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Abstract: Finding natural antimicrobial compounds with minimum side effects on health is important due to
increasing numbers of antibiotic-resistant strains. Mangrove plants have extensively been used in medicinal
fields. In the present study, four extracts from Avicenna marina and Rhizophora stylosa leaves were prepared
using water and different solvents including: ethyl acetate, ethyl ether and ethanol. Antimicrobial activities were
tested against some antibiotic-resistant and pathogenic bacterial and fungal species. Ethyl acetate showed the
best results as inhibition zones. Leaf extracts of R. stylosa showed inhibition zones ranged from 11-19 mm, while
A. marina showed 11-20 mm, against most of the tested microorganisms. Results showed also that, the greatest
effect was towards Escherichia coli and the lowest was against Candida albicans. The qualitative
phytochemical analysis revealed that, extracts of mature leaves contained tanines, flavonoids, terpenoids,
alkaloids as well as steroids, phenolic flavonoids and Cardiac glycosides. The present study reported the great
effect of A. marina and R. stylosa extracts against some of most important human, plant and animal pathogens.
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INTRODUCTION infection-fighting strategies to control microbial

The name “Mangrove” originated from a combination medicinal plants is very important at an innovative
of the Portuuguese word "Mangue” that means stands for compound for tackling virulent and hazardous fungal and
tree and an English word “grove” that means orchard or bacterial pathogen. The rise of antibiotic resistant
garden [1]. Mangrove plants include approximately 12 microorganisms is one of the severe problems in health
families and more than 50 species. Other synonymous care systems of the world and infectious diseases are the
terms suggested include “Mangrove community”, second most serious cause of death worldwide. Piyusha
“Mangrove swamp”, “Mangrove ecosystem” and et al. [2] suggested that, new drugs with antimicrobial
“coastal woodland”. Mangrove generally refers to a properties have to be found in order to combat such
group of salt-tolerant and evergreen woody plants that diseases. Medicinal plants are known to produce certain
have morphological adaptations. Mangrove plant extracts bioactive molecules which react with and inhibiting
has been used for centuries to treat several health bacterial and/or fungal growth [3]. Plants are rich in a wide
disorders. Plant-derived substances have recently become variety of phytochemicals like tannins, terpenoids,
of great interest owing to their versatile applications [1]. alkaloids, flavonoids, antimicrobial peptides that have
As     antibiotics  are  increasingly  used  and  misused, been found to have antimicrobial activities [4]. In addition,
the bacterial strains become resistant to antibiotics medicinal plants have been used for centuries as remedies
rapidly. Therefore, there is a need to search for new for  human diseases because they contain components of

infections. The screening for antimicrobial activity of
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Fig. 1: Mangrove plants can grow in hard environments and are able to survive inundation by salt water twice a day and
in a soil which is unstable and poor in oxygen (anaerobic). All mangrove trees exclude some salt at the root level
and all can tolerate more salt in their tissues than normal plants, often in quantities that would kill other plants.
Any salt that gets through are believed to be stored in old leaves which are later shed. Although mangrove trees
are adapted to grow in salt water, they require regular flushing with freshwater and they will die if immersed in
saltwater all the time. Mangrove roots develop aerial or air-breathing roots (middle image). The function of aerial
roots are to absorb air or/and to provide structural support in the soft mud. Mangrove leaves are usually waxy
in different kinds (A. marina, left image and R. stylosa, right image).

 therapeutic values [5]. Mangrove plants have been used of mangroves are being used to treat diseases such as
in medicinal fields and their extracts have proven to rheumatism, small pox, ulcers, hepatitis, leprosy, asthma,
possess inhibitory activity against human, animal and snake bites, toothache and purgative [12]. Since
plant pathogens [6]. These specialized plants are known mangrove plants offer a wide array of molecules with
to tolerate extreme environmental conditions (Fig. 1). therapeutic value, there is an urgent need to discover new
Phytochemicals are non-nutritive plant chemicals that compounds with diverse chemical structures and novel
have protective or disease preventive properties. Plant mechanisms of action [13].
produces these chemicals to protect itself. However, many A study about flavonoid derivatives from
phyto-chemicals exhibit also a protective effect for Rhizophora stylosa and their DPPH radical scavenging
humans against different diseases [1]. activity has been reported by Li et al. [14]. Another study

Avicenna marina is commonly known as gray on Antioxidative effect of flavan-3-ol glycosides from
mangrove tree classified in the plant family Avicenniaceae stems of Rhizophora stylosa was reported by Takara et
and is commonly used for ulcers. Mangrove plants are a al. [15]. Recently, Prabhakaran and Kavitha [12] studied
rich source of steroids, triterpenes, saponines, flavonoids, the effect of twelve mangrove species (among which
alkaloids and tannins. Extracts from different mangrove Rhizophora apiculata, Rhizophora mucronata and
plants are reported to possess diverse medicinal Rhizophora lamarckii) for treating a number of human
properties such as antibacterial and anti-helminthics [7]. diseases. Anti-inflammatory and anti-tumor activity of the
Antifungal extracts from mangrove leaves include marine mangrove Rhizophora apiculata has reported by
alkaloids, flavonoids, fatty acids, quinones, stilbenes as Vinod and Guruvayoorappan [16].More recently,
well as terpenoids, triterpenoids and saponines. protective effect of marine mangrove Rhizophora apiculata
Mangrove-leaf extracts are nontoxic to humans and are for regulating anti-oxidant enzymes has reported by Vinod
environmentally friendly due to less pollutant produced and Guruvayoorappan [17]. In the range of our search,
[8].Mangrove extracts can also be a possible source only one study was reported about the antimicrobial
against mosquito larvicides and show anti-cancer and effect of Rhizosphora stylosa [18].Thus, the aim of this
anti-diabetic effects [9]. Song et al. [10] reported that, study was to evaluate A. marina and R. stylosa leaves for:
Rhizophora stylosa leaves contain seventeen kinds of 1) choosing the best solvents for extraction of valuable
amino acids that concluded seven kinds of essential constituents; 2) evaluating in vitro antimicrobial activity
amino acids and accounting for 26% in total amino acid. of the resultant extracts; and 3) characterizing,
Mangrove leaves contain several kinds of trace elements qualitatively, the phytochemical constituents in A. marina
which are essential for human beings [11]. Many species and R. stylosa leaves. 



World Appl. Sci. J., 29 (4): 547-554, 2014

549

MATERIALS AND METHODS The degree of antimicrobial activity was assessed by

Plant Material: Leaves of mangrove plants, A. marina Respective solvent used for dissolution were taken as
and R. stylosa, were collected from Port Sudan at kilo 8 control [20].
region. The two plants were identified at Marine Biology
Department, Red Sea University, Sudan. Leaves of the Qualitative Analysis  of Phytochemical  Constituents:
chosen plants were cleaned with tap water and shad dried The different qualitative chemical tests were carried out
for 72 hrs under appropriate condition. using standard procedures to identify the constituents as

Cold Percolation Extraction Method: After drying, leaves
of each plant were pulverized into fine powder using Test for Phenolic Flavonoids: One ml of filtrate with
sterilized pestle and mortar. An amount (30 g) of crushed 2 ml of 10% lead acetate gives brown precipitate.
material was taken separately into 500 ml of: ethyl acetate, Test for Alkaloids: One ml of the filtrate with 2 ml of
ethyl ether, ethanol and sterilized water, kept on a rotary Drangendroff’s reagent shows turbid orange color.
shaker at 120 rpm for 24 h. After shaking, it was filtered Test for Terpenoids: One ml of the filtrate with 2ml
through eight layers of muslin cloth, centrifuged at 5000 CHCl is carefully added to few drops of concentrated
x g for 15 min [19]. Resultant extracts were evaporated and H SO . An interface with a reddish brown coloration
concentrated to dryness using the rotary evaporator at is formed.
45°C. The powder was dissolved in the same solvents Test for Steroids: To one ml of the filtrate, 10 ml
used for extraction and stored at 4°C. chloroform and 10 ml of H SO is slowly added by the

Tested Microorganisms: The antimicrobial activity of sulphuric acid layer showed yellow with green
each extract was assessed against some pathogens, i.e. fluorescence.
three bacterial strains (Escherichia coli, Bacillus subtilis, Test for Cardiac Glycosides: To one ml of the filtrate,
Staphylococcus aureus) and three fungal strains one ml of FeCl  reagent is added (mixture of 1 volume
(Penicilium digitatum, Fusarium oxysporum and of 5% FeCl  solution + 99 volume of glacial acetic
Candida albicans). Bacterial strains were obtained from acid) with few drops of concentrated H SO . Greenish
the Microbial Chemistry Lab. while fungal strains were blue color appears within few minutes.
obtained from Mycology Regional Center, Al-Azhar, Test for Tannins: One ml of filtrate with 2 ml of Ferric
University, Cairo, Egypt. The strains were maintained and chloride gives dark green color. 
tested on nutrient agar for bacteria and potato dextrose Test for Flavonoids: One ml of filtrate with 2 ml of
agar for fungi. Active cultures were propagated by dilute NaOH shows development of golden yellow
inoculation using a pre-culture in separate 50 ml nutrient color.
broths and incubating on a shaker at 37°C overnight. Test for Saponins: One ml of filtrate with 2 ml distilled

Determination    of Antimicrobial  Activity:  Extracts  of 10 minutes. Development of foam on the surface of
A. marina and R. stylosa leaves were tested for antifungal the mixture, lasting for 10 minutes indicates the
and antibacterial activity by agar well diffusion method presence of saponins.
[20]. Broth fungal cultures, 48 hrs old, grown on potato Test for Anthraquinones: To one ml of the filtrate,
dextrose agar were used for inoculation of plates, while 10ml benzene was added, followed by filtering and
broth bacterial cultures, 24 hrs old, grown on nutrient agar addition of 5ml of 10% (v/v)ammonia to the filtrate
plates were used. An aliquot (0.05 ml) of inoculum was and shake well. Development of pinkish colored
introduced to the molten agar medium was poured into a solution indicates the presence of anthraquinones.
petri-dish by pour plate technique. After solidification, the Test for Anthocyanides: Add one ml of filtrate with 5
appropriate wells were made on agar plate using sterile ml of dilute HCl, the appearance of pale pink color
cork-borer, 6.0 mm. In agar well diffusion method, 0.1ml of indicates the presence of the above compound. 
each extract was introduced serially. Incubation period of Test for Phlobatanins: To one ml of the filtrate, few
24-48 hrs at 28°C for fungal growth and 30°C for bacteria drops of 1% aqueous HCl is added. A red precipitate
were maintained for observation of antimicrobial activity. is formed.

measuring the length of inhibition zone in millimeters.

described by Edeoga et al. [21] as follows:

3

2 4

2 4

sides of the test tube. Upper layer turns red and

3

3

2 4

water, is shaken vigorously and allowed to stand for
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RESULTS ANDDISCOSSION

Preparation of Extracts: One of the major challenges in
drug and antimicrobials development is the choice of
extracts that should be used to isolate the compound(s)
and the choice of solvent depends on what intended with
the extract [22]. In the present study, four different
solvents were used for preparation of extracts from A.
marina and R. stylosa leaves, i.e. ethyl acetate, ethyl
ether, ethanol and sterilized water. Results, as inhibition
zone, revealed that ethyl acetate was, relatively, the best
solvent for extraction of leaves principle constitutes
compared to the extracts obtained with ethyl ether and
ethanol (Table 1 and 2).

Determination of Antimicrobial Activity: Inhibition of
microbial growth was determined by measuring zones of
inhibition for each fungal and bacterial strain. No
significant differences are observed regarding the
inhibition zones for extracts of A. marina and R. stylosa
leaves (Tables 1 and 2). Results of growth inhibition are
represented in Tables 1 and 2. As shown, the highest
zones of inhibition (18-20 mm) were recorded for extracts
by ethyl acetate against bacterial strains. Results revealed
also that, among the tested microbial strains, fungal
pathogens showed less inhibition effect (zones of
inhibition ranged from11-15 mm) than bacteria against all
extracts (Tables 1 and 2). On other hand, to some extent,
E. coli was the most affected strain by extracts of both A.
marina and R. stylosa leaves (Fig. 2), whereas, Candida
albicans was the most resistant strain (Fig. 3). Relative
resistance of Candida albicans to the plant extracts may
be due to some kinds of resistance mechanisms, e.g.
enzymatic inactivation of some bioactive compound (s),
target sites modification and decrease intracellular
inhibitory accumulation [23]. No comparable results can
be taken into consideration for extraction with water
(Table 1 and 2), which was found to contain little
bioactive principles [24]. From these results, it could be
concluded that, extracts by solvents of both plants
suppressed the growth of the tested strains to varying
degrees, indicating presence of broad spectrum inhibitory
principles [24] and that both A. marina and R. stylosa
leaves contain antibacterial as well as antifungal
compound (s). However, differences in inhibitory effect
may be due to the variants  of  cell  wall  structure of
Gram-positive and Gram-negative, or it might be due to the
permeability barrier in the cell wall. In addition, unlike
gram-positive   bacteria,  the   lipopolysaccharides   layer

Table 1: In vitro antibacterial and antifungal screening of A. marina crude

extracts.

Solvent/Inhibition zone (mm)

---------------------------------------------------------------

Strain Ethyl acetate Ethyl ether Ethanol Water

Escherichia coli 20 17 17 0.1

Staphylococcus aureus 19 16 16 0.2

Bacillus subtilis 18 15 14 0.2

Penicillium digitatum 15 13 12 0.2

Fusarium oxysporum 14 14 13 0.3

Candida albicans 11 10 10 0.0

Table 2: In vitro antibacterial and antifungal screening of R. stylosa crude

extracts.

Solvent/Inhibition zone (mm)

---------------------------------------------------------------

Strain Ethyl acetate Ethyl ether Ethanol Water

Escherichia coli 19 17 16 0.5

Staphylococcus aureus 19 15 15 0.5

Bacillus subtilis 18 16 15 0.2

Penicillium digitatum 15 13 12 0.5

Fusarium oxysporum 13 14 12 0.3

Candida albicans 11 10 10 0.0

along with proteins and phospholipids are the major
components of the outer layer of gram-negative bacteria
[25]. So, the outer lipopolysaccharides layer may hinder
access of antibacterial compounds to the peptidoglycan
layer of the cell wall [24]. However, the susceptibility of
Gram-negative bacteria (E. coli) towards plant extracts,
reported in this study and other reports as well, is
suggesting the potential efficiency of these extracts
against E. coli [26]. Abeysinghe [25] reported that, no
extracts of A. marina, A. officinalis, R. apiculata and B.
sexangula were able to inhibit the growth of Proteus sp.
(Gram negative) but these plant extracts suppressed the
growth of S. aureus. On other hand, fungal cell walls
contain, mainly, chitin which causes rigidity of cell wall
and may hinder efficiency of inhibitors attack.

Qualitative Phytochemical Constituents: As reported by
Achmadi et al. [27], it is possible to control infectious
agents using natural products responsible for the
inhibitory effect on pathogenic microorganisms, where
high growth inhibition activity could be attributed to the
presence of inhibitory components. In the present study,
qualitative phytochemical analysis was carried out in the
two species of Mangrove plants (A. marina and R.
stylosa).   The   results   of  the  phytochemical  analysis
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Fig. 2: Effect of water (1), ethyl ether (2), ethyl acetate (3)and ethanol (4) extracts on inhibition of: E. coli (left image), S.
aureus(middle image) and B. subtilis(right image). 

Fig. 3: Effect of water (1), ethyl ether (2), ethyl acetate (3) and ethanol (4) extracts on inhibition of: F. oxysporum (left
image), P. digitatum(middle image) and C. albicans (right image).

(Table 3 and Fig. 4) showed that phenolic flavonoids, compounds of medicinal value and biologically active
alkaloids, terpenoids, steroids, cardiac glycosides, tannins compounds [30]. For a long period of time in history,
and flavonoids are present in the extracts of A. marina plants have been valuable and indispensable sources of
and  R. stylosa leaves. These phytochemicals have a wide natural products for the health of human beings and they
variety of antimicrobial properties against pathogenic have a great potential for producing new drugs [31].
fungal and bacterial strains [28]. According to literature, Mangrove and mangrove associates contain biologically
alkaloids, triterpenoides, flavonoids, saponines are the active antiviral, antibacterial and antifungal compounds.
major classes of antioxidants in plants [25]. In the present Extracts from different mangrove plants are active against
study,  phytochemical  analysis  showed that extracts of human and plant pathogens. A. marina and R. stylosa
A. marina and R. stylosa leaves contain most of leaves were used as test plants due to the presence of
principles. Such phytochemicals are an indicative for the much evidence that prove their therapeutic value against
antimicrobial activity and antioxidant activities. Therefore, microbial infections [32, 33].Our results proved that
the beneficial medicinal effects of plant materials may different plant extracts of A. marina and R. stylosa in
result from the combinations of antimicrobials, different solvents showed antibacterial and antifungal
antioxidants and other secondary products present in the activity against the tested bacterial and fungal species.
plant, as well as phytochemicals [29]. Such secondary Ethyl acetate extracts showed the highest inhibition
products play an important role in a plant's defense activity more than other extracts, probably, due to
through cytotoxicity towards microbial pathogens and extraction of more effective bioactive principles of A.
this could prove the usefulness of these secondary marina and R. stylosa leaves [34].Although chemical
products as antimicrobial medicines for humans [18]. components extracted from mangroves are used mainly in
Biological role of some phytochemicals included in the medicine, as insecticides and pesticides [30] and
present study is represented in Table 4. In the present mangrove plants are widely used for herbal medicine [12],
study, however, extracts of A. marina and R. stylosa such as skin disorders, rheumatism, small pox, ulcers,
leaves were free of saponins, anthraquinone, hepatitis, leprosy, asthma, snake bites, toothache, diabetic
anthocyanides and phlobatanins. These results are in and purgative; chemical components of most mangrove
accordance with those reported by Tukarin [18]. plants still, however, need to be extensively studied.

Mangrove plants are biochemically unique, Investigations have led, so far, to the discovery of several
producing a wide array of novel natural products. novel compounds with prospective medicinal value as
Mangroves possess novel agrochemical products, new chemotherapeutic agents.
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Table 3: Qualitative phytochemical analysis in extracts of A. marina and R. stylosa leaves.
Series Phytochemical A. marina R. stylosa
1 Phenolic- flavonoids + +
2 Alkaloids + +
3 Terpenoides + +
4 Steroides + +
5 Cardiac glycosides + +
6 Tannins + +
7 Flavonoids + +
8 Saponines - -
9 Anthraquinone - -
10 Anthocyanides - -
11 Phlobatanins - -

Table 4: Biological role of some phytochemicals included in the present study. 
Phytochemical Biological role Reference
Phenolic- flavonoids Aggressively reacts with free radicals for prevention or treatment of skin aging 

in humans. Include a large group of several hundred chemical compounds that 
affect the taste, color and mouth-feel of wine. Podda and Grundmann-Kollmann [35].

Alkaloids Many alkaloids are still used in medicine, usually as antitumor, 
antihypertensive, Muscle relaxant and antiprotozoal agent. Aniszewski [36] and Manske [37].

Steroides Have a potential effect as anti-oxidant and inflammatory drug.
Have an ensure effect in hormonal balance. Moss [38].

Flavonoids Have antioxidant properties that may lower the risk of some diseases. Harborne [39].
Tannins Have diverse effects on biological system due to the potential metal ion chelators of 

tannins and biological antioxidants. Tannins are known to possess antimicrobial 
properties. Tukiran [18] and Hagerman [40].

Terpenoides Terpenoids are used as a purgative, for cough treatment and asthma. Edeoga et al. [21].
Cardiac glycosides Drugs used in the treatment of congestive heart failure and cardiac arrhythmia. 

These glycosides are found as secondary metabolites in several plants. McMurray and Pfeffer [41].

Fig. 4: Qualitative phytochemical analysis in extracts of A. marina and R. stylosa leaves:(A) Phenolic flavonoids; (B)
Terpenoids; (C) Steroids; (D) Tannins; (E) Alkaloids; (F) Flavonoids; (G) Cardiac glycosides.

CONCLUSION the greatest inhibition zones against all tested bacterial

This work is a successful attempt of phytochemical indicating that active ingredients in plant materials could
characterization and antimicrobial efficiency of mangrove be extracted by ethyl acetate. The qualitative
plants, Avicennia marina and Rizophora stylosa. Leaf phytochemical analysis of mature leaf extracts revealed
extracts of R. stylosa using ethyl acetate showed the best that, leaves contained tanines, flavonoids, terpenoids,
results inhibition zone, where it ranged from 11 mm-19 mm, alkaloids as well as steroids and Cardiac glycosides.
while A. marina showed 11 mm-20 mm, against most of the Extracts of A. marina and R. stylosa leaves were free of
tested microorganisms. The greatest effect was towards saponine, anthraquinone, anthocyanides and
Escherichia coli and the lowest was against Candida phlobatanins. Care must be taken in the development of
albicans. In almost all tests, ethyl acetate extracts showed antimicrobial  compounds  which are ecologically safe and

strains in comparison with other tested solvents,
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economically viable. Therefore, it is worth to screen 12. Prabhakaran, J.  and  D.  Kavitha, 2012.
mangrove plants for presence of new antimicrobial Ethnomedicinal importance of Mangrove species of
compounds to combat the normal pathogenic bacterial Pitchavaram, 3: 611-614.
and fungal strains that adapted with hospital 13. Panneerselvam, A. and A. Sivaraj, 2011. Antibacterial
environment. activity of Coccinia grandis leaf extract on selective

REFERENCES 14. Li, D., L. Xiao-Ming, Z. Peng and B. Wang, 2007.

1. Shelar, P., S. Reddy, G. Shelar and V. Reddy,2012. their DPPH radical scavenging activity. Molecules,
Medicinal value of mangroves and its antimicrobial 12: 1163-1169.
properties - A review Continental. J. Fish Aqua. Sci., 15. Takara,  K.,  A.  Kuniyoshi, K. Wada, K. Kinjyo and
6: 26-37. H. Iwasaki, 2008. Antioxidative flavan-3-ol glycosides

2. Piyusha, S., K. Vijay, S. Gauri, et al., 2000. from stems of Rhizophora stylosa. Biosci. Biotechnol.
Antibacterial activity of plant extracts and Biochem. 72: 2191-2194.
phytochemicals on antibiotic resistant bacteria. Braz. 16. Vinod, V. and C. Guruvayoorappan, 2012.
J. Microbiol., 31: 247-56. Phytochemical screening of methanolic extract of

3. Rai, P., R. Mehta, R. Gupta and G. Watal, 2010. A mangrove Avicennia marina (Forssk.) Vierh. Der
novel antimicrobial agents Trichosanthes diocia. Int. Pharmacia Sinica, 3: 64-70.
J. Pharma. Biosci. 1: 1-9. 17. Vinod,     P.   and   C.   Guruvayoorappan,     2014.

4. Weimann, C. and M. Heinrich, 1997. Indigenous Anti-inflammatory and Anti-tumor Activity of the
medicinal plants in Mexico: the example of the Nahua Marine Mangrove Rhizophora apiculata. J.
(Sierra de Zongolica). Botanica Acta, 110: 62-72. Immunotoxicol., 9: 341-452.

5. Panda, S., H. Thatoi and S. Dutta, 2009. Antibacterial 18. Tukiran, B., 2013. Phytochemical analysis of some
activity and phytochemical screening of leaf and bark plants in Indonesia. J. Biol. Agric. Healthcare, 3: 6-10.
extracts of Vitex negundo L. from Similipal biosphere 19. Parekh, J. and S. Chanda, 2007. In vitro antimicrobial
reserve, Orissa. J. Med. Plant Res., 3: 294-300. activity of Trapa natans L. fruit rind extracted in

6. Natarajan,      A.,    S.   Durai,   G.   Thangavel   and K. different solvents. Afr. J. Biotechnol., 6: 766-770. 
Kanthasamy, 2011. Antibacterial activity of mangrove 20. Mahalingam,      R.,      V.       Ambikapathy         and
leaf and bark extracts against human pathogens. A. Panneerselvam, 2011. Studies on antifungal
Adv. Biolog. Res., 5: 251-254. activities of some medicinal plants against

7. Ravikumar,  S.,  M.  Gnanadesigan,  P. Suganthi and Ceratocystis paradoxa causing pineapple disease.
A. Ramalakshmi, 2010. Antibacterial potential of World J. Sci. Technol., 1: 10-13.
chosen mangrove plants against isolated urinary 21. Edeoga, H., D. Okwu and B. Mbaebie, 2005.
tract-infectious bacterial pathogens. Int. J. Med. Sci., Phytochemical constituents of some Nigerian
2: 94-99. medicinal plants. Afr. J. Biology, 4: 685-688. 

8. Opra, E. and R. Wokocha, 2008. Efficacy of some 22. Farnsworth, N.R., 1994. Ethnopharmacology and
plant extracts on the in vitro and in vivo control of Drug Development. In: Ethnobotany and the Search
Xanthomonas campestris Pv. Vesicatoria. Agric. J., 3: for New Drugs. Foundation Symposium, Prance, G.T
163-170. and J. Marsh (Eds.).John Wiley and Sons:

9. Ktahiresan, K. and T. Thangam, 1991. Masqueto, Chichester. 185: 42-59. 
larvicidal activity of marine plant extract with 23. Schwarz, S. and W. Noble, 1999. Aspects of bacterial
synthetic insecticides. Botanica Marina, 34: 537-539. resistance to antimicrobials used in veterinary

10. Song, W., R. Fan and D. Xi, 2008. Study on the dermatological practice. Vet. Dematol., 10: 163-76.
characters of chemical composition in leaves of 24. Pimpliskar, M., R. Jadhav and B. Jadhav, 2011.
Rhizophora stylosa. Transactions of Oceanology Evaluation of Antimicrobial principles of Rhizophora
and Limnology, 2008-04. species along  Mumbai Coast.  J.   Adv.   Sci.   Res.,

11. Kannappan,     T.,      M.       Shanmugavelu        and 3: 30-33.
M. Karthikeyan, 2012. Concentration on Heavy 25. Abeysinghe, P.,  2010.  Antibacterial  activity of
Metals in Sediments and Magngroves from some medicinal mangroves against antibiotic
Manakudy Estuary (South West Coast of India). Eur. resistant pathogenic  bacteria.  Indian  J. Pharmac.
J. Biol. Sci., 4: 109-113. Sci., 72: 167-172.

bacterial strains. J. Appl. Pharmac. Sci., 1: 120-123.

Flavanol derivatives from Rhizophora stylosa and



World Appl. Sci. J., 29 (4): 547-554, 2014

554

26. Londokar, R., U. Ketteguoga, K. Shivsharanappa and 33. Chandrasekaran, M., K. Kannathasan, V. Venkatesalu
J. Hanchinalmath, 2013. Phytochemical screening and and K. Prabhakar, 2009. Antibacterial activity of some
in vitro antimicrobial activity of Typha angustifolia salt marsh halophytes and mangrove plants against
Linn leaves extract against pathogenic Gram negative methicillin resistant Staphylococcus aureus. World
microorganisms. J. Pharm. Res., 6: 280-283. J. Microbiol. Biotechnol., 2: 155-160.

27. Achmadi,      S.,    G.   Syahbirin,   E.   Choong    and 34. Alizadeh-Behbahani,     B.,   F.      Tabatabaei-Yazdi,
R. Hemingway, 1994. Catechin-3-O-rhamnoside chain F. Shahidi and M. Mohebbi, 2012. Antimicrobial
extender units in polymeric procyanidins from activity of Avicennia marina extracts ethanol,
mangrove bark. Phytochem. 35: 217-219. methanol glycerin against Penicillium digitatum

28. Abeysinghe, P., M. Withanawasam, R. Pathirana and (citrus green mold). Sci. J. Microbiol., 1: 147-151.
S. Abeysinghe, 2002. Preliminary in vitro screening 35. Podda, M. and M. Grundmann-Kollmann, 2001. Low
of antibacterial compounds of some mangrove plant molecular weight antioxidants and their role in skin
extracts for clinical isolates from different sources. ageing. Clin. Exp. Dermatol. 26: 578-82.
Proceeding of the First Science Symposium, 36. Aniszewski, T., 2007. Alkaloids - Secrets of Life.
University of Ruhuna. Amsterdam: Elsevier. ISBN 978-0-444-52736-3.

29. Jadhave, B., Q. Muhktar and B. Pagare, 2013. 37. Manske, R., 1995. The Alkaloids: Chemistry and
Evaluation of antioxidant properties and Physiology.  Vol.  VIII.  New  York:  Academic  Press,
phytochemical  analysis  in  the  stem  and     leaves pp: 673.
of  Ceriops  tagal  mangroves.  Res.  J.  Biotechnol., 38. Moss, G.P., 1989. Nomenclature of Steroids
8: 28-31. (Recommendations    1989). Pure   Appl.   Chem.,

30. Bandaranayake, W.M., 2002. Bioactivities, bioactive 61: 1783-1822. 
compounds and chemical constituents of mangrove 39. Harborne, J.B., 1984. Antibacterial and Antifungal
plants. Wet. Eco. Manag., 10: 421-452. activities of Ampelodesma mauritanica.

31. Littleton,  J.,  T.  Rogers  and  D.  Falcone,  2005. Phytochemical Methods, London Chapman Hall.
Novel approaches to plant drug discovery based on 40. Hagerman, A.E., 2002. Tannins chemistry.
high throughput pharmacological screening and Department of Chemistry and Biochemistry, Miami
genetic manipulation. Life Sci., 78: 467-475. University, USA. 

32. Bandaranayake, W.M., 1998. Traditional and 41. McMurray, J. and M. Pfeffer, 2005. Heart failure.
Medicinal Uses of Mangroves. In: Mangroves and Lancet, 365: 1877-89. 
Salt: (Abeysingher, P.D. D. Wijesekara and R.N.
Pathirana, Eds), pp: 1-9.


