found in various solvents extracts. Similarly 
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bark extracts showed intermediate quantity of phenolic acids in different solvents 

as 9.321.4 to 13.541.5mg/ml phenolic acids (Figure 4.31). 

In overall various parts of A. marina in region showed the highest quantity of 

phenolic acids as compared to region II plants (Figures  4.31).  

4.6.2 TOTAL PHENOLIC ACIDS IN A. CORNICULATUM  

Various parts of A. corniculatum plant collected from regions I and II were 

assessed for total phenolic acids. The plant extracts from region I showed to have 

higher amounts of total phenolic acids as compared to plants of region II. It was 

observed that higher amount of total phenolic acids were found in leaves 

followed by bark, propagule, flower and roots of plants of region I. The highest 

amount of total phenolic acids (48.351.2mg/ml) was found in ethanol extracts 

of leaves in region I (Figure 4.32) while the lowest quantity of total phenolic 

acids (10.460.8mg/ml) was obtained in water extracts of roots of A. 

corniculatum plants growing in region II (Figure 4.33). 

According to results obtained in various parts of A. corniculatum plants in region 

(Figure 4.32), various extracts of leaves showed the highest quantity of phenolic 

acids between 36.681.9 to 48.451.2mg/ml while the lowest amount were 

obtained from solvents extracts of roots in region I ranged between 11.351.3 to 

19.961.2mg/ml. Other parts of A. corniculatum plants of region I also showed a 

variable amount of total phenolic acids such as bark showed the total phenolic 

acids between 24.771.2 to 35.50.52mg/ml; propagules showed phenolic acids 

between 16.011.2 to 24.931.1mg/ml and flowers extracts showed phenolic 

acids between 12.71.2 to 21.191.2mg/ml (Figure 4.32).  

Among the A. corniculatum plants established in region II, leaves extracts 

showed the highest amounts of total phenolic acids in all solvents which were 

between 31.940.8 to 38.741.2mg/ml followed by bark extracts between 

18.350.6 to 28.840.6mg/ml and then in root extracts between 10.460.8 to 

17.430.7mg/ml of total phenolic acids (Figure 4.33). 
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Figure 4.30.Total Phenolic acids in different parts of A. marina plants 

collected from Indus delta (Region –I). 

 

 

 

 

Figure 4.31.Total Phenolic acids in different parts of micropropagated 

A. marina plants established at Jamshoro (Region –II) 
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Figure 4.32. Total Phenolic acids in different parts of A. corniculatum 

plants collected from Indus delta (Region –I). 

 

 

 

 

Figure 4.33. Total Phenolic acids in different parts of micropropagated 

A. corniculatum plants established at Jamshoro (Region –II). 
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4.6.3 TOTAL PHENOLIC ACIDS IN C. TAGAL  

Total phenolic acids in various extracts of different parts of mangrove C. tagal 

were quantified. According to results obtained, total phenolic acids isolated from 

C. tagal plants of region I were higher as compared to total phenolic acids 

isolated from C. tagal plants of region II. The highest amounts of total phenolic 

acids were obtained in methanol extracts of bark (39.010.34mg/ml) followed by 

methanol extracts of leaves (31.960.29mg/ml) in C. tagal of region I. In overall 

the highest amount of total phenolic acids were found in various solvents 

extracts of bark in the range of 26.970.24 - 39.010.34mg/ml followed by 

leaves, propagules, roots and flower extracts as 24.540.24 – 31.960.29mg/ml, 

15.40.32 – 18.870.18mg/ml, 9.090.1 – 16.930.21mg/ml and 6.970.23 – 

12.960.3mg/ml respectively in region I (Figure 4.34). 

In case of micropropagated plants established in region II, phenolic acids were 

decreased as compared to plants in region I. In region II, ethanol extracts of 

leaves showed the highest amount of phenolic acids (28.421.2mg/ml) as 

compared to other solvent extracts of various parts. Total phenolic acids 

accumulated from leaves, bark and roots of C. tagal plants of region II were 

between 20.761.1 – 28.421.2mg/ml, 14.560.8 - 23.251.4mg/ml and 

8.320.17 – 15.920.6mg/ml respectively (Figure 4.35). 

4.6.4 TOTAL PHENOLIC ACIDS IN R. MUCRONATA  

Total phenolic acids in mangrove R. mucronata plants growing in region I and 

region II were quantifies. According to the results obtained, phenolic acids were 

found higher in leaves followed by bark, propagule, flower and roots of plants 

from region I as compared to micropropagated plants established in region II. 

The highest amount of total phenolic acids (29.851.2mg/ml) was found in 

ethanol extracts of leaves in region I while the lowest quantity of total phenolic 

acids (7.320.2mg/ml) was determined in water extracts of roots of R. 

mucronata plants growing in region II (Figure 4.36). 

Total phenolic acids from  roots, bark, leaves, flowers and propagules of plants 

growing in region I (Keti Bander and Shah Bander) were screened. According to 

results presented in figure 4.36, leaves extracts were found to have the highest 

quantity of phenolic acids which was ranged between 25.50.43 – 
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29.851.2mg/ml while the lowest amount of phenolic acids were obtained from 

solvents extracts of roots in region I ranged between 11.350.33 - 

16.710.8mg/ml. Similarly a variable amount of total phenolic acids were also 

obtained from other parts of R. mucronata plant of region I such as propagules 

showed phenolic acids between 16.061.1 – 20.581.1mg/ml; bark showed the 

total phenolic acids in the range between 18.180.35 – 28.50.29mg/ml; and 

flowers contained phenolic acids ranged between 11.430.38 – 16.710.8mg/ml 

(Figure 4.36).  

Among the micropropagated plants established in region II, leaves extracts 

showed the highest amounts of total phenolic acids in all solvents ranged 

between 20.551.2 – 24.831.8mg/ml followed by bark extracts ranged between 

9.560.22 – 14.850.9mg/ml and then in root extracts ranged between 7.320.2 

– 9.450.3mg/ml of total phenolic acids. From the overall results in various parts 

of R. mucronata plants from region I and II, phenolic acids were found higher in 

plants of region I as compared to region II (Figure 4.37).  
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Figure 4.34. Total Phenolic acids in different parts of C. tagal plants 

collected from Indus delta (Region –I). 

 

 

 

Figure 4.35. Total Phenolic acids in different parts of micropropagated 

C. tagal plants established at Jamshoro (Region –II). 
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Figure 4.36. Total Phenolic acids in different parts of R. mucronata 

plants collected from Indus delta (Region –I). 

 

 

 

Figure 4.37. Total Phenolic acids in different parts of micropropagated 

R. mucronata plants established at Jamshoro (Region –II). 
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4.7 QUANTITATION OF TOTAL FLAVONOIDS 

Total flavonoids in solvent extracts of leaves, bark, roots, flowers and 

propagules of four mangrove plants collected from Indus delta and solvent 

extracts of leaves, bark and roots of four mangrove micropropagated plants 

established in Jamshoro were quantified through following the reported method.  

4.7.1 TOTAL FLAVONOIDS IN A. MARINA  

The flavonoids in solvent extracts of different parts of A. marina collected from 

region I and region II were quantified. The highest amount  of total flavonoids 

was found in leaves followed by flower, bark, propagule and roots extracts in 

region I and leaves, bark and roots extracts in region II respectively. The 

flavonoids in various parts of A. marina plant in region I was found higher than 

A. marina plant extracts in region II.  

In region I, explants extracts were analyzed for flavonoids and overall found in 

higher amount as compared to the micropropagated plants established in region 

II. The leaves extracts were found to have the higher amount of total flavonoids 

in the range of 9.91.15 to 15.081.2mg/ml followed by flower, bark, propagule 

and roots extracts showed flavonoids in the range of between 6.620.5–8.160.8, 

5.280.82 – 7.690.5, 4.880.5–6.930.1 and 2.370.42–4.70.8mg/ml 

respectively (Figure 4.38).  

Total flavonoids were also quantified in leaves, bark and roots extracts of A. 

marina plants established in region II. The highest amount of flavonoids 

(8.520.8mg/ml) were found in the methanol extracts of leaves. The lowest 

quantity of total flavonoids were determined in the roots extracts, as root extracts 

showed in the range of between 1.50.41 to 2.70.2mg/ml of total flavonoids. 

Similarly bark extracts also showed flavonoids contents which were lower than 

leaves but higher than roots extracts in the range of 2.650.3 to 3.540.6mg/ml 

in various solvent extracts (Figure 4.39). 
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4.7.2 TOTAL FLAVONOIDS IN A. CORNICULATUM  

Total flavonoids were assessed in different parts of A. corniculatum plants 

collected from regions I and II. The results showed that total flavonoids were 

found higher in various parts of A. corniculatum plants of region I as compared 

with micropropagated plants established in Jamshoro (region II). It was observed 

that leaves extracts showed to have the highest quantity of total flavonoids while 

roots showed the lower amount total flavonoids. In region I, higher amount of 

total flavonoids obtained from leaves extracts were between 22.990.24 to 

29.491.4mg/ml while lower concentrations of total flavonoids were detected in 

solvents extracts of roots were between 6.490.44 to 9.510.6mg/ml. Other parts 

of A. corniculatum plants of region I also showed variable amounts of total 

flavonoids in various solvents extracts such as bark extracts showed 14.411.1 to 

19.260.9mg/ml of total flavonoids; propagules extracts showed 10.410.7 to 

14.11.1mg/ml of total flavonoids and flower extracts showed 7.10.4 to 

11.860.43mg/ml as presented in figure 4.40. . 

From region II, leaves, bark and roots of A. corniculatum were collected and 

total flavonoids were assessed. The results showed that overall flavonoids 

contents were higher in plants of region I as compared to plants in region II. 

According to obtained result, leaf extracts showed the highest quantity of total 

flavonoids as 21.40.8mg/ml was found in water extracts of leaves of A. 

corniculatum plant while the roots extracts showed the lowest quantity of total 

flavonoids as 6.420.5mg/ml was detected in water extracts. Similarly bark 

extracts also showed intermediate quantity of total flavonoids as 11.580.3mg/l 

to 17.470.6mg/ml were detected in various solvent extracts of bark on A. 

corniculatum plants of region II (Figure 4.41). 
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Figure 4.38. Total Flavonoids in different parts of A. marina plants 

collected from Indus delta (Region–I). 

 

 

 

 

Figure 4.39. Total Flavonoids in different parts of micropropagated A. 

marina plants established at Jamshoro (Region –II). 
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Figure 4.40. Total Flavonoids in different parts of A. corniculatum 

plants collected from Indus delta (Region –I). 

 

 

 

 

Figure 4.41. Total Flavonoids in different parts of micropropagated A. 

corniculatum plants established at Jamshoro (Region –II). 
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4.7.3 TOTAL FLAVONOIDS IN C. TAGAL  

According to results obtained various parts of C. tagal plants in region I showed 

the higher amount of total flavonoids as compared to region II plants 

(micropropagated plants established in Jamshoro). Among various parts of C. 

tagal plants collected from region I, the highest quantity of total flavonoids were 

found in leaves followed by bark, propagules, roots and flowers respectively. 

According to results obtained and presented in figure 4.42, leaves extracts 

showed the highest amount of total flavonoids extracted in different solvents 

ranged between 14.90.21mg/ml to 19.490.2mg/ml flavonoids. Various 

solvents extracts of different parts of C. tagal showed variable amounts of total 

flavonoids such as bark showed between 10.750.2 to 14.160.21mg/ml; 

propagules showed between 8.020.28 to 11.040.1mg/ml; roots showed 

between 5.450.26 to 10.470.3mg/ml and flower extracts showed between 

4.210.22 to 7.870.26mg/ml of total flavonoids (Figure 4.42). 

Total flavonoid in leaves, bark and root extracts of C. tagal plants collected from 

region II were lower as compared to the C. tagal plants collected from region I. 

Among the three parts of C. tagal plants from region II under study, leaves 

extracts showed the higher concentrations of total flavonoids than bark and root 

extracts. Various solvents extracts of leaves showed between 9.20.2 to 

16.220.21mg/ml; bark showed between 8.320.26 to 14.350.2mg/ml and roots 

extracts showed between 4.480.22 to 9.250.3mg/ml of total flavonoids as 

presented in figure 4.43. 

4.7.4 TOTAL FLAVONOIDS IN R. MUCRONATA  

Total flavonoids in different parts of R. mucronata collected from region I (Keti 

Bander and Shah Bander) and region II (micropropagated plants established in 

Jamshoro) were analyzed. In overall results, total flavonoids were found higher 

in various parts of R. mucronata plants of region I compared with 

micropropagated plants established in region II. According to the flavonoids 

results obtained from different parts of plant collected from region–I, the highest 

quantity of total flavonoids were found from leaf extracts while the lowest 

quantity of total flavonoids were found in root extracts. In region I, total 

phenolic acids detected in leaf extracts were ranged 10.990.3 – 
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16.530.19mg/ml while flowers showed the lowest amount of total flavonoids 

which were ranged between 2.880.35 – 8.670.19mg/ml. Other parts of R. 

mucronata plants of region I also showed variable amounts of total flavonoids 

such as bark extracts showed 6.380.35 – 9.540.26mg/ml flavonoids in various 

solvents; propagules extracts as 3.110.11 – 9.550.21mg/ml and roots extracts 

as 3.280.18 – 9.60.21mg/ml as presented in figure 4.44. 

In region II, flavonoids in leaves, roots and bark extracts of R. mucronata were 

also quantified. It was observed that overall flavonoids contents were higher in 

plants of region I compared to region II. According to analyzed results of total 

flavonoids, leaf extracts showed the highest quantity of total flavonoids as 

7.540.2mg/ml was found in methanol extracts of leaves of R. mucronata plant. 

Similarly the roots extracts showed the lowest quantity of total flavonoids as 

2.240.1mg/ml was detected in ethanol extracts. Similarly bark extracts also 

showed lower amount of flavonoids as 3.460.18 – 4.590.29mg/ml were 

detected in various solvent extracts of bark on R. mucronata in region II (Figure 

4.45). 
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Figure 4.42. Total Flavonoids in different parts of C. tagal plants 

collected from Indus delta (Region –I). 

 

 

 

 

Figure 4.43. Total Flavonoids in different parts of micropropagated C. 

tagal plants established at Jamshoro (Region –II). 
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Figure 4.44. Total Flavonoids in different parts of R. mucronata plants 

collected from Indus delta (Region –I). 

 

 

 

 

Figure 4.45. Total Flavonoids in different parts of micropropagated R. 

mucronata plants established at Jamshoro (Region –II). 
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4.8 QUANTITATION OF ANTIOXIDANTS 

The solvent extracts of leaves, bark, roots, flowers and propagules of four 

mangrove species collected from Indus delta (Keti Bander and Shah Bander) and 

solvent extracts of leaves, bark and roots of four mangrove micropropagated 

plants established in Jamshoro were assessed for their antioxidants through 

standard method.  

4.8.1 ANTIOXIDANTS IN A. MARINA  

The antioxidants in various parts of A. marina plants collected from both regions 

I and II were assessed. In overall results, leaves extracts of A. marina plants 

collected from region I showed the highest concentrations of antioxidants as 

compare to other parts of plants collected from both regions. In region I, ethanol 

extracts of leaves showed the highest amount of antioxidants activity 

(10.480.6mg/ml) while the lowest amount of antioxidants activity 

(2.40.5mg/ml) were detected in acetone extracts of roots (Figure 4.46). A wide 

range of antioxidants activity was observed in various parts of A. marina plants 

from region I as 8.50.6 - 10.480.6mg/ml, 5.60.4 to 9.120.0.8mg/ml, 4.70.6 

to 8.40.0.5mg/ml, 4.20.0.4 to 7.50.5mg/ml and 2.40.5 to 5.010.5mg/ml in 

leaves, bark, propagules, flowers and roots respectively as presented in figure 

4.46. . 

Among various extracts of A. marina plants collected from region II, leaves 

extracts showed the higher amount of antioxidants activity as methanol extracts 

of leaves showed 6.510.4mg/ml activity. In region II, antioxidants activity in 

leaves extracts were found between 3.150.5 to 6.510.4mg/ml followed by bark 

and roots extracts as 3.080.2 to 5.20.3 and 1.920.2 to 3.40.3mg/ml 

respectively (Figure 4.47). 

4.8.2 ANTIOXIDANTS IN A. CORNICULATUM 

Various parts of A. corniculatum plants collected from region I and II were 

assessed for the antioxidants. The results showed that variable antioxidants 

activities were found in different parts of plants collected from both regions. 

From region I, antioxidant activity in roots, leaves, bark, flowers and propagule 

extracts of A. corniculatum was determined and found higher in leaves, followed 

by bark, propagules, flowers and roots respectively. In ethanol extracts of leaves 
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of A. corniculatum plants of region I, the highest antioxidant activity 

(16.190.4mg/ml) was observed while the roots extracts showed the lowest 

antioxidants activity as 5.40.6mg/ml was detected in water extracts. The 

antioxidants activities of other parts of plants of region I were also assessed and 

found an intermediate concentrations such as bark extracts showed between 

10.540.0.3 to 15.720.3mg/ml antioxidants in various solvents followed by 

propagules with 6.210.5 to 10.820.3mg/ml antioxidants and flowers showed 

between 5.750.22 to 9.310.6mg/ml of antioxidants in various solvents as 

presented in Figure 4.48. 

According to antioxidants activities obtained from various parts of A. 

corniculatum plants, ethanol extracts of leaves showed the highest antioxidants 

activity (10.20.4mg/ml) followed by ethanol extracts of bark with 

9.470.23mg/ml of antioxidants activity. In region II, total antioxidants obtained 

in leaf extracts were between 6.80.9mg/ml in water extracts to 10.20.4mg/ml 

in ethanol extracts while in roots antioxidants were obtained between 

4.420.3mg/ml in water extracts to 6.750.21mg/ml in ethanol extracts (Figure 

4.49).  

4.8.3 ANTIOXIDANTS IN C. TAGAL 

Antioxidants in various parts of C. tagal plants collected from both regions were 

analyzed. Among both regions, various parts of plants collected from region I 

showed overall higher concentrations of antioxidants than plants of region II. In 

the samples of region I, methanol extracts of leaves showed the highest amount 

of antioxidants activity (10.530.2mg/ml) while the lowest amount of 

antioxidants activity (2.490.25mg/ml) were detected in ethanol extracts of 

flowers (Figure 4.50). Various parts of plants showed a wide range of 

antioxidants activity when different solvents were used such as leaf extracts 

showed 8.210.2 to 10.530.2mg/ml followed by bark, propagule, roots and 

flowers extracts as 7.990.2 to 9.050.64mg/ml,3.490.35 to 5.510.31mg/ml, 

2.50.32 to 5.30.2mg/ml and 2.490.25 to 4.940.36mg/ml respectively as 

presented in figure 4.50. 
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Among leaves, bark and roots extracts of C. tagal plants collected from region II, 

leaves extracts showed the higher amount of antioxidants activity. Methanol 

extracts leaves of C. tagal plants growing in region II showed overall higher 

amount of antioxidants (9.560.3) as compared to other extracts of plant. In 

region II, antioxidants activity in leaves extracts were found between 5.010.38 

to 9.560.3mg/ml followed by bark and roots extracts as 4.760.22 to 6.830.18 

and 1.730.19 to 4.490.25mg/ml respectively (Figure 4.51). 

 

Figure 4.46. Antioxidant activity in different parts of A. marina plants 

collected from Indus delta (Region–I). 

 

 

Figure 4.47. Antioxidant activity in different parts of micropropagated 

A. marina plants established at Jamshoro (Region –II). 
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Figure 4.48. Antioxidant activity in different parts of A. corniculatum 

plants collected from Indus delta (Region –I). 

 

 

 

 

Figure 4.49. Antioxidant activity in various parts of micropropagated 

A. corniculatum plants established at Jamshoro (Region –II). 
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Figure 4.50. Antioxidant activity in different parts of C. tagal plants 

collected from Indus delta (Region –I). 

 

 

 

 

Figure 4.51. Antioxidant activity in different parts of micropropagated 

C. tagal plants established at Jamshoro (Region –II). 
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4.8.4 ANTIOXIDANTS IN R. MUCRONATA  

The antioxidants in solvents extracts of various parts of R. mucronata plants 

were quantified. Different parts of plants collected from two regions showed 

variable activities. The antioxidant activity in roots, leaves, bark, flower and 

propagule extracts of R. mucronata were determined. It was observed that 

antioxidants were overall in higher concentrations in plants of region I as 

compared to region II. According to results obtained and presented in figure 

4.52, leaf extracts of region I plants showed the highest amount of antioxidants 

as 14.40.17mg/ml was found in methanol extracts of leaves of R. mucronata 

plant while the roots extracts showed the lowest amount of antioxidants as 

4.40.3mg/ml was detected in water extracts. The antioxidants in other explants 

were also quantified which were found in between the roots and leaves extracts. 

The bark extracts showed the second highest amount of antioxidants as 

6.050.21 – 11.70.31mg/ml were found in various solvents followed by 

propagules with 5.440.3 – 10.350.32mg/ml antioxidants and in flowers 

extracts with 4.650.19 – 9.770.31mg/ml antioxidants as presented in figure 

4.52. 

In region II, micropropagated plants were established in field at Jamshoro. 

According to results obtained from different parts of plant collected from 

region–II, the highest amount of antioxidants (5.750.22mg/ml) were found in 

methanol extracts of leaves while the lowest quantity of antioxidants 

(2.140.26mg/ml) were obtained in water extracts of roots. In region II, tota l 

antioxidants obtained in leaf extracts were in the range of 5.750.22mg/ml in 

water extracts to 10.240.3mg/ml in methanol extracts while in roots 

antioxidants were ranged between 2.140.26mg/ml in water extracts to 

5.430.23mg/ml in methanol extracts. Similarly bark extracts showed the 

antioxidants ranged 2.850.36mg/ml in water extracts to 6.90.3mg/ml in 

methanol extracts (Figure 4.53).  
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Figure 4.52. Antioxidant activity in different parts of R. mucronata 

plants collected from Indus delta (Region –I). 

 

 

 

Figure 4.53. Antioxidant activity in different parts of micropropagated 

R. mucronata plants established at Jamshoro (Region –II). 
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4.9 CHLOROPHYLL CONTENTS IN MANGROVES OF INDUS DELTA 

Leaf chlorophyll contents in four mangrove species growing in Indus delta 

(region I) and micropropagated mangrove plants species growing at Jamshoro 

(region II) were analyzed four times in a year during the months of January, 

April, July and October. It was observed a significant variation in chl a, chl b, 

a/b ratios and carotenoids among the plants growing at two different regions. The 

chlorophyll contents were significantly decreased in plants growing at Jamshoro 

(region II) during hot summer weather as compared to other seasons.  

Among A. marina plants growing in regions II, It was observed that total 

chlorophyll contents were found in the highest amount (3.960.12mg/g fresh 

weight) during the months of October in region II which were in the lowest 

amount (2.990.14mg/g fresh weight) during the month of January (Table 4.15). 

The chlorophyll a to b ratio (a/b) was also variable during different months of 

the year. Similarly the carotenoids contents were also in higher concentration 

(0.710.12mg/g fresh weight) during October which was decreased 

(0.420.05mg/g fresh weight) during the month of January (Table 4.15). A. 

marina plants growing in regions I (Keti Bander) also showed variations in total 

chlorophyll contents round the year. Total chlorophyll contents were ranged 

between 3.250.09 to 3.920.2mg/g fresh weight while chlorophyll a (Chl a) to 

chlorophyll b (Chl b) ratio was observed in the range of 1.64 – 2.96 in different 

months of the year. Similarly carotenoids were ranged between 0.580.1 to 

0.710.12mg/g fresh weight of the leaves (Table 4.15).  

Total chlorophyll contents in A. corniculatum plants growing in region I was 

ranged in between 2.540.1 to 3.180.08 mg/g fresh weight with chl a to chl b 

ratio 2.18 to 2.52 while in region II was 1.630.1 to 3.30.1 mg/g fresh weight 

and chl a to chl b ratio was 1.98 to 2.47 mg/g fresh weight. Similarly carotenoids 

were 0.430.1 to 0.580.22 mg/g fresh weight in A. corniculatum plants growing 

in region II while 0.380.1 to 0.540.2 mg/g fresh weight of the leaves in region 

II (Table 4.16).  

Total chlorophyll contents in C. tagal plants were determined and found in lower 

amount as compared to A. marina and A. corniculatum plants. The chlorophyll 
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contents quantified from region I were ranged between 2.430.15 to 2.650.22 

mg/g fresh weight with chlorophyll a to b ratio 2.0 to 2.23 mg/g fresh weight 

while total chlorophyll contents in region II were observed as 1.840.1 to 

2.760.2 mg/g fresh weight and chlorophyll a to b ratio (a/b) as 1.58 to 2.53 

mg/g fresh weight. The carotenoids in leaves of C. tagal plants were also 

quantified. The carotenoids in C. tagal plants of region I were 0.430.2 to 

0.520.02 mg/g fresh weight and in region II were 0.34 0.1 to 0.65 0.2 mg/g 

fresh weight of the leaves (Table 4.17). 

R. mucronata plants showed the lowest amount of chlorophyll contents as 

compared to other mangrove plants. According to results presented in table 4.18, 

total chlorophyll contents were ranged in between 2.190.3 to 2.720.2 mg/g 

fresh weight of leaves in region I while 1.66 0.22 to 2.61 0.1 mg/g fresh 

weight of leaves in region II. The carotenoids were detected 0.510.2 to 

0.620.15 mg/g fresh weight in region I and 0.520.04 to 0.680.2 mg/g fresh 

weight in leaves of R. mucronata (Table 4.18).  
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Table 4.15: Chlorophyll and carotenoids in A. marina Plants during different months of the year 

 

Season/ 

Month 

Region I Region II 

Chl a 

(mg/g 

FW) 

Chl b (mg/g 

FW) 

Total Chl 

(mg/g FW) 

Chl (a/b) 

ratio 

(mg/g FW) 

Carotenoids 

(mg/g FW) 

Chl a (mg/g 

FW) 

Chl b (mg/g 

FW) 

Total Chl 

(mg/g FW) 

Chl (a/b) 

ratio 

(mg/g 

FW) 

Carotenoid

s 

(mg/g FW) 

January 
2.38  

0.1 
0.92  0.2 3.3  0.2 2.23 0.580.1 2.13  0.12 

0.86  

0.11 

2.99  

0.14 
2.47 0.420.05 

April 
2.43  

0.2 

0.82  

0.12 
3.25  0.09 2.09 0.620.2 2.52  0.15 0.98  0.2 3.5  0.12 2.57 0.680.1 

July 
2.51  

0.15 
1.18  0.2 3.69  0.12 2.12 0.710.12 2.41  0.1 1.2  0.15 3.61  0.2 2.0 0.580.08 

October 
2.44  

0.2 

1.48  

0.15 
3.92  0.2 1.64 0.680.22 2.62  0.09 

1.34  

0.11 

3.96  

0.12 
1.75 0.710.12 
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Table 4.16: Chlorophyll and carotenoids in A. corniculatum Plants during different months of the year 

 

Season/ 

Month 

Region I Region II 

Chl a 

(mg/g FW) 

Chl b 

(mg/g 

FW) 

Total Chl 

(mg/g FW) 

Chl (a/b) 

ratio 

(mg/g FW) 

Carotenoids 

(mg/g FW) 

Chl a 

(mg/g 

FW) 

Chl b 

(mg/g 

FW) 

Total Chl 

(mg/g FW) 

Chl (a/b) 

ratio 

(mg/g FW) 

Carotenoids 

(mg/g FW) 

January 1.82  0.15 0.72  

0.22 

2.54  0.1 2.43 0.430.1 1.11  

0.1 

0.52  

0.05 

1.63  

0.1 

2.79 0.380.1 

April 2.01  0.1 0.92  

0.1 

2.93  0.2 2.18 0.520.2 2.32  

0.2 

0.89  

0.15 

3.21  

0.2 

2.6 0.540.15 

July 2.23  0.1 0.95  

0.1 

3.18  

0.08 

2.34 0.540.12 1.41  

0.1 

0.71  

0.1 

2.12  

0.1 

2.47 0.450.1 

October 2.21  0.15 0.89  

0.2 

3.1  0.1 1.8 0.580.22 2.35  

0.2 

0.95  

0.12 

3.3  0.1 1.96 0.540.2 
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Table 4.17: Chlorophyll and carotenoids in C. tagal Plants during different months of the year 

 

Season/ 

Month 

Region I Region II 

Chl a 

(mg/g 

FW) 

Chl b 

(mg/g 

FW) 

Total Chl 

(mg/g FW) 

Chl (a/b) 

ratio 

(mg/g FW) 

Carotenoids 

(mg/g FW) 

Chl a 

(mg/g 

FW) 

Chl b 

(mg/g 

FW) 

Total Chl 

(mg/g FW) 

Chl (a/b) 

ratio 

(mg/g FW) 

Carotenoids 

(mg/g FW) 

January 1.62  

0.12 

0.81  

0.1 

2.43  

0.15 

2.0 0.430.2 1.34  

0.04 

0.52  

0.1 

1.86  

0.1 

2.57 0.340.1 

April 1.74  

0.12 

0.78  

0.12 

2.52  0.1 2.23 0.510.1 1.89  

0.1 

0.81  

0.22 

2.7  0.2 2.1 0.620.22 

July 1.78  

0.2 

0.83  

0.1 

2.61  0.2 2.14 0.520.02 1.62  

0.1 

0.64  

0.15 

2.26  

0.05 

2.53 0.420.1 

October 1.83  

0.12 

0.82 

0.1 

2.65  

0.22 

2.03 0.520.02 1.92  

0.15 

0.84  

0.15 

2.76  

0.2 

1.93 0.650.2 

 

 

 

 

  



 

 

118 

 

 

 

Table 4.18: Chlorophyll and carotenoids in R. mucronata Plants during different months of the year 

 

Season/ 

Month 

Region I Region II 

Chl a 

(mg/g FW) 

Chl b 

(mg/g FW) 

Total Chl 

(mg/g FW) 

Chl (a/b) 

ratio 

(mg/g FW) 

Carotenoids 

(mg/g FW) 

Chl a 

(mg/g FW) 

Chl b 

(mg/g FW) 

Total Chl 

(mg/g FW) 

Chl (a/b) 

ratio 

(mg/g FW) 

Carotenoids 

(mg/g FW) 

January 1.58  0.2 0.61  

0.08 

2.19  

0.3 

2.59 0.560.2 1.08  

0.3 

0.58  

0.12 

1.66  

0.22 

2.45 0.520.04 

April 1.84  0.1 0.72  0.1 2.56  

0.12 

2.55 0.620.15 1.92  

0.15 

0.68  

0.08 

2.6  0.1 1.95 0.640.05 

July 1.78  

0.05 

0.73 0.2 2.51  

0.2 

2.43 0.530.1 1.47  

0.2 

0.51  

0.1 

1.98  

0.15 

2.88 0.570.1 

October 1.94  

0.15 

0.78  0.1 2.72  

0.2 

2.48 0.510.2 1.92  

0.1 

0.69  

0.11 

2.61  

0.1 

2.07 0.680.2 
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4.10 ANTIBACTERIAL POTENTIAL OF EXTRACTS OF MANGROVE 

PLANTS 

The antibacterial potential of two dilutions of mangrove plants preparations extracted 

from leaves, bark, roots, flowers and propagules of four mangrove plants of region I 

and roots, bark and leaves of mangrove plants of region II. Two dilutions T1 (10% 

extracts) and T2 (5% extracts) of all parts extracts were used to study the inhibitory 

effects against three pathogenic bacterial species S. aureus, E. coli and K. 

pneumoniae. The T1 preparations of A. marina, A. corniculatum, C. tagal and R. 

mucronata plants showed antibacterial activity against all tested bacterial species. 

According to results obtained and presented in tables 4.19 to 4.22, a wide range of 

zones of inhibitions (3.00.65 to 16.50.2 mm) were observed when T1 preparations 

were applied against tested bacterial species. Ethanol extracts of leaves (T1) of A. 

corniculatum showed the maximum inhibitory effect (16.50.2 mm zones of 

inhibition) against E. coli followed by T1 extracts of A. marina and C. tagal showed 

inhibitions (13.50.4 mm zone of inhibition) against E. coli and K. pneumoniae 

respectively (Tables 4.19 and 4.21). As the concentration of extracts is reduced to half 

(5% in T2), inhibitory effect was also decreased. The preparations T2 of A. marina 

leaf, bark and roots showed no inhibition against K. pneumoniae and S. aureus while 

showed growth inhibitions against E. coli. In case of T2 preparations of A. 

corniculatum, almost all extracts showed inhibitory effects as 3.00.24 mm zones of 

inhibitions against to K. pneumoniae to 12.0 mm zones of inhibitions against E. coli. 

T2 preparation of roots extracts of A. corniculatum showed negative results against E. 

coli as no growth inhibition was observed (Table 4.20).  

T2 preparations of various parts of C. tagal showed positive results as all extracts 

showed growth inhibitions (3.00.4 – 11.50.9 mm of zones of inhibitions) against 

three tested bacterial species (Table 4.21). Similarly T2 preparations of R. mucronata 

showed variable results. The leaf extracts of R. mucronata plants of region I and II 

showed inhibitory response while bark and roots extracts in T2 preparations failed to 

show inhibitions against E. coli, K. pneumoniae and S. aureus (Table 4.22). The 

application of 70% ethanol as negative control showed no inhibitory effect against all 

tested bacterial species. 
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Table 4.19: Inhibitory effect of ethanol extracts of A. marina plant against 

some pathogenic species of bacteria (zone of inhibition in mm) 

Plant  

Parts 

 

Bacterial 

Species 

Zone of inhibition in mm (Mean ± SD)  

Region I Region II Negative 

Control 
T – 1 T – 2 T – 1 T – 2 

Leaf 

S. aureus 8.0±0.3 6.5±0.2 7.0±0.3 3.0±0.0 -ve 

E.coli 13.5±0.4 7.5±0.3 9.0±0.4 6.5±0.3 -ve 

K. pneumoniae 6.5±0.2 4.0±0.2 5.0±0.3 -ve -ve 

Bark 

S. aureus 7.5±0.5 7.0±0.4 6.5±0.55 -ve -ve 

E.coli 11.0±0.4 3.2±0.4 10.5±0.5 8.5±0.4 -ve 

K. pneumoniae 7.5±0.3 5.0±0.26 5.5±0.36 -ve -ve 

Root 

S. aureus 4.0±0.1 -ve 3.5±0.15 -ve -ve 

E.coli 6.5±0.4 6.0±0.4 6.0±0.5 3.5±0.4 -ve 

K. pneumoniae 5.5±0.24 5.0±0.2 3.5±0.3 -ve -ve 

Flower 

S. aureus 6.5±0.45 4.5±0.4 NT NT NT 

E.coli 8.0±0.3 7.5±0.25 NT NT NT 

K. pneumoniae 3.5±0.43 -ve NT NT NT 

 

Propagule 

 

S. aureus 8.0±0.2 7.6±0.2 NT NT NT 

E.coli 8.5±0.24 3.0±0.2 NT NT NT 

K. pneumoniae 5.0±0.4 3.0±0.5 NT NT NT 
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Table 4.20: Inhibitory effect of ethanol extracts of A. corniculatum plant 

against some pathogenic species of bacteria (zone of inhibition in mm) 

Plant   

Parts 

 

Bacterial 

Species 

 

Zone of inhibition in mm (Mean ± SD) 

Region I Region II Negative 

Control 
T – 1 T – 2 T – 1 T – 2 

Leaf 

S. aureus 12.0±0.9 8.5±1.5 11.5±0.9 6.5±0.8 -ve 

E.coli 16.5±0.2 11.4±0.6 14.5±1.0 12.0±0.3 -ve 

K. pneumoniae 8.0±0.25 5.5±0.2 7.5±0.3 3.5±0.2 -ve 

Bark 

S. aureus 11.5±0.5 8.0±0.45 8.5±0.6 3.5±0.43 -ve 

E.coli 12.0±0.5 9.5±0.42 11.0±0.5 4.5±0.4 -ve 

K. pneumoniae 9.0±0.3 6.0±0.3 6.5±0.4 3.0±0.24 -ve 

Root 

S. aureus 5.5±0.1 2.5±0.5 6.0±0.2 3.5±0.5 -ve 

E.coli 6.5±0.4 4.0±0.4 3.5±0.5 -ve -ve 

K. pneumoniae 5.0±0.24 4.5±0.2 5.5±0.3 3.0±0.2 -ve 

Flower 

S. aureus 8.0±0.5 6.5±0.4 NT NT NT 

E.coli 7.5±0.9 6.5±0.8 NT NT NT 

K. pneumoniae 6.0±0.4 5.5±0.4 NT NT NT 

 

Propagule 

 

S. aureus 6.5±0.2 5.0±0.2 NT NT NT 

E.coli 7.5±0.24 6.0±0.2 NT NT NT 

K. pneumoniae 6.0±0.4 3.5±0.35 NT NT NT 
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Table 4.21: Inhibitory effect of ethanol extracts of C. tagal plant against 

some pathogenic species of bacteria (zone of inhibition in mm) 

Plant   

Parts 

 

Bacterial   

Species 

 

Zone of inhibition in mm (Mean ± SD)  

Region I Region II Negative 

Control 
T – 1 T – 2 T – 1 T – 2 

Leaf 

S. aureus 10.5±0.85 11.0±1.5 11.5±0.9 7.5±0.8 -ve 

E.coli 12.0±0.45 9.5±0.4 11.0±0.5 4.5±0.8 -ve 

K. pneumoniae 13.5±0.9 9.0±0.8 9.5±0.9 7.0±0.8 -ve 

Bark 

S. aureus 8.5±0.43 8.0±0.38 7.5±0.8 5.5±0.4 -ve 

E.coli 9.0±1.2 6.5±0.5 10.0±1.0 7.5±0.5 -ve 

K. pneumoniae 10.5±0.6 11.0±0.5 11.0±0.6 6.5±0.8 -ve 

Root 

S. aureus 6.5±0.6 6.0±0.5 7.0±0.6 3.5±0.5 -ve 

E.coli 7.0±0.4 4.5±0.5 6.0±0.4 3.0±0.4 -ve 

K. pneumoniae 7.5±0.4 5.0±0.9 6.5±0.2 3.0±0.7 -ve 

Flower 

S. aureus 7.0±0.7 6.5±0.6 NT NT NT 

E.coli 8.5±0.3 6.5±0.25 NT NT NT 

K. pneumoniae 9.5±0.4 7.0±0.8 NT NT NT 

 

Propagule 

 

S. aureus 6.0±0.6 4.5±0.5 NT NT NT 

E.coli 6.5±0.8 3.0±0.75 NT NT NT 

K. pneumoniae 8.5±0.4 5.5±0.5 NT NT NT 
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Table 4.22: Inhibitory effect of ethanol extracts of R. mucronata plant 

against some pathogenic species of bacteria (zone of inhibition in mm) 

Plant     

Parts 

Bacterial   

Species 

Zone of inhibition in mm (Mean ± SD) 

Region I Region II Negative 

Control 
T – 1 T – 2 T – 1 T – 2 

Leaf 

S. aureus 7.0±0.5 5.5±0.4 8.5±0.5 3.0±0.4 -ve 

E.coli 8.0±0.3 5.5±1.15 6.0±0.4 3.5±1.13 -ve 

K. pneumoniae 5.5±0.7 3.0±0.65 5.0±0.75 -ve -ve 

Bark 

S. aureus 6.5±0.5 5.0±0.5 7.5±0.6 3.0±0.4 -ve 

E.coli 5.0±0.3 3.0±0.25 6.5±0.35 -ve -ve 

K. pneumoniae 5.5±0.4 -ve 4.0±0.8 -ve -ve 

Root 

S. aureus 4.0±0.4 -ve 5.5±0.3 -ve -ve 

E.coli 3.0±0.65 -ve 6.7±0.7 -ve -ve 

K. pneumoniae 5.0±0.34 4.5±0.9 5.0±0.39 -ve -ve 

Flower 

S. aureus 7.5±0.7 4.5±0.5 NT NT NT 

E.coli 6.0±0.4 2.5±0.3 NT NT NT 

K. pneumoniae 7.0±0.87 4.0±0.2 NT NT NT 

 

Propagule 

 

S. aureus 6.5±0.4 4.5±0.5 NT NT NT 

E.coli 7.5±0.3 5.5±0.5 NT NT NT 

K. pneumoniae 8.0±0.4 6.5±0.65 NT NT NT 
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4.11 DISCUSSION 

Plant tissue culture technology plays an important role in the rapid clonal 

propagation, regeneration of genetically modified plants, production of 

secondary compounds and ex vitro conservation of valuable germplasm [205, 

206]. Micropropagation technique is routinely used to produce the healthy and 

disease free plants. Micropropagation of woody plants species is very difficult 

and was not successful before 1970. Later on many woody plants have 

successfully produced through in vitro cultures such as neem [207], apple [208], 

[209], Excoecaria agallocha [71], Aegle marmelos [210] Zizyphus spp. [211], 

Prosopis cineraria [212].  

In vitro vegetative propagation is less expensive but its success is still limited in 

mangroves [68, 70]. Tissue culture studies in mangroves are rarely mentioned in 

the literature since many species are recalcitrant. The explant exudes phenolic 

substances, frequently turns brown and eventually dies during in vitro culture 

[61]. Though there are a few reports on callus induction, redifferentiation of 

callus into adventitious buds or plantlets has not been achieved [61, 213, 214]. 

As compared to the terrestrial plants, very few reports are available on the 

micropropagation of mangroves, such as Sessuvium portulacastrum [68], 

Excoecaria agallocha [71], Avicennia officinalis, Acanthus ilicifolius [70], 

Avicennia marina [182], Bruguiera gymnorrhiza [215] and Kandelia candel 

[216]. 

4.11.1 STERILIZATION AND INOCULATION OF NODAL EXPLANTS OF 

MANGROVES 

During the micropropagation studies of mangrove species, microbial 

contamination and browning were major problems faced. The sterilized nodal 

stem sections released phenolics in medium from their injured sites. The efficacy 

of sterilization of explants and inhibition of browning by phenolic compounds 

are crucial parameters in mangroves and other woody plants. The sterilization 

and phenol induced browning problems have also been reported in fruits and nut 

crops [217, 218]. Both microbial contamination and browning during culture 

proliferation are regulated by the physiological and phytosanitary state of the 

mother plant and by the season of explant collection [219-222]. In the present 

study, nodular stem sections were used as explants for clonal uniformity. In 
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present study, nodular stem sections of A. marina, A. corniculatum, C. tagal and 

R. mucronata were successfully established using sterilization protocol explained 

in material and methods and commercial bleach (NaOCl) as sterilizing agent. 

According to results obtained in present study, when nodular explants sterilized 

with 75% (v/v) bleach for 20 minutes, 65, 61, 59 and 58% explants of A. marina, 

A. corniculatum, C. tagal and R. mucronata respectively were survived and 

established after 15 days of inoculation (Table 4.1). Similar sterilization methods 

have also been reported for nodal stem sections of Myrica sp. [223] Platanus 

occidentalis [224], Crateava and Asparagus [225].  

The time duration for sterilization of mangrove plants is important where 

considerable amount of healthy sterilized cultures could be obtained with 

minimum amount of microbial contamination and browning. The young, soft and 

green explants usually treated for less than 2 – 8 min but woody explants may be 

treated for more than 10 min. However, sterilization for less time duration could 

result in browning and death of tissues [226]. In our experiments, nodal explants 

were treated for 5, 10, 15 and 20 min time duration and good results were 

obtained when nodal explants were treated for 20 min. Although the longer time 

duration for sterilization ensured the elimination of microbial contamination with 

higher percentage of aseptic cultures but also resulted the increase of browning 

and ultimately death of the nodal explants. Other researchers also reported the 

improved results of sterilization. [227] also observed an increase in the survival 

of green explants treated with CaOCl by reducing the sterilization time duration 

from 20 to 10 min. Similarly in vitro the exudation of phenolic compounds in 

media and necrosis of explants also showed a strong positive correlation and has 

been reported in Mango [228], Cashew [229] and Vaccinium sp. [230].  

In our experiments, nodal explants of mangroves were initially dipped in 70% 

ethanol for 30 seconds before sterilization in NaOCl. This permitted explants to 

be wetted more effectively and improved the sterilization. Alcohol is usually 

used during sterilization of explants; however the time for dipping of explants in 

ethanol varied and depended on the type of explant. Alcohol removes surface 

waxes from explants surface [231]. The use of preliminary dip of explants in 

ethanol has been reported in Castanea sativa [232] and Quercus robur [233]. 

Mangrove plants under study are rich in phenolic acids and other secondary 

compounds. The exudation of phenolic compounds in media during the excision 
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of plants result browning of explants, discoloration of media and the death of the 

nodal explants are the major problems during initial phase of mangrove cultures. 

In our experiments, the medium was turned brown within 24 – 48 hours due to 

release of brown exudates (Figure 4.1). The browning of explants started through 

the action of peroxidases and polyphenol oxidases which are triggered by 

defense reactions at wounded parts of plants [234]. In intact plant tissue, phenols 

and polyphenol oxidases are usually compartmentalized in the vacuoles and 

plastids/chloroplasts respectively. The browning of tissues starts when 

decompartmentalisation occurred as explants were injured. During this process 

polyphenol oxidases catalyzes the reaction between different phenolic 

compounds and molecular oxygen producing quinones which are highly reactive 

and nonspecifically polymerize proteins and produce dark pigments, melanin 

[235], [236]. The problem of browning during tissue culture has also been 

reported in other fruit trees like avocado [237], cashew [229], guava [238], 

grapevine [239], litchi [240], pear [241], strawberry [223] and walnut [242].  

The exudation of phenolic compounds and their oxidation was the most severe 

problem during initial stage of explants establishment when the nodal explants 

were excised from intact plants for micropropagation. In our study, nodal 

explants were treated with various concentrations of ascorbic acid that lowered 

the levels of browning as compared to un-ascorbic acid treated explants. The 

treatment with ascorbic acid reduced the oxidation of phenols. The release of 

phenolic acids was further reduced by the addition of activated charcoal in the 

media which adsorb the phenolic acids. Similar results were obtained by other 

researchers who treated the explants with different antioxidants such as ascorbic 

acid, citric acid, etc. To encounter the problem of polyphenol oxidation [243], 

Mc Combe and Newton [244] suggested the addition of antioxidants like 

activated charcoal, ascorbic acid, citric acid, cystine HCl, polyvinyl prolidine, 

etc. to tissue culture medium.  

In present study, different concentrations of activated charcoal (2.0 – 10.0 g/L) 

and ascorbic acid (50 – 250 mg/L) were added in the medium that significantly 

minimized the browning problem by reducing the oxidation of phenols thus 

increased (30 – 50%) the survival rate of nodal explants of four mangrove 

species (Table 4.2). Our results are in agreement with other reports, such as 

Elmore, et al. [245] reported the reduction of the browning levels after treatment 
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of explants with antioxidants. This may be attributed to reduced rate of oxidation 

of phenols because of lesser surface area of the explants exposed at the wounded 

site. Pathak[246] added 100 – 200 mg/L ascorbic acid in the medium followed by 

daily subculturing of the explants to fresh medium for 2-3 days in Cassia alata 

to avoid browning of the medium. The ineffectiveness of antioxidants to prevent 

browning of explants from in situ source may be related to high tannin and 

phenolic contents which is known to vary according to seasonal changes [247]. 

Similar results were reported in Doryanthes excelsa by Smith, [248] and 

Symonanthus bancroftii by Panaia, et al. [249].  

The excision of single nodes from shoots resulted very small explants that 

increased damage and thereby death. During sterilization the browning of 

explants was further reduced by taking large sized stem sections with 2 – 3 nodes 

per explants instead of single node in our experiments. This activity saved the 

upper nodes of explants from browning in contact with media. Mereti, et al. 

[250] also reported to decrease the browning through using bi-nodal explants in 

Arbutus unedo L. 

4.11.2  MICROPROPAGATION AND FIELD ESTABLISHMENT OF MANGROVES 

Nodal stem segments containing axillary buds have the potential to develop into 

complete plantlets when cultured on nutrient medium under in vitro conditions. 

Depending on growth pattern of a plant species, these axillary buds remain 

inactive for specific time period, however by in vitro culture technique these 

buds can proliferate in multiple axillary branches on a suitable nutrient media 

and plant growth regulators. In present study, micropropagation of A. marina, A. 

corniculatum, C. tagal and R. mucronata from nodal explants was studied on MS 

medium supplemented with plant growth regulators BAP, IAA and Kin either 

singly or in different combination. For each mangrove species about 15 – 22 

combinations of plant growth regulators (BAP, Kin, IAA) were studied. A. 

marina nodal explants showed the highest shoot formation (86%) with number of 

shoots (2.40.1) per explant and average shoots length (22.51.2 mm) on MS 

medium supplemented with 0.5mg/L of BAP, 1.0mg/L of Kin and 0.25mg/L of 

IAA (Table 4.3) followed by R. mucronata with highest shoot formation (42%) 

with number of shoots (1.80.01) per explant and average shoots length (290.8 

mm) on MS medium with 1.5mg/L of BAP only (Table 4.9), A. corniculatum 
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with the highest shoot formation (22%) with number of shoots (2.10.2) per 

explant and average shoots length (190.5 mm) on MS medium with 1.5mg/L of 

BAP (Table 4.5) and C. tagal with the highest shoot formation (15%) with 

number of shoots (1.30.2) per explant and average shoots length 231.5mm on 

MS medium with 2.0 mg/L of BAP (Table 4.7). Shoot proliferation response was 

different in all four tested species, such as nodal explants of A. marina showed 

86% shoot proliferation response on MS medium supplemented with 0.5mg/L of 

BAP, 1.0mg/L of Kin and 0.25mg/L of IAA but on the same media R. mucronata 

showed 26% and A. corniculatum 5% shoot proliferation response while in C. 

tagal no any explant was proliferated in to shoot.  Similarly MS medium without 

any plant growth regulator showed no response toward shoot formation.  

Nodal segments of A. marina cultured on MS medium with single cytokinin 

(BAP or Kin) showed lower morphogenetic response of shoot formation as 

compared to medium supplemented with plant growth regulators in combination. 

But in other mangrove species such as A. corniculatum, C. tagal and R. 

mucronata showed the highest morphogenetic response of shoot formation on 

medium supplemented with single plant growth regulator (1.5 – 2.0 mg/L of 

BAP only). This differential morphogenetic response may be due to apical 

dominance and genetic make up. Auxin and cytokinin ratio may be responsible 

for apical dominance and is very well documented to be caused by the action of 

basipetally transported auxin from the apex and its consequent inhibition of 

axillary bud growth [251]. It is well known that cytokinin regulates auxin levels 

and vice versa. Similarly, the synergism of BA in combination with NAA in vitro 

axillary shoot multiplication has also been observed in Excoecaria agallocha 

[186], Rauvolfia tetraphylla [252], Tylophora indica [253], Enicostemma 

littorale [254] and Metabriggsia ovalifolia [255]. Present findings also 

demonstrate the positive modification of shoot induction efficiency achieved by 

using a low concentration of IAA in combination with a high concentration of 

BAP in combinations or BAP singly.  

In present study, the highest average number of shoot formation per explant 

(2.40.1) was observed in A. marina on MS medium supplemented with 0.5mg/L 

BAP, 0.25mg/L IAA and 1.0mg/L Kin (Table 4.3) but average shoot length was 

observed higher (29.00.8mm) in R. mucronata on MS medium additionally 
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supplemented with 1.5mg/L BAP only (Table 4.9). As indicated in tables 4.3, 

4.5, 4.7 and 4.9, the average number of shoots regenerated per nodal explant of 

four mangrove species A. marina, A. corniculatum, C. tagal and R. mucronata is 

lower which were in the range of 1.3 – 2.4 shoots per nodal explant.  This may 

be use of IAA instead of NAA in shoot multiplication media. The addition of 

higher concentrations of BAP and Kin in media significantly decreased the 

percentage of shoots formation and average number of shoots per explant in all 

four mangrove species. Present findings of shoot multiplication of four 

mangrove species agrees with Nayak [256] and Naz, et al. [257] on shoot 

multiplication of turmeric and Kavyashree [258] on ginger var. Varada. But our 

results do not agree with the findings of Kochuthressia et al. [259] in which 6.4 

shoots per explant were regenerated in red ginger (Alpinia purpurata). In 

general, the use of BAP singly in shoot induction and multiplication medium 

showed better multiplication of shoots than it is combined with other cytokinin 

(Kin). 

For rooting, 4 – 5 cm long in vitro regenerated shoots of A. marina, A. 

corniculatum, C. tagal and R. mucronata were excised and transferred to the MS 

medium additionally supplemented with different concentrations of IBA, NAA 

and IAA either singly and in combinations (Table 4.4, 4.6, 4.8 and 4.10). 

According to results of roots formation in four mangrove species, 82% 

microshoots were rooted with average number of roots (2.160.1), average root 

length (27.50.5mm) and days to initial root formation (23 days) in A. marina on 

MS medium with 1.0mg/L IBA. As the combination of PGRs (0.5mg/L of each 

IBA, NAA and IAA) were added in medium, 71% microshoots were rooted 

higher number of roots per shoot (2.250.2), decreased average roots length 

(22.30.3mm) and decreased number of days to initial root formation in A. 

marina (Table 4.4). In R. mucronata, 58% microshoots were rooted with 2.50.2 

number of roots per microshoot, 25.60.94mm of average root length and 253.5 

days to rooting on MS medium supplemented with 0.5mg/L of each IBA and 

NAA (Table 4.10). A less percentage of microshoots were rooted (39 and 30%) 

in C. tagal and A. corniculatum with average roots formation per shoot (2.90.1 

and 2.10.1), average roots length (16.21.1 and 16.21.2 mm) and days to 
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rooting (29.51.5 and 282.1 days) on MS medium supplemented with 1.5mg/L 

IBA (Tables 4.6 and 4.8). 

The efficacy of Indole butyric acid (IBA) in root induction has been reported in 

Rauvolfia serpentine [260], Mentha arvensis [261], Cyamopsis tetragonoloba 

[262] and Sansevieria cylindrica [263]. In our study, combined treatment with 

IBA (0.5mg/L) and NAA (0.5mg/L) also produced the highest percentage of 

rooting (58%) and average root number (2.50.2) and days to rooting (253.5) in 

R. mucronata (Table 4.10). The combined auxin treatment was reported to have 

strong effect on the rooting response of microshoots [179]. The stimulatory 

effects of auxins on adventitious rooting of stem cuttings and airlayers of several 

other mangrove and non-mangrove species have been reported earlier [264]. 

Geetha, et al. [265] produced up to 6 and 4 roots in Kaempferia galanga and 

Kaempferia rotunda respectively in the medium supplemented with 1.0 mg/L of 

NAA and 0.5 mg/L of IBA and 1.0 mg/L of NAA was used. The exact 

mechanism of physiological response due to combined effect of auxins remained 

un- cleared in mangroves.  According to various studies, auxins (IBA and NAA) 

affect the soluble sugars, starch and protein contents during root formation. The 

available carbohydrates are utilized during adventitious root induction and 

development. Irrespective of types of cuttings and treatments, total soluble sugar 

and starch contents in rooting zone increased up to 10 - 15 days of treatment and 

decreased thereafter, which indicate mobilization of stored sugar and starch by 

the activity of hydrolytic enzymes and translocated to the rooting zone of 

cuttings to act as source of energy for cellular division and differentiation  [266, 

267]. The increase in the rooting potential of stem cuttings due to initial presence 

of relatively higher amount of carbohydrate has also been reported [179, 264].  

Treatment of shoot cuttings with NAA or IBA increased levels of total soluble 

sugar and starch in the rooting zone. Numerous investigators have reported that  

increase in sugar content in the rooting zone of cuttings caused by auxins which 

may be attributed to an increase in starch hydrolysis [266] and or increased sugar 

transport towards rooting [268]. Moreover, auxin–carbohydrate interactions are 

also observed to be vital for rooting [269-271].     

The transfer and acclimatization of the plantlets from in vitro culture media to 

soil in the greenhouse is one of the most important steps in the physiological 
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adaptation of micropropagated plants. This stage is the beginning of the 

autotrophic existence of the plant and change in the physiological processes 

necessary for survival in the field [272]. Woody plant species acclimatized more 

difficulty than herbaceous species [273] and therefore one of the most critical 

steps that decide the success of any micropropagation protocol.  

In our study in vitro propagated plantlets having 3 – 4 fully expanded leaves and 

well grown roots were successfully hardened through shifting in pots containing 

sterile garden soil. The pots were covered with transparent polythene bags to 

maintain high humidity and placed in growth room four weeks and then shifted 

in green house to acclimatize at 30C and 60 – 80% relative humidity. After four 

weeks, temperature was gradually increased to 32C and relative humidity was 

decreased to 40 – 50%. The growth of micropropagated A. marina, A. 

corniculatum, C. tagal and R. mucronata plants was carefully observed during 

hot summer season during April to July with increased temperature was ranged 

between 31 - 45C and winter season during December to February with 

temperature ranged between 03 - 30C.  60 – 70% micropropagated plants of all 

four mangrove species were survived successfully. However, plantlets showed 

slow growth during initial hardening stage. This may be due to low chlorophyll 

contents and photosynthetic rates due to mixotrophic nature of the plantlets. The 

slow growth during hardening phase also reported in other species [274]. The 

roots of micropropagated plants usually have a very low efficiency of absorption 

of water and nutrients [275].  After eight weeks, a significant increase in plant  

height was observed.  

4.11.3  BIOCHEMICAL STUDIES OF MANGROVE PLANTS 

Mangrove plants are a rich source of phytoconstituents such as alkaloids, 

flavonoids, saponins, steroids, tannins and triterpenes [33, 34]. These compounds 

are reported to have various bioactivities such as antibacterial, antifungal, 

antiviral antioxidant, anthelmintic, anticancer etc. [35, 37]. The geographical and 

climatic conditions play important role in the production of secondary 

metabolites. In Pakistan, mangrove forests mainly growing in five distinct 

locations; Indus Delta, Jiwani, Kalmat Khor, Sandspit and Sonmiani Pakistan 

[3]. 
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Mangroves are intertidal tropical forests trees characterized by 

depositional coastal environments. These trees grow in river deltas, estuarine 

complexes and lagoons Thom, [16] as well as on shorelines and islands with 

locally variable geographical locations and hydrology [17]. These forests prefer 

humid environment and freshwater inflow rich nutrients and silt [18].  

Temperatures of both water and air are important regulators of the presence or 

absence of mangroves in an area. Mangrove plants do not tolerate the freezing 

temperatures of air and water, thus growth become inadequate when annual 

average temperatures are below 19°C [276, 277]. Similarly high temperatures 

also hinder the tree settling and photosynthesis of most mangrove species sharply 

declines when the air temperatures exceeds 35C [278]. The adaptations of 

mangrove species such as thick leaves with wax deposition, the presence of 

small hairs on the leaves and water storage within the leaves avoid the 

transpiration. Mangroves plants can grow and function at high salinity levels of 

up to 90 ppt salinity level and shown best growth when salinity fluctuates 

between 5 and 75 ppt [279]. Mangrove plants have no salt resistant metabolism 

and have adapted some physiological mechanisms to excrete salt [280]. The salts 

excluded by ultra-filtration at root level driven by the pulling force generated by 

transpiration [281].  

Plants evolved specific mechanisms to regulate their physiology and metabolism 

in response to incoming stresses [282] by the synthesis and accumulation of a 

number of compatible solutes called osmolytes. These osmolytes are 

carbohydrates, amino acids, proteins and quaternary ammonium compounds 

[283] which are accumulated in plants at high concentrations to alleviate enzyme 

inactivity or loss of membrane integrity due to water deficiency [284]. 

In present study, all four mangrove species growing in region I and II showed 

variations in total proteins in different parts of plants. The leaves extracts of 

micropropagated plants established in region II showed overall higher 

concentrations of proteins as compared to extracts of other parts of tested plants 

from both regions as presented in figures 4.6 – 4.13. Among four mangrove 

species, leaves extracts of A. corniculatum from region II showed overall higher 

amounts of proteins (84.341.9mg/ml) (Figures  4.9) while the lowest amounts 

of total proteins (5.41.2mg/ml) were detected in roots extracts of A. marina  
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plants from region 1 (Figures  4.6). Accumulation of protein under salt condition 

may play a major role in terms of plants salt tolerance, where the proteins may 

serve as a reservoir of energy or may be adjuster of osmotic potential in plants 

subjected to salinity [285-287]. Salinity reduces both RNA amounts due to 

changes in cytoplasmic RNA activity and DNA levels as a result of disruption of 

synthesis mechanism. Many proteins induced by salinity are cytoplasmic which 

can cause alterations in cytoplasmic viscosity of the cells [288].  

In our study, protein contents in various parts of mangrove plants growing in 

Indus delta (region I) were overall decreased as compared to micropropagated 

mangrove plants established in Jamshoro (region II). Region I plants are growing 

in various creeks of Indus delta which are salty areas, reducing the accumulation 

of total proteins. Our results are in agreement with other reports that salinity 

decreases the soluble protein contents in leaves. Several researches showed that 

soluble protein contents of leaves decreased in response to salinity [289-292]. 

The level of soluble proteins decreased to moderate salt stress [293]. Similarly, 

Porgali and Yurekli [294] reported that compared with control plants, protein 

amount in salt sensitive L. esculentum plants decreased with the salt application. 

In salt tolerant L. pennellii plants, total protein amount was more than contro l 

plants. Similar results were reported in salt tolerant cultivars of barley, 

sunflower, finger millet and rice plants [295]. Parida et al. [138] reported that 

the total protein content of Bruguiera parviflora leaves gradually decreased with 

increasing concentration of NaCl. However, Ashraf and Fatima, [296] reported 

that there were not significant differences in leaf soluble protein contents in salt 

sensitive and salt tolerant Carthamus tinctorius. Khedr et al., [297] reported that 

total soluble protein contents were increased at high NaCl concentration and 

decrease at low concentration in Pancratium maritimum plants. Our results are 

also in agreement with results of Rajesh, et al. [298], who reported that the total 

leaf protein decreased under higher concentrations of saline treatment in 

Ceriops.  

In present study, leaves of all tested species showed the higher amount of total 

carbohydrates while roots extracts showed lower amounts of total carbohydrates 

as compared to other parts of plants growing in both regions. The highest 

quantity of total carbohydrates were found in ethanol extracts of leaves of A. 

marina (118.654.5mg/ml) from region II (Figure 4.15) followed by ethanol 
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extracts of leaves of R. mucronata (109.22.8 mg/ml) from region II (Figure 

4.21). Similarly the lowest amounts of total sugars were detected in roots 

extracts of R. mucronata (7.460.44mg/ml) from region I (Figure 4.20). 

Similarly higher amounts of reducing sugars were also detected in leaves extracts 

of all mangrove species from region II.   

There are earlier reports on carbohydrate accumulation during various abiotic 

stresses in the temperate grasses and cereals from the Gramineae family where 

long term carbohydrate storage occur during reproductive development [299]. 

The adaptations of salt stresses has been attributed to the stress induced increase 

in carbohydrate level [300, 301] Accumulation of sugars in different parts of 

plants is enhanced in response to the variety of environmental stresses [302-304]. 

The accumulation of total sugars under salinity stress is a commonly noted 

phenomenon [305, 306], which play an important role in osmotic adjustment 

under salinity stress in grasses [307]. Parida et al. [308] also reported that sugars 

and starch accumulate under salt stress play a prominent role in osmotic 

adjustment, osmoprotection, carbon storage, and radical scavenging. A decrease 

in starch content and an increase in both reducing and nonreducing sugars and 

polyphenol levels have been reported in leaves of Bruguiera parviflora [289]. 

According to Ashraf and Tufail [308], the salt tolerant lines had generally greater 

soluble sugars than the salt sensitive ones in sunflower. Almost all major crop 

species are glycophytes. The evidences suggest that all plants use the same 

general salt tolerance regulatory mechanisms and individual responses to high 

salinity may differ in different species [309, 310]. 

In present study, leaves of all tested species showed the higher amount of total 

carbohydrates while roots extracts showed lower amounts of total carbohydrates 

as compared to other parts of plants growing in both regions. The highest 

quantity of total carbohydrates were found in ethanol extracts of leaves of A. 

marina (118.654.5mg/ml) from region II (Figure 4.15) followed by ethanol 

extracts of leaves of R. mucronata (109.22.8 mg/ml) from region II (Figure 

4.21). Similarly the lowest amounts of total sugars were detected in roots 

extracts of R. mucronata (7.460.44mg/ml) from region I (Figure 4.20). 
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4.11.4 SECONDARY COMPOUNDS IN MANGROVES PLANTS 

For protection against different stresses, plants have developed diverse strategies 

such as developed the foliar trichomes, thorns and glandular hairs [311, 312] and 

produce secondary metabolites. Secondary compounds play various roles in the 

life of plants such as allelopathic agents [313, 314], as provide defense against 

pathogens and predators, acting as deterrents and inhibitors of [315], inhibiting 

insect growth and development [316, 317], enhancing the attraction of 

pollinators [318], protection against ultraviolet radiation [319], as antioxidant 

agents [320, 321], etc. Mangrove plants also contain a vast array of such type of 

substances including alkaloids, flavonoids, saponins, phenolic acids, 

pheromones, tannins, terpenoids, steroids, etc. which have pharmacological, 

toxicological and ecological importance. Flavonoids are widely distributed in 

plant foods and therefore important constituent of human as well as animal food. 

Their concentration varies from plant to plant or even in different organs of the 

same plant and due to geographical location [322-324]. 

In present study, the qualitative analysis revealed that alkaloids, flavonoids, 

tannins, terpenoids, saponins and sterols are present in all mangrove species. 

Among mangrove species, alkaloids were detected in different parts of A. mrina, 

C. tagal and R. mucronata while negative results were observed in A. 

corniculatum. Similarly different parts of alkaloids positive plants showed 

variability in color intensity and even no color. This variation is due to 

differences in relative amounts of alkaloids in different organs of plants. These 

results are in agreement of other reports. Considerable variability was found in 

the alkaloid profiles of L. argenteus plants originating from the same or different 

sites, however, the changes in levels of plant secondary metabolites interfere 

with the effectiveness of phytomedicines [325-327]. 

All mangrove species were further analyzed quantitatively for phenolic acids, 

flavonoids, and antioxidants. The results revealed that the highest amounts of 

total phenolic acids were recorded in leaves followed by flowers, propagules, 

bark and roots respectively in A. marina, A. corniculatum, C. tagal and R. 

mucronata (Figures  4.30 to 4.37). The results also showed that the amount of 

phenolic acids were higher in mangrove plants of Indus delta (region I) as 

compared to Jamshoro (region II). Similarly flavonoids and antioxidants were 

also recorded in higher concentrations in leaves of all studied mangrove species 
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in region I as compared to region II (Figures 4.38 to 4.53). The accumulation of 

higher amounts of secondary metabolites may be due to stressed environment in 

region I. mangrove plants growing in Indus delta uptake salty water (sea water) 

for their growth and development. Similarly strong winds flow, presence of huge 

variety of microorganisms and fauna in the region may also responsible for 

increase of biosynthesis of these secondary compounds. Secondary compounds 

are responsible to protect against UV rays provide defense mechanism against 

pathogens, predators and inhibit the insect growth [315-317, 319].       

In present study mangrove plants established in Jamshoro (region II) showed the 

accumulation of lower amount of phenolic acids, flavonoids and antioxidants. 

This may be due to the micropropagated plants were initially established 

controlled environment in growth room, acclimatization room, green house and 

finally in field. These plants were established in garden soil and fresh water 

(river water) was used throughout their growth in acclimatization, green house 

and field while in case mangrove plants in Indus delta region I are growing in 

salty soils and uptake mostly sea water (salty water).    

In present study, we observed that different parts or organs of mangrove plants 

synthesize variable amount of these secondary metabolites. Our results are in 

agreement with Masa et al. [328], who indicated that the variability of synthesis 

of secondary metabolites in C. ladanifer depends mainly on the organ and 

season. Biosynthesis of secondary metabolites varies qualitatively and 

quantitatively between different species and also between populations of the 

same species and between the organs of an individual plant [329-331].  

The results of present study revealed that higher amount of phenolic acids, 

flavonoids and antioxidants are accumulated in leaves. It has been reported that 

higher amounts of these compounds synthesize in leaves especially young leaves. 

This may be due to greater secretion in early stage of growth and development. 

Krischik and Denno [332] reported that the characteristics of the plant such as 

water, protein, and secondary metabolite contents usually change during the 

development of an organ. Our results related to secondary compounds in 

different parts may help to optimize the harvesting time and organ to obtain the 

highest amounts of these active compounds. The biotic and abiotic stresses may 

change the active compounds and sites of synthesis which can help to the harvest 
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time of  medicinal raw material or to obtain the largest amounts of active 

compounds [326, 333, 334].  

In our study antioxidants accumulation was increased in leaves of mangroves of 

Indus delta which may be due to salt stress in the region. Plants exposed to 

abiotic stress such as low and high temperatures, drought, high salinity, high 

light intensity, herbicide treatment and or mineral deficiencies result the 

imbalance between the production of reactive oxygen species and the quenching 

activity of the antioxidants [335-337]. The plants defend against these reactive 

oxygen species by induction of activities of certain antioxidative enzymes such 

as catalase, peroxidase, glutathione reductase, and superoxide dismutase, which 

scavenge reactive oxygen species [338]. Several researchers showed that the 

plants that exposed to salinity, show increase of antioxidant activity as in rice 

[339, 340], wheat [341] and lentil [342]. Our results are in agreement with these 

reports as we obtained higher amount of antioxidants in leaves of mangrove 

growing in salinity stress in Indus delta (region I). 

4.11.5   CHLOROPHYLL STUDIES OF MANGROVE PLANTS 

High salt, drought, low and high temperature are common abiotic stress 

conditions that adversely affect plant growth and production [343]. Mangroves 

are extremely dynamic ecological entities that have ability to survive in a high 

salt. Mangroves are thus negatively influenced by siltation and the trees will 

adapt their anatomical and physiological characteristics such as number of 

stomata and leaves, salt glands, salt exclusion, pneumatophores, vivipary etc.  

Photosynthetic performance of mangrove species is affected by salts, 

temperature and geographical regions. Factors affecting the photosynthesis of 

mangroves has been little understood (Ball and Farquhar, [344] especially 

dependence on the photosynthetic pigments. Arnon, [345] has categorized 

chlorophylls as chlorophyll a and b. In present study, chlorophyll contents and 

carotenoids of four mangrove species (A. marina, A. corniculatum, C. tagal and 

R. mucronata) were analyzed four times during the year. Results showed that 

chlorophyll contents were significantly decreased during the month of January in 

leaves of all mangrove species of region II but were recovered during the months 

of April July and October in region II (Tables 4.15 to 4.18). Similarly leaves 

chlorophyll contents in all mangrove species of Indus delta (region I) showed no 

significant difference during the year (Tables 4.15 to 4.18). In present study 
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region I was comprised of Indus delta near coastal areas of Thatta (Keti Bander 

and Shah Bander) district with minimum temperature 13C during January to 

36C during the month of June while region II comprised University of Sindh, 

Jamshoro district where micropropagated plants were established. Jamshoro 

district comprised the minimum temperature 6C during January to 44C during 

the months of May and June.  

In present study, leaves of A. marina of region II showed total chlorophyll 

contents 2.99  0.14 and 3.96  0.12mg/g FW with Chl a/b ratios 2.47 and 1.95 

while leaves of A. marina of region I showed total chlorophyll contents 3.3  0.2 

and 3.92  0.2 mg/g FW with Chl a/b ratios 2.58 and 1.64 during the months of 

January and October respectively (Table 4.15). A significant difference in total 

chlorophyll contents in the leaves of A. marina of region II was due to changes 

in temperature. A similarly type of significant decrease in chlorophyll contents 

was also noted in the leaves A. corniculatum, C. tagal and R. mucronata of 

region II during the month of January.  This decrease in chlorophyll contents 

may be due to decrease in temperature in Jamshoro. 

Optimal temperatures for mangroves are not only limited by cold temperatures, 

but also by high temperatures because they hinder the tree settling. 

Photosynthesis of most mangrove species sharply declines when the air 

temperatures exceeds 35C [278].  

Our results are in agreement with Kao et al. [346] findings, who reported that 

leaves of Avicennia marina during low temperature at 15°C had a greater reduction 

in chlorophyll content rather than 30°C and no decoloring symptom were observed 

during low temperature. In our study chlorophyll contents were also significant ly 

reduced with no decoloring symptoms during the month of January in 

micropropagated plants established in Jamshoro (region II). In a study, Close et al. 

[347] observed decoloring symptom in leaves at lowering temperature in February. 

In present study all mangrove plants species established in region II showed 

significant variation in chlorophyll a and b (a/b) ratios. During the month of 

October not only total chlorophyll contents was increased but chlorophyll b was 

increased that resulted in decrease of chl a to b ratio (1.75 – 2.07 mg/g FW) in 

all mangrove species as compared the other months that showed chl a to b ratios 

as 2.47 – 2.79 mg/g FW during the month of January. This change in chl a/b 
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ratio may be due to decrease in temperature during January in Jamshoro (region 

II). This chl a /b variation was lesser observed in all mangrove species of Indus 

delta (region I) as lesser temperature fluctuations were observed (Tables 4.15, 

4.16, 4.17 and 4.18).  

Carotenoids play important roles in plants that act as pigment antenna, enhancing 

the reception of luminous energy for the reaction centers, and protect chlorophyll 

against photoxidative damage [348]. During the protective action, they are 

degraded. Mangrove plants have adapted to maintain higher levels of carotenoids 

in the cell. Carotenoids contents may vary according to seasonal and 

geographical changes. In present study carotenoids variation was a lso observed 

during different months of year (Tables 4.15 to 4.18). These changes in 

carotenoids in mangrove species during various seasons are in agreement with 

Falqueto et al. [349], who reported the increase in synthesis and accumulation of 

carotenoids in L. racemosa during dry and rainy seasons represents an additional 

mechanism against damage to the photosynthetic machinery. These variations 

were also due to temperature effect. Our results are in agreement with Ball and 

Critchley [350], who reported that leaves of Avicennia germinans contain higher 

chl a content during the dry season. We also observed the higher chl a contents 

during April and July resulted increase in chl a/b ratios in all mangrove species.    

In our study chlorophyll results revealed that watering of mangrove plants have 

lesser effects on chlorophyll contents. All micropropagated plants established in 

Jamshoro region were treated with fresh water (river water) while mangrove 

plants growing in Indus delta (Keti Bander and Shah Bander) use mixture of sea 

water (salty water) and freshwater. The chlorophyll contents were found slightly 

higher in Jamshoro (region II) compared with Indus delta (region I) mangroves 

during the months of April and October which were found in lower amount in 

Jamshoro (region II) during the months of January and July. These months have 

variable temperatures as lower as 8C in January and as higher as 42C during 

June and July. Our results are not in agreement with Lichtenthaler et al., [351] 

and Mundree et al. [352]  Lichtenthaler et al. [351] found that salt stress was 

responsible for decreased biosynthesis of chlorophyll and inefficiency of 

photosynthesis [353] resulting lower the productivity. Mundree et al. [352] 

reported that the salinity stress could lower the stomata conductance, depression 
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in carbon uptake and metabolism, inhibition of photochemical capacity or a 

combination of all these factors. According to Rao and Rao, [354], NaCl stress 

decreased total chlorophyll content of the plant by increasing the activity of the 

chlorophyll degrading enzyme: cholorophyllase, inducing the destruction of the 

chloroplast structure [355] and the instability of pigment protein complexes 

[356]. Lu et al. [357] observed that salt stress had no effects on the 

photosynthetic pigment composition in halophyte Suaeda salsa. Mangrove 

species have dynamic properties that can survive in high salt concentration due 

to adaptation of such as number of stomata and leaves, salt glands, salt exclusion 

etc. but various factors affecting the photosynthesis of mangroves has been little 

understood [344].  

4.11.6 ANTIBACTERIAL RESPONSE OF MANGROVE EXTRACTS 

Mangrove plants have been reported to have a huge variety of phytochemicals which 

have various bioactivities such as antibacterial, antifungal, antiviral antioxidant, 

anthelmintic, anticancer etc [39, 40]. In present study, antibacterial potential of 

various parts extracts of A. marina, A. corniculatum, C. tagal and R. mucronata 

collected from both regions I and II was tested against three pathogenic bacterial 

species S. aureus, E. coli and K. pneumoniae. All extracts of T1 preparations showed 

a wide range of zones of inhibitions (3.00.65 to 16.50.2 mm) when T1 preparations 

were applied against tested bacterial species (tables 4.19 to 4.22). The ethanol extracts 

of leaves (T1) of A. corniculatum showed the maximum growth inhibitory effect 

(16.50.2 mm zones of inhibition) against E. coli followed by T1 extracts of A. 

marina and C. tagal showed 13.50.4 mm zone of inhibitions against E. coli and K. 

pneumoniae respectively (tables 4.19 and 4.21). In many reports antibacterial 

activities of mangrove extracts have shown against pathogenic bacterial species. Our 

report is in agreement with the results of Abeysinghe et al. [44] on various bacterial 

species using various solvent extracts of A. marina. Similarly Md and Rao, [122] 

tested antibacterial activity against E. aerogenes, E. coli, K. pneumoniae, L. 

delbrueckii, P. aeruginosa, S. aureus and S. pyogenes using root and stem extracts of 

Avicennia officinalis. Nayak et al. [131] also reported the antimicrobial activity of 

leaves extracts of A. marina against selected bacteria and fungi such as P. aeruginosa, 

P. vulgaris, B. subtilis, S. aureus, C. albicans, R. solani, C. gloeosporioides, C. lunata 
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and F. oxysporum. These inhibitions may be due to inhibitory compounds present in 

the leaf extracts. 

As mangrove species under study are rich in secondary compounds such as phenolic 

acids, flavonoids, tannins, alkaloids etc. The inhibitory zones in present study may be 

due to presence of these secondary metabolites. Abeysinghe et al. [124] also observed 

the zones of inhibitions in the mature leaf extracts of A. marina and tender leaf 

extracts of A. officinalis in ethyl acetate solvent. The activity was higher in mature 

leaves extracts which may be due to the presence of alkaloids, flavonoids, steroids 

and triterpenoids in mature leaves of A. marina.  

In present study two concentrations T1 (10%) and T2 (5%) were tested for 

antibacterial response. The results revealed that T1 extracts of leaves of A. 

corniculatum, A. marina, C. tagal and R. mucronata showed better zones of 

inhibitions against E.coli followed by S. aureus and K. pneumoniae as compared 

to T2 (Table 4.20). These results are in agreement with the report of Alizadeh et 

al. [125] in which various concentrations of solvents extracts of Avicennia 

marina were tested against Penicillium digitatum and suggested that the extracts of 

mangrove can be used as natural antimicrobial in food products. 

In our study, 13.5±0.4 - 16.5±0.2 mm zones of inhibitions were observed against 

E.coli using leaves extracts (T1) of A. marina and A. corniculatum. However, the 

zones of inhibitions were decreased to 8.0±0.3 mm against E. coli using leaves 

extracts of R. mucronata (Table 4.22). In present study, we obtained better 

results as compared to other researchers. Al Maqtari and Nagi [130] reported 

antibacterial activity in A. marina extracts against E. coli, S. aureus, and B. 

subtilis with 12.6 and 7 mm zones of inhibitions respectively.  

In present study, various extracts of Rhizophora mucronata were tested against 

three pathogenic bacterial species. The highest inhibition (8.0 mm zones of 

inhibitions) was recorded in E.coli using leaves extracts (T1) and against K. 

pneumoniae using propagule extracts (T1) of R. mucronata of region I (Table 

4.22). Similarly other parts extracts also showed inhibitory response against 

three tested bacterial species but lesser than leaves and propagule extracts. Our 

results of antibacterial response of extracts of R. mucronata are in agreement 

with results of other researchers, such as Chandrasekaran et al. [358] studied the 

antibacterial activity of three mangrove plants R. mucronata, R. lamarkii and B. 

cylindrical against isolates of Staphylococcus aureus and reported that the mean 
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zones of inhibition produced were ranged from 8.4 to 22.7 mm. Ravikumar et al., 

[43] reported that hypocotyls extracts of R. apiculata, R. mucronata, and A. 

marina showed the highest antibacterial activity against the urinary tract 

infectious bacterial pathogens and concluded that the activity may be due to the 

presence of active compounds such as alkaloids, anthroquinone, flavonoids, 

phenolic group and triterpenoids. Antibacterial activity of leaves extracts of R. 

mucronata was also reported against Vibrio spp [169], stem extracts of R. 

mucronata against E. coli, S. aureus and S. typhi Pimpliskar et al. [170]. 

Antibacterial activity of Rhizophora species i.e. R. mangle extracts against S. 

aureus, M. luteus, E. coli, K. pneumonia and P. aeruginosa [167], against S. 

aureus [168]. 

In present study, A. corniculatum and C. tagal extracts also showed growth 

inhibitory effects against three tested bacterial species with 16.5±0.2 and 

12.0±0.45mm zones of inhibitions. Among these species, E. coli was found more 

sensitive to these extracts. Other researchers also reported antibacterial activities 

of mangrove extracts, such as Vadlapudi and Bobbarala, [36] reported the 

antimicrobial activity of Aegiceras corniculatum against C. herbarum, E. 

carotovora and S. salivarius. Arivuselvan et al. [159] reported that solvent 

extracts of bark and leaves of P. acidula and C. tagal   have antibacterial activity 

against human pathogens K. pneumonia, P. aeruginosa, S. aureus, V. cholera and 

V. parahaemolyticus. Vittaya et al. [359] reported the antibacterial activity of 

bark extracts of C. tagal against B. cereus, S. typhi and S. aureus but non 

extracts showed antibacterial activity against E.coli but in our study various 

extracts of C. tagal showed 3.0±0.4 - 12.0±0.45 mm zones of inhibitions against 

E. coli (Table 4.21).  

In present study, different biochemicals and phytoconstituents of A. marina, A. 

corniculatum, C. tagal and R. mucronata collected from region I and II were 

analyzed and antibacterial potential was studied, however, the defense 

mechanism of plants against microorganisms is fully understood and debatable. 

The mechanisms through which different microorganisms survive against 

antimicrobial agents are poorly understood [360]. The presence of 

phytochemicals and antibacterial activity may have interactions and correlated. 

Terras et al. [361] reported that small proteins or peptides play a significant part 

in plants as their antimicrobial defense system which protects them from 
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microbial invaders. Plants secreted sugars, proteins or peptides have their own 

specific defense mechanism against plant pathogens. Among these, active 

mechanism may be either creation of ion channels in membrane of microbes 

[362]. The microbial proteins may be adhered to polysaccharide receptors of the 

host [363]. Furthermore, plants also secrete low molecular weight phytoalexins 

that protect them against the microbial invaders [364]. Zhang and Lewis [317] 

reported that polypeptides and polysaccharides such as starch, fabatin and 

various lectins are effective inhibitors of pathogens. Such as fructose present in 

cranberry inhibited the adsorption of E. coli to epithelial cells of urinary tract 

[365]. 
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4.12 CONCLUSION  

o Mangrove forests are biologically important and unique ecosystems of the 

world as they provide goods and services to human society, coastal and 

marine systems. The forests not only stabilize the shorelines but also 

minimize the distressing impact of natural disasters.  

o Mangroves forests are threatened seriously by human activities as well as 

under constant flux e.g. erosion, aggradations and anthropogenic activities. 

Five mangrove species has been lost from Indus delta of Pakistan during last 

forty years while remaining species are under threat. These problems have 

raised the concerns about conservation of genetic diversity of mangrove 

habitat 

o Present study highlighted the importance of new field of plant biotechnology 

i.e. plant tissue culture and micropropagation; a cost effective tool for mass 

production plants throughout the year without seasonal limitations for 

conservation of genetic diversity. The study emphases the possibilities for 

large scale production of mangrove species of Indus delta and their 

establishment in different geographic locations.  

o In present study, micropropagation of mangrove of Indus delta A. marina, A. 

corniculatum, C. tagal and R. mucronata from nodular stem sections on MS 

medium supplemented with various concentrations and combinations of BAP,  

IAA and Kin was investigated. 

o In sterilization optimization experiment, maximum nodal stem sections of A. 

marina, A. corniculatum, C. tagal and R. mucronata were survived and 

protected from microbial contamination when sterilized with 75% 

commercial bleach. Similarly exudation of phenolic acids from nodal stem 

sections was reduced by addition of 150mg/L ascorbic acids and 6.0g/L 

activated charcoal in shoot multiplication and root formation MS media.  

o A. marina showed the highest microshoot formation response (86%) with 

number of microshoots per nodal stem section (2.40.1) on MS medium 

supplemented with 3.0% sucrose, 0.5mg/L BAP, 1.0mg/L Kin and 0.25mg/L 

IAA while the highest root formation response (82%) with average roots per 

microshoot (2.160.1), average shoot length (27.55mm) in 23 days on MS 

medium supplemented with 1.0mg/L IBA. In R. mucronata maximum 42% 
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nodal explants were proliferated in to shoots with average shoot length 

(29.00.8mm) on MS medium supplemented with 1.5mg/L BAP while the 

highest root formation response (58%) in 253.5 days to rooting on MS 

medium supplemented with 0.5mg/L IBA and 0.5mg/L NAA.   

o A. corniculatum showed the highest microshoot formation response (22%) 

with number of microshoots (2.10.2) and average shoot length (190.5mm) 

on MS medium supplemented with 1.5mg/L BAP while 30% microshoot 

were proliferated with days to rooting (282.1) on MS medium supplemented 

with 1.5mg/L IBA while C. tagal showed only 15% shoot formation response 

with average number of shoot (1.30.2mm) on MS medium supplemented 

with 1.5mg/L BAP while the highest root formation response (39%) with 

average root length (2.90.1mm) in 29.51.5 days to rooting on MS medium 

supplemented with 1.5mg/L IBA.  

o Results of biochemical analysis revealed that protein and carbohydrate 

contents were higher in different parts of mangroves established in Jamshoro 

(region II) as compared to Indus delta (region I). Leaves explants were found 

to have the highest amounts of proteins (84.341.9mg/ml) in A. 

corniculatum, total sugars (118.654.5mg/ml) in A. marina and reducing 

sugars (62.861.9mg/ml) in R. mucronata of region II as compared to other 

parts of mangroves under study.  

o Qualitative analysis confirmed that alkaloids, flavonoids, tannins, terpenoids, 

saponins and sterols are present in various parts of all mangrove species. 

Quantitative analysis showed that salt stressed mangrove plants of Indus delta 

(region I) contained the increased amounts of phenolic acids, flavonoids and 

antioxidants. The highest amount of total phenolic acids (48.351.2 mg/ml), 

flavonoids (29.491.4 mg/ml) and total antioxidants (16.190.4 mg/ml) were 

accumulated from leaves of A. corniculatum of Indus delta (region I). 

o Total chlorophyll and carotenoids were affected with higher and lower 

temperatures in leaves of all mangroves in Jamshoro (region II). The highest 

amount of total chlorophyll contents (3.96  0.12 mg/g FW) was detected in 

A. marina of region II during the month of October. Similarly chlorophyll a/b 

ratio was also decreased during October but increased during January and 
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July. Carotenoids were significantly reduced to lower temperature (during 

January) while their highest amount was recorded during October.  

o The ethanol extracts of various parts showed mangroves from both regions 

antibacterial response against S. aureus, E. coli and K. pneumoniae. All 

extracts of T1 (10% extracts) preparations showed a wide range of zones of 

inhibitions (3.00.65 to 16.50.2 mm) against tested bacterial species.  

4.13 FUTURE SUGGESTIONS 

o In present study, micropropagated A. marina, A. corniculatum, C. tagal and 

R. mucronata plants were successfully established in new region of 

Jamshoro. In vitro study may be further extended to callus proliferation and 

regeneration, development of somaclonal variations through application of 

chemical and radiation sources on callus cultures, production of secondary 

metabolites through cell suspension cultures etc.  

o Field response of micropropagated plants may also be observed in other hot 

and colder regions of the country along river sides and banks of canals. This 

will help to study the climatic adaptations of tissue cultured plants.  

o Different secondary compounds produced by mangrove plants such as 

phenolic acids, flavonoids, antioxidants may be purified through 

chromatographic techniques, identified and characterized. The structure of 

these isolated and purified compounds may be studied through advanced 

techniques using GC/MS, NMR, etc.  

o Climatic changes and geographic regions affect the in vivo production of 

secondary metabolites. Purification and identification of these compounds 

will help to know the actual compounds and their quantities in various parts 

of mangrove plants. 

o Toxicological and biological activities of isolated and purified secondary 

compounds may be further evaluated. This will help to know the properties of 

isolated and purified compounds from mangrove plants.  
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APPENDICES  

APPENDIX-I  

 

I. SITE MAP OF INDUS DELTA
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II. MORPHOLOGICAL DIFFERENCE BETWEEN MANGROVE SPECIES OF INDUS 

DELTA 
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APPENDIX-II: 

I. HIERARCHICAL TAXONOMY OF MANGROVE SPECIES OF INDUS DELTA 

 
 

II. OCCURRENCES OF MANGROVE SPECIES OF INDUS DELTA, SINDH, 

PAKISTAN 

Species name Local name Habitat  

Aegiceras corniculatum 

(Linn.) Blanco   

Chaair Indus mouth, Kajhur creek, Dabbo 

creek (Sakro) and Shah bandar. 

Avicennia marina 

(Forssk.) Vier 

Timer All the coastline of Indus Delta. 

Ceriops tagal (Perr.) 

Robins 

Kirrari Dabbo creek (Sakro) and Shah 

bandar. 

Rhizophora mucronata 
Poir. 

Kumri/Rhizophora  Indus mouth, Hajamro Creek at 

Keti bandar and Shah bandar. 

 

  

Kingdom: Plantae

Phylum: Tracheophyta

Class: Magnoliopsida

Order: lamiales

Family: 
Avicenniaceae

Scientific Name:

Avicennia marina 
(Forsk.) Vierh

Local Name: Timer

Myrsinaceae

Aegiceras 
corniculatum

(L.) Lanco

Chaair/ Chanhir

Rhizophorales

Rhizophoraceae

Rhizophora 
mucronata 

Lam.

Kumri/Rhizophora

Cerops tagal  (err). 
Ro.

Kirrari
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APPENDIX-III:  

I. VOUCHER SPECIMEN 

 

1) Avicennia marina (Forssk.) Vier.:  

i) Hajamro Creek near Keti bandar, A.M. Mangrio, 21-01-

2015(SUH24723)  

ii) Shah bandar near Sindh forest Dept. Nursery, A.M. Mangrio, 21-01-

2015(SUH24721). 

 

2) Aegiceras corniculatum (Linn.) Blanco:  

i) Pitiani Creek near Sakro, A.M. Mangrio, 21-01-2015(SUH24716) 

ii) Shah Bandar near Sindh forest Dept. Nursery, A.M. Mangrio, 21-01-

2015(SUH24718). 

 

3) Ceriops tagal (Perr.) Robins:  

i) Pitiani Creek near Sakro, A.M. Mangrio, 21-01-2015(SUH24717). 

 

4) Rhizophora mucronata Poir.: 

i) Hajamro Creek near Keti bandar, A.M. Mangrio, 21-01-

2015(SUH24719)  

ii) Shah Bandar near Sindh forest Dept. Nursery, A.M. Mangrio, 21-01-

2015(SUH24720). 



 

 

 

 
187  

APPENDIX-IV 

I. DETERMINATION OF TOTAL PROTEINS  

Reagents:  

A. Alkaline Sodium Carbonate Solution: 20.0g of Na2CO3 dissolved 

in 1 liter of 0.1 M NaOH.  

B. Copper Sulphate-Sodium Potassium Tartarate Solution: 5.0g of 

CuSO4 and 10 grams of KNaC4H4O6.4H2O dissolved in 1 liter 

D.H2O.  

C. Alkaline Solution: Freshly prepared on the day of use by mixing 50 

ml of reagent (A) and 1.0 ml of reagent (B). 

D. Follin Ciocalteu Reagent: Commercially available from E. Merck.  

Procedure: Proteins was determined by Lowry method [196]. 0.5 ml TS was 

added in 2.5 ml of reagent A in a test tube and mixed thoroughly at RT. 

After ten minutes, 0.25ml diluted Follin-Ciocalteu reagent (1:1 v/v with 

D.H2O) was added and keep the reaction mixture at RT for 30 min to 

complete the reaction that developed bluish colour. The absorbance was read 

at 750nm by UV-visible spectrophotometer against blank. Bovine albumin 

was used as standard protein; concentrations (0, 0.1, 0.2, 0.3, 0.4, 0.5 and 

0.6 mg/ml) of standard protein solutions were prepared for calibration curve. 

The graph of absorption vs. concentration was plotted and the concentration 

of test solutions was calculated from protein calibration curve.  

 

II. DETERMINATION OF TOTAL CARBOHYDRATES 

Reagents: 

Concentrated H2SO4, 80% Phenol: 80.0 grams of phenol dissolved in 100ml 

of D.H2O. 

Procedure: Followed by Montogomery [197] as 0.5ml TS was taken in a test 

tube and then added 2.5ml concentrated H2SO4 and 50µl of 80% phenol 

solution one by one, mixed thoroughly and wait at RT for 15 min. The 

absorbance was taken UV-visible spectrophotometer at 485nm against blank 

(D.H2O instead of TS). Standard graph was prepared by using 0.05, 0.1, 

0.15, 0.2, 0.25 and 0.3 mg/ml concentrations of glucose as standard sugar.  
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III. DETERMINATION OF REDUCING SUGARS 

Reagents: 1. Potassium sodium tartrate solution: 300 grams of 

KNaC4H4O6.4H2O dissolved in 500 ml D.H2O.  

2. Dinitrosalicylic acid reagent: 10 grams of DNS was dissolved in 

200 ml of 2M Sodium hydroxide.  

3. Dinitrosalicylic acid solution: This solution was prepared by 

mixing solution 1 and 2 and the volume was making up to 1 

liter with D.H2O. 

Procedure: Miller [198] as 2.0ml of TS was taken in test tube and mixed with 

2.0ml of freshly prepared DNS solution, mixed thoroughly and heated in a 

boiling water bath for 5 min and then left for reduce temperature to normal. 

The color intensity was read against blank by spectrophotometer at 540nm. 

Standard graph was plotted by the values obtained from 0.05, 0.1, 0.15, 0.2, 

.25 and 0.3 mg/ml concentrations of glucose as standard sugar. The values 

obtained were plotted and the concentrations of TS were calculated. 

 

IV. ALKALOIDS TEST 

Reagent: 1.27g of I2 and 2.0g of KI were dissolved separately in 40.0ml D.H2O, 

then combine both adjust final volume up to 100 ml (Wagner’s reagent). 

Procedure: 1.0 ml of TS was mixed with 2.0 ml of Wagner’s reagent result the 

appearance of reddish brown precipitates showing presence of alkaloids 

followed by Soni and Sosa [199]. 

 

V. TANNINS TEST 

Reagents: i) 8.0mM potassium Ferric cyanide K3Fe(CN)6: prepared by 

dissolving 0.263 g of K3Fe(CN)6 in few milliliters of D.H2O and then 

made up final volume up to100 ml.  

ii) 20mM Ferric chloride (FeCl3): prepared by dissolving 0.540 g of FeCl3 

in 100 ml of 0.1N HCl. 

Procedure: procedure was followed as Soni and Sosa [199], 1.0 ml of TS was 

taken in test tube and then 1.0 ml of 8.0mM Potassium ferric cyanide was 

added. After that 1.0 ml of 20mM ferric chloride containing 0.1N HCl was 

added. The greenish or blue-black coloration appears showed the presence of 

tannins. 
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VI. SAPONINS TEST 

Procedure: The test sample was mixed with 5.0 ml of D.H2O, shake vigorously 

and then few drops of olive oil was added; formation of stable foam was 

taken positive indication for the presence of saponins Soni and Sosa [199]. 
 

VII. STEROIDS TEST 

Reagents: i) Acetic anhydride (C4H6O3) ii) Sulphuric acid (H2SO4) concentrated. 

Procedure: 0.5 ml of TS was mixed with 2.0 ml of C4H6O3 in a test tube and 

then added 2.0 ml of H2SO4, the colour changed from violet to blue or green 

in samples indicated as positive indication for steroids Soni and Sosa [199]. 
 

VIII. FLAVONOIDS Test 

Reagent: 10% Lead acetate Pb (C2H3O2)2: 10 g of Lead acetate dissolved in 100 

ml of D.H2O. 

Procedure: 1.0 ml of TS was taken in test tube and 1.0 ml of 10% lead acetate 

solution was added. The yellow precipitates was the positive test Njoku and 

Obi method [200]. 
 

IX. TERPENOIDS TEST 

Reagents: i) Chloroform, ii) Sulphuric acid (H2SO4) concentrated. 

Procedure: 2.5 ml of TS was mixed with 1.0 ml of chloroform and then 3.0 ml 

of concentrated H2SO4 was added carefully by side walls of test tube to form 

a layer. The appearance of a reddish brown layer at the interface is a positive 

indication for the presence of terpenoids Edeoga, Okwu et al. [201]. 
 

X. QUANTIFICATION OF PHENOLIC COMPOUNDS 

Reagents: Folin-Ciocalteu Reagent: Diluted to 10 folds (v/v) with distilled 

water. Sodium Carbonate (Na2CO3) Solution: 7.5g of Na2CO3 was dissolved 

in 90 ml of D.H2O then raised final volume up to 100 ml. 

Procedure: 0.2 ml TS was taken in test tubes and then 1.0 ml of 10 fold diluted 

Folin-Ciocalteu and 0.8 ml of Na2CO3 were added in each test tubes in 

duplicate, mixed thoroughly and then stand at standard room temperature for 

30 minutes. The blank was prepared by substituting D.H2O in place of TS 

along with all reagents. The absorbance of the reaction mixture was read 

against the blank at 765 nm on UV-visible spectrophotometer and standard 
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graph was different concentrations of Galic acid (0.1, 0.2, 0.3, 0.4, and 

0.5mg/ml) were used Yasoubi et al.[202]. 
 

XI. DETERMINATION OF FLAVONOID COMPOUNDS 

Reagent: 10% Aluminum Chloride (AlCl3): 10.0 g of AlCl3 was dissolved in 100 

ml of D.H2O. 5% Sodium Nitrate (NaNO3): 5.0 g of NaNO3 was dissolved in 

100 ml of D.H2O. 1M Sodium Hydroxide (NaOH): 4.0 g of NaOH dissolved 

in 100 ml of D.H2O. 

Procedure: 0.1ml of each TS was added in test tube separately and then 0.3 ml 

of 5% NaNO3 was added in each test tube and stay for 5 minutes. After 5 

minutes 0.3 ml of AlCl3 was added in each test tube again wait for 5 minutes 

and then 2.0 ml of 1M NaOH was added and raised final vo lume to 10.0 ml 

with D.H2O in duplicate. The blank was prepared by addition of D.H2O in 

test solution along with all reagents. The absorbance was read against blank 

at 510 nm. The total flavonoids were screened from the standard calibration 

curve of (0.05, 0.1, 0.15, 0.2 and 0.25mg/ml) of Quercetin and amount was 

calculated from standard graph of Quercetin Djeridane et al. [203]. 
 

XII. DETERMINATION OF ANTIOXIDANT ACTIVITY 

Reagents: i) 0.6M Sulphuric acid (H2SO4).  

ii) 28mM Sodium phosphate (Na3PO4).  

iii) 4mM Ammonium molybdate (NH4)6Mo7O24: 1.1639 g of 

(NH4)6Mo7O24 was dissolved in 250 ml of D.H2O. 

Procedure: 0.2 ml of TS was taken in a test tube and then added 2.0 ml of 

solution containing 0.6M sulphuric acid, 28mM sodium phosphate and 4mM 

ammonium molybdate in duplicate. The tubes were then capped with 

aluminum foil and incubated in the boiling water bath at 95°C for 90 

minutes and then cooled to RT. Blank was prepared by adding D.H2O along 

with all reagents. The absorbance read at 695 nm against the blank with UV-

visible Spectrophotometer. Standard graph was prepared in various 

concentrations (0.1, 0.2, 0.3, 0.4, and 0.5 mg/ml) of tocoferol Prieto et al. 

[204]. 


