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Abstract  

This study was conducted with the aim to extract and analyze the leaves powder 

of Adansonia digitate and Tamarindus indica, collected from forest on the south 

of Nyala in southern Darfour state, Sudan. Two methods of extractions from the 

leaves powder of Adansonia digitate and Tamarindus indica were performed; 

method 1: extraction by maceration using methanol solvent their yields were 

8.3% and 15.6%, respectively. Method 2: successive extractions using soxhlet 

extractor from leaves powder of Adansonia digitate and Tamarindus indica 

using hexane, yielded 8.8% and 6.6 %, respectively. These extracts were 

subjected to phytochemical analysis Adansonia digitate showed the presence of 

alkaloids, Flavonoids, Tannins, steroids, Glycosides and carbohydrates. 

Whereas Tamarindus indica showed the presence of alkaloids, Tannins, 

Saponins, steroids, Glycosides and carbohydrates. 

 The antibacterial activity of methanol leaves extracts of Adansonia digitate, 

Tamarindus indica and their combined mixture (1:1) were studied in vitro 

against four bacterial strains namely Saphylococcus aurus, Bacillus subtitles 

(gram +ve bacteria) and Escherichia coli, Pseudomonas aeruginosa (gram –ve) 

,using disc agar diffusion method. Tamarindus indica methanol leaves extract 

showed highest susceptibility against Bacillus subtilis at concentration 

(100mg/mL) with inhibition zone (22mm). Adansonia digitate methanol leaves 

extract show high  susceptibility against Bacillus subtilis and Pseudomonas 

aeruginosa at concentration (100mg/mL), and (12.5mg/mL) respectively with 

inhibition zones of (20mm).the combined methanol leave extracts show high 

susceptibility against Pseudomonas aeruginosa at concentration (100mg/mL) 

with inhibition zone (20mm). 

The GC-MS of Adansonia digitate leaves extract revealed the presence of 14 

compounds  Phenol,2-methyl-5-(1-methylethyl) (61.64%) and  unsaturated fatty 

acid  (9-Octadecenoic acid (Z)-, methylester( 8.93 %) and Hexadecanoic acid, 

methyl ester(5.84%) for Adansonia digitate and 10 compounds for Tamarindus 

indica  were completely identified and the major compounds were classified as 

unsaturated fatty acid including Hexadecanoic acid, methyl ester (35.01%) , 

Methyl stearate (25.68%) , Hexadecanoic acid, 2-hydroxy-1-

(hydroxymethyl)ethyl ester(22.73%). 
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 المستخلص

 

انحثهذي وانعشدٌة ، انحً جى جًعها  َثاجً طفكأجشٌث هزِ انذساسة تهذف اسحخلاص وجحهٍم يسحىق 

يٍ انغاتات جُىب ٍَالا فً ولاٌة جُىب داسفىس غشب انسىداٌ. جى إسحخذاو ؿشٌمحٍٍ نهحظىل عهً 

يسحىق الأوساق نهحثهذي وانعشدٌة ؛انـشٌمة الأونً: الإسحخلاص عٍ ؿشٌك انغًش تإسحخذاو  يسحخهض

انـشٌمة انثاٍَة :  % عهً انحىانً.15.6% و8.3حانً يزٌة انًٍثاَىل وكاَث َىاججها عهً انُحى ان

الإسحخلاص انًححانً عٍ ؿشٌك جهاص انسىكسٍهٍث تإسحخذاو يزٌة انهكساٌ وكاَث َىاججها عهً انُحى 

 % عهً انحىانً.6.6و %8.8انحانً 

عٍ وجىد انمهىٌذات ، انفلافىَىٌذات   انهكساٌونى نًسحخهظات انًٍثاَىل ولاجشي انًسح انكًٍٍائً اأ

 نحثهذي. تًٍُا أظهشيسحخهضنًسحخهض أوساق اانحاٍَُات، انسحٍشوٌذات ، انجهٍكىسٍذات وانكشتىهٍذسات 

انعشدٌة وجىد وجىد انمهىٌذات ، اانظاتىٍَُات ، انحاٍَُات، انسحٍشوٌذات ، انجهٍكىسٍذات  أوساق

  .وانكشتىهٍذسات

انحثهذي ، انعشدٌة  طفك ة انُشاؽ انًؼاد نهثكحٍشٌا نًسحخهظات انًٍثاَىل يٍفً هزِ انذساسة جًث دساس

فً انًخحثش ػذ أستع سلالات تكحٍشٌة انًىجثة انمٍاسٍة )انثكحشٌا انعظىٌة  (1:1)تُسثة  وخهٍـهًا

انضائفة انشلٍمة وانثكحٍشٌا انعُمىدٌة انزهثٍة( وانثكحٍشٌا انسانثة انمٍاسٍة )الإششٌكٍة انمهىٍَة وتكحٍشٌا 

  انضَجاسٌة( وأجشٌث هزِ الإخحثاسات تـشٌمة الإَحشاسانمشطً .

 100أظهش يسحخهض انًٍثاَىل يٍ أوساق انعشدٌة أعهً حساسٍة ػذ انثكحشٌا انعظىٌة انشلٍمة تحشكٍض )

يى(. تًٍُا أظهش يسحخهض انًٍثاَىل يٍ أوساق انحثهذي أعهً حساسٍة ػذ  22يغ/يم( يع يُـمة جثثٍؾ )

يجى/يم( عهى  12.5يجى/يم( و ) 100)تحشكٍض وتكحٍشٌا انضائفة انضَجاسٌة  انشلٍمة انعظىٌة انثكحشٌا

انضائفة  تكحٍشٌا أعهً حساسٍة ػذ (1::1) تُسثة يى(. فًٍا أظهش خهٍـهًا 20انحىانً يع يُـمة جثثٍؾ )

 يى(. 20يجى/يم( يع يُـمة جثثٍؾ ) 100انضَجاسٌة تحشكٍض )

-5-يٍثٍم 2 – فٍُىلان،يشكة  14انحثهذي كشف عٍ وجىد  طفكنًسحخهض انًٍثاَىل يٍ   GC-MSال 

إسحش -أوكحادٌكاَىٌك)ص(-9حًغ   ، والاحًاع انذهٍُة غٍش انًشثعة،  %(61,64) يٍثٍم إٌثٍم(-1)

يشكثات نًسحخهض 10%(. وجى جحذٌذ 5,84% ( وحًغ سذاسً دٌكاَىٌك، إسحشانًٍثٍم)8,93انًٍثٍم )

شثعة تًا فً رنك انحثهذي وطُفث انًشكثات انشئٍسٍة عهى أَها أحًاع دهٍُة غٍش ي طفكيٍ  انًٍثاَىل

%( وحًغ سذاسً 25,68سحٍشات انًٍثٍم )ا%(، و35,01ك ،اسحش انًٍثٍم )ىٌٍُحًغ سذاسً دٌك

  %(.22,73هٍذسوكسً يٍثٍم( إسحشالإٌثٍم )-1)-هٍذسوكسً -2انكاَىٌك، 
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Chapter One  

Introduction and Literature Review 

 

1.1 Natural products 

A natural products are chemical compounds or substances produced by a living 

organisms. Natural products can also be prepared chemically (both semi-

synthesis and total synthesis) and have played an important role in the 

development of organic chemistry by providing challenging synthetic targets. 

The term "natural product" has also been used commercially to refer to 

cosmetics, dietary supplements, and foods made from natural sources without 

the addition of artificial ingredients (Coleate and Molyneux, 1993). Natural 

products are, typically, defined in the field of organic chemistry as purified 

organic compounds isolated from natural sources and produced via primary or 

secondary metabolism pathways. In the field of medicinal chemistry, the 

definition is frequently narrowed to secondary metabolites (Coleate and 

Molyneux, 1993). 

Natural plant products may also be useful in reducing the side effects of various 

chemotherapeutic agents and in extending life. The global interest in plant 

medicinal potential over the last few decades is thus quite logical (Kaushik and 

Dhiman, 2000). The use of a combination of natural products to treat diseases                           

has produced a number of intriguing results, most notably the synergistic effects 

and pharmacological action of plant extracts from commonly therapeutic areas, 

most notably anti-infective, cardiovascular, and fields of anticancer (Martin and 

Ernst, 2003). 

Another advantage of using plant-based medicines is that they have few side 

effects than synthetic medications. This could be because the active compounds 

found in plants are in lower concentrations than the human body requires 

(Tsuda et al., 2004). 
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Antibiotic resistance in bacteria is becoming a growing public health concern. 

Because of super resistant strains, most antibiotics on the market are failing to 

treat many bacterial infections. As a result, scientists have continued to look for 

new antibacterial agents, either by designing and synthesizing new agents or by 

searching for natural sources. Herbal medications, in particular, have seen a 

resurgence of interest due to the perception that plant preparations have a lower 

incidence of adverse reactions than synthetic antibacterial drugs. This, 

combined with lower costs, makes the search for natural therapeutics from 

plants an appealing option (Cock, 2008). 

 Infectious diseases have a negative impact on life quality and can lead to 

systemic and life-threatening diseases. Antibiotics have saved millions of lives 

and contributed to significant increases in life expectancy over the last century. 

However, the clinical efficacy of many existing antibiotics is being jeopardized 

by the emergence of multi-drug resistant pathogens, as well as the recent 

appearance of strains with reduced susceptibility and undesirable side effects of 

certain antibiotics; because of the increased bacterial resistance to antibiotics, 

toxic and harmful effects of, few common, antibacterial agents; therefore, there 

is an urgent need to study the biological properties of additional medicinal 

plants in order to create new antibiotics ( Fernández  et al., 2016). 

1.2 Medicinal plants  

Medicinal plants (also known as herbs, herbal medicines, pharmacologically 

active plants, or phytomedicinals) continue to be the most widely used form of 

medicine in the majority of countries. Over three-quarters of the world's 

population relies on raw plant products to meet their daily health care needs 

(Barrett and Kieffer, 2001). 

The majority of plant materials collected are used to obtain fresh extracts from 

the entire plant or parts of it, (which could be) leaves, roots, flowers, or fruit. In 

the case of woody forms, the bark, roots, and other parts are mostly used (Rao 

and Arora, 2004). 
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Herbal medicine, also known as botanical medicine or phytomedicine, is the 

medicinal use of any plant's seeds, berries, roots, leaves, bark, or flowers. 

Botanical medicine, medical herbalism, herbology, and phytotherapy are all 

terms for herbal medicine. Humans' use of herbs and spices yields useful 

medicinal compounds (Tapsell, 2006).  

With the development of phytochemistry and pharmaceutical chemistry, it has 

become easier to use active compounds isolated from plants or their synthetic 

equivalents in medicine. This is due to the fact that medicinal plants contain 

more chemical diversity and novelty than any other source (Cragg et al., 2006). 

Africa has an enormously rich biodiversity and knowledge in the use of plants 

to treat various ailments. In fact, the WHO estimates that 80 percent of the 

population in Sub-Saharan Africa relies solely on traditional medicine derived 

from plants for their primary healthcare needs due to their availability, low cost, 

and socio-cultural background (Jayaweera, 1982). 

1.3. Phytochemicals from plants  

Phytochemicals are defined as chemical compounds produced by plants 

(Harborne, 1973). They are divided into two categories namely primary and 

secondary metabolites. 

1.3.1 Primary metabolites 

Primary metabolism refers to the processes that produce carboxylic acids of the 

Krebs cycle, α-amino acids, carbohydrates, fats, proteins, and nucleic acids, all 

of which are required for the organism's survival and well-being Fig (1.1). All 

organisms share the same metabolic pathways through which these compounds 

are synthesized and utilized (Torssell, 1990). 

1.3.2 Secondary metabolites 

Secondary metabolites are chemical compounds produced by living organisms. 

Natural product research entails isolating these compounds in their purest form 

and investigating their structure, formation, use, and purpose in the organism. 
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Secondary metabolites appear to serve, primarily, as defense against predators 

and pathogens (Stahl et al., 1967). 

Secondary metabolites, on the other hand, are non-essential to life but 

contribute to the species‘ fitness for survival. Secondary metabolites are also 

produced using other metabolic pathways than primary metabolites. These 

pathways are more characteristic for the particular family or genus and are 

related to the mechanism of evolution of species (Torssell, 1990). 

Plant secondary metabolites are a diverse group of chemical compounds that are 

thought to be produced by the majority of plant species in response to biotic and 

abiotic stresses Fig (1.1). Historically, the term "secondary metabolites" has 

been used to refer to all compounds that are not "primary metabolites," that is, 

metabolites that are not required for an organism's growth, development, and 

reproduction (Fernandez et al., 2016). Terpenoids, alkaloids, sulfur-containing 

compounds, and phenolic compounds are the four major secondary metabolites 

in plants (Dillard and Bruce German, 2000). 

The phytochemical content of medicinal plants were used to demonstrate and 

isolate the drug lead compounds and components from plant parts. The 

phytochemical properties of the plants, such as alkaloids, saponin glycosides, 

alkaloids, phytosterols, terpenoids, tannins, sterol, polyphenols, flavonoids, and 

anthranoids, can identify their unique biological activity. The majority of plant 

parts used for phytochemical property analysis were leaves, roots, barks, and 

fruits. The medicinal plants were studied for phytochemical constituents of 

ethanol, methanol, chloroform, acetone, hexane, petroleum ether, ethyl acetate, 

and aqueous (water) extracts of various phytochemicals (Talema, 2020). 
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Figure (1.1). Primary and secondary metabolites. 

.  
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1.3.2.1 Phenolic compounds 

 Phenolic compounds can be divided into several classes depending on the 

structure of the aglycone .The main phenolic subclasses in fruits are phenolic 

acids (hydroxybenzoic and hydroxycinnamic acids), coumarins, flavonoids and 

hydrolysable and condensed tannins (Hounsome et al., 2008). 

Plants synthesize phenolic compounds during normal development and in 

response to stress conditions such as infection, wounding, UV irradiation, 

herbivores, and reactive oxygen species (Beckman, 2000). They are the most 

stable and powerful type of dietary antioxidants, with high in vitro, antioxidant 

capacity than vitamins and carotenoid antioxidants (Gardner et al., 2000). 

1.3.2.1.1 Phenolic acids  

Phenolic acids are low-molecular-weight compounds classified into two groups: 

derivatives of benzoic acids with a C1-C6 backbone Fig (1.2.1) and derivatives 

of cinnamic acids with a C3-C6 backbone Fig (1.2.2). Only acid or alkaline 

hydrolysis or enzymes can liberate phenolic acids (Tsao, 2010). 

Protocatechuic, vanillic, gallic, and syringic acids are examples of benzoic 

acids. Hydroxybenzoic acids are found in complex structures like hydrolyzable 

tannins (gallotannins in mangoes and ellagitannins in red fruits such as 

pomegranate, strawberries, raspberries, and blackberries). Cinnamic acid is one 

of the most common phenolic acids found in many plants, including grapes, tea, 

green coffee beans, yerba mate, and others. Hydroxycinnamic acids, which are 

more common than hydroxybenzoic acids, are, primarily, composed of p-

coumaric, caffeic, ferulic, and sinapic acids (Manach et al., 2004). 



7 
 

 

Figure (1.2.1).The basic formula and names of the main benzoic acids. 

 

 

 

Figure (1.2.2). The basic formulas and names of the main cinnamic acids. 
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1.3.2.1.2 Flavonoids 

Flavonoids are polyphenolic compounds that occurs naturally in plants. When it 

comes to the means of defense and communication that plants have evolved, 

flavonoids are one of the most important chemical classes of natural products. 

Flavonoids first appeared in green algae 500 million years ago, the result of a 

fusion of two biogenetic pathways, the cinnamate route and the ancient 

polyketide route. They have then become increasingly complex as plants have 

evolved (Swain et al., 1975). 

Flavonoids along with carotenoids and chlorophyll, provide color to many 

species of flowers and fruits. They are only found in plants, where they are 

mostly found as glycosides, which are formed when one or more hydroxyl 

groups of phenols combine with reducing sugars (El Gharras, 2009). 

Flavonoids are also linked to a variety of biological effects on health, such as 

antibacterial, anti-inflammatory, anti-allergic, and antithrombotic properties. 

The term flavonoid refers to polyphenolic compounds with the general structure 

C6-C3-C6 and two phenolic benzene rings A and C linked by a pyran ring B 

Fig (1.3)(Pyrzynska and Biesaga, 2009). 

Flavonoids are the most abundant type of plant phenolic compound. According 

to the type of heterocycle involved, they are classified into six subclasses: 

flavonols, flavones, flavanones, isoflavonoids (isoflavones), flavanols, and 

anthocyanidins (Aharne and O'Brien, 2002; Manach et al., 2004). 
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Figure (1.3). Basic flavonoid structure. 

 

1.3.2.1.3 Tannins 

 Tannins are oligomeric, polyphenolic compounds with high molecular weights 

that accumulate, naturally in many plants as byproducts of secondary plant 

metabolism (Caygill and Mueller-Harvey, 1999). They greatly vary in structure 

between plant species, but most tannins have one thing in common: they 

precipitate protein. Tannins are classified chemically into two groups: 

hydrolysable tannins Fig (1.4.1) and condensed tannins Fig 

(1.4.2).Hydrolysable tannins are polyesters of sugars (mostly glucose) and gallic 

or ellagic acids that are, generally, thought to be harmful to animal nutrition. 

Condensed tannins are flavan-3-ol polymers. They are also known as 

proanthocyanidins because they form colorful anthocyanidins when heated in 

the presence of acid (Serrano et al., 2009). 
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Figure (1.4.1). Structure of hydrolyzable tannins.  

                    

Figure (1.4.2). Structure of a condensed tannin. 

1.3.2.2 Alkaloids 

Alkaloids Fig (1.5) are chemical compounds produced by plants' secondary 

metabolism. They are alkaline substances because they all contain, at least one 

nitrogen atom. The majority of alkaloids are N-heterocyclic compounds 

(sometimes called true alkaloids). Other nitrogen-containing alkaloids include 

amino acid-derived alkaloids (protoalkaloids), peptide and cyclopeptide 

alkaloids, and polyamine alkaloids.The final group of alkaloid-like substances 
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includes compounds with steroid, purine, and terpene (Waisser and Karel, 

2001). 

 Some alkaloid bioactive components, such as morphine and cordine, have been 

shown to be effective not only against bacterial and fungal pathogens, but also 

against trypanosomes and plasmodia (Freiburghaus et al., 1996). Some 

alkaloids found in dietary food materials have also been found to have a 

bacterial and antidiarrheal effect in the small intestines, where they have the 

ability to intercalate with microbial genetic material (Ghoshal et al., 1996). 

 

 

Figure (1.5). Chemical structure of some widely known alkaloid. 

1.3.2.4 Terpenes and steroids 

Terpenes is the generic name for a class of natural products composed of 

isoprene (isopentenyl) units Fig (1.6). The term may also refer to the terpenoids, 

which are oxygen derivatives of these compounds. Wallach developed the 

theory that provided the first conceptual framework for a common structural 

relationship among terpenes in 1887 after conducting structural investigations 

on several terpenes (Tirillini et al., 1999). 
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Terpenes, according to his theory, are made up of one or more isoprene (2-

methyl-1,3-diene) units joined together head to tail. Ruzicka's formulations of 

the biogenetic isoprene rule in the 1950s refined Wallach's idea by emphasizing 

mechanistic considerations of terpene synthesis in terms of electrophilic 

elongations, cyclizations, and rearrangements (Kawabata et al., 1990).  

Terpenoids are classified into hemiterpenes (C5), monoterpenes (C10), 

sesquiterpenes (C15), diterpenes (C20), triterpenes (C30), tetraterpenes (C40), 

and polyterpenes based on the number of C5 isoprene units present in the 

molecule. Steroids are C30 derived from terpenoids, which are frequently 

thought to be a separate class of metabolites. Steroids are synthesized from 

squalene (C30; one of the first steps in sterol synthesis is the formation of 

squalene from two C15 farnesene molecules) and triterpenes of the terpenoid 

synthesis pathway (Dick et al., 2012). 

 

 

 

Figure (1.6). Molecular structures of isoprene, dimethylallyl diphosphate, 

isopentenyl diphosphate and carbon skeleton of triterpenes (30C). 
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1.3.2.5 Saponins 

Saponins are one of the most abundant groups of naturally occurring glycosides. 

They are mostly found in plant species, but they are also found in some lower 

marine animals (Hostettmann and Marston 1995). Saponins are distinguished by 

their rather they have ability to form stable, soap-like foams in aqueous 

solution, complex molecular structure, which consists of water-soluble 

(hydrophilic) sugars attached to a lipid-soluble triterpene or steroid triterpene. 

Hydrophilic part provides a number of physicochemical properties, including 

wetting, emulsifying, and foaming properties, as well as being surface active as 

a detergent. Saponins have been used in the production of a wide range of 

everyday products, including toothpaste, shampoos, and cosmetics, due to their 

unique properties (Shi et al., 2004). 

. 

 

Figure (1.7) .the chemical Structure of steroid saponin. 
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1.3.2.6 Cardiac Glycosides 

Cardiac Glycosides Fig (1.8) are complex in the same plant, and while the 

majority of them are toxic, many have pharmacological activity, particularly to 

the heart. They are used to treat congestive heart failure by inhibiting the 

Na+/K+-ATPase pump, resulting in positive ionotropic effects and 

electrophysiological changes. This improves heart muscle strength and systolic 

concentration against congestive heart failure (Ogunwenmo et al., 2007). They 

are also used to treat atrial fibrillation, to flatter, and as emetics and diuretics 

(Harborne, 1973). 

 

 

Figure (1.8). Structure of cardiac glycoside. 

1.4 Natural Products as antibacterial agents: 

Antibacterial agents are substances that inhibits bacterial growth and infection. 

Antibacterial agents attack bacterial metabolic processes such as protein 

synthesis, interfere with bacterial cell wall synthesis and function, or target 

bacterial DNA (Anderson et al., 2012). 

The emergence and re-emergence of lethal infectious diseases caused by 

pathogenic microorganisms, such as influenza viruses, cholera, and hepatitis B, 

is regarded as a global crisis (Morens and Fauci 2013; Natarajan et al., 2014). 

Antimicrobial resistance in bacteria has increased over the years, making 
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treatment of bacterial infections difficult and complicated by antibiotic 

resistance (Tenover, 2006). 

Furthermore, there have been numerous health issues associated with currently, 

available synthetic antimicrobial agents, necessitating the development of new, 

broad-spectrum, more active, and safe antimicrobial agents (Natarajan et al., 

2014). 

Bacterial resistance to antimicrobial agents can be acquired through de novo 

mutation or through the acquisition of resistant genes from other organisms 

(Tenover, 2006). Bacterial resistance could be caused by the production of 

enzymes that destroy the antibacterial drug, the development of efflux systems 

that prevent the drug from reaching its intracellular target, the modification of 

the drug's target site, and the development of an alternative pathway that by 

passes the drug's action (Tenover, 2006). 

Plant extracts have been used to treat infectious diseases caused by pathogenic 

fungi, viruses, and bacteria (Buwa and Van Staden 2006), and plant materials 

continue to be an important natural source in combating various diseases around 

the world (Natarajan et al., 2014). The ability of plants to synthesize de novo 

antimicrobial agents in response to microbial attack has led to the exploration of 

medicinal plants in the hope of developing new antibacterial drugs (Natarajan et 

al., 2014). Natural drugs can be either original natural or synthetic products 

based on natural plant structures. They can also be derived or chemically 

synthesized from natural sources (Demain and Sanchez, 2009). Pefloxacin, 

norfloxacin, ciprofloxacin, and levofloxacin are examples of natural antibiotics 

derived from the alkaloid quinine, an active compound found in the plant 

Cinchona succirubra (Demain and Sanchez, 2009). 

1.4.1Type of tasted organism 

Antibacterial activity of Adansonia digitate and Tamarindus indica were 

evaluated against the standard pathogenic microorganisms shown below: 
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Table (1.1): Type of tasted organism. 

No            organisms Type 

      1  Bacillus subtilis       G+ve 

      2 Staphylococcus aureus      G+ve 

      3  Pseudomonas aeruginosa      G-ve 

      4  Escherichia coli      G-ve 

 

1.4.1.1 Bacillus subtilis  

B. subtilis is a Gram-positive, facultative aerobic, sporulating bacteria that is 

commonly found in soil as well as in the gastrointestinal tracts of humans and 

ruminants. B. subtilis is normally thought to be non-pathogenic; however, it has 

been linked to food-borne illnesses causing diarrhea, nausea, and vomiting, and 

is associated with rice dishes served in oriental restaurants, and its infection is 

self-limiting (Prescott et al., 2008). 

B. subtilis produces "subtilism," an extracellular enzyme that catalyzes the 

breakdown of proteins into polypeptides and has been shown to be a potent 

occupational allergen (Prescott et al., 2008; Chandra & Khan, 2013). 

1.4.1.2. Staphylococcus aureus 

 Staphylococcus aureus is a Gram-positive cocci that belongs to the family 

Micrococcaceae and is part of the genus Staphylococcus. S. aureus is non-

motile and non-capsulate, and it occurs in groups but also singly and in pairs 

(Cheesbrough, 2006). 

It is characterized as catalase positive and coagulase, non-motile, non-spore-

forming and as facultative anaerobic. It grows in yellow colonies on nutrient 

rich media and is referred to as the yellow staphylococci ( Stark, 2013).  
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S. aureus is a commensal bacterium as well as a human pathogen. S. aureus 

colonizes approximately 30% of the human population, causes device-related 

infections, and causes a variety of skin and soft tissue infections ranging from 

the benign (e.g., impetigo and uncomplicated cellulitis) to the immediately life 

threatening (Tong et al., 2015). 

1.4.1.3. Pseudomonas aeruginosa  

Pseudomonas aeruginosa is a large genus of Gram-negative, aerobic rod 

bacteria in the Pseudomonadaceae family. It is found on the skin of some 

healthy people as well as in soil, water, and vegetation (Todar, 2004). It is 

pothogenic only when introduced into areas devoid of normal defenses, such as 

skin and mucous membrane disruption following direct tissue damage. The 

bacterium attaches to and colonizes mucous membranes or the skin, then 

invades locally and causes systemic disease. P. aeruginosa infections that are 

the most serious include wound and burn infection, malignant external otitis, 

endophthalmitis, endocarditis, meningitis, pneumonia, and septicemia (Bodey et 

al., 2007). 

1.4.14. Escherichia coli 

E. coli is the most well-known and important species of the genus Escherichia, 

which is one of the most common members of the Enterobacteriaceae family. 

E. coli is a Gram-negative, motile rod; some strains are capsulated, aerobic, and 

facultatively anaerobic. The ideal temperature for growth is 36-37 ℃. It is 

naturally found in the intestine, soil, and water and is the most common 

pathogen isolated from cystitis patients (Cheesbrough, 2006). 

Gastrointestinal tracts. E. coli is the most common cause of urinary tract 

infection in humans, causing at least five different types of gastrointestinal 

diseases. The presence of one or more virulence factors, such as invasiveness 

factors, heat-liable and heat-stable enterotoxins, verotoxins, and colonization 

factors, is generally responsible for pathogenicity.Detection of specific 
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virulence factors or a serotype associated with a virulence factor is usually used 

to identify pathogenic strains (Akinnibosunet al., 2008). 
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1.5 Antimicrobial susceptibility testing 

Antimicrobial susceptibility testing, commonly referred to as in vitro testing, 

aims to ascertain how well an antibiotic inhibits the growth of a bacterial isolate 

in a laboratory setting. A highly defined approach is used in antimicrobial 

susceptibility testing to provide repeatable and trustworthy results. There have 

been numerous methods developed and they are categorized into two main 

groups: diffusion and dilution based techniques Depending on the testing 

method utilized either a qualitative or quantitative result will be determined 

(Balouiri et al., 2016). 

1.5.1 Diffusion based techniques 

1.5.1.1 Disk diffusion test 

The Kirby-Bauer antibiotic testing method was first introduced by Bauer and 

colleagues in 1966 (Bauer et al., 1966). On agar plates inoculated with the test 

microorganism, antibiotic-impregnated discs are positioned an upward-sloping 

gradient of medication concentration is created as the antibacterial agent 

diffuses radially into the agar, starting near the disk and waning outward 

(Matuschek et al., 2014). 

Depending on the bacterium's susceptibility to an antimicrobial agent, bacteria 

only grow up to the highest concentration they can tolerate, resulting in a zone 

of inhibition where no bacterial growth occurs. To the nearest millimeter, the 

inhibitory zone's diameter is measured (Clsi, 2018; Eucast, 2018). 

1.5.2 Dilution based techniques 

1.5.2.1 Agar dilution 

 A conventional bacterial inoculum of 1.0 x 10
4
 CFU is spotted onto the surface 

of Mueller-Hinton agar plates, which have been prepared using repeated 

antibiotic dilutions. The MIC is the plate with the lowest antimicrobial 

concentration on which no growth is seen (Clsi, 2015). 
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1.5.2.2 Broth dilution 

A series of antimicrobial concentrations made in Mueller-Hinton broth make up 

a broth dilution. Microtiter plates or large tubes (macro broth dilution) can be 

used for this procedure (micro broth dilution). In both human and animal 

diagnostic laboratories, the test of broth microdilution is frequently utilized. 

In order to inoculate commercially available 96 well microliter plates, a 

bacterial inoculum produced to a density of McFarland 0.5 standard is added to 

broth media, resulting in a final inoculum of 5.0 x 10
5
 CFU/ml .Using a manual 

(mirror box) or automated viewing apparatus, the MICs are identified by 

looking for either a lack of turbidity or a lack of a cell pellet in each well 

(Jorgensen and Ferraro, 2009; Clsi, 2015). 

1.6 Gas Chromatography-Mass Spectrometry (GC-MS) 

Fundamentals of GC-MS: Complex organic and biological mixtures are 

analyzed using GC/MS, which combines the two analytical methods of GC and 

Mass Spectrometry. There are two primary parts to the GC-MS instrument. By 

circulating an inert gas (mobile phase), which transports the sample, the gas 

chromatography part separates various components in the sample into pulses of 

pure chemicals based on their volatility. The mass spectrometer gathers 

compound spectra as they leave a chromatographic column, identifying and 

quantifying the substances based on their mass-to-charge ratio (m/z). The 

computer can then be used to store and analyze these spectra (Skoog et al., 

2007). 

1.7 Plants under study 

1.7.1 Adansonia digitate 

The origin of the common name "baobab" is unknown. Most scientists believe it 

is derived from the Arabic word "buhibab," which means "fruit with many 

seeds" (Diop et al., 2005). The genus Adansonia is named after the botanist 

Michel Adanson (1727-1806) (Esterhuyse et al., 2001). Because of the shape of 

the leaves, the species name digitata (hand-like) was chosen. Eight baobab 
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species have been identified worldwide, with six of them being endemic to 

Madagascar, the genus Adansonia's presumed center of evolutionary origin. The 

African species Adansonia digitata is found throughout Sub-Saharan Africa's 

savanna woodlands (Wickens and Lowe, 2008). 

The only species that is not native to Africa is Adansonia gibbosa (A.Cunn.) 

Guymer ex D.A.Baum, which is native to Australia (Drake, 2006; Wickens and 

Lowe, 2008). 

1.7.1.1 Scintific Classification of Adansonia digitate 

 Kingdom   : Plantae 

 Division     : Tacheophyta 

 Class          : Magnoliopsida 

 Order         : Malvaless 

 Family       : Malvaceae 

 Genus        : Adansonia 

 Species      : digitata  

Botanical name: Adansonia digitate (Rahul et al., 2015) 

1.7.1.2 Botincal Description of Baobab Tree 

Baobab (A. digitata L.), a Malvaceae family tree, is found throughout the hot, 

arid regions of tropical Africa. It is a deciduous, massive, and majestic tree up 

to 25 m tall that can live for hundreds of years. The trunk is swollen and stout, 

up to 10 m in diameter, tapering or cylindrical and abruptly bottle-shaped, and 

frequently buttressed. Branches are dispersed irregularly and in large numbers. 

Smooth, reddish brown to grey bark that is soft and fibrous. The tree has a 

dense lateral root system that terminates in tubers. The leaves are foliate and 

alternate. Young tree leaves are frequently simple. The mature leaf size can 

reach 20 cm in diameter. Flowers are large and showy, pendulous, solitary or 

paired in leaf axils. Flower buds are globose (occasionally ovoid). The baobab 

tree's fruit hangs singly on long stalks and has an ovoid, woody, indehiscent 

shell 20 to 30 cm long and up to 10 cm in diameter. The shell contains 



22 
 

numerous hard, brownish seeds that are round or ovoid in shape and up to 15 

mm long, embedded in a yellowish-white, floury acidic pulp. The ripe fruit pulp 

is naturally dehydrated, powdery, whitish in color, and has a slightly acidulous 

flavor (Kaboré et al., 2011). 

1.7.1.3 Distribution and occurrence of baobab 

It is found in parts of western, north-eastern, central, and southern Africa, as 

well as Oman and Yemen in the Arabian Peninsula, Asia. According to Sidibe 

and Williams (2002), the African baobab grows naturally in most of the 

countries south of the Sahara and is particularly associated with drier savanna or 

a minimum of 300 mm of annual rainfall. However, forest areas associated with 

human habitation exist. The plant grows in Africa at latitudes    N and    S in 

areas with less than one day of frost per year, with extensions of its distribution 

into forest areas associated with human habitation. The plant grows in Africa at 

latitudes of 16o N and 25o S in areas with no more than one day of frost per 

year (Kamatou, et al., 2011). 

outside of Africa, including northern Australia and a number of Asian countries 

such as India, Sri Lanka, Indonesia, and the Philippines, as well as parts of the 

Middle East and the West Indies (Sidibe and Williams, 2002). 

In Sudan, they are mostly found as monumental individuals or in clumps on 

rocky outcrops, which give this area a distinct character. In Kordofan, Darfur, 

and the Blue Nile, baobabs form belts (Darr et al., 2016). 

1.7.1.4 Chemical Constituents 

The leaves have a high concentration of essential amino acids, minerals, and 

vitamin A. It contains (in dry weight) 13-15 percent protein, 60-70 percent 

carbohydrate, 4-10 percent fat, 11 percent fiber, and 16 percent ash. The energy 

value ranges from 1180 to 1900 kJ/100g, with 80 percent of the energy being 

metabolizable. The leaves also have a significant amount of mucilage, which 

when hydrolyzed yields galactouronic acid and glucouronic acid, as well as 

small amounts of galactose, rhamnose, glucose, and arabinose. In addition, bark 
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contains fat, calcium, copper, iron, and zinc. Furthermore, betulinic acid was 

isolated from the bark, whereas the leaf only yielded taraxerone and lupeol and 

baurenol acetate (terpenoids).The dry baobab fruit pulps have high 

carbohydrate, energy, calcium, potassium (very high), thiamine, nicotinic acid, 

and vitamin C values (very high). The pulp of the baobab fruit is high in 

mucilage, pectins, tartarate, and free tartaric acids. The tartarate content gives 

rise to the name "cream of tartar tree." Fructose, saccharose, and glucose 

content provide sweetness to the pulp. Fruit pulps are also acidic due to the 

presence of organic acids such as citric, tartaric, malic, succinic, and ascorbic 

acid. The pulp is high in calcium and vitamins B and C when eaten raw (De 

Caluwé et al., 2010). 

1.7.1.5 Ethno Medicinal Uses 

 Diarrhea and dysentery 

 Promote granulation 

 Sickle cell anemia  

 Bronchial asthma  

 Dermatitis 

 To treat Hiccoughs in infants and children  

 Diminishing the heat and quenching the thirst 

 Substitute for cinchona bark  

 Laxative  

 Source of cream of tartar 

 To treat fatigue and insect bites 

 Baobab oil is used on inflamed gums and to ease diseased teeth 

 The baobab bark was exported to Europe for use as a fever treatment (De 

Caluwé 2010). 

1.7.2 Tamarindus indica. 
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Tamarind fruit was thought to be produced by an Indian palm at first, as the 

name tamarind comes from the Persian word 'tamarihind,' which means 'date of 

India.' Its Sanskrit name, 'amlika,' denotes its long presence in the country. 

Morton (1987) attributed its origin to the Indian Brahmasamhita scriptures 

between 1200 and 200 BC, but others believed it was indigenous to the drier 

savannahs of tropical Africa, from Sudan, Ethiopia, Kenya, and Tanzania 

westward through Sub-Sahelian Africa to Senegal. The origin of the tamarind 

tree is now thought to be Madagascar. It is thought to have been introduced to 

South and Southeast Asia, where it has become naturalized in many areas. It is 

now widely planted in semiarid Africa and South Asia, including Bangladesh, 

India, Myanmar, Malaysia, Sri Lanka, Thailand, and several African, 

Australian, Central American, and South American countries (Rao and Mathew 

2012). 

1.7.2.1 Scientific Classification of Tamarindus indica. 

 Kingdom          : Plantae 

  Subkingdom    : Tracheobionta  

 Superdivision   : Spermatophyta 

  Division          : Magnoliophyta 

  Class               : Magnoliopsida 

  Subclass          : Rosidae 

  Superorder      : Rosanae 

  Order              : Fabales 

  Family            : Fabaceae 

  Subfamily       : Caesalpiniaceae  

 Tribe                : Detarieae 

 Genus              : Tamarindus  

 Species            : Indica (Wagh and Bhagure 2012). 

1.7.2.2 Botonlogical description of Tamarindus indica 
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Tamarindus indica is an evergreen tree in the family that can Fabaceae grow up 

to 25m tall and 7.5m in diameter, with a canopy covering up to 12m radius. The 

tree is sturdy, gracefully sloping down at the ends, and wind-resistant; the stem 

bark is dark gray and heavily fissured. The leaves are 7.5-15cm long, fine 

feathery, and pinnate, with 10-20 pairs of oblong leaflets. Although the leaves 

are essentially evergreen, they may be shed briefly during the dry season in very 

dry regions. Flowers are inconspicuous, borne in small racemes, 5-petalled (2-

petalled reduced to bristles), and yellow with orange or red streaks. The pink 

color of the flower buds is due to the outer color of the four sepals, which are 

shed when the flowers open (Popenoe, 1974; Morton, 1987; Pamploma-Roger, 

1999).  

The fruits are hanging pods that are 15-20cm long and 2-3.3cm in diameter, 

with a yellow-brown or reddish-brown flesh or pulp covering the seeds inside. 

The pulps of mature dry fruits dehydrate to a sticky paste that is surrounded by 

a few coarse strands of fiber that extend lengthwise from the stalk. The pod 

typically contains 1-12 fully formed hard, glossy-brown, squarish seeds that 

measure about 1.1-1.25cm in diameter and are enclosed in a parchment-like 

membrane (Morton, 1987; Pamploma-Roger, 1999).  

1.7.2.3 Geographical Distribution of Plant 

Tamarind grows naturally throughout Asia up to 500 m in elevation, from 

Burma to Afghanistan. It is distributed continuously in the Indian subcontinent's 

southern and central regions (which have similar wet and semi-arid climatic 

characteristics to tropical regions) (Dash et al., 2014). It is also found in small 

patches in northern India. T. indica is commonly found in woodlands in Africa 

and is well adapted to arid and semiarid environments. It is primarily a tropical 

tree that can withstand temperatures as high as 47°C but is extremely sensitive 

to frost (Coronel, 1991). 

1.7.2.4 Chemical composition 
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 In the Leaves Pulps contains invert sugar, citric acid, pipecolic acid nicotinic 

acid, 1-malic acid, volatile oils (geraniol, limonene) , pipecolic acid, lupanone , 

lupeol , orientin , isoorientin , vitamin B3, vitamin C , vitexin, isovitexin , 

benzyl benzoate (40.6%), cinnamates, serine, pectin, beta alanine, proline, 

phenylalanine, leucine, potassium, 1-malic acid, tannin, glycosides. Fruits 

contain Furan derivatives and carboxylic acid. Phlorotannins, apple acid, grape 

acid, succinic acid, citric acid, tartaric acid, pectin, invert sugar. Seeds contain 

Campesterol, β-amyrin, β-sitosterol, palmitic acid, oleic acid, linoleic acid and 

eicosanoic acid. The Mucilage, arabinose, xylose, galactose pectin, glucose and 

uronic acid was also found.Stem bark contain Tannins, saponins, glycosides, 

peroxidase and lipids (Zohrameena et al., 2017). 

1.7.2.5 Ethno Medicinal Uses 

 The leaves and bark were used as wound healer. 

 Fruit pulp and leaves are used as anti-malarial agent. 

 Flowers, leaves, bark and fruit pulps were used as aphrodisiac.  

 Fresh bark or stem used as abdominal pain reliever. 

 Fruit pulp with lemon or milk and leaf juice were used as anti-diarrheal 

and anti-dysentery agent. 

 Bark and leaves are used as anti-asthmatic and anti-tussive. 

 Leaves or fruits are used as anti-measles and against mumps. 

 Leaf and bark decoctions were used as hepato-protective. 

 Leaves are used as anti-diabetic.  

 Fruits are used as antibacterial. 

 Bark is used as anthelmintic. 

 Fruits were used as preservative.  

 Antihypertensive. 

 Anti-stomachic, and 

 Nephroprotective (Milind 2012). 
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1.8 Objectives of the study 

 i) To prepare methanol and hexane leave extracts of Adansonia digitate and 

Tamarindus indica. 

ii) To perform general phytochemical screening for methanol hexane leave 

extracts Adansonia digitate and Tamarindus indica. 

Iii) To analyze the methanolic leave extracts using GC-MS spectroscopy. 

vi)To assess antibacterial activity of methanolic leave extracts of Adansonia 

digitate and Tamarindus indica and their combined. 
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Materials and methods 

 

2.1 Materials  

The leaves of Adansonia digitate and Tamarindus indica were collected from 

Nyala in southern sudan. The leaves were washed with water to removed dust 

then the leaves were dried in air and shade at room temperature for 3 days, and 

made into powder. The plants were kindly authenticated by Aromatic and 

Medicinal plant institute- Khartoum – Sudan.  

2.1.1 Instrumentations: 

GC-MS technique model (GC/MS-QP2010-Ultra) from Japans, Shimadzu 

Company, Column Rtx-5MS length (30m), Diameter (0.25mm), Thickness 

(0.25 μm).Weighing analytical balance, oven, soxhlet extractor, rotatory 

evaporator, water bath and heater. 

2.1.2 Chemicals: 

Methanol, chloroform, hexane, hydrochloric acid, sulfuric acid, potassium 

iodide, ferric chloride, glacial acetic acid, ammonia solution, mercuric chloride, 

iodine, All chemicals used in the study were analytical grade and used without 

further purification. 

2.2 Methods 

2.2.1 Extraction methods: 

2.2.1.1 Preparation of methanol extract: 

100g of the plant sample were coarsely powdered using mortar and pestle and 

transferred into a beaker and a solution of 80% methanol (500 mL) was added. 

The contents of the beaker were left at room temperature for three days with 

frequent shaking. The extract was filtered and clear solution was evaporated, 

and the residual extract was dried, weighed and the %yield was calculated. 

2.2.1.2 Preparation of hexane extract: 

100g of the plant sample were coarsely powdered using mortar and pestle and 

successively extracted with hexane using soxhelt extractor apparatus. Extraction 
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carried out for about four hours till the colour of solvents at the last siphoning 

time returned colourless. Solvent was evaporated under reduced pressure using 

rotary evaporator apparatus. Finally the extracts were allowed to dry in Petri 

dishes till complete dryness. 

2.2.2 Phytochemical screening  

Phytochemical analysis for constituents of the extracts for qualitative detection 

of alkaloids, flavonoids, tannins and saponins was carried out on the extracts 

with few modifications were detected using standard procedures as described by 

(Wang et al., 2014). 

2.2.2.1 Detection of alkaloids: 

-Mayer‘s test: One mL of the extract was acidified with 1% HCl, few drops of 

Mayer‘s reagent (Mercuric chloride solution: 1.36 g in 60 mL distilled water, 

Potassium iodide solution: 5 g in 10 mL distilled water and the two solutions 

were combined and then diluted with distilled water up to 100 Ml) was added, 

appearance of turbidity indicates the presence of alkaloids. 

 -Wagner‘s test: 2mL of Wagner‘s (1.27 g iodine and 2 g of potassium iodide in 

100 ml distilled water) added to One mL of the extract, and the reaction mixture 

was observed for the formation of reddish-brown precipitate indicates the 

presence of alkaloids. 

 2.2.2.2 Detection of tannins 

 2 ML of the extract were stirred with about ten ml of distilled water and 

filtered. Few drops of 10% ferric chloride solution were added to two ml of the 

filtrate. Occurrence of a black, black and green, blue green indicates the 

presence of tannins. 

2.2.2.3 Detection of glycosides  

1mL of solvent extract was dissolved in 2mL of glacial acetic acid containing 

one drop of       solution and 1mL of concentrated       . A brown ring 

obtained at the interface indicated the presence of cardenolides. 
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2.2.2.4 Detection of saponins 

 Two mL of the extract were boiled with five mL of distilled water, filtered; 

about three mL of distilled water was further added to the filtrate and shaken 

vigorously for about 50 minutes. Frothing which persist for thirty minutes 

indicates the presence of saponins. 

 2.2.2.5 Detection of triterpenes and sterols (Salkowski test): 

A few drops of concentrated sulfuric acid were added to 2 mL of extract 

dissolved in 6 mL of chloroform two layers were formed, the upper green color 

indicates the presence of sterol and the middle red brown ring indicated the 

presence of triterpenes. 

2.2.2.6 Detection of flavonoids 

 Lead acetate test: 1mL extract was added to 1mL of 10% lead acetate. It gently 

shaken. A muddy brownish precipitate indicates the presence of flavonoids. 

Ferric chloride: 1ml extract was added to 10%    . The mixture was shaken. A 

wooly brown precipitate indicates the presence of flavonoid. 

2.2.2.7 Detection of carbohydrates 

Molish‘s test:To 2ml of extract , two drops of alcoholic solution of α-naphthol 

were added. The mixture is well shaken and a few drops of concentrated 

sulfuric acid were added slowly along the sides of the test tube. The appearance 

of violet ring at the junction indicates the presence of carbohydrates. 

2.2.3 Antibacterial activity materials 

2.2.3.1 Bacterial microorganisms:  

Staphylococcus aureus ATCC 25923 (Gram +ve bacteria)  

Bacillus subtilis NTCC 8236 (gram +ve bacteria)  

Escherichia coli ATCC 25922 (Gram -ve bacteria) 

 Pseudomonas aeruginosa, NCTC (Gram – ve bacteria) 

 *ATCC: American Type Culture Collection Rockville, Meryl and USA. 

 *NCTC: National Collection of Type Culture, Colindale England. 
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2.2.3.2 Media:  

Mueller Hinton Agar. 

2.2.3.3 Preparation of reference strains of bacteria 

 One-mL aliquots of 24 h broth culture of tested organisms were aseptically 

added to Nutrient agar slopes) and incubated at 37 C for 24 h. The bacterial 

growth was harvested and washed off by addition of sterile normal saline. The 

harvest was suspended in a suitable volume of normal saline to produce a 

suspension containing about 10
8
 -10

9
 colony forming units per ml (CFU/mL). 

The suspension was stored in the refrigerator at 4 C till used. The average 

number of viable organisms per ml of the stock suspension was determined by 

surface viable counting technique (Miles and Misra, 1938). 

2.2.3.4 Testing of extracts for antibacterial activity against standard 

organisms: 

Sterile cotton swab was dipped into the bacterial test suspension matched with 

0.5 McFarland standard to inoculate entire surface of Mueller Hinton agar plate. 

Wells or cups of 10 mm were made with a sterile cork borer in the inoculated 

agar plates. 200 μL volumes from different concentrations (100%, 50%, 25%, 

12.5% and 6.25) of methanol leaves extracts of Adansonia digitate and 

Tamarindus indica and their combined mixture (1:1) were poured, directly, into 

the wells using automatic pipettes. The plates were allowed to stand for 30 min 

in room temperature for extract diffusion to take place and incubated in an 

incubator in an upright position at 37C for 24 hours. After incubation inhibition 

zone diameters were measured in millimeter (Mohammed, 2015). 

2.2.4 Spectroscopic Methods 

2.2.4.1The GC/MS Method 

 Analysis of samples were carried out using GC/MS technique model (GC/MS-

QP2010-Ultra Shimadzu) with capillary column (Rtx-5MS- (30m) in length, 

diameter (0.25mm) and thickness (0.25μm). The sample was injected using split 

mode, helium as the mobile phase (carrier gas) passed at a flow rate 1.69 
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mL/min, the temperature program was started from 50 C reaching 280 C as 

final temperature degree with a temperature program rate of 10 C/min, starting 

at three minutes and finishing at twenty eight minutes, the injection port, ion 

source and interface temperature were 280, 200 and 250 C respectively. The 

samples were analyzed using scan mode to identify chemical composition of the 

sample in the range of m/z 40-550 charges to ratio and the total run time was 28 

minutes. Identification of components for the sample was achieved by 

comparing their retention times and mass fragmentation patents with those 

available in the library, the National Institute of Standards and Technology 

(NIST). The percentage of each compound was based on the peak area divided 

by the total area of component peaks. The instrument was connected to a 

computer coupled with special software that was used to analyze the data and 

the results were recorded. 

2.2.5 Data analysis 

 All collected data were analyzed using Microsoft Office Excel 2016. 
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Chapter Three 

Results and discussion 

3.1 The yields of  leave extracts of Adansonia digitate and Tamarindus 

indica: 

The leaves of Adansonia digitate and Tamarindus indica were extracted using 

different solvents and methods: maceration by methanol and successively using 

suxelet extraction by hexane. 

Table (3.1): shows extract % yields of Adansonia digitate and Tamarindus 

indica extract by using maceration method. 

No extract weight % yield 

1 Adansonia digitate 8.26g 8.26 

2 Tamarindus indica     15.58g 15.58 

Table (3.2): shows extract % yields of Adansonia digitate and Tamarindus 

indica using soxhlet/hexane method.  

No extract weight % yield 

1 Adansonia digitate 8.8g 8.8 

2 Tamarindus indica     6.6g 6.6 

3.2 Phytochemical screening result of Adansonia digitate and Tamarindus  

Indica Leave extracts 

Photochemical screening of Adansonia digitate and Tamarindus indica Leaves 

extracts were carefully carried out using methods described in section (2.2.2). 

The results presented in Table (3.3) summarize the classes of natural 

compounds present in the plant. 
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Table (3.3): General phytochemical screening of Adansonia digitate and 

Tamarindus indica Leaves extracts. 

No Chemical 

component 
           

Reagent  
            

Observation 

Adansonia digitate Tamarindus indica 

Methanol 

extract 

Hexane 

extract 

Methanol 

extract 

Hexane 

extract 

 1   Alkaloids Mayer‘s  Precipitate 

or turbidity 
      +        -       +     - 

Wagner‘s  reddish-

brown 

precipitate 

      +      -       +      - 

 2 Flavonoids Lead 

acetate  

muddy 

brownish 

precipitate 

      +       -       -       - 

Ferric 

chloride 

                     

- 
       -      -       -       - 

 3 Tannins Ferric 

chloride 

Blue-black 

or green 

color 

      +      -       +       - 

4 Saponins Froth test 1cm foam 

hight 

       -      -       +       - 

5 Steroids Salkowsky  the upper 

layer green 

color 

      +      -       +       - 

6 Triterpenes Salkowsky          -                    -      -       -       - 
7 Glycosides conc. 

H2SO4 

A brown 

ring 

obtained 

      +      -      +       - 

8 carbohydrates Molish Violet ring       +       -      + -  

Key: + positive, Negative. 

Table (3.3): shows phytochemical screening of Adansonia digitate and 

Tamarindus indica Leaves extracts. Only methanolic extract show 

phytochemical content however Tamarindus indica methanolic extract is avoid 

of flavonoids, triterpenes and Adansonia digitate methanolic extract is avoid of 

saponins and  

Triterpenes. Hexane extract for both plant don‘t contain any phytochemicals.  
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3.3 Bioassay of the methanolic extracts of Adansonia digitate, Tamarindus 

indica leaves and their combined: 

 Different concentrations of the several of methanolic extracts of Adansonia 

digitate and Tamarindus indica leaves and their combined were carefully 

assessed for their anti-bacterial activity against four strains table (3.4) below. 

Table (3.4):  show Antibacterial activity of different concentration of the 

methanolic extracts of leaves against standard organisms. 

Plant name Conc. / 

mg/ml. 

MIZD 

Ec Ps Sa Bs 

 

 

Adansonia  

digitate 

100 19 12 15 20 

50 12 15 12 17 

25 11 19 10 15 

12.5 - 20 - 11 

6.25 - 15 - - 

 

 

Tamarindus 

indica 

100 13 18 19 22 

50 12 16 17 19 

25 11 17 15 17 

12.5 - 19 12 15 

6.25 - 18 11 14 

 

The 

combined 

100 15 16 18 19 

50 13 15 16 18 

25.5 11 17 13 17 

12.25 - 20 11 15 

6.25 - 19 - 12 

Key: Bacterial species PS = Pseudomonas aeruginosa, Sa= Staphylococcus 

aureus, Bs= Bacillus subtilis, Ec= Escherichia coli 

 ˃ 18mm (MIZD) =very active.                        13-18mm (MIZD) = active.           

 12-9mm (MIZD) = partially active.                   ˂ 9 mm (MIZD) = inactive.       

MIZD = Minimum inhibitory Zone diameter. 
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Figure (3.1). Antibacterial activity of methanolic extract of Adansonia 

digitate leaves. 

Fig (3.1) illustrates the antibacterial activity of Adansonia digitate methanol 

leaves extract. Escherichia coli, Bacillus subtilis and Staphylococcus aureus, 

were show high susceptibility at high concentration (100mg/mL) with inhibition 

zone (20mm), (19mm) and (15mm) respectively. Whereas Pseudomonas 

aeruginosa was show high susceptibility at low concentration (12.5mg/mL) 

with inhibition (20mm). 

 

Figure (3.2). Antibacterial activity of methanolic extract of Tamarindus 

indica leaves. 
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Fig (3.2) illustrates the antibacterial activity of Tamarindus indica methanol 

leaves extract. Bacillus subtilis, Staphylococcus aureus and Escherichia coli, 

were show highest susceptibility at high concentration (100mg/mL) with 

inhibition zone (22mm), (19mm) and (13mm) respectively. Whereas 

Pseudomonas aeruginosa was show high susceptibility at low concentration 

(12.5mg/mL) with inhibition (19mm). 

 

Figure (3.3). Antibacterial activity of the combined mixture (1:1) of 

methanolic extract of Adansonia digitate Tamarindus indica leaves. 

 Fig (3.3) illustrates the antibacterial activity of combined mixture (1:1) of 

methanolic extracts adansonia digitate and Tamarindus indica leaves. 

Staphylococcus aureus and Escherichia coli, were show highest susceptibility at 

high concentration (100mg/ml) with inhibition zone (18mm), (15mm) 

respectively. Whereas Bacillus subtilis and Pseudomonas aeruginosa were show 

high susceptibility at low concentration (25mg/ml) and (12.5mg/ml) with 

inhibition zone (17mm), (20mm) respectively. 
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3.4 Chromatographic analysis 

3.4.1 Composition of Adansonia digitate methanolic leave extract 

 Figure (3.4) and Table (3.5) shows the chemical composition of Adansonia 

digitate methanol leave extract that were analyzed by gas chromatographic mass 

spectroscopic analysis (GC/MS). 14 compounds were identified. 

        

 

Figure (3.4). The GC/MS analysis of methanolic extract of Adansonia                 

                                                     Digitate leaves.     
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Table (3.5): Composition of Adansonia digitate methanolic leave extract  

 
 

Phenol, 2 -methyl-5-(1-methylethyl)- (1) was expected to be the major 

compound from GC/MS analysis of the Adansonia digitate methanol leaves 

extract (61.64 %), followed by 9-Octadecenoic acid (Z)-, methyl ester (2)(8.93) 

and finally Hexadecanoic acid, methyl ester (3) (5.84%) . 
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3.4 .2 composition of Tamarindus indica methanolic leave extract. 

Figure (3.5) and Table (3.6) show the chemical composition of methanol leave 

extract of Tamarindus indica that were analyzed by gas chromatographic mass 

spectroscopic analysis (GC/MS). 10 compounds were identified. 

 

Figure (3.5).the GC/MS analysis of methanolic extract of Tamarindus   

indica leaves. 
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Table (3.6): Composition of Tamarindus indica methanolic leave extract.  

 

 

Hexadecanoic acid, methyl esteracid (1)(35.01%) was expected to be the major 

compound from GC/MS analysis of the Tamarindus indica methanol leaves 

extract , followed by Methyl stearate (2) (25.68%) and finally  Hexadecanoic 

acid, 2-hydroxy-1-(hydroxymethyl)ethyl ester (3) (22.73%) . 
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3.5 Conclusion 

It is concluded that: 

 The phytochemical components of methanolic extract of A. digitata 

leaves revealed the presence of alkaloids, Flavonoids, Tannins, steroids 

and Glycosides. 

 Phytochemical components of methanolic extract of T.indica leaves are 

revealed the presence of alkaloids, Tannins, steroids, Glycosides and 

saponins. 

 The antibacterial activity of methanolic extracts of Adansonia digitate, 

Tamarindus indica leaves and their combined combined mixture (1:1) 

revealed that the plants can be used as antibiotic therapeutic agents. The 

results showed that the methanolic leave extracts were effective against 

the tested organism. Tamarindus indica methanolic leave extract Show 

high susceptibility against Bacillus subtilis at concentration (100 mg/ml) 

with inhibition zone (22mm). 

 Identification of the compounds on the methanol extracts of Adansonia 

digitate, Tamarindus indica leave using GC/MS (Gas chromatography 

/Mass Spectroscopy) technique. 

 

3.6 Recommendations 

- Due to the good antibacterial effects of methanolic extracts of Adansonia 

digitate, Tamarindus indica leaves and their combined combined mixture 

(1:1), it may be recommended as a natural antibacterial agent.  

- The crude leaves extracts and isolates could be evaluation for other 

biological activities like antimalarial. Anti-inflammatory, 

antileshmenial.etc... 

- Phytochemicals in leaves extracts of Adansonia digitate, Tamarindus 

indica may be isolated and their structures elucidated via spectroscopic 

tools (UV, IR, 1HNMR and MS). 



45 
 

 

References 

Aherne, S.A. and O‘Brien, N.M., (2002). Dietary flavonols: chemistry, food 

content, and metabolism. Nutrition, 18(1):75-81.  

Ahmed, N. S., Issa,T.O., Mohamed,Y.S., Makhawi,A.M.,Khider,T.O.,(2020). 

‗Research Article Insecticidal and Antimicrobial Extracts from Leaves and 

Stem-bark of Sudanese Albizia anthelmintica‘. Singapore Journal of Scientific 

Research, 10 (3): 317-326. 

Akinnibosun,F.,Akinnibosun ,HA., Ibeh ,IN., and Osaghae, F., (2008). 

Antibacterial activity of Phyllanthus amarus Schum and Thonn on five 

vegetative organisms. Plant Archive, 8(2): 563-568. 

Balouiri, M., Sadiki, M., and Ibnsouda, S.K., 2016. Methods for in vitro 

evaluating antimicrobial activity. A review. J. Pharm. Anal. 6(2): 71–79. 

Bauer, A.W., Kirby, W.M.M., Sherris, J.C., and Turck, M. 1966. Antibiotic 

susceptibility testing by a standardized single disk method. Am. J. Clin. Pathol. 

45(4): 493–496. 

 Barrett, B., and kieffer,D.,  (2001). Medicinal plants, science, and health 

care.Journal of Herbs, Spices and Medicinal Plants, vol. 8 no. 2-3, pp. 1-36. 

Beckman, C.H., (2000). Phenolic-storing cells: keys to programmed cell death 

and periderm formation in wilt disease resistance and in general defence 

responses in plants. Physiological and Molecular Plant Pathology, 57(3):101-

110. 

Bodey, G.P., Boliver, R., Fainstein, V., and Jadeja, L., (2007). Infections caused 

by Psedumonas aeraginosa. Rev. Infect. Dis, 5 (2): 276- 313. 

Buwa, L., Van Staden, J., 2006. Antibacterial and antifungal activity of 

traditional medicinal plants used against vneral diseses in South Africa. Journal 

of ethnopharmacology, 103(1):139- 42.  



46 
 

CLSI. 2015. Methods for dilution antimicrobial susceptibility tests for bacteria 

that grow aerobically: M07-A10; approved standard. In 10. ed. Clinical and 

Laboratory Standards Institute, Wayne, PA. 

Clinical and Laboratory Standards Institute (CLSI) (2018) Performance 

Standards for Antimicrobial Susceptibility Testing. CLSI Approved Standard 

M100-S15. Clinical and Laboratory Standards Institute, Wayne. 

Colgate, S.M., Molyneux, R.J. (1993). Bioactive natural products - detection, 

isolation, and structural determination. CRC Press 9-34. 

 Cock I. E., (2008). Antimicrobial Activity of Aloe barbadensis Miller Leaf Gel 

Components. The Internet Journal of Microbiology, 4: 2. 

Coronel, R. E., 1991. Tamarindus indica L. In: Verheij, E.W.M. and Coronel, 

R.E. (Editors). Plant Resources of South-East Asia No. 2: Edible fruits and nuts. 

Pudoc, Wageningen, the Netherlands, pp. 298-301 

Caygill, J.C. and Mueller-Harvey, I., (1999). Seconday Plant Products - 

Antinutritional and beneficial actions in animal feeding. Nottingham, UK: 

Nottingham University Press. ISBN 1-897676-28-X. 

Chandra, M.P. and Khan, I., (2013). Current Trends in Coleus Aromaticus: An 

Important Medicinal Plant First Edit., Bloomington, IN: Booktango. 

 Cheesbrough, M., (2006).Laboratory Practice in Tropical Countries Part 2. 

2nded, Cambridge university press, United States of Americas journal. 62-

70,157-238. 

Darr, S. D.  et al., (2016). ‗Africa ‘ s wooden elephant  : the baobab tree ( 

Adansonia digitata L.) in Sudan and Kenya  .Genetic Resources and Crop 

Evolution (63),377-399. 

Dash, KD., Meher, B., Roy, A., (2014). A review on: Phytochemistry, 

pharmacology and traditional uses of Tamarindus indica. World journal of 

pharmacy and pharmaceutical sciences 10(3):229-240. 

 Demain ,AL,. Sanchez, S.,(2009). Microbial drug discovery: 80 years of 

progress. The Journal of antibiotics,62(1):5-16. 



47 
 

De Caluwé, E., Halamová, K., Van Damme, P., (2010). ―Adansonia digitata L. 

– A review of traditional uses, phytochemistry and pharmacology‖. Afrika 

Focus Volume 23(1): p. 11-51. 

Dick, R., et al., (2012). Comparative analysis of benzoxazinoid biosynthesis in 

monocots and dicots: independent recruitment of stabilization and activation 

functions. Plant Cell, 24(3): p. 915-28. 

Dillard, C.J. and Bruce German, J. (2000). Phytochemicals: Nutraceuticals and 

human health. Journal of the Science of Food and Agriculture 80(12), 1744-

1756. 

Diop, A. G., Sakho, M., Dornier, M., Cisse, M.F. and Reynes, M., 2006. The 

African baobab tree (Adansonia digitata L.): principal characteristics and uses. 

Fruits 61(1): 55-69. 

Drake, E., 2006. A Book of Baobabs. Aardvark Press, Cape Town, South 

Africa.  

Dublin, H.T. 1995. Vegetation dynamics in the Serengeti-Mara ecosystem: the 

role of elephants, fire, and other factors. Pages 71–90 in Serengeti ii: Dynamics, 

Management and Conservation of an Ecosystem, A.R.E Sinclair and P Arcese 

(editors).University of Chicago press, Chicago. 

Environmental Information Service Namibia. Retrieved May 12, 2014 from 

http:/www.the-eis.com  

Esterhuyse, N., Von Breitenbach, J., Söhnge, H., (2001). Remarkable 

trees of South Africa. Briza, Pretoria, pp 155–161. 

EUCAST. 2018. Breakpoint tables for interpretation of MICs and zone 

diameters. Version 8.1. European Committee on Antimicrobial Susceptibility 

Testing. Available from  

http://www.eucast.org/fileadmin/src/media/PDFs/Eusat_files/Breakpoint_tables/

v_8. 1_Breakpoint_Tables.pdf 



48 
 

Fernandez, C., et al,. (2016). ‗Plant secondary metabolites  : a key driver of 

litter decomposition and soil nutrient cycling‘. Journal of Ecology, 104(6), 

1527–1541.  

Freiburghaus, F., Kaminsky, R., Nkunya, M.H.H., and Brun, R. (1996). 

Evaluation of African medicinal plants for their in vitro trypanocidal activity. 

Journal of Ethnopharmacology, 55(1), 1-11. 

Gardner, P.T., White, T.A.C., McPhail, D.B. and Duthie, G.G., 2000. The 

relative contributions of vitamin, C, carotenoids and phenolics to the antioxidant 

potential of fruit juices. Food Chemistry, 68: 471–474. 

 Ghoshal, S., Prasad, B.K., and Lakshmi, V. (1996). The antiamoebic activity of 

Piper longum fruits against Entamoeba histolytica in vitro and in vivo. Journal 

of Ethnopharmacology, 50(3), 167-170. 

Giada, M. D. L. R. (2013). Food phenolic compounds: main classes, sources 

and their antioxidant power. Oxidative stress and chronic degenerative 

diseases—A role for antioxidants. InTech, 87-112. 

Harborne, J.B., 1973. Phytochemical Methods: A Guide to Modern Techniques 

of Plant Analysis First edit., Chapman and Hall, London, pp., 49-188 

Hostettmann, K. and Marston, A. (1995) Saponines, Chemistry and 

Pharmacology of Natural Products, Cambridge, Cambridge University Press 

584. 

Hounsome, N., Hounsome, B., Tomos, D. and Edwards-Jones, G. (2008). Plant 

metabolites and nutritional quality of vegetables. Journal of Food Science 

73(4), R48-R65. 

Freiburghaus, F., Kaminsky, R., Nkunya, M.H.H., and Brun, R. (1996). 

Evaluation of African medicinal plants for their in vitro trypanocidal activity. 

Journal of Ethnopharmacology, 55(1), 1-11. 

Jayaweera, D.A. (1982). Medicinal Plants (Indigenous and Exotic) used in 

Ceylon, Part IV. The National Science Council of Sri Lanka, Colombo, 52-53. 



49 
 

Jorgensen, J.H., and Ferraro, M.J. 2009. Antimicrobial susceptibility testing: A 

review of general principles and contemporary practices. Clin. Infect. Dis. 

49(11): 1749–1755 

Kamatou, G. P. P., Vermaak, I. & Viljoen, A. M., (2011). An updated review of 

Adansonia digitata: A commercially important African tree. South African 

Journal of Botany, 77, 908-919. 

Kabore D, Sawadogo-Lingani H, Diawara B, Compaore C, Dicko M, Jakobsen, 

M. A., (2011). Review of baobab (Adansonia digitata L.) Effect of processing 

techniques, medical properties and use. African Journal Food Science, (5), 833-

844. 

Kaushik, P. and Dhiman, A. K., (2000). Medicinal Uses of Some Spice Plants 

as in Ancient Literature, pp 19-26. Recent Trends in Spices and Medicinal 

Plants Research. Associated Publishing Co., New Delhi. 

 Kawabata, J., Fukushi, E. and Mizutani, J.,(1993). Symmetric sesquiterpne 

dimer from Chloranthus serratus. Phytochemistry, 32, 1347-1349. 

Manach, C., Morand, C., Gil-Izquierdo, A., Bouteloup-Demange, C., Remesy, 

C., (2003). Bioavailability in humans of the flavanones hesperidin and narirutin 

after the ingestion of two doses of orange juice. European Journal of Clinical 

Nutrition 57, 235-242. 

Martin, K. W. and Ernst, E. (2003). Herbal medicines for treatment of bacterial 

infections: a review of controlled clinical trials, J. Antimicrob. Chemo., 51(2): 

241- 246. 

Miles, A.A. and Misra, S.S., (1938). Estimation of bacterial power of blood J. 

Hyg. 38: 732. 

Matuschek, E., Brown, D.F.J., and Kahlmeter, G. (2014). Development of the 

EUCAST disk diffusion antimicrobial susceptibility testing method and its 

implementation in routine microbiology laboratories. Clin. Microbiol. Infect. 

20(4): 255–266. 



50 
 

Manach, A., Mazur A. and Scalbert, A., (2005). Polyphenols and prevention of 

cardiovascular diseases. Current Opinions in Lipidology, 16: 77–84. 

Milind, p et al., (2012). Imlii:a crazy lovely, IRJP; 3 (8); ISSN 2230- 8407. 

Mohammed, M. E. A. (2015) ‗Antibacterial Activity of Nigella sativa extract 

against selected bacterial clinical isolates from Khartoum State. Khartoum, 

Sudan . M.Sc. Thesis. Sudan University of Science and Technology. 

 Morens, D. M.,and Fauci, A. S., (2013). Emerging infectious diseases: threats 

to human health and global stability. PLoS pathogens, 9(7). 

 Morton, J. (1987). Tamarind In: Fruits of warm climates. Creative Resources 

Systems, Inc: 115–121. 

Natarajan, D., Srinivasan, R., and Shivakumar, M. S., (2014). Phyllanthus 

wightianus Müll. Arg.: a potential source for natural antimicrobial 

agents. BioMed research international,: 1-9. 

Ogunwenmo, O.K., Idowu, O.A., Innocent, C., Esan, E.B., Oyelana, O.A., 

(2007). Cultivars of Codiaeum variegatum (L.) Blume (Euphorbiaceae) show 

variability in phytochemical and cytological characteristics. African Journal of 

Biotechnology, 6(20), pp.2400–2405. 

Pamploma-Roger, G. D., (1999). Encyclopaedia of Medicinal plants Vol. 2, 

Madrid, Education and Health Library, p. 536. 

Popenoe, W. (1974). Manual of tropical and subtropical fruits, excluding the 

banana, coconut, pineapple, citrus fruits, olive and fig. Vol. XIX. Hafner Press, 

New York, 474 p. 

Prescott, L.M., Harley, J.P. and Klein, D.A., (2008). Prescott,Harley, and 

Klein‘s Microbiology Seventh ed. J. M. Willey, L. M. Sherwood, and C. J. 

Woolverton, eds., New York, USA: McGraw-Hill. 

Pyrzynska, K. and Biesaga, M., (2009). Analysis of phenolic acids and 

flavonoids in honey. Trends in Analytical Chemistry, 28(7),893-902. 

Rahul, J., Jain, M.K., Singh, S.P., Kamal, R.K., Naz, A., Gupta, A.K., 

Mrityunjay, S.K., (2015). Adansonia digitata L. (baobab): a review of 



51 
 

traditional information and taxonomic description. Asian Pac. J. Trop. Biomed 

5, 79–84. 

 Rao, Y. S., & Mathew, K. M. (2012). Handbook of herbs and spices. Tamarind. 

2nd ed. Woodhead Publishing, Cambridge, 512-33.  

Rao V.R. and Arora,R.K., (2004). Rationale for conservation of medicinal 

plants Medicinal Plants Research in Asia, 1, pp. 7-22. 

Serrano, J., Puupponen-Pimiä, R., Dauer, A., Aura, A.-M. and Saura-Calixto, 

F., (2009). Tannins: Current knowledge of food sources, intake, bioavailability 

and biological effects. Molecular Nutrition and Food Research 53(S2), S310-

S329.  

Shi, J., et al., (2004).Saponins from edible legumes: chemistry, processing, and 

health benefits. J Med Food, 7(1): p. 67-78. 

Sidibe, M. & Williams J. T., (2002). Baobab: Adansonia digitata. Southampton, 

UK: International Centre for Underutilized Crops. Skoog, D.A., Holler, F.J. and 

Crouch, S.R. (2007) Principles of Instrumental Analysis. Sixth Edition, Brooks 

Cole, Belmont, 1039. 

Stahl, E., Bohrmann, H., 1967. Phthalides chief constituents of the essential oil 

of Meum athamanticum fruits. Naturwissenschaften, 54(5), 118.  

Stark, L., (2013). Staphylococcus aureus - aspects of pathogenesis and 

molecular epidemiology P.78. in http:// urn.kb.se/resolve?urn=urn :nbn:liu:diva-

97343</div>.  

Talema, A., (2020). ‗Review of Phytochemical Analysis of Selected Traditional 

Medicinal Plants in Ethiopia‘. 6(2). 23–31. 

 Tenover F., 2006. Mechanisms of antimicrobial resistance in bacteria. 

American journal of Medicine,119(6):S3-S10. 

Tong, S. Y., Davis, J. S., Eichenberger, E., Holland, T. L. and Fowler, V. G., 

(2015). Staphylococcus aureus infections: epidemiology, pathophysiology, 

clinical manifestations and management. Clinical Microbiology Reviews, 28(3), 

603-661. 



52 
 

Todar, K., (2004). Psedumonas aeraginosa. University of Wisconsin, Med. 

Dept. of Bacteriol., pp.1-15 

Tapsell, L. G., (2006). Health benefits of herbs and spices: the past, the present, 

the future, 8: 463-473. 

Torssell, K. B. G., (1997). Natural Product Chemistry. A mechanistic, 

biosynthetic and ecological approach. Apotekarsocieteten-Swedish 

Pharmaceutical Press. 

 Tirillini, B., Pellegrino, R., Menghini, A., Tomaselli, B., (1999). Essential oil 

components in the epigeous and hypogeous parts of Meum athamanticum Jacq. 

Journal of Essential Oil Research , 11(2), 251-252. 

 Swain.T., (1975). Evolution of flavonoid compounds. In: Harborne JB, Mabry 

TJ, Mabry H. (eds) The flavonoids. Chapman and Hall, London, pp. 1096–

1138. 

Tsuda, H.; Ohshima, Y.; Nomoto, H.; Fujta, K.; Matsudo, E.; Jigo, M.; 

Takasuka, N. and Moore, M. A., (2004). Cancer prevention by natural 

compounds. Durg Metab. Pharma., 19 (4): 245-263. 

Wagh. AS., Bhagure. BL., (2012). A pharmacological review on Tamarindus 

indica linn (Caesalpiniaceae). International Journal of Universal Pharmacy 

and Life Sciences 2(1):2249-6793. 

 Wang. HT., Chen. C., Yu.F .,(2014). Studies on the bacteriostasis and stability 

of total polyphenols in the fruit of Prunus cerasifera Ehrhar f. Food industry 

(8): 195-198. 

 Waisser. K., Karel.p., (2001). Bioorganic chemistry. Prague,Czechia 

:Karolinum, 2001. ISBN 80-246-0382-9. 

Wickens, G.E. and Lowe, P. (2008). The Baobabs: Pachycauls of Africa, 

Madagascar and Australia. Springer-London. 

 Zohrameena .S., Mujahid. M., Bagga.P., Khalid.M., Noorul.H., Nesar.A., and 

Saba.P.,(2017). Medicinal uses and pharmacological activity of Tamarindus 

indica. World J Pharm; 5(2): 121-13 



53 
 

                                                                             Appendix 

                                                                                        

            

         (1)                                                                             (2) 

 

            

                              (3)                                                                                  (4) 

Plates (3.1). Inhibition zone of methanolic extract of Adansonia digitate 

leaves against Escherichia coli (1), Pseudomonas aeruginosa (2), 

Staphylococcus- aureus (3), Bacillus subtilis (4). 
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                                (1) (2) 

 

 

                            

                                 (3)                                                                                          (4) 

Plates (3.2). Inhibition zone of methanolic extract of Tamarindus indica 

leaves against Escherichia coli (1), Pseudomonas aeruginosa (2), 

Staphylococcus- aureus (3), Bacillus subtilis (4). 
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(1)                                                                 (2) 

            

                                                         

(3)                                                             (4)                                                                                    

Plates (3.3). Inhibition zone of the combined mixture (1:1) of methanolic 

extract of Adansonia digitate Tamarindus indica leaves against Escherichia 

coli (1), Pseudomonas aeruginosa (2), Staphylococcus aureus (3), Bacillus 

subtilis (4). 

 


