




Chapter 1





         Introduction

Plants  are core of living element of oxygen and food. Human being and animals are fully depend on plants for their existence. From ancient time various parts of plant are using for the treatment and healing .Citrus maxima (pomelo) is one of most herbal plant.Leaves are used as preservatives. Citrus maxima is a tree 5-15 m tall, with a somewhat crooked trunk 10-30cm thick; branches low, irregular and spreading. Spines up to 5 cm long. Young branch lets angular, often densely soft, short, hairy, and usually with Spines. Leaves, compound, appearing simple, having one leaflet, alternate, glandular, dotted, ovate to elliptical, 5 20 cm long, 2-12 cm wide and leathery. Petiole broadly winged to occasionally nearly wingless, up to 7 cm wide. Flowers fragrant, borne singly or in  clusters of 2-10 in the leaf axils, or sometimes 10-15 in terminal racemes 10-30 cm long; rachis and calyx hairy; the 4-5 petals, yellowish-white, 1.5-3.5 cm long, somewhat hairy on the outside and dotted with yellow-green glands. Stamens 20–25, white, prominent, in  bundles of 4-5, anthers orange. Fruit ranges from nearly round to oblate or pear-shaped ; 10-30 cm wide; the peel, clinging or more or less easily removed, maybe greenish
yellow or pale-yellow, minutely hairy, dotted with tiny green glands; 1.25-2 cm thick the Aledo soft, white or pink; pulp varies from greenish-yellow or pale-yellow to pink or  red; is divided into 11-18 segments, very juicy to fairly dry; the segments are easily skinned and the sacs may adhere to each other or be loosely joined; the flavor varies  from mildly sweet and bland to sub-acid or rather acid, sometimes with a faint touch of  bitterness. Seeds few, large, yellowish-white and white inside; though some fruits may be quite seedy. This citrus fruit (the largest), is known in the western world mainly as the principal ancestor of the grapefruit. The seeds produce fruit somewhat smaller than the current grapefruit, more like an orange, usually with up to 5 cm long spines if propagated by seed, and spineless if vegetative propagated. Pummelos may flower 2-4 times a year . In the prime-growing region in southern Thailand, fruiting is heaviest in May-October  and scant in January-March and November-December. In Nepal, pummelo trees starts
fruiting from September-February. In Florida, the fruits ripen from November to 
February and there may be a small crop in the spring. Pummelo is largely self-
incompatible, and unlike other Citrus species, does not produce nucellar seedlings. Cross pollination and fertilization occur between pummelo and other species of the genus , giving it a greater range of genetic variability relative to other Citrus species. In most cases, the quality and quantity of production of pummelo is very low in farmers’ fields due to inferior trees grown from seeds. As they are the secondary metabolites, essential oils have been known as the  protective compounds of plants. They have lots of bioactivities, especially antioxidant and anti-microbial activities.( P. Lertsatitthanak et al,2006 )  Thus, they are used in skincare  products for perfuming and aromatherapy  purposes. There have been a plenty of  researches of this property, since the anti-microbial has been the common activity found in essential oils from plants. Citrus maxima peel essential oil showed the anti-bacterial against Staphylococcus aureus and Pseudomonas aeruginosa with the concentration of 20.0 μl/agar disc, D.C. Ontengco,( L.A. Dayap,1995 )  and the anti-fungal againstTrichophyton mentagrophytes and
 Microsporum audounil with MIC 500 ppm. Using agar plate method.( P. Yadav et
 al,1994 ).  There were no reports about activity of C.maxima flower essential oil yet. Biological activities of C. maxima Acitvity Part Sample Methods Concentration Result Ref. Antibacterial Peel Essential oil Agar plates 20.0 μl/agar disc Active( D.C. Ontengco et al ,1995),  Staphylococcus aureus Pseudomonas aeruginosa Peel Essential oil Agar plates 20.0 μl/agar disc Inactive( J. Begum et al,1993).  Esherichia coli Shigella dysenteriae Vibrio cholera Peel EtOH extract Agar plates 30.0 μl /agar disc Inactive (A. Caceres et al,1987).  Esherichia coli Pseudomonas aeruginosa Staphylococcus aureus. Antifungal Peel Essential oil Agar plates MIC 500.0 ppm Active( P. Yadav et al ,1999). Trichophyton mentagrophytes Microsporum audounil Peel Essential oil Agar plates N/S Inactive  Alternaria solan Curvularia luna Fusarium equiseti Macrophomina phaseolina. Acitvity Part Sample Methods Concentration Result Ref.Antiyeast Peel EtOH extract Agar plates 30.0 μl /agar disc Inactive   Candida albicans Antioxidant Peel Essential oil DPPH N/S. Active( K. Ogawa et al,2000) . Peel 70% EtOH Inhibition of N/S Active  extract lipid peroxidase Larvicidal Peel Essential oil Against 0.02 ml/L Active  mosquito larvae. Culex quinquefasciatus Culex tritaeniorhynchus Aedes aegypti . Smooth muscle Peel 50% EtOH Cell culture 250.0 μg/ml Active  relaxation extract of intestine. Uterine Peel 50% EtOH Cell culture 250.0 μg/ml Active relaxation extract of uterus (non-pregnant) Capillary Peel 50% EtOH Cell

culture 5.0 μg/ml Increase  permeability extract Inotropic Peel 50% EtOH Cell culture 1.0 μg/ml Active (Mukhopadhyay,2000) .
Objective:

1. Phytochemical screening of Citrus maxima

2. To detect the antibacterial effect of ethanol extract  Citrus maxima plant leaves
Chapter 2

REVIEW OF LITERATURE

A.D. Giacomo and G.D. Giacomo 2004 reported that C. maxima is medium sized tree. Its leaves have the small winged petioles. The flower are bisexual and smell sweet. The tree can flower when its age is four years old. The flowering in December – February is called Som-Pee when its produces lots of flower, and the flowering in August – September is called Som-Ta- Wai. The fruit is always round shape and big size. Fruit peel has the 3 layers: the outer layer is called flavedo or epicarp which has the oil glands, the medium layer is called albedo or mesocarp which is white in color and has plenty of spongy cells, and the inner layer is called endocarb which is the edible portion of the fruit, the juice sags.

British Pharmacopoeia, 2002 we got  C. maxima flower smell quite similarly to the C. aurantium var. amara flower (neroli). Neroli is the well known essential oil for aromatherapy and perfumery industry. The production of neroli starts to be considerable when the tree is about 10 years old, and reaches its maximum, when the tree is about 20-30 years old (5-25 kg of flower per tree per year). The harvest of the flower requires a considerable amount of work. It is time consuming, and causes of an increase in cost. The flower are picked at the time of their blooming under warm and sunny weather conditions. Those harvested in the early morning yield oil higher than those harvested in the afternoon. The closed blossoms yield lower, and give to the oil a green note. The collection of the flower should be selective, avoiding small leaves and petioles. The most common of extraction method for neroli producing are distillation and solvent extraction. Hydro- distillation, without the distilled or cohobated water recycle, at low pressure inside the alembic, for three hours could produce about 1.0 % average yield. Dipping the flower in water, prior to the distillation, increases the oil yield. The flower concrete is obtained by extraction with hexane or light petroleum with a yield that range between 0.2-0.3 % for the flower harvested in spring. The extractors used are the classical static type, with a load of 1,000-2,000 L, and the flower extracted immediately after the harvest could give higher yield than those stored for several hours. Moreover, dipping the flower in the solvent at different times gives a higher yield than one single extraction. From the concrete it is possible to obtain the

absolute using methods for producing absolutes (extraction with alcohols, winterization, filtration and concentration). The yields are about 48-52% of concrete. The main components of neroli from distillation method were limonene, linalool, linalyl acetate, nerolidol, geranyl acetate, neryl acetate, geraniol, nerol, α-terpineol, methyl anthranilate and other aromatic compounds. The composition of neroli oils from Spanish and Tunisian which were obtained by hydro distillation and the oil extracted by supercritical carbon dioxide from bitter orange flower (C. aurantium) from Morocco showed the different contents between the two types of oils : monoterpene hydrocarbons and linalyl acetate (38.0 and 28.0%, 5.0 and 24.0% respectively). Because of there were some chemical transformation of linalyl acetate during the distillation process, leading to the formation of monoterpene hydrocarbons and other monoterpenoids. Neroli from solvent extraction contained lower monoterpene hydrocarbons (5.9%) and higher linalyl acetate (16.8%) than the oil from distillation method.
Nomenclatural Database of Missouri Botanical Garden 2004 reported that It can be cultivated in lots of provinces of Thailand. Its different local names from different parts of Thailand are Ma-O (North), Sung-Ou (Maehongson) and Som-O (Central)
S.C. Huang1989, Y. Takemura1993, T.S. Wu1986,1987,1988 worked on chemical constituent of Citrus maxima & found the following
	Class
	Compound
	Plant part

	Alkaloids
	5-hydroxyacronycine

	root bark, stem bark


	
	acriginine A

	root


	
	atalafoline

	root


	
	baiyumine A

	root bark

	
	baiyumine B

	root bark

	
	buntanbismine

	root


	


Y.Q. Ma 1982 M. Mizuno1991 M. Anis,1981 found flavonoids in this plant like this
	Class
	Compound
	Plant part

	Flavonoids
	4’-5-7-8-tetramehoxy

	Peel

	
	Flavone

	Leaf

	
	Acacetin

	peel

	
	apigenin trimethyl ether

	Leaf


P. Lertsatitthanakorn 2006 reporeted that as they are the secondary metabolites, essential oils have been known as the protective compounds of plants. They have lots of bioactivities,  especially antioxidant and anti-microbial activities.

D.C. Ontengco1995 described that, Citrus maxima peel essential oil showed the anti-bacterial against Staphylococcus aureus and Pseudomonas aeruginosa with the concentration of 20.0 μl/agar disc
P. Yadav1994,1998 described that anti-fungal against Trichophyton mentagrophytes and Microsporum audounil with MIC 500 ppm. using agar plate method

Table :Biological activities of C. maxima
Acitvity              Part     Sample      Methods          Concentration      
Result        
Antibacterial    Peel  Essential       Agar plates        20.0 μl/agar disc            Active   




oil 
          





     

                                                    Staphylococcus aureus

                                                   Pseudomonas aeruginosa

                          Peel Essential Agar plates             20.0 μl/agar disc            Inactive      

                                          oil                      Esherichia coli

                                                              Shigella dysenteriae

                                                                  Vibrio cholera

                           Peel  EtOH extract Agar plates      30.0 μl /agar disc         Inactive      
Esherichia coli

Pseudomonas aeruginosa

Staphylococcus aureus

Antifungal        Peel Essential oil 
Agar plates            
MIC 500.0 ppm   
Active     
Trichophyton mentagrophytes

Microsporum audounil

                          Peel Essential oil 
Agar plates            N/S                            Inactive    
Alternaria solan

Curvularia luna

Fusarium equiseti

Macrophomina phaseolina
SumonratChanthaphoal et al,(2008)  Ethyl acetate extracts and hydrodistillated-essential oils from peels of Citrus spp. were investigated for their antimicrobial activities against food related microorganisms by broth microdilution assay. Overall, ethyl acetate extracts from all citrus peels showed stronger antimicrobial activities than their essential oils obtained from hydrodistillation. The ethyl acetate extract of kaffir lime (Citrus hystrix DC.) peel showed broad spectrum of inhibition against all Gram-positiv bacteria, yeast and molds including Staphylococcus aureus, Bacillus cereus, Listeria monocytogenes, Saccharomyces cerevisiae var. sake and Aspergillus fumigatus TISTR 3180. It exhibited minimum inhibitory concentration (MIC) values of 0.28 and 0.56 mg/ml against Sac. cerevisiae var. sake and B. cereus, respectively while the minimum bactericidal concentration (MBC) values against both microbes were 0.56 mg/ml. The MIC values of the extract against L. monocytogenes, A. fumigatus TISTR 3180 and S. aureus were 1.13 mg/ml while the MBC values against L. monocytogenes as well  fumigatus TISTR 3180 and S. aureus were 2.25 and 1.13 mg/ml, respectively. The major components of the ethyl acetate extract from kaffir lime were limonene (31.64 %), citronellal (25.96 %) and pinene (6.83 %) whereas pinene (30.48 %),
sabinene (22.75 %) and citronellal (15.66 %) appeared to be major compounds of the essential oil obtained from hydrodistillation.

Jean Kuate et al,( 2006) reported that citrus leaf and fruit spot disease caused by Phaeoramularia angolensis is a serious production constraint in tropical Africa. In previous studies, essential oils extracted from fruit peels of two tolerant varieties exhibited a strong antifungal activity in vitro against P. angolensis as compared to oils from susceptible ones. In order to investigate if the susceptibility of citrus varieties is associated with the antifungal activity of their essential oils, some 22 varieties of different susceptibility levels (tolerant, susceptible and highly susceptible) and belonging to different botanical groups were studied. Oils extracted from fruit peels were evaluated for their activity against radial growth and sporulation using the poisoned food technique. The optimal doses for growth inhibition and conidial reduction were 2500 and 1000 ppm, respectively. At these doses, radial growth and sporulation exceeded the untreated control respectively for four and nine varieties suggesting that oils from these varieties promote fungal development. In general, oils from the tolerant group were most effective in reducing radial growth irrespective of dose. The highly susceptible group ranked first in reducing sporulation at dose 1000 ppm (45.93%) while at higher doses of about 2000–2500 ppm, oils from the tolerant varieties could reduce sporulation up to 100%. The marked dose effect in reducing sporulation suggests that there may be different compounds acting with changing dose. Botanically, oils from pummelo (Citrus maxima, tolerant group), were best in reducing radial growth (>87% inhibition) while those from grapefruits (C. paradisi, highly susceptible group) were most effective in reducing sporulation (>64% reduction).

Chapter 3
Materials and Methods
Collection of Plant 

The plant (Citrus maxima) was collected from various part of Chittagong of Bangladesh.Comparatively medium aged fresh leaves were collected.
. 

Preparation of Plant Extract

After collection, the leaves were chopped into small pieces, air dried at room temperature for about 20 days and ground into powder form and stored in an airtight container. The amount of the leaves powder was about 790 gm and all of the powder was macerated in 8 L methanol for 7 days at room temperature. After 7 days, methanol extract was filtered. The filtration process was repeated for three times. The extract was concentrated under reduced pressure below 50 ºC through rotatory vaccum evaporator. Finally, 15 gm greenish colored, concentrated stem extract was obtained (yield 1.89 % w/w). The concentrated extracts were collected in a 100 ml of eggplant flask and allow to air dry for complete evaporation of methanol. Then the crude extract was kept in refrigerator at 4 ºC. 

The whole process for the preparation of plant extract can be stated by the following flow chart-

[image: image1.wmf] 


Fig 4.1: Flow diagram of the extraction process

Fig  : Flow chart of preparation of plant extract

Methods of Phytochemical Screening

Glycoside

General test

Reagent: 

1. NaOH solution

Procedure:

1. Small amount of an alcoholic extract of the fresh or dried material in one ml of water was dissolved

2.Then a few drops of aqueous NaOH solution was added

Result:

Yellow color indicates the presence of glycoside
Test of Flavonoids

General test
Reagent

1. Concentrated HCl

Procedure:

1. Small amount of an alcoholic extract of the plant material  was taken

2.A few drops of concentrated HCl  was Added

3. Treat 1 ml of filtrate with a few drop of following reagent- 

Mayer's reagent- White or creamy white precipitate

Hager's reagent- yellow crystalline precipitate

Wagner's reagent- brown or deep brown precipitate

Dragendorff’s reagent- orange or orange-red

Result:

Immediate development of red color indicates the presence of flavonoids

Test of Steroid

Libermann-Burchard’s Test 

 Acetic anhydride can react with the C3 hydroxyl group of cholesterol and related steroid is the presence of strong acids to form a blue-green complex. The reaction must be carried out in the absence of water.

Reagents: 

· Petroleum ether extract of plant material

· Chloroform

· Acetic anhydride

· Concentrated sulfuric acid

Procedure:

· Small amount of Petroleum ether extract of plant material was taken.

· Then it was dissolved in 1 ml chloroform

· Then added 2 ml of acetic anhydride 

· Add 1ml of concentrated sulfuric acid

Result:   

A greenish color is formed indicating the presence of steroid. 

N.B. Colors are due to sulfonation, acetylation and rearrangement in cholesterol molecule. 

Antibacterial assay (Disc diffusion method )

Pure stock culture of specific bacterial organism

For antibacterial assay first of all pure bacterial stock culture was collected which were available at the microbiology section of BCSIR laboratory Chittagong .Here standard laboratory environment  is allocated for microbes .for this study following 10 bacterial Staphylococcus aureus, Bacillus subtilis ,bacillus cereus ,bacillus megatenusm, Bacillus polymyxa, Salmonella typhi, Shigella sommi, Klebsilla sp, Proteus sp.

Preparation of bacterial sub culture:

One loop of pure culture of specific organism were inoculated in to individual test tube  that’s containing nutrient broth under sterilize condition and incubate it   in incubator for further multiplication at 37 degree Celsius for 24 hrs.

Preparation of nutrient agar:

First of all 8 gm Muller Hinton agar was added with 100ml distilled water in a clean and sterilized beaker .Then boil it for 30 minutes. after finishing the boiling these mixtures poured on clean, dry and sterilize Petridis and kept it for solidification. The solid agar plate stored at 37 degree celcius.Following this procedure 10 agar plate were prepared.

Preparation of nutrient agar plate culture :

Previously prepared all of 10 test tubes containing bacterial organism in nutrient broth and 10 petredishes were taken .Then the petridishes were impregnated with specific microorganisms  by cotton bud from the nutrient broth very carefully .bottom of the each petridish marked with specific bacterial organism name by black marker.Then kept at 37 degree Celsius for 24 hrs.

Disc Diffusion method for preliminary Assay of Antibacterial Effect :

After preparation of  agar plate culture Antibacterial effect of citrus maxima leaves extract was determined by Disc Diffusion method. For the purpose first of all solution of 100micro gram/ml concentration of citrus maxima leaves extract text sample was prepared by dissolving with alcoholic solution .Then  sterilized and dried filter paper disc (4mm in diameter) were impregnated with 100micro gram/ml of tested Citrus maxima leaves extract  by using micropipette .Disc containing the leaves extract were placed on nutrient agar medium that uniformly seeded with specific bacterial test organism .There were placed 3 discs in each Petridis .Respective solvent soaked discs considererd as positive control .In order to proper diffusion  throughout the respective petridishs al kept at 4 degree Celsius for 2- 4 hours.Difussion occurred according to the physical law that controls the diffusion of molecules through agar gel .Due to diffusion process gradual change  occurred of plant extract concentration in the media surrounding the discs. then all the plates containing specific bacterial organism incubated at 37 degree Celsius for 24 hours to allow the maximum growth of the organism finally the antibacterial effect of Citrus maxima leaves extract  was detrmined by measuring the diameter of ‘Zone Of Inhibition’ with transparent scale against the individual organisms of individual plates which took place after 24 hours of incubation. this zone of inhibition is expressed in millimeter.In case of negative response Zone of inhibition was absent.In this Antibacterial study the antibacterial activity of Citrus maxima  leaves extract was compared with tetracycline antibiotic 30 micro gram/ml 

Chapter 4

Results and Discussion

Antibacterial assay

The ethanol extract of  Citrus maxima plant leaf  was tested for antibacterial activity against 10 bacterial orgamism.Here the effect was compared  with oxytetracycline  antibiotic ,Out of 10 bacterial organism (gram +ve and gram –ve) 5 were found susceptible to this leaf extract .
Table:For comparing Zone of inhibition(mm dm)

	Name of bacteria


	Plant leaf extract

(100micro gm/disc)
	Tetracycline

(30 micro gm/disc)

	Staphylococcus aureus
	10
	10.5

	Bacillus subtilis
	3
	9

	Bacillus cereus
	2.5
	8.5

	Bacillus megatenusm
	2.5
	8

	Salmonella typhi
	-
	-

	Bacillus polymyxa
	2
	-

	Shigella sommi
	-
	-

	Klebsilla sp
	-
	-

	Proteus sp.
	-
	12.25

	Shigella flexneri
	-
	-


So this leaf extract have antibacterial effect against some bacterial organism. In case of Staphylococcus aureus all papers showed higher sensitivity.
Phytochemical assay:

Phytochemical screening reveals the present of Glycoside ,Flavonoids .Steroid.
Chapter 5
Conclusion

From the ancient time plants are using as medicinal purpose. Now a days more specific scientific researches is going on in order to isolate the individual compound of plants those have the importance in antibacterial effect. In this preliminary assessment Citrus maxima (pomelo) leaf ethanol extract shown that it has efficient level of antimicrobial effect. The study may assist more efficient use of Citrus maxima (pomelo).
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Fresh leaves of Citrus maxima were collected


�


leaves were chopped into small pieces


�


They were air dried at room temperature


�


Dried materials were grinded into powder form using a high-speed grinder


�


790 gm powder was then dissolved with 8L pure methanol


�


Macerated for 7 days


�


Extract was collected and filtered


�


Filtered extract was concentrated by evaporating the methanol 


�


Obtained crude extract was kept in refrigerator at 4 ºC
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